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Introduction 
Cardiovascular disease (CVD) risk assessment is becoming increasingly common in 
routine clinical practice.  Consequently many individuals are likely to be identified as 
being at increased CVD risk and risk reducing strategies implemented with a view to 
preventing future CVD.  There are many steps along the pathway from CVD risk 
assessment to the prevention of CVD events.  First, CVD risk needs to be accurately 
estimated using an appropriate CVD risk calculator.  Secondly CVD risk information 
needs to be effectively communicated to the individual identified as being at increased 
risk.  Thirdly, the risk information communicated needs to be capable of motivating 
behaviour change and finally behaviour change needs to result in a reduction in CVD 
risk.  The evidence base for many of these steps has yet to be fully established. 
 
Aims 
The overall aims of this work were first to adapt the United Kingdom Prospective 
Diabetes Study (UKPDS) Risk Engine to better display risk and achievable risk.  
Secondly to investigate lay perceptions of risk and to develop two interventions 
designed to reduce CVD risk.  The two interventions were a personalised 10-year 
CVD risk estimate and a brief lifestyle advice intervention.  Finally, the capacity of 
these interventions to increase physical activity and improve CVD risk factors in 
adults at increased CVD risk was tested. 
 
Methods 
Three focus groups were held to investigate lay perceptions of risk and to inform the 
design of the UKPDS Risk Engine interface and a brief lifestyle advice intervention 
designed to motivate risk reducing behaviours.  The two interventions were then 
tested in a 2x2 factorial randomised controlled trial. 
 
Results 
The focus group results demonstrated that public interest and understanding of risk 
was high.  In addition participants expressed clear views regarding how risk 
information and lifestyle advice should be presented. 
194 participants at increased 10-year CVD risk (≥ 20%) were recruited from 4 
Oxfordshire general practices.  Neither a personalised 10-year CVD risk estimate nor 
a brief lifestyle advice intervention was capable of increasing physical activity or 
reducing estimated 10-year CVD risk in this group. 
 
Conclusions 
Whilst public interest in CVD risk appeared to be high this study was unable to 
demonstrate that a 10-year personalised CVD risk estimate or a brief lifestyle advice 
intervention was able to increase physical activity in adults at increased CVD risk.   
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Background and aims 
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Chapter 1: Introduction 
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Cardiovascular disease (CVD) remains the leading cause of death in the United 

Kingdom (1).  It is now clear that certain factors are associated with an increased 

likelihood of developing CVD.  High blood pressure levels (2), an adverse lipid 

profile (3), cigarette smoking (4), obesity (5), presence of diabetes (6) and low levels 

of physical activity (7) have all been shown to be risk factors for CVD (8).  In 

addition, the presence of a combination of these risk factors acts synergistically to 

increase CVD risk further (8).   

Intervention studies have shown that addressing these risk factors can reduce the 

likelihood of developing a primary or secondary CVD event (9-11) and that 

addressing multiple risk factors has additional benefits (12, 13).  Several large scale 

randomised controlled trials have firmly established the evidence for pharmacological 

treatment of CVD risk factors.  The Scandinavian Simvastatin Survival Study (4S) 

(13) randomised 4444 individuals with a history of angina or myocardial infarction to 

receive simvastatin or placebo.  A relative risk reduction of 42% for coronary death 

was seen in the simvastatin group (Odds Ratio 0.58, 95% confidence interval 0.46-

0.73).  Similarly, a 25% reduction in coronary death was seen in individuals with 

known coronary artery disease randomised to receive simvastatin rather than placebo 

in the Heart Protection Study (10). The Anglo-Scandinavian Cardiac Outcomes Trial 

(ASCOT) (12) was a primary prevention trial in which participants were randomised 

to receive the lipid-lowering agent atorvastatin or placebo and simultaneously 

randomised to receive either atenolol or amlodipine to reduce blood pressure.  

Atorvastatin resulted in a 36% relative risk reduction in non-fatal myocardial 

infarction and fatal coronary artery disease but in combination with amlodipine, this 

increased to a 53% relative risk reduction.  The Hypertension Optimal Treatment 
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(HOT) study demonstrated the benefits of using pharmacological agents to reduce 

blood pressure in individuals with hypertension (14). 

For individuals with type 2 diabetes CVD risk is an even greater problem as they have 

a 2-4 times greater CVD risk compared with non-diabetic individuals, even after 

adjustment for age, ethnicity, income, cholesterol level, systolic blood pressure and 

smoking  (6).  Pharmacological interventions addressing CVD risk factors in 

individuals with diabetes have also shown to be of benefit in terms of preventing 

CVD.  These include tight glycaemic control  (15, 16), lipid lowering therapy (17, 18) 

and intensive treatment of blood pressure (14, 19).  CVD risk factors can also be 

ameliorated through lifestyle modification and in particular, physical activity.  

Physical activity reduces CVD risk independently of weight loss (20) and its impact is 

greatest in those at highest risk (21).  In a meta-analysis of trials to promote physical 

activity among people with type 2 diabetes a 0.6% reduction in HbA1c was seen (22) 

and physical activity has also been shown to prevent or delay the onset of type 2 

diabetes (23-25). The beneficial effects of physical activity on CVD risk are mediated 

through a lowering of blood pressure, increasing HDL cholesterol, reducing body fat 

and reducing insulin resistance (21). 

With such a robust evidence base for the benefits of addressing CVD risk factors in 

order to prevent future CVD the identification and management of individuals at 

increased risk of CVD is gaining increasing credence particularly with the recent 

launch of the UK government vascular screening programme (26).  However, whilst 

such a population approach to disease prevention is to be applauded there remains 

little conclusive evidence about the personal benefit of identifying individuals at 

increased risk in order to prevent future disease.  This is in part because it has yet to 
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be shown that informing someone that they are at increased risk of future disease will 

result in them being motivated to adopt risk reducing behaviours. 

The overall aims of this thesis are to explore the concept of risk, demonstrate methods 

to identify individuals at increased risk, discover engaging methods of communicating 

risk information and finally to determine if interventions designed to reduce risk in 

individuals at increased risk can be successful at motivating risk reducing behaviours.  

The two interventions to be tested are one, providing individuals with personalised 

estimates of risk and two, a brief lifestyle advice intervention.  
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Chapter 2: Cardiovascular Disease Risk Estimation 
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Risk assessment is fundamental to preventative medicine.  Without it, individuals may 

not be identified as being at high risk of a disease and the chance to prevent that 

disease occurring may be lost.  A variety of CVD risk calculators have been 

developed each from a different population and each with particular strengths and 

limitations.  Many patients at increased CVD risk are easy to identify because they 

have high blood pressure, high cholesterol, diabetes or smoke cigarettes and their 

need for CVD risk reducing therapies is specified by national guidelines (27).  Risk 

calculators are valuable because they allow identification of individuals without major 

risk factors who nevertheless are at high risk when the combined effect of their 

individual risk factor levels is taken into account.  Identifying such people provides 

the opportunity to start treatments aimed at reducing CVD risk and allows equitable 

resource allocation. 

 

Definitions of CVD 

Risk calculators often differ slightly in their definition of a CVD event and hence 

CVD risk.  Usual events to be included are myocardial infarction, stroke and death 

from a myocardial infarction or stroke.  Additionally some calculators include angina, 

transient ischaemic attack, intermittent claudication, heart failure, coronary artery 

bypass grafting and percutaneous coronary angioplasty (28, 29).  Essentially, the 

broader the definition of CVD, the more likely it is that an individual will have an 

event and this may explain why two risk calculators can give different estimates.  A 

calculator has also been developed that only estimates the risk of dying from a CVD 

event (30). 
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Risk calculator selection 

Participant characteristics 

Risk calculators are usually created from data collected from clinical trials or 

epidemiological studies (Table 1).  How well the individuals from the original study 

reflect the individuals in which the calculator is to be used will determine the 

appropriateness of any risk calculator (31).  For example, the very commonly used 

Framingham equations (28, 32) (recommended by The National Institute of Health 

and Clinical Excellence (NICE) (33) and published in the British National Formulary 

(34)) were  developed using data collected from the Framingham studies.  

Framingham is a town in Massachusetts, USA and has a mainly affluent White 

Caucasian population.  These equations may therefore be less applicable in 

individuals living in an area with high levels of deprivation or in individuals from 

ethnic minority groups.  In addition, all studies have inclusion and exclusion criteria.  

It may be inappropriate to estimate risk for a 45 year old if the study from which the 

calculator is derived only included people over the age of 50 years.  

 

Validity 

In order to be sure that a risk calculator is applicable to most patients it should have 

been shown to provide reliable and ‘externally validated’ estimates for many different 

individuals.  For example, its results should have been tested and validated in 

individuals from different ethnic groups, of different ages and of different 

socioeconomic status.  Many risk calculators only test their estimates by ‘internal 

validation’, using a sub set of the population from which the calculator was developed 
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to verify the results.  This does not ensure that its result will apply in a population that 

is different from the one from which it was developed.   

 

Missing data 

Few studies will be able to collect every piece of information on every individual 

participant.  It is important therefore to know how much information was missing and 

how the creators of the calculator handled this missing data.  Often missing 

information will be imputed (35).  Imputation is a statistical technique to replace 

missing data with estimated data based on what information is available.  If large 

quantities of data are imputed then this may affect the accuracy of risk estimates 

produced.    

 

Individuals with diabetes 

Individuals with diabetes have a 2-4 fold greater risk of CVD than those without 

diabetes (6). This increased risk is not reflected by all risk calculators (36).  This can 

be because only a small number of individuals with diabetes were included in the 

study from which the calculator is developed.  For example, in the Framingham study 

only 428 of the 8491 individuals included in the calculator had diabetes.   
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Inclusion of multiple risk factors 

Crude risk estimates can be made using simple clinical measurements for example 

waist circumference or body mass index (37).  Including additional measures such as 

blood pressure and smoking status, and routine biochemical values such as LDL and 

HDL cholesterol can improve the accuracy of these estimates (32).  However, many 

risk calculators attempt to increase the accuracy of their estimates further by including 

increasing numbers of risk factors (35, 38). Interestingly, including additional risk 

factors rarely improves the accuracy of risk estimates any further and makes many of 

these risk calculators redundant as novel risk factors, including highly sensitive C 

reactive protein levels or measures of carotid artery calcification, are not readily 

available in routine clinical practice (39, 40).   

Although markers of obesity are often included in CVD risk equations in addition to 

routine biochemistry and blood pressure, (41, 42) when combined with these risk 

factors obesity no longer contributes to risk estimation.  Whilst obesity is a major 

independent risk factor for CVD (43) the combined effects of downstream markers of 

risk (for example LDL cholesterol) provide a more accurate estimate of CVD risk 

(44).  

 

Population based risk calculators 

Framingham risk equations 2008 

Data from the landmark Framingham Heart Study and Framingham Offspring Study 

have been used to update (28) the well-established  Framingham risk equations (32).  

Framingham equations form the basis of many commonly used CVD risk prediction 
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charts including the New Zealand CVD risk tables (45).  The equations are based on a 

population sample of 8491 adults aged 30-74 years.  The great advantage of 

Framingham over other population study-derived risk equations is that data was 

extremely well collected and CVD events were meticulously assessed.  Disadvantages 

include the dominance of White Caucasians and the relatively high socioeconomic 

status of the participants.  The Framingham investigators realised their population was 

not ethnically diverse and have tested their equations in other ethnic groups including 

African Americans, Native Americans, Japanese American men, and Hispanic men 

(46).  The equations were found to give reasonable estimates of 5-year CVD risk in 

non-diabetic African American men but overestimated risk in all other ethnic groups.  

Despite these drawbacks the Framingham equations remain the CVD risk calculator 

of choice for NICE (33) and are generally accepted to provide reliable risk estimates 

in the general population (47). 

The Framingham equations only included a small number of individuals with diabetes 

(n=428) and the duration of known diabetes or other measures of disease severity 

such as HbA1c are not included.  Both the original and more recent equations have 

been shown to underestimate CVD risk and coronary heart disease risk in individuals 

with diabetes although the newer equations perform much better (48, 49). 

 

Systematic Coronary Risk Evaluation Project (SCORE) 

The SCORE risk equation was developed to estimate the 10-year risk of dying from a 

CVD event in the general population only (30).  The equations were produced based 

on pooled data from 12 European cohort studies including over 200,000 individuals 

and over 2.7 million patient years of follow up.  Limitations of these equations 
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include the fact that each risk factor was only measured once and not repeated over a 

period of time.  SCORE also only includes a limited number of risk factors (age, sex, 

total cholesterol or total:HDL cholesterol ratio, smoking status and systolic blood 

pressure).  Whilst these are clearly the most important CVD risk factors, other key 

factors including diabetes and ethnicity are absent.  The SCORE equations’ accuracy 

has been tested in a large Austrian cohort of over 44,000 individuals drawn from the 

general population (50). Of these, 487 died from a CVD event. SCORE predicted that 

666 CVD deaths should have occurred.  However, SCORE did correctly identify 

those most likely to die from a CVD cause.   The studies included in SCORE did not 

have a standard method of recording diabetes so unsurprisingly these equations have 

been shown to underestimate risk in people with diabetes (36) and  therefore their use 

is not to be recommended in individuals with diabetes. 

 

Diabetes epidemiology: collaborative analysis of diagnostic criteria in Europe score 

(DECODE) 

The DECODE study group has developed risk equations to estimate the 5 and 10-year 

probability of dying from a CVD event. The equations were based on pooled data 

from 14 studies conducted across Europe.  They include glucose categories based on 

fasting and 2-hour plasma glucose values, irrespective of whether or not an individual 

had a diagnosis of diabetes (41). The value of these equations in routine clinical 

practice however is questionable given the need for an oral glucose tolerance test.   

The studies included were all precise at determining if someone had died from a CVD 

event and at the end of the study vital status was known for more than 95% of 

participants.  However, each study varied in how they collected biochemical 
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information.  The authors also did not know how many of their participants had a 

history of a CVD event before entering into the study.  This makes it difficult to 

interpret the risk estimates because of uncertainty in whether they are estimating the 

risk of having a primary or secondary CVD event.  The investigators were also unable 

to include HDL cholesterol and triglycerides in their equations as these variables were 

not available.  HDL has been shown to be an important CVD risk factor in other 

calculators (28, 51).  Other limitations include the fact that only half of the studies 

collected data for ten years.  This means that the 10-year risk estimates are based on 

much less information that the 5-year estimates.  However, unlike many other studies, 

DECODE included a large number of younger people.  Over half the male 

participants and one third of the female participants were under 50 years of age at 

entry to the study.  Two of the studies included in this calculator did not record if 

participants had diabetes and so it is not recommended for people with diabetes. 

 

QRISK2 

The QRISK2 investigators aimed to develop a risk equation reflecting ethnicity and 

social deprivation as these factors are not included in the Framingham equations.  

QRISK2 (which supersedes QRISK (29)) uses data routinely collected from 531 UK 

general practices between 1993-2008 and includes information from 2.3 million 

patients (35). Participating practices were chosen because they used the Egton 

Medical Informations System (EMIS).  QRISK2 holds data from more than 22,000 

south Asians, 11,500 black Africans, 10,400 black Caribbeans and 19,700 Chinese 

and other ethnic groups and uses postcodes to determine economical status 

(‘deprivation score’). QRISK2 also includes family history of premature CVD (CVD 
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event in a first degree relative under 60 years old), presence of rheumatoid arthritis, 

chronic kidney disease and atrial fibrillation.  Another advantage of QRISK2 over 

QRISK is the link to the Office of National Statistics (ONS) to collect more accurate 

information on CVD deaths.  QRISK2 has been found to be better than both QRISK 

and the Framingham equations in predicting the chance of having a CVD event (35).  

However, although QRISK2 uses information from a large sample of the general 

population it does have several limitations.  It excluded all individuals taking statin 

therapy, those with no valid deprivation score, temporary residents and those without 

at least one year of follow up.   

The exclusion of those already taking statin therapy is interesting as they would have 

already been identified as being at high CVD risk.  The exclusion of those without a 

valid deprivation score or temporary residents may exclude some of the most deprived 

communities including those of no fixed abode or travelling communities.  A 

particular problem with QRISK was the large amount of missing data particularly for 

total cholesterol (29). Missing data remained an issue for QRISK2 but investigators 

used a more sophisticated statistical technique to replace missing data (52).  QRISK2 

has been internally validated but has not been tested in any other populations whereas 

the original QRISK was successfully externally validated using data from the Health 

Improvement Network (THIN) (53). 

Interestingly although QRISK2 was developed specifically to improve CVD risk 

estimation in deprived and ethnic minority groups, self-reported ethnicity was only 

available for a quarter of patients in the study.    Type 2 diabetes is included in 

QRISK2 as yes/no and is therefore likely to underestimate risk in people with diabetes 
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as other calculators that do not include HbA1c or duration of known diabetes tend to 

underestimate risk in people with diabetes (36).   

 

Assessing CVD risk using Scottish Intercollegiate Guidelines (ASSIGN) 

The aim of the ASSIGN equations was to reduce health inequalities by including a 

measure of social deprivation in CVD risk calculations.  The ASSIGN investigators 

felt that the Framingham equations did not adequately address the gradient in CVD 

risk associated with increasing social deprivation and that this may result in an 

inequitable allocation of resources.  ASSIGN uses data from the Scottish Heart Health 

Extended Cohort (SHHEC) that included over 13,000 adults who had not had a CVD 

event when they entered the study (38).  Participants were followed for between 10-21 

years and during this time there were over 1000 CVD events.  These equations have 

not been tested in any other population but ASSIGN was found to be in good 

agreement with, but no better than, the Framingham equations (38).  The ASSIGN 

equations were unable to include ethnicity as their population included few 

individuals from ethnic minority groups.  The ASSIGN equations have not been 

validated for use in individuals with diabetes. 

 

Diabetes Specific risk calculators 

Swedish National Diabetes Register calculator 

This is a diabetes specific CVD risk calculator based on data from over 11,000 

individuals in the Swedish national diabetes register (42) and includes over 1400 
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CVD events.  However, the calculator was developed using routinely collected data 

and not via a clinical trial and fails to include any lipid measurements.  This 

inconsistent data collection and no independent verification of CVD events raise 

questions about the accuracy of the data used.  In addition, no external validation has 

been performed. 

 

United Kingdom Prospective Diabetes Study (UKPDS) Risk Engine 

The UKPDS Risk Engine was developed specifically for estimating CVD risk in 

individuals with type 2 diabetes using data from the UKPDS clinical trial. Version 3 

of the Risk Engine (51) calculates the probability of having a CVD event and the 

probability of dying from a CVD event.  Whilst most often used to calculate 10-year 

risk, the UKPDS Risk Engine can be set to estimate risk over any time period.  The 

UKPDS Risk Engine includes data from 3475 individuals (53,000 patient years) 

enrolled in the UKPDS study.  Participants had newly diagnosed type 2 diabetes and 

had not had a CVD event when they entered the study allowing the Risk Engine to 

estimate the probability of a primary CVD event.  The Risk Engine includes HbA1c 

and takes into account duration of known diabetes.  It has been successfully validated 

against data collected from the Collaborative Atorvastatin Diabetes Study (CARDS) 

(17, 51) but has also been found to underestimate risk in individuals with diabetes 

from the UK although not to the same extent as the Framingham risk equations (48).    

The UKPDS Risk Engine has undergone external validation and has been shown to be 

more appropriate for use in individuals with diabetes than calculators developed from 

samples of the general population.  The UKPDS Risk Engine has also been found to 

be capable of ranking CVD risk even in individuals without diabetes.  However, it 
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over estimated risk in individuals without diabetes when compared to the Framingham 

equations (54). 

Risk calculators assist with the identification of individuals at increased CVD risk 

thus allowing healthcare professionals to initiate risk reduction strategies.  Risk 

calculators vary in their accuracy at predicting risk for an individual but there appears 

to be reasonable agreement between them in ranking individuals according to risk.  

The ability of risk calculators to motivate behaviour change aimed at reducing CVD 

risk has yet to be evaluated.   
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Table 1: Comparison of commonly used CVD risk calculators 

 Framingham 

risk equations 

SCORE DECODE QRISK2 ASSIGN Swedish 

Diabetes Register 

UKPDS Risk 

Engine 

Number of patients 8,491 205,178 25,413 1,535,582 13,297 11,646 3,475 

Proportion of female patients 53% 43% 35% 50% 51% 43% 42% 

Age range (years) 30-74 19-80 30-74 35-74 30-74 18-70 25-65 

Mean age (years) 49 Not 

reported 

Not reported 49 women, 

48 men 

49 Not reported 59 women,  

57 men 

Proportion of participants with 

diabetes 

5% Not 

reported 

9% 2% 1.4% 100% 100% 

Number of CVD events 1,174 7,934 

deaths 

791 deaths 96,709 1,165 1,482 581 

Person years of follow-up Not reported 2,700,000 Not reported 10,925,675 Not reported 58,342 53,000 

Average length of follow-up 

(years) 

12 Not 

reported 

4.8-10 Not reported 10-21 5.64 10.3 

Only for use in people with 

diabetes? 

No No No No No Yes Yes 

Accurate in people with diabetes? No No No Not known Not known Yes Yes 

Externally validated? Yes Yes No No No No Yes 
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Chapter 3: Risk Communication 
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Why talk to people about risk? 

One of the key roles of the healthcare professional is to discuss the risks and benefits 

of a particular treatment or course of action (55, 56).  The aim of risk communication 

is to reduce uncertainty and confusion and to help patients choose a course of action, 

preferably one that will reduce risk (57).  This might include discussing the need for 

mammography, immunisation, the risks and benefits involved in undergoing an 

elective surgical procedure, quitting smoking or taking medication as prescribed.  In 

order to do this healthcare professionals need to translate raw data from clinical trials 

or risk calculators into information that the patient can readily understand and use to 

make an informed choice (58, 59).  Undoubtedly there are challenges in translating 

scientific data into an acceptable form for patients but if this information is not 

communicated properly the healthcare professional risks providing information that is 

misleading or inaccurate (60).  Criticism of poor communication between healthcare 

professionals and patients is the most commonly encountered finding of patient 

satisfaction surveys and highlights the need for improvements in this area (61).  If 

done well, risk communication provides an ideal opportunity to involve the patient in 

making decisions about their care particularly when the professional has no clear 

preference regarding the choice made (62).  

Risk communication becomes ever more important with healthcare professionals 

increasingly being asked to identify individuals at increased risk of developing disease 

in the future.  Often these individuals will have no symptoms and will not be aware 

that they are at increased risk of future ill health.  One current example of this is the 

government’s recently launched vascular risk assessment programme (26) that 

requires all adults aged 40-70 years to undergo vascular risk estimation and 
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subsequent management of CVD risk factors.    Many individuals are likely to be 

identified as being at increased risk of vascular disease and will require an explanation 

as to what this means and what can be done about it.   

The area of risk communication is vague and remains poorly researched and even the 

government has acknowledged that at the moment there is no clear agreement on how 

best to communicate risk information (26).  In addition, risk is in general, poorly 

understood (63).   

 

What is a risk estimate? 

A risk estimate is the probability that an individual will develop a disease at some 

point in the future or that an event will occur in relation to an existing condition.  In 

many situations the individual at risk will be currently asymptomatic and unaware of 

their risk.   

 

Certainty and uncertainty 

Epidemiology is able to inform us about the rates of disease in a population and also 

factors associated with increasing or decreasing likelihood of developing a condition 

or its complications.  Epidemiology is not however, able to give us any indication if 

any one individual is the one in one hundred who develops a certain condition or 

outcome.  This holds true even when the individual has been identified as being at 

increased risk (60).  Communicating the concepts of probability and uncertainty that a 

particular behaviour or treatment will cause an effect are crucial to effective risk 



 - 23 - 

communication (64).  Risks range from the hypothetical, where the risk is possible but 

there is no evidence of certainty, to the clearly identified where certainty has been 

established and the level of risk is known (64).  However, even when the level of risk 

is known the chance of an individual patient experiencing this risk remains a 

probability (64).  For example, a healthcare professional discusses the need for statin 

therapy with a patient with type 2 diabetes.  The healthcare professional states that if 

100 similar patients take a statin for one year then 0.94 of them will have an acute 

coronary heart disease event.  However, if all 100 patients decide not to take a statin 

1.47 of them will have an acute coronary event (17).  In addition, 1 in 1,000 patients 

taking a statin will experience myopathy and there is a hypothetical risk of death from 

rhabdomyolisis (65, 66).  We do not know if the patient sitting in front of us will be 

one of the patients that will be protected from an acute coronary heart disease event 

by statin therapy or if they will be one of the minority of patients to develop 

myopathy or the very rare patient who develops rhabdomyolisis.  Communicating this 

uncertainty is a difficult but key element of risk communication. 

 

Level of risk 

The level of risk must be known for an individual in relation to the rest of the 

population.  This can be estimated using simple clinical measures such as waist 

circumference to estimate CVD risk (37) or from genetic information (67) or most 

accurately, from risk equations (29, 32, 35, 68).  
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The effect of risk on the individual 

The way in which individuals respond to risk information differs and may not be the 

same as the healthcare professional.  Individuals perceive and react to risk in different 

ways (69).  The effect of risk awareness on an individual may often be quite different 

from that which the healthcare professional would expect or want.  When this is the 

case, the risk communication consultation should attempt to address this with the aim 

of helping an individual to make an informed decision.  If a particular behaviour (for 

example continuing to smoke cigarettes) is clearly associated with a hazard (for 

example lung cancer (70) an individual may choose to continue to smoke despite the 

evidence presented.  In this case the individual should be made aware of the 

consequences of their decision (64).  In addition, it needs to be made clear that in 

most cases, even with optimal lifestyle or therapy, the individual will still remain at 

some degree of risk.  The healthcare professional needs to explain clearly what is 

achievable (how much of their risk is reducible).  For example, in the case of 

cardiovascular disease, age (6) and sex (71) are major risk factors and these cannot be 

altered yet risk can be reduced by treating modifiable risk factors including lowering 

cholesterol levels (12) and treating high blood pressure (14).  However, in the case of 

quitting smoking, an individual can return to the usual risk of lung cancer for a person 

of their age and sex after 10 years (70). 

 

Adverse psychological effects of communicating risk 

It has been known for over forty years that providing adverse health related 

information can result in adverse psychological effects.  A study in the 1970’s 

demonstrated that informing steel workers that they had high blood pressure resulted 



 - 25 - 

in an 80% increase in illness-related work absenteeism (72).  This was seen 

irrespective of how severe the hypertension was or how much medication was being 

taken.  Researchers have attempted to determine how often and under what 

circumstances predicting the risk of future illness results in an adverse psychological 

effect (73).  Studies have been conducted in a range of future conditions including 

CVD and Huntington’s disease and have looked at different psychological aspects 

over the short (<1 month) and long term in individuals receiving both positive and 

negative results.  The results of a total of 54 studies have been pooled in an attempt to 

shed light on these questions (73).  Unfortunately the quality of the studies included 

varied, making it difficult to draw clear conclusions.  For example, only two studies 

randomised their participants and each study measured psychological distress 

differently.  However, the authors of this overview concluded that when an 

asymptomatic individual receives adverse information about the future risk of 

developing a disease, some anxiety and distress is inevitable.  This does not appear to 

persist long-term and can be reduced by interventions aimed at minimising these 

effects.  Interestingly, disease type and severity did not seem to make a difference to 

the psychological distress experienced with similar results seen for preventable and 

treatable conditions such as diabetes and CVD as for certain and more debilitating 

conditions such as Huntington’s disease. 

The idea that psychological distress is short-lived is supported by a study that 

investigated anxiety in people three years after informing them if they carried the 

defective gene for cystic fibrosis or not.  Levels of anxiety were no different in those 

informed they had the gene and those informed that they did not (74).  Interestingly, 

those who were told they did carry the gene reported lower levels of current health 
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even though they had been told that carrying the gene did not have any implications 

for their own health.   

 

Recall of risk information 

Informing an individual on one occasion that they are at increased risk of disease may 

be inadequate to motivate behaviour change.  It appears that few people are able to 

remember their risk when asked at a later date.  In the study described above, only 

43% of negative and 80% of positive for carrying the cystic fibrosis gene adults could 

correctly recall their cystic fibrosis gene status three years later (74).  Recall of risk 

information has also been found to be poor in individuals with type 2 diabetes who 

were told their personal risk of future coronary heart disease (75).  This apparent 

failure to retain personalised risk information could harm an individual’s ability to 

make informed decisions.   

 

Tailored risk information 

Individually tailored risk information has shown modest success in increasing the 

uptake of mammography by women.  In one study women were sent a questionnaire 

asking them about risk factors for breast cancer.  Once a questionnaire had been 

returned the information it contained was used to tailor a mammography invitation 

letter according to each participant’s own level of risk (76).  This tailored information 

only increased mammography attendance in those with a family history of breast 

cancer and not in those identified as being at increased risk for other reasons.  The 

design of this study did however have some problems, and this may have affected the 
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results. Women who did not return their questionnaire were included in the study and 

a proportion of women who did return the questionnaire did not actually meet the 

inclusion criteria for the study (for example because of a personal past history of 

breast cancer).  Personalised information concerning cholesterol levels however, has 

been shown to be successful at changing behaviours designed to reduce cholesterol 

levels and was described by participants as “engaging and memorable”, “a wake-up 

call” and “frightening but important” (77). The Department of Health commissioned a 

review of risk communication and concluded that the provision of personalised risk 

information was the only risk communication intervention to have been found to work 

consistently and to have been evaluated in primary and secondary care (62). 

   

Risk factors without symptoms 

Communicating CVD risk information can be particularly difficult because many of 

the risk factors rarely cause specific symptoms, for example high blood pressure (78) 

or high cholesterol.  Studies show that risk factors without symptoms are not 

considered to be a disease and that people rarely associate a high cholesterol level 

with risk of cardiovascular disease (79, 80).  This is supported by a survey that found 

that cholesterol levels were viewed as unstable and unpredictable and not perceived as 

a disease (79).   

 

Understanding the link between behaviour and disease 

Psychologists have suggested that motivation to change behaviour depends not only 

on perceiving a threat (for example, smoking causing increased risk of cardiovascular 
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disease) but also on understanding the link between the behaviour and the threat, in 

this case, understanding how smoking damages blood vessels and thus causes 

cardiovascular disease (81). One study has shown that providing a clear explanation 

for a relationship without a commonsense mechanism can increase a person’s 

perceived vulnerability to a condition and intention to change behaviour to reduce this 

risk (81).  The researchers wanted to inform women about the link between smoking 

and cervical cancer.  Women who were current smokers were provided with no 

explanation, a brief explanation or a more comprehensive explanation.  The brief and 

in depth information were equally as successful at increasing perceived vulnerability 

and intention to quit smoking compared to no information.  This is important as these 

women were unlikely to select smoking cessation as a method of reducing their risk of 

cervical cancer as no sensible explanation would have previously linked the two.  

Spending time explaining the relationship between risk factors and disease appears to 

increase the likelihood of a patient changing their behaviour to reduce risk. 

 

Patients’ perceptions of risk 

Without proper risk assessment the patient and healthcare professional may have 

inaccurate views of disease risk.  If a risk estimate is not based on objective 

information (for example blood pressure, cholesterol and age) the healthcare 

professional may provide a patient with an unrealistically optimistic or pessimistic 

risk assessment.  In addition, if a patient has their own inaccurate estimate of risk of 

developing a disease it may impact on their health behaviour.  For example, if a 

patient perceives that they are at much lower risk than they actually are, then they 

may not attend for health screening (for example mammography).  However, if a 
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patient thinks they are at much higher risk than they actually are, this may cause them 

undue anxiety and distress.  Women have been shown to overestimate their own risk 

of breast cancer by an average of 20% even after they had been told what their risk 

was (82).  Individuals with type 2 diabetes have been shown to be both unaware of 

and to overestimate their risk of future cardiovascular disease (75, 83) perhaps 

because they perceive that CVD is related more to stress and hereditary factors than 

smoking or cholesterol levels (80). 

 

Measuring success 

The lack of agreement between researchers on how to measure the success of risk 

communication techniques makes it hard to draw conclusions about the effectiveness 

of different techniques.  This difficulty has been acknowledged and researchers have 

attempted to construct standardised measurements for risk communication studies 

(55).  This is an important step forward if the key components of what makes a 

successful risk communication intervention are to be established.  Traditionally 

researchers have measured a mixture of cognitive and behavioural outcomes that 

include the ability to correctly recall risk information and the change in risk reducing 

behaviour, for example compliance with prescribed therapies.  It has been recognised 

that this may not fully describe patient experiences and that other outcomes should 

also be included such as satisfaction with communication (57). 
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Can we communicate risk using words instead of numbers? 

Studies have shown that patients prefer risk to be expressed in terms of words rather 

than numbers, but have also shown that there is wide variation in how verbal 

expressions of risk are interpreted (84, 85).  In one study researchers investigated how 

22 different expressions of risk were interpreted by patients and doctors.  These 

included words such as “infrequent”, “sometimes”, “often”, “common” and “typical”.  

For 17 of these words the ways in which they were interpreted varied so much so that 

they could not be used to communicate risk to patients (86).  The European Union has 

also tried to develop a standardised risk vocabulary (“very common”, “common”, 

“uncommon”, “rare” and “very rare”) but again patient interpretation did not 

correspond with the risks they were intended to convey (87).  At present, there is no 

satisfactory method of communicating risks to patients using words instead of 

numbers. 

 

Numeracy 

Numeracy or the ability to do basic mathematics is another important consideration.  

People can find interpreting decimals and fractions difficult.  One study found 

participants interpreted 1286/10,000 as more risky than 24.14/100 (58).  Whilst words 

cannot replace numbers for the reasons outlined above, healthcare professionals can 

present risks in different ways to try and aid understanding.  For example a risk of 

20% could be described as a one in five chance or odds of four to one.  However, the 

way in which risk information is presented has been shown to influence patient 

decision making (88).  Patients are more likely to accept a treatment when risk is 

presented as a relative risk reduction rather than as a number needed to treat, personal 
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probability of benefit or absolute risk (88).  It is tempting to use relative risks to try 

and emphasise the need for a treatment.  For example a treatment that reduced the risk 

of a stroke from 2% to 1% would result in a 50% relative risk reduction.  However, 

the initial absolute risk (2%) is so small that a patient may decide it is not worth 

taking a tablet every day to achieve a 1% absolute risk reduction.  The use of relative 

risks is controversial as some people feel they overinflate numbers and are 

meaningless unless the underlying rate (absolute risk) is known (59, 60) and suggest 

the risk of developing a disease (2%) should be compared to the risk of not 

developing a disease (98%) (60). 

 

Visual representations of risk 

A review investigating how best to use graphics to display risk information has 

concluded that the graphical features that increased understanding were not the same 

as those that altered behaviour or intentions (89).  In general, patients preferred simple 

graphs even if this was at the expense of accuracy.  In addition crowd-charts have 

been found to be disliked by patients for being confusing, unconvincing and busy (58) 

and bar charts were similarly unpopular for lacking impact, being too dry, too 

statistical and too scientific (58).  Most graphical representations of risk have been 

found to require a degree of expertise or instruction in order to aid understanding (89). 

 

Knowledge gaps 

Despite the many studies that have been conducted to investigate risk communication, 

it still remains unclear which individuals are most likely to experience distress as a 
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result of risk information and under what circumstances (73).  It also remains 

inconclusive how best to frame risk information, the setting in which it should be 

given and the clinical topics in which it is most effective.  Many of the trials that have 

been conducted are of poor quality and as yet, efficacy has not been shown in routine 

clinical practice.   

 

How to communicate risk? 

In summary, the optimal method of conveying risk information is not known but the 

provision of personalised risk information is the only intervention to have been found 

to work consistently and to have been evaluated in primary and secondary care.  At 

present this appears to be the most effective method for communicating risk to 

individual patients. 
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Chapter 4: Physical Activity 
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The benefits of physical activity in preventing CVD have been apparent for over half 

a century since the initial observation that physically active London bus conductors 

were less likely to develop coronary heart disease than their sedentary bus driver 

colleagues (90).  Since then evidence has continued to accumulate demonstrating that 

physically active men and women reduce their risk of CVD by between one third and 

one half compared to their sedentary counterparts (21).  The relative risk of CVD 

associated with a sedentary lifestyle is similar to that associated with cigarette 

smoking, hypertension and hypercholesterolaemia (21) and clearly represents an ideal 

target for CVD risk reduction.  However, the capacity of physical activity 

interventions to prevent CVD events has yet to be born out in outcome studies despite 

being recommended by international guidelines (91). 

 

Epidemiology 

Many epidemiological studies have demonstrated the link between CVD risk factors 

and physical activity (92-95).   

 

Moderate intensity physical activity 

The Australian Diabetes, Obesity and Lifestyle study (AusDiab) investigated 

associations between physical activity and CVD risk factors in middle-aged adults 

(mean age 53.4 years) without known diabetes, and found an inverse relationship 

between time spent engaging in activity of moderate or greater intensity and serum 

triglycerides (96).  This relationship was apparent even after adjusting for age, sex, 

employment status, alcohol intake, income, education level, smoking status, diet 
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quality, family history of diabetes and lipid and blood pressure lowering medication 

use.  Ekelund et al. have attempted to determine the beneficial effects of physical 

activity that occur independently of changes in fitness and fatness (97).  They 

demonstrated that an increase in physical activity of approximately 30 minutes of 

brisk walking per day was independently associated with small reductions (3-5%) in 

triglycerides, fasting insulin and 2 hour plasma glucose levels.   

 

Sedentary time 

Sedentary time has been shown to be associated with CVD risk factors with one study 

demonstrating an association between time spent watching television and LDL and 

HDL cholesterol levels (98) and a second study demonstrating that women who 

watched less than 2 hours of television per day and engaged in more than one hour per 

week of vigorous activity had an adjusted body mass index of 1.92 kg/m2 less than 

women performing no weekly vigorous activity and watching more than four hours of 

television per day.  Reducing sedentary time even by very small amounts has been 

shown to be associated with improvements in CVD risk factors.  Breaks in sedentary 

time have been shown to be associated with improvements in waist circumference, 

body mass index, triglycerides and 2-hour plasma glucose (99).  

 

Development of the metabolic syndrome 

Studies have examined the influence of physical activity on the development of the 

metabolic syndrome (100, 101) and have shown that men engaging in three or more 

hours per week of leisure time physical activity are half as likely as sedentary men to 
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have the metabolic syndrome.  This was seen even after adjustment for major 

confounders (age, body mass index, smoking, alcohol consumption, socioeconomic 

status) and mediating factors (plasma insulin, glucose and lipid levels and blood 

pressure). 

 

All-cause and CVD mortality 

Physical activity has also been shown to be beneficial in terms of CVD and all-cause 

mortality.  In one study that followed over 30,000 Finnish adults aged 30-59 years for 

a median of 20 years, CVD and all cause mortality were 9-21% lower in women and 

2-17% lower in men who were moderately or more active during their leisure time 

(92).  A reduction of 21-27% was also seen in men and women who were 

occupationally active.  This is supported by a second study of 707 men aged 61-80 

years that demonstrated a doubling of the death rate in men walking less than one mile 

per day compared with men walking more than two miles per day (93).   

 

No threshold effect of age 

There does not appear to be an age cut off above which it is no longer worthwhile 

increasing physical activity.  The Uppsala longitudinal study of adult men 

investigated men who increased their physical activity between the ages of 50-60 

years (102).  Whilst they demonstrated higher mortality than men with unchanged 

high levels of physical activity for the first five years after increasing activity, by ten 

years their mortality matched that of men with unchanged high physical activity levels 

(hazard ratio 1.10, 95% CI 0.87-1.38) (102).  The reduction in mortality seen in the 
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men who increased their physical activity compared to men with unchanged low 

physical activity (0.51, 95% CI 0.26-0.97) was almost equivalent to that seen for 

smoking cessation in this study (0.64, 95% CI 0.53-0.78). 

 

Individuals at increased CVD risk 

The dose-response relationship between physical activity and CVD risk has been 

noted to be especially steep in those individuals at high CVD (103) risk due to the 

presence of the metabolic syndrome, type 2 diabetes or obesity (21).  In individuals 

with type 2 diabetes good glycaemic control has been shown to be protective against 

future CVD events (15).  A meta-analysis of physical activity interventions in 

individuals with type 2 diabetes has shown an overall 0.66% reduction in HbA1c (22).  

The Multiple Risk Factor Intervention Trial (MRFIT) study conducted in over 12,000 

men at increased risk of CVD demonstrated that the third of participants who were 

least active had excess CVD and all-cause mortality but no increased risk of cancer 

death (104).  Such individuals therefore, would appear to have much to gain from 

regular physical activity in terms of CVD risk reduction and are an obvious target for 

lifestyle modification interventions. 

 

Types of physical activity 

The impact of the type or intensity of physical activity undertaken on CVD risk 

remains poorly understood.  In a study following 77,743 post-menopausal women 

aged 50-79 years, walking and vigorous physical activity were associated with similar 

risk reductions in CVD (95).  This result did not vary substantially according to race, 
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body mass index or age.  However, a brisk walking pace and fewer hours sitting also 

predicted lower risk.  In a second study in 39,372 female health professionals active 

women were shown to have lower rates of coronary heart disease but this association 

varied according to the intensity of the activity undertaken (105).  In this study a 

reduction in risk was only seen in women walking for at least one hour per week and 

walking pace was not found to influence coronary heart disease risk.   

 

Mechanism 

Lipids 

Much of the beneficial effect of physical activity on CVD risk is attributed to an 

amelioration of plasma lipids.  Physical activity has been shown to modulate plasma 

lipids with improvements seen both acutely (106) and chronically (107), in those with 

known CVD (108), at high risk of CVD (109) or apparently healthy (110) and in both 

men and women (21). The improvements occur independently of changes in body 

weight (107).  Physical activity can increase HDL by 5-10% (106, 110) and decrease 

triglycerides by up to 18% (107).  The effect of physical activity on LDL cholesterol 

and VLDL is less clear cut with both reductions (108, 110, 111) and no change (109) 

in LDL reported and one study reporting an improvement in VLDL levels (109). 

 

Insulin sensitivity 

Physical activity also improves insulin sensitivity.  Insulin sensitivity measured by 

euglycaemic-hyperinsulinaemic clamp has been shown to be strongly associated with 
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total activity measured by accelerometer in both men and women (p<0.0001) (112).  

Other elements of physical activity measured by accelerometer including sedentary 

time, time spent undertaking light activity or bouts of moderate or greater intensity 

physical activity did not impact insulin sensitivity independently of total activity. 

 

Other possible mechanisms 

Additional CVD risk reducing mechanisms have also been proposed including 

improvements in inflammation and endothelial function but the evidence for these 

remains equivocal (21).  However, physical activity remains an independent CVD risk 

factor even after adjustment for the above factors suggesting the involvement of other 

mechanisms (21).  

 

Intervention studies 

A number of intervention studies have been undertaken in order to confirm the 

epidemiological and physiological associations seen between physical activity and 

CVD risk factors.   

 

Diabetes prevention 

One systematic review examined studies that had examined the impact of physical 

activity on the development of diabetes in adults with impaired glucose tolerance.  It 

concluded that whilst a combination of lifestyle modifications has been consistently 
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associated with a 50% reduction in the risk of developing diabetes the increase in 

physical activity achieved has been small and therefore the reduction in the risk of 

developing diabetes is likely to be attributable to other factors including diet and 

weight loss (113).  The authors postulated that current recommendations for physical 

activity may not be adequate to reduce the risk of diabetes in individuals with 

impaired glucose tolerance (114).  This systematic review included eight studies and 

the physical activity interventions varied from encouraging 150 minutes of moderate-

vigorous physical activity per week with occasional support and encouragement from 

a healthcare professional to discounted gym membership and even a one month stay at 

a wellness centre.  Others questioned the conclusions of the systematic review and 

interpreted the findings as showing that physical activity may be better at preventing a 

worsening of glycaemic control than improving glucose tolerance (115).   

 

Primary prevention of CVD 

Whilst some short-term (< 6 months) studies have demonstrated a favourable effect of 

physical activity interventions on some CVD risk factors (116), no long-term outcome 

studies to date have been able to demonstrate that a physical activity intervention can 

prevent CVD events (117).  In addition, randomised controlled trials evaluating an 

exercise consultation with an exercise specialist or a healthcare professional versus no 

exercise consultation have failed to demonstrate an improvement in CVD risk factors 

at one year (117). 
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Summary 

There is convincing epidemiological and physiological evidence of the cardiovascular 

protective effects of physical activity in adults.  Disappointingly, intervention studies 

have yet to demonstrate that interventions designed to increase physical activity can 

result in a reduction in CVD or a sustained improvement in CVD risk factors.  This 

may be a result of poor interventions, lack of prolonged follow-up or failure of 

participants to maintain increases in physical activity.  Addressing these issues in 

future studies may achieve a positive result for the benefits of physical activity in 

preventing CVD. 
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Chapter 5: Brief Lifestyle Advice 
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 A systematic review of the effectiveness of the provision of brief lifestyle advice 

in primary care 

Introduction 

Brief lifestyle advice has been defined as advice delivered in a single consultation 

(118), often opportunistically, that is usually of only 2-3 minutes duration (118, 119).  

It is commonly delivered in primary care (118-122) and supported by written 

information (118, 120, 121).  Brief lifestyle advice often addresses a variety of 

modifiable behaviours including diet, physical activity, alcohol consumption and 

smoking (120).  Interest in brief lifestyle advice has been increasing since it was 

identified that modifiable lifestyle factors including diet (123-125), smoking (126), 

alcohol consumption (127) and physical activity (92-95) are associated with risk of 

future disease.  The United Kingdom government has responded to this by introducing 

financial incentives for general practitioners to deliver lifestyle advice in primary care 

with the aim of reducing overall risk in the population (128).  However, concerns 

have been raised that public funds may be directed towards interventions for which 

there is little robust evidence of success (120).   

A systematic review published in 1997, of 37 trials investigating the impact of brief 

and more intensive lifestyle advice versus no advice on physical activity, diet, 

smoking and alcohol consumption concluded that whilst the results were in general, 

promising, there was insufficient evidence to conclude that lifestyle interventions 

could produce substantial change in behaviour (120).  Most of the trials included 

followed participants for at least one year.  This systematic review found that the odds 

ratio for smoking cessation following smoking cessation advice versus no advice was 

1.32 (95% confidence interval 1.18-1.48) and that more intensive versus brief advice 
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had no impact on the success of the intervention (odds ratio 1.07 (0.88-1.29)).  For 

diet, alcohol consumption and physical activity the trials were sufficiently 

heterogeneous that they could not be compared in this way.    

The purpose of this review was to examine the more recent evidence to determine the 

effectiveness of the provision of brief lifestyle advice in primary care.   

 

Method 

Search strategy 

A search of the MEDLINE database was conducted including articles published 

between 1996 and January 2010.  Studies from this period were included in order to 

update the findings of the 1997 systematic review. 

 

Search terms 

In order to retrieve studies conducted in primary care the following search terms were 

used: 

• Primary care 

• Family practice  

• General practice 

In order to retrieve studies concerning the provision of brief lifestyle advice the 

following search terms were used: 
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• Health promotion 

• Lifestyle advice 

• Risk factors 

• Health behaviour 

• Patient education 

• Brief lifestyle advice 

• Counselling 

 

In order to retrieve studies concerning the provision of physical activity advice the 

following search terms were used: 

• Exercise 

• Motor activity 

• Physical activity 

In order to retrieve studies concerning the provision of dietary advice the following 

search terms were used: 

• Diet 

• Diet therapy 

• Diet sodium restricted 
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• Diet protein restricted 

• Diet Mediterranean 

• Diet carbohydrate restricted 

• Diabetic diet 

• Diet reducing 

• Nutrition therapy 

In order to retrieve studies concerning the provision of smoking cessation advice the 

following search terms were used: 

• Smoking 

• Smoking cessation 

• Tobacco 

• Tobacco use cessation 

In order to retrieve studies concerning the provision of alcohol consumption advice 

the following search terms were used: 

• Alcohols 

Approximately 312 potentially relevant references (including reviews of the literature) 

were identified through this search strategy.  The abstracts for studies were retrieved 

and the reference lists from review articles were searched.  From this initial survey a 
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set of inclusion criteria was developed and the final selection of trials to be included 

was made.  A total of 16 trials were selected.   

Inclusion criteria 

The review was restricted to studies published in the English language that 

investigated the provision of brief lifestyle advice in primary care.  Only studies with 

a randomised design were included.  I examined studies that provided advice 

concerning physical activity, diet, alcohol consumption or tobacco smoking.  Studies 

that included advice on more than one of these behaviours were included.  Studies 

were included if brief advice was compared to either no advice or usual care or to a 

more intensive intervention.  Brief advice was defined being of less than 30 minutes 

duration, delivered face to face in a single consultation with no further follow up or 

reinforcement by a person routinely employed in primary care (general practitioner or 

practice nurse).  In general, advice was provided verbally and supported by written 

materials.  Trials were included irrespective of the duration of follow up but needed to 

include a measure of behaviour change for example change in body weight, blood 

pressure or physical activity questionnaire score.  Studies were excluded if the only 

outcome measure was thoughts about behaviour change or change in stage of change.  

Trials were also excluded if the advice was accompanied by a pharmacological agent 

for example, nicotine gum or patches.  The major reasons for excluding trials were: 

• Not relevant to review (trial protocols, cost effectiveness analyses, duplicate 

studies, cross sectional studies of advice given in general practice) 

• Non-randomised study design used 

• No brief advice intervention arm 
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• Review articles 

Data extraction 

I extracted data from the published studies. 

Quality assessment 

Studies were assessed using the simplified scheme described in the 1997 systematic 

review described earlier (120, 129).  Three dimensions of trial methods were assessed: 

selection bias at entry to the study (for example was a robust method of randomisation 

used), selection bias after trial entry (for example were analyses by intention to treat, 

were rates of follow-up high and similar in all groups) and selection bias in assessing 

outcomes (for example were individuals collecting and inputting data blinded to an 

individual’s intervention allocation).  A score of 3 was awarded if maximal attempts 

had been made to control bias and 1 if little or no attempts had been made.  In some 

instances the reporting of the study was such that a low score had to be awarded if no 

information was provided to the contrary. 

Data analysis 

The trials included reported many different outcomes in a variety of ways.  In view of 

this data was extracted, summarised and tabulated.  Outcome measures included self-

reported changes in smoking behaviour, physical activity and diet, biochemical 

measures of smoking cessation including salivary cotinine and objective measures of 

fitness including a six minute walk test. 
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Results 

Characteristics of trials 

A total of 16 trials were included in the review (Table 2).  Most physical activity trials 

recruited sedentary adults and most smoking cessation trials recruited adult smokers 

irrespective of other health conditions or co-morbidities.  A minority of studies 

recruited healthy adults.  The studies included a broad range of ages from 15-80 years 

old.  All studies included both male and female participants.  The studies included a 

mixture of those that compared brief lifestyle advice to no advice or usual care and 

those that compared brief lifestyle advice to more intensive interventions.  In some 

instances a variety of approaches were tested in the same trial. 

In the majority of trials the advice was provided by a general practitioner with fewer 

studies choosing a nurse to deliver the intervention.  Most advice was supplemented 

by written materials. 

Follow up varied between one and 14 months with the majority collecting data for 

between six and 12 months. 

The quality of the studies included was generally good.  The commonest reason for 

being awarded a low score was selection bias after trial entry with many studies 

reporting high losses to follow up. 
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Table 2: Characteristics of brief lifestyle advice intervention trials.  
Mode of intervention is classified as an intervention addressing a single behaviour (S) or multiple behaviours (M), PA indicates the study 
addressed physical activity.  W indicates that the intervention was supported by written materials.  Quality score: low to high score 1-3, A 
indicates selection bias at entry, B selection bias after entry and C bias assessing outcomes. 
 
Trial Year Country N Inclusion criteria Study groups Intervener Mode Duration Quality 

Armit et al (130). 2008 Australia 136 Sedentary adults  
aged 50-70 years 

1. Brief GP advice 

2. GP & Ex specialist 

3. GP & Ex specialist plus pedometer 

GP S (PA) 

W 

6 months A3, B1, C3 

Aveyard et al (131). 2003 UK 2471 Adult smokers 1. Leaflet 

2. Self help manual 

3. Phone intervention 

4. Manual plus nurse visits 

Nurse S (smoking) 

W 

6 months A2, B1 , C3 

Bull & Jamrozik  (118) 1998 Australia 763 Sedentary adults 1. Brief advice 

2. No advice 

GP S (PA) 

W 

12 months A2, B2, C3 

Goldstein et al. (132) 1999 USA 355 Sedentary adults 1. Brief activity counselling 

2. Standard care 

GP S (PA) 

W 

6 weeks A3, B3, C3 

Grandes et al (133). 2009 Spain 4317 Sedentary adults  
aged 20-80 years 

1. Advice 

2. Advice and activity prescription 

3. Usual care 

GP S (PA) 

W 

6 months A3, B2, C3 
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Trial Year Country N Inclusion criteria Study groups Intervener Mode Duration Quality 

Harland et al. 
(134) 

1999 UK 523 Adults aged 40-64 
years 

1. One interview 

2. Six interviews 

3. Exercise vouchers 

4. Control group 

?GP M (PA, smoking, diet, 
alcohol, weight) 

W 

12 
months 

A3, B2, 
C3 

Jimmy & Martin 
(135) 

2005 Switzerland 161 

 

Individuals aged >15 
years old 

1. Brief GP advice feeding back a 
PA questionnaire 

2. 45 minute counselling 

GP S (PA) 14 
months 

A1, B3, 
C1 

Lancaster et al. 
(136) 

1999 UK 497 Smokers > 18 years 
old 

1. Brief advice 

2. Advice plus follow up 
counselling from nurse 

GP S (smoking) 

W 

12 
months 

A3, B2, 
C3 

Little et al. 
(137) 

2004 UK 151 Sedentary adults 1. GP advice 

2. Nurse counselling 

3. Leaflet 

GP S (PA) 1 month A2, B2, 
C1 

Marshall et al 
(138). 

2005 Australia 767 Inactive 40-70 year 
olds 

1. Brief general PA advice 

2. No advice 

GP S (PA) 

W 

6 months A3, B2, 
C3 

Petrella et al. 
(139) 

2003 Canada 284 Adults over 65 years 
old 

1. Brief advice 

2. Exercise advice and assessment 

GP S (PA) 12 
months 

A2, B2, 
C3 
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Trial Year Country N Inclusion criteria Study groups Intervener Mode Duration Quality 

Pieterse et 
al. (140) 

2001 Netherlands 530 Adult smokers aged 18-70 years 1. Brief advice 

2. Usual care 

GP S (smoking) 

W 

12 
months 

A1, B2, 
C3 

Sacerdote et 
al (141). 

2005 Italy 3186 Healthy adults aged 18-65 years 1. 15 min intervention 

2. Sham intervention 

GP S (diet) 

W 

1 year A2, B2, 
C2 

Steptoe et 
al. (142) 

1999 UK 883 Adults with one or more modifiable CVD risk 
factor 

1. Behavioural 
counselling 

2. Standard advice 

Nurse M (diet, 
smoking, 
PA) 

12 
months 

A2, B2, 
C3 

Swinburn et 
al. (143) 

1998 New 
Zealand 

491 Sedentary adults 1. Brief advice plus 
written materials 

2. Brief advice alone 

GP S (PA) 6 weeks A1, B2, 
C3 

van Sluijs et 
al. (144) 

2005 Netherlands 358 Adults aged 18-70 years with hypertension, 
hypercholesterolaemia, type 2 diabetes, not 
physically active in last 6 months 

1. Brief advice 

2. Physician-based 
assessment and 
counselling for exercise 
(PACE) 

GP or 
nurse 

S (PA) 1 year A3, B3, 
C3 
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Effectiveness of brief lifestyle advice 

A summary of the results of the 16 studies included in this review is shown in Table 

3.  Overall in the nine studies that compared brief lifestyle advice with more intensive 

advice three studies demonstrated that brief advice could be as effective as more 

intensive advice, five studies showed that brief advice was not as effective as more 

intensive advice and one study produced an equivocal result.  In the seven studies that 

examined the provision of brief lifestyle advice compared to the provision of usual 

care or no advice five showed a positive result for the effectiveness of brief lifestyle 

advice, one showed a negative result and one showed an equivocal result.  These 

results need to be qualified against the fact that in the vast majority of the studies 

included outcome measures relied on self-reported behaviours.  In addition, in many 

of the studies follow up of participants was not ideal with few studies being able to 

collect data on more than 80% of participants at follow up.  There were also too few 

studies that examined the impact of the provision of advice concerning more than one 

behaviour to draw any useful conclusions concerning this approach. 
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Table 3: Results of brief lifestyle advice intervention trials 
 
Trial Study groups Outcome Problems Overall effect 

of brief 
lifestyle advice 

Armit et 
al. 

1. Brief GP advice 
2. GP & Ex specialist 
3. GP & Ex specialist plus 
pedometer 

Increase in self-reported activity in all groups with an average 
increase of 128 minutes per week (95% CI 79, 177) at 24 weeks.  No 
between group differences in increase in activity but greater 
proportion in ES and ESP groups meeting activity target (150 minutes 
per week) at 24 weeks OR 1.14 (0.47, 2.76) and 2.39 (1.01, 5.64) 
p<0.01 in both groups 

Sample size not big enough to detect 
difference as variance larger than 
expected, self-reported PA, 
inconsistent delivery, Ex Specialist 
not blinded 

Positive 

Aveyard et 
al. 

1. Leaflet 
2. Self help manual 
3. Phone intervention 
4. Manual plus nurse visits 

Biochemically confirmed sustained quitting (salivary cotinine) at 6 
months OR 1.00 p=0.64 
1.53 (0.68, 3.42) 
1.42 (0.62, 3.21) 
1.81 (0.69, 4.73) 

Differences in follow up rates 
between groups 

Negative                                                   

Bull & 
Jamrozik 

1. Brief advice 
2. No advice 

No between group difference in self-reported PA at one year, 36% 
versus 31% physically active at one year 

Days of the week randomised rather 
than individual participants.  Self-
reported outcomes.  Unusual 
definition of physically active. 

Negative 

Goldstein 
et al. 

1.Brief activity counselling 
2. Standard care 

Proportion meeting activity recommendations, self-reported (30 
minutes 5 days per week) OR=1.37 (0.77, 2.43) 

70% of control practices regularly 
provided PA advice, baseline 
assessment may have highlighted the 
need to increase PA 

Positive 

Grandes et 
al. 

1. Brief advice 
2. Brief advice and activity 
prescription 
3. Usual care 

Self-reported PA, increase of 22.5 minutes per week in participants 
aged over 50 years, no significant difference in participants under 50 
years in advice group compared to control in prescription group 
results similar 

Large numbers lost to follow-up, sub-
group analyses 

Equivocal 
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Trial Study groups Outcome Problems Overall effect of 

brief lifestyle 
advice 

Harland et 
al. 

1. One interview 
2. Six interviews 
3. Vouchers 
4. Control group 

Self-reported increases in activity not maintained at one year, 
improved PA scores seen in 38% versus 16% interventions 
versus controls p=0.001 at 12 weeks 

Self reported PA, 20% drop out rate, 
baseline assessment may have diluted 
intervention 

Negative 

Jimmy & 
Martin 

1. Brief GP advice feeding 
back a PA questionnaire 
2. 45 minute counselling 

Self-reported PA about 50% active at 14 months in both groups 
p=0.95 

?Blinding of researcher collecting 
follow up data, randomisation not equal 

Positive 

Lancaster et 
al. 

1. Brief advice 
2. Advice plus follow up 
counselling from nurse 

Biochemically measured smoking cessation (cotinine), quit rates 
3.6% versus 4.4%, difference -0.8% (-4.3, 2.6) 

25% lost to follow-up Equivocal 

Little et al. 1. GP advice 
2. Nurse counselling 
3. Leaflet 

No significant change in 6 minute walk test in single 
intervention groups  

Assessors not blinded Negative 

Marshall et 
al. 

1. Brief general PA advice 
2. No advice 

Proportion physically active at six months 46.8% versus 29.9% 
p=0.001 OR 2.05 (1.33, 3.16) 

Self-reported activity, only one third 
received written materials 

Positive 
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Trial Study groups Outcome Problems Overall effect of 

brief lifestyle 
advice 

Petrella et 
al. 

1. Brief advice 

2. Exercise advice and 
assessment 

Improvement in VO2max compared to 
brief advice 22.8 versus 24.9 ml/kg/min 
p<0.001 

Unclear how randomisation of practices performed Negative 

Pieterse et 
al. 

1. Brief advice 

2. Usual care 

Quit rate at 12 months 13.4% versus 
7.3% 

Self-reported quitting, no biochemical validation, high quit rate in 
control group ?due to Hawthorne effect, unbalanced groups at 
baseline in terms of number of cigarettes smoked and level of 
motivation to quit 

Positive 

Sacerdote 
et al. 

1. 15 min intervention 

2. Sham intervention 

Net increase in portions of fruit and 
vegetables per week 1.31 (0.90, 4.39) 

Incomplete blinding of GPs, self-reported outcome measures Positive 

Steptoe et 
al. 

1. Behavioural counselling 

2. Standard advice 

Change in number of exercise sessions in 
last four weeks 3.9 (1.0, 6.8) 

High number lost to follow-up, Large differences in recruitment of 
control and intervention participants 

Negative 

Swinburn 
et al. 

1. Advice plus written 
materials 

2. Advice alone 

Proportion of participants who increased 
their activity 73% versus 63% p=0.02 

Recruitment based on those GPs thought would benefit from 
intervention, self reported activity 

Positive 

van Sluijs 
et al. 

1. Brief advice 

2. Physician-based 
assessment and 
counselling for exercise 
(PACE) 

Increase in activity in all participants at 
one year of 61.6 minutes per week (7.5, 
115.6), no between group differences 

Self-reported activity Positive 
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Discussion 

The data available to date seem to suggest that there may be some health benefits 

associated with the provision of brief lifestyle advice and that brief lifestyle advice 

may be nearly as effective as more intensive regimens.  The findings of this review 

are broadly in keeping with those of The United Kingdom Health Development 

Agency.  In it’s evidence briefing for brief interventions aimed at increasing physical 

activity levels (145) the agency concludes that at the present time the evidence 

suggests that a single episode of brief tailored advice with some follow-up can 

increase physical activity at least in the short term (145).  This briefing went on to 

highlight various components that were associated with the greatest likelihood of 

success.  These included the provision of tailored information delivered verbally with 

written support, setting goals, self-monitoring, exploring beliefs about physical 

activity, ongoing verbal support, providing occasional reviews, promoting moderate 

intensity activity such as walking and no requirement for attending a facility (145).  

The evidence that brief lifestyle advice may be no less effective than more intensive 

advice is encouraging for more widespread adoption in routine clinical practice, 

particularly in primary care. The time pressures on primary care practitioners are 

increasingly being recognised and there now seems to be an acknowledgement that 

studies attempting to deliver lifestyle advice in primary care need to develop 

interventions that can be delivered in just a few minutes (146).  In addition more 

robust studies are being conducted to further evaluate brief lifestyle advice in 

comparison to a more intensive intervention.  One such study has been designed to 

compare an intensive intervention encompassing risk assessment, risk 

communication, use of a decision aid and adapted motivational interviewing with a 
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brief intervention, in adults without known CVD (147).  The brief lifestyle advice will 

be given on a single occasion whereas the intensive intervention will be given over 

two consultations and one telephone call.   

One of the major shortcomings of many of the studies reviewed is the lack of 

objective measures of behaviour with many relying on self-reported information.  

There is a clear need for robust objective outcome measures of behaviour to be 

included in randomised trials of lifestyle interventions and not just intermediate 

measures for example, intention to change behaviour and thoughts about the need to 

change behaviour, as have often been used in the past (120).  Physical activity can be 

measured objectively using pedometers or accelerometers.  Serum cotinine (148) is a 

reliable indicator of tobacco smoked and plasma vitamin C provides a robust estimate 

of fruit and vegetable intake (149).  

The methods used to study lifestyle interventions also need to adapt in order to 

increase the evidence base for the success of lifestyle interventions.  Many studies 

were excluded from this review because they did not use a randomised design. 

The 1997 systematic review of lifestyle advice published by Ashenden and colleagues 

highlighted many of these issues and the inability to draw firm conclusions from the 

studies conducted up to then (120).  Disappointingly, heterogeneous outcome 

measures, outcomes measured by self-report and non-randomised trial designs still 

plague this area of research.  Future studies need to address these issues in their trial 

design. 

It is possible that over recent years the need to provide lifestyle advice may have 

diminished because of better knowledge amongst the population about health lifestyle 

choices.  However, despite the government focus on improving the health of the 
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population in recent years the evidence suggests that public perceptions of what 

constitutes a healthy lifestyle and which behaviours are unhealthy remain poor.  In 

one United Kingdom questionnaire survey of 512 adults aged 17-45 years, 25% of 

responders were current smokers yet only 4% recalled being advised to quit smoking 

(150).  When asked what were their main sources of health promotion information 

67% of study participants cited magazines and 47% television.  In younger patients 

the internet appears to be an important source of lifestyle advice (151).  In another 

study of 390 adults with and 190 without CVD risk factors, that aimed to determine 

which factors predict recall of lifestyle advice, those with CVD risk factors, men and 

older participants were the most likely to recall that they had been given lifestyle 

advice (152).  Those able to recall lifestyle advice were more likely to report a 

healthier current lifestyle than those who could not recall lifestyle advice.  Of concern, 

30-50% of responders who reported an unhealthy lifestyle were unaware that it was 

unhealthy.  This study included adults from a wide range of socioeconomic 

backgrounds.  Even in high risk individuals recollection of lifestyle advice can be 

poor.  In a study of over 3000 patients who had been hospitalised with heart failure 

and received lifestyle advice during their admission only 46% of patients could recall 

receiving the lifestyle advice (153).   

These studies confirm that whilst much effort has been expended on increasing the 

health of the nation and increasing awareness of what constitutes a healthy lifestyle 

there remains a significant proportion of the population who are unaware of 

rudimentary health messages (the benefits of not smoking, participating in physical 

activity, eating a low-fat, high-fibre diet containing plenty of fruit and vegetables and 

consuming alcohol in moderation).  In view of these findings, it is important that 
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research continues to be conducted to investigate approaches to educating the 

population about healthy behaviours. 

Conclusion 

Despite the shortcomings of the available data as one of the studies concludes (136), 

brief lifestyle advice appears to be associated with some benefits and therefore is 

worthwhile as an intervention as it is simple and costs very little to deliver. 
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Methods & Results
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The overall aims of the study were to determine whether or not personalised 10-year 

CVD risk information or a brief lifestyle advice intervention could motivate behaviour 

change in individuals at increased risk of CVD.  In order to determine who these 

individuals might be it was first necessary to identify an appropriate risk calculator to 

be used during the study to estimate personalised CVD risk.  It was then necessary to 

gain a greater understanding of lay perceptions of CVD risk, develop an interface for 

the risk calculator to best deliver the 10-year personalised CVD risk estimate, design 

the brief lifestyle advice intervention and to ensure each was comprehensible and 

acceptable to their target audience.  Finally, both the personalised 10-year CVD risk 

and brief lifestyle advice interventions were tested simultaneously in a pilot 2x2 

factorial randomised controlled trial entitled the Understanding Risk (uRisk) study.  

uRisk participants were recruited from four general practices in Oxfordshire and 

invited on the basis of being at increased 10-year CVD risk (≥20%) according to the 

Framingham equations (32). 
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Chapter 6: Risk calculator selection 
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Demonstration of the applicability of the UKPDS Risk Engine in a population 

without diabetes 

The decision to use the UKPDS Risk Engine for estimating CVD risk was a 

somewhat pragmatic decision based on the fact that the Risk Engine was developed in 

the academic group in which I was studying and the fact that information technology 

expertise was on hand to enable me to redesign the interface of the Risk Engine based 

on the findings of the focus groups I conducted.  I also anticipated that a significant 

proportion of individuals recruited for the study would have diabetes or dysglycaemia 

based on epidemiological evidence suggesting that in the UK most CVD events in 

men occur in apparently healthy individuals with HbA1c values > 6% (154).  

However, it was first necessary to assess the utility of the Risk Engine in a non-

diabetic population.  I was involved with this work as it was integral to my study but 

it was largely performed by Dr Rebecca Simmons (155).   

Subjects 

Dr Simmons compared the performance of version 3 of the UKPDS Risk Engine and 

the 2008 Framingham risk equations in estimating CVD in the EPIC-Norfolk 

(European Prospective Investigation of Cancer-Norfolk) cohort.  EPIC-Norfolk is a 

prospective study of men and women aged 40-79 years recruited from general 

practices in Norfolk (156).  Over 25,000 individuals were followed for a median of 

10.1 years.  Diabetes status was determined at entry to the study and from 1995 

HbA1c was included in the baseline measurements.  CVD events were identified 

during the study if a participant had a hospital admission and/or died from a CVD 

event.  For these analyses we excluded individuals with CVD at baseline and those 

with missing data at baseline for the variables needed to estimate CVD risk using the 
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two calculators.  As a result 4,424 men and 5,713 women were included in the 

analyses.   

 

Materials and methods 

The EPIC-Norfolk individuals were divided into three groups: those with known 

diabetes at entry into the study (n=272), those with non-diabetic hyperglycaemia 

(defined as HbA1c ≥ 6% with no diagnosis of diabetes, n=906) and those with normal 

glucose tolerance (no diagnosis of diabetes and HbA1c < 6%, n=8,959). 

The performance of the two calculators was assessed by comparing the area under the 

receiver operating characteristic curve (aROC) (157), by computing a Bayes 

information criterion (BIC) statistic (158) to assess the global fit of the models and 

finally, by examining the proportion of men and women who would be reclassified 

into higher or lower risk categories between the two calculators.  This was assessed 

using the Net Reclassification Improvement (NRI) statistic (159). 

 

Results 

Demographics 

 

The baseline characteristics of the EPIC-Norfolk participants used for these analyses 

are shown in Table 4. 
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CVD events 

The cumulative incidence rate of CVD in the EPIC-Norfolk population was 9.8 per 

1,000 person-years. 

 

Over a median of 10.1 years of follow-up there were 69 CVD events in the 272 

individuals with diabetes, 160 in the 906 with non-diabetic hyperglycaemia and 732 in 

the 8,959 with normoglycaemia (Table 4). The estimated CVD 10-year risk in 

individuals with known diabetes at baseline was 33% and 37% using the UKPDS and 

Framingham scores respectively (Table 5). In the non-diabetic hyperglycaemia group, 

estimated CVD risk was 31% and 22% respectively, and for the group with normal 

glucose tolerance, 20% and 14% respectively. 

 

The aROC for individuals with diabetes in EPIC-Norfolk was 0.72 for the UKPDS 

score and 0.73 for the Framingham score (Table 5). There was no statistically 

significant difference in their discrimination (p=0.58). Similarly, the aROC for 

individuals with non-diabetic hyperglycaemia was 0.68 for the UKPDS score and 0.66 

for the Framingham score, with no significant difference in discrimination (p=0.16). 

For individuals with normal glucose tolerance, the aROC for the UKPDS score was 

0.77 and 0.77 for Framingham, with no evidence of a difference in the scores’ ability 

to discriminate between those that had a CVD event or not (p=0.38). The Bayes 

Information Criterion value was similar for both risk scores in each population sub-

group, indicating good global model fit.  

 

Reclassifications are summarised in Table 6. The NRI refers to the net gain in correct 

reclassification. A positive NRI indicates that the UKPDS score shows an 



 - 67 - 

improvement in classification over the Framingham score, while a negative NRI 

corresponds to an improvement in classification of the Framingham over the UKPDS 

risk score. The NRI for the diabetic group was 5.8% (p=0.17), indicating that there 

was no significant improvement in classification using either score. However, for 

those with non-diabetic hyperglycaemia (NRI -14.0%, p=0.004) and normoglycaemia 

(NRI -12.4%, p<0.001), the Framingham risk equations classified more participants 

correctly than the UKPDS risk score. The goodness-of-fit test statistics were non-

significant for all three sub-groups, indicating good calibration in both scores. 

 

Figure 1 shows the ROC curves comparing the UKPDS and Framingham risk scores 

in each population sub-group. The shapes of each set of ROC curves were roughly 

similar in each sub-group.  
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Table 4: Baseline characteristics by population sub-group, EPIC-Norfolk cohort, 

UK, 1993-2007 (n=10,137) 

 Individuals with 
prevalent diabetes 

(n=272) 

Individuals with 
non-diabetic 

hyperglycaemia 
(n=906) 

Normoglycaemic 
individuals 

(n=8,959) 

P value for 
difference 

Mean age, years (SD) 62.8 (8.6) 62.6 (8.4) 56.6 (9.6) <0.001 

Females, n (%) 129 (47.4) 498 (55.0) 5,086 (56.8) 0.006 

Social class, n (%)1     

   - I - IIIa 156 (58.9) 497 (56.0) 5,485 (61.2) 0.003 

   - IIIb – V 109 (41.1) 391 (44.0) 3,329 (37.2) 0.990 

Caucasian, n (%) 272 (100.0) 904 (99.8) 8,919 (99.6) <0.001 

Mean BMI, kg/m² (SD) 27.8 (5.0) 27.5 (4.5) 26.0 (3.8) <0.001 

Mean total cholesterol, mmol/l (SD) 6.0 (1.2) 6.4 (1.2) 6.1 (1.1) 0.457 

Mean HDL, mmol/l (SD) 1.4 (0.4) 1.4 (0.4) 1.5 (0.4) <0.001 

Mean LDL, mmol/l (SD) 3.8 (1.0) 4.1 (1.1) 3.9 (1.0) <0.001 

Mean systolic blood pressure, mm 
Hg (SD) 

141.4 (19.0) 140.8 (17.6) 133.5 (17.9) <0.001 

Statin use, n (%) 10 (3.7) 18 (2.0) 94 (1.1) <0.001 

Current smoker, n (%) 23 (8.5) 155 (17.1) 1,028 (11.5) <0.001 

Mean HbA1c, % (SD) 7.5 (2.0) 6.4 (0.9) 5.1 (0.5) <0.001 

CVD events, n (%) 69 (25.4) 160 (17.7) 732 (8.2) <0.001 
1 Numbers may not add up to total due to missing values 
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Table 5: Actual and estimated CVD risk, area under the ROC curve (aROC) and 
Bayes information criteria (BIC), for the UKPDS and Framingham CVD risk 
scores in each population subgroup, EPIC-Norfolk cohort, UK, 1993-2007 
(n=10,137) 

 Individuals 
with prevalent 

diabetes 
(n=272) 

Individuals with 
non-diabetic 

hyperglycaemia 
(n=906) 

Normoglycaemic 
individuals 

(n=8,959) 

Actual mean CVD risk, 
% 25.4 17.7 8.2 

Estimated CVD 10-yr 
risk: UKPDS score, % 
(95% CI) 

33.2 (28.1 to 
38.5) 30.5 (25.9 to 35.4) 20.4 (17.0 to 24. 2) 

Estimated CVD 10-yr 
risk: Framingham 
score, % 

36.7 22.3 14.4  

aROC (95% CI) for the 
UKPDS score 

0.72 (0.65 to 
0.78) 0.68 (0.63 to 0.72) 0.77 (0.76 to 0.79) 

aROC (95% CI) for the 
Framingham score 

0.73 (0.66 to 
0.78) 0.66 (0.62 to 0.71) 0.77 (0.76 to 0.79) 

BIC for the UKPDS 
score 288 807 4444 

BIC for the 
Framingham score 285 816 4405 
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Table 6: CVD risk classification comparing the UKPDS and Framingham risk 
score models (n,%), including the Net Reclassification Improvement (NRI), for 
each population sub-group, EPIC-Norfolk cohort, UK, 1993-2007 

UKPDS risk categories Framingham risk categories Total 

Participants with diabetes 0 to < 10% 10 to < 
20% 

≥ 20%  

0 to < 10% 17 (89.5) 3 (5.9) 0 (0.0) 20 (7.4) 

10 to < 20% 2 (10.5) 34 (66.7) 9 (4.5) 45 (16.5) 

≥ 20% 0 (0.0) 14 (27.5) 193 (95.5) 207 (76.1) 

NRI (%), p-value comparing 
UKPDS and Framingham 
models 

5.8%, p=0.171 

    Total 

Participants with non-diabetic 
hyperglycaemia 

0 to < 10% 10 to < 
20% 

≥ 20%  

0 to < 10% 46 (26.1) 0 (0.0) 0 (0.0) 46 (5.1) 

10 to < 20% 122 (69.3) 74 (24.3) 1 (0.2) 197 (21.7) 

≥ 20% 8 (4.6) 230 (75.7) 425 (99.8) 663 (73.2) 

NRI (%), p-value comparing 
UKPDS and Framingham 
models 

-14.0%, p=0.004 

    Total 

Participants with 
normoglycaemia 

0 to < 10% 10 to < 
20% 

≥ 20%  

0 to < 10% 2,177 (51.3) 10 (0.4) 0 (0.0) 2,187 (24.4) 

10 to < 20% 2,002 (47.2) 972 (38.1) 36 (1.7) 3,010 (33.6) 

≥ 20% 62 (1.5) 1,570 (61.5) 2,130 (98.3) 3,762 (42.0) 

NRI (%), p-value comparing 
UKPDS and Framingham 
models 

-12.4%, p<0.001 
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Figure 1: Graph showing area under receiver operating characteristic curves for 
the UKPDS and Framingham risk score in each population sub-group in the 
EPIC-Norfolk cohort (1993-2007) 
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Figure 1b Participants with non-diabetic hyperglycaemia 
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Figure 1c Participants with normoglycaemia 
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Discussion 

In all population subgroups in the EPIC-Norfolk cohort, both the UKPDS Risk 

Engine and Framingham risk equations were moderately effective for identifying 

those at high risk (discrimination). Our findings are in keeping with a recent 

systematic review of cardiovascular risk scores that concluded that many of the 

commonly used risk scores perform reasonably well at ranking individuals according 

to CVD risk and are therefore useful in the identification of high risk individuals 

(160). 

Although the risk of a CVD event was overestimated using both risk tools, it was 

encouraging that the proportion of participants with true-positive results correctly 

identified (sensitivity) was high in all three subgroups. The Framingham equations 

performed better in the hyperglycemic and normoglycemic groups as they did not 

overestimate risk by as much as the UKPDS Risk Engine, and they classified more 

participants correctly.  

These results are unsurprising because the UKPDS Risk Engine was developed 

specifically for use in those with diabetes, and its use to estimate risk in other 

populations was exploratory (68). Similarly, the overestimation of the Framingham 

risk equations confirms previous findings in populations with low disease rates (161). 

However, the definition of CVD used in this analysis contains fewer end points than 

the definition given by the Framingham equations, accounting for some of the 

overestimation.  

The predictive ability of both the UKPDS and Framingham risk equations in the 

EPIC-Norfolk cohort is lower than that reported in the original populations in which 
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they were developed (28, 68). This is to be expected given changes in the nature and 

distribution of cardiovascular risk factors over time, both within and between 

populations. A systematic review of 27 external validity studies showed that the 

performance of the Framingham risk equations varies considerably among different 

countries and ethnic groups. Predicted-to-observed ratios ranged from an 

underprediction of 0.43 in a higher-risk population, to overprediction of 2.87 in lower-

risk populations (161). Results from diabetic populations indicate that the 

Framingham equations underestimates risk by as much as a half (47, 48, 162, 163), 

contrasting with results from this study in which Framingham equations 

overestimated CVD risk in individuals with diabetes. This finding may reflect the 

moderate CVD rates in the relatively healthy Norfolk region. Our results on the 

discrimination of the Framingham equations in the diabetic subgroup (aROC 0.73) are 

higher than those of a similar study, which validated the Framingham equations in a 

cohort of individuals with newly diagnosed diabetes (aROC 0.67) (48).  

Measurement error in determining cardiovascular disease outcomes may have been 

present in our analyses. Four-fifths of the CVD events were nonfatal and were 

identified by linking records with hospital admission data. Although we could 

ascertain all deaths in the EPIC-Norfolk cohort, we could not identify all nonfatal 

cardiovascular events. However, previous validation studies in our cohort indicate 

high specificity of such case ascertainment (164). Hospital admission data probably 

underestimate nonfatal CVD events because not all of them result in hospital 

admission. Nevertheless, this method probably identifies nonfatal events of most 

clinical importance, e.g., those resulting in hospital admission.  
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The Framingham and EPIC-Norfolk CVD definitions included angina as an outcome, 

whereas the UKPDS definition did not. However, the CVD outcomes were largely 

similar, and this is unlikely to be a large source of bias. In terms of calculating the 

UKPDS risk equation, we did not have data on atrial fibrillation in the EPIC-Norfolk 

cohort. Because the number of participants with atrial fibrillation was very low in the 

UKPDS cohort (∼1%), the presence of atrial fibrillation is unlikely to affect our 

findings.  

In this large, population-based cohort, we found that the UKPDS Risk Engine and 

Framingham risk equations performed reasonably well for identifying those with a 

high CVD risk (discrimination). However, both equations overestimated risk.  
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Demonstration of the extent to which the Framingham Risk equations 

underestimate risk in individuals with diabetes 

Having demonstrated the utility of the UKPDS Risk Engine in individuals both with 

and without diabetes I sought to determine the extent to which a non-diabetes specific 

risk calculator might underestimate risk in individuals with type 2 diabetes.  This was 

necessary as such individuals represent a high risk group for CVD and it was 

anticipated that a significant proportion of individuals recruited for the Understanding 

Risk Study would have type 2 diabetes. 

 

Subjects 

I used baseline (pre-randomisation) data from 4,025 of the 4,191 participants recruited 

into the Lipids in Diabetes Study (LDS) between 1999 and 2001 for whom the 

requisite data were available. LDS was a lipid-lowering study involving thirty UK 

centres in which patients were enrolled on the basis that their need for lipid-lowering 

was uncertain given an absence of known coronary heart disease and an inclusion 

criterion requiring LDL cholesterol levels to be <4.1 mmol/l.  In order to compare the 

relative performance of two calculators in younger people all participants aged 

between 40 and 50 years were examined (n=552) in a further analysis.  

 

Materials and methods 

Ten-year CVD risks were estimated for each individual using the UKPDS Risk 

Engine (version 3) (51) and the 2008 Framingham CVD risk equations (28). The 
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UKPDS Risk Engine defines CVD as fatal or non-fatal myocardial infarction, 

ischaemic heart disease, sudden cardiac death, fatal or non-fatal stroke or death 

following peripheral vascular disease.  The Framingham equations define CVD as 

fatal or non-fatal myocardial infarction, angina pectoris, coronary insufficiency or 

fatal or non-fatal stroke, transient ischemic attack, peripheral vascular disease 

(intermittent claudication) or heart failure.  The conventional risk factors used by both 

calculators are age, sex, smoking status, total and HDL cholesterol and systolic blood 

pressure.  Only the UKPDS Risk Engine includes atrial fibrillation.  The CVD risk 

estimates calculated using the two methods were compared using the Sign test.  The 

proportions of males, females, and those under 50 years old not eligible for statin 

therapy were compared using the McNemar test (165). 

 

Results 

Demographics 

The baseline characteristics of the Lipids in Diabetes Study participants are shown in 

Table 7. 
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Table 7: Characteristics of LDS participants. 

Data presented are mean (SD), median (IQR)* or percentage. 

 LDS participants  
(n=4025) 

Age (years) 60.7 (8.6) 
Men 65% 
Ethnicity  

White Caucasian 91% 
Afro-Caribbean 4% 
Asian-Indian 5% 

Current smokers 15% 
Atrial fibrillation 0.5% 
Blood pressure (mmHg)  

Systolic 141 (17) 
Diastolic 83 (10) 

Total:HDL cholesterol ratio 3.9 (1.0) 
Known diabetes duration (years)* 6 (3, 11) 
HbA1c (%) 8.0 (7.2, 9.0) 

Distribution of 10-year CVD risk estimates 

The proportions of patients with an estimated 10-year CVD risk ≥20% using the 

Framingham risk equations compared with the UKPDS Risk Engine are shown in 

Table 8 and Figure 2.  The findings demonstrate small but significant differences in 

the proportion of eligible individuals estimated to be at high CVD risk depending on 

the risk calculator used.  In individuals with type 2 diabetes, the differences are 

particularly pertinent for younger adults and for men.  The UKPDS Risk Engine 

classified 4% more men and 7% more younger adults as being at high CVD risk than 

the Framingham risk equations. 
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Table 8: Proportions of patients with estimated CVD risk ≥20% using the 

UKPDS Risk Engine and Framingham equations. 

Results were compared using the McNemar test. 

 UKPDS Risk Engine 

estimated 10-year CVD 

risk 

Framingham estimated 

10-year CVD risk 

p-value 

All participants 65% 63% p<0.001 

Males 82% 78% p<0.001 

Females 34% 34% p=0.83 

Individuals <50 

years old 

18% 11% p<0.001 
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Figure 2: Kernel density plot showing distribution of estimated 10-year CVD 

risk calculated using the Framingham equations (red) and the UKPDS Risk 

Engine (blue). The dotted line at 20% denotes a 10-year risk of 20%. 

 

 

Discussion 

 

I investigated the identification of individuals with type 2 diabetes at increased 

(≥20%) 10-year risk of CVD using both the UKPDS Risk Engine and the 

Framingham risk equations.  This study found small but significant differences in the 

proportions of people with type 2 diabetes identified as being at elevated CVD risk 

depending on the risk calculator used.  Two percent fewer people with type 2 

diabetes, 4% fewer men with type 2 diabetes and 7% fewer individuals under the age 
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of 50 years with type 2 diabetes, were estimated to have a 10-year CVD risk ≥20% 

when using the Framingham equation rather than the UKPDS Risk Engine.  This 

distinction is important as failure to be identified as being at high risk may result in 

people not receiving appropriate lifestyle advice or being denied statin therapy 

according to current UK NICE guidelines. 

LDS participants were chosen for this initial study as they may not immediately 

appear to be at increased CVD risk as they had not had any previous CVD events and 

had LDL-cholesterol values <4.1 mmol/L.  However, the LDS study was conducted 

some years ago and the mean HbA1c of participants is approximately 1% higher than 

current values (166) and compared with more contemporaneous UK primary care data 

the subjects included tended to be younger with a longer duration of diabetes (167).  

As well as population changes in HbA1c and blood pressure, death from CVD has 

also declined in men (but not women) with diabetes over the last 30 years possibly 

due to improvements in lifestyle and treatment of CVD (168).  The LDS data are not 

contemporaneous and unlikely to reflect the current ethnic mix of the UK given that 

the vast majority of LDS subjects were white Caucasian.  This is unlikely, however, to 

alter the conclusions of the study. 

The UKPDS Risk Engine version 3 and the 2008 Framingham CVD equations were 

compared because of their similarities in the definition of CVD and because versions 

of both have been validated in their respective populations, although the most recent 

Framingham CVD equation has yet to be validated.  The Framingham equation has 

been shown to underperform in diabetic populations previously (36) and this may in 

part be because it includes diabetes as a dichotomous variable rather than a continuous 
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measure of glycaemia.  UKPDS Risk Engine CVD risk estimates decrease by 

approximately 15-20% for each 1% reduction in HbA1c.   

Unfortunately, no long-term LDS outcome data are available to compare CVD risk 

estimates with observed events as the LDS trial was terminated early following 

withdrawal of cerivastatin for safety reasons (169).  

The 2008 Framingham 10-year CVD risk equation estimated a similar proportion of 

individuals to be at high risk of CVD as the UKPDS Risk Engine.  However, the 

updated Framingham equations require information on antihypertensive treatment that 

was not available from the LDS data. The numbers shown here assume that the blood 

pressure measurements at baseline in LDS were untreated, this is likely to be the case 

given the mean blood pressure in LDS was 141/83 and recruitment took place 

between 1999-2001. If everyone in the study was receiving blood pressure therapy the 

proportion of high risk individuals would increase significantly to 77%.  The 

Framingham and UKPDS definitions of CVD are similar with the exception that the 

Framingham equations include individuals with angina pectoris (brief recurrent chest 

discomfort for up to 15 min, brought on by exertion and relieved by rest or glyceryl 

trinitrate)(170) whereas the UKPDS Risk Engine includes those with ischaemic heart 

disease (based on ECG Minnesota coding) (171).  It would be expected that because 

of the broader definition of CVD used by the Framingham equations they would tend 

to classify more individuals at high CVD risk but this is not the case.   

The differences in 10-year CVD risk estimates are seen predominantly in men and 

those under the age of 50.  The difference in estimated risk seen in males may be due 

to the failure of Framingham risk equations to show a gradient of risk when total 

cholesterol in men is <6.2 mmol/L (172).  Subsequent studies have demonstrated a 



 - 82 - 

continuous relationship between total cholesterol and CVD risk.  In LDS patients the 

mean (SD) total cholesterol was 4.8 (0.8) mmol/L.  Framingham risk equations have 

also been found to underestimate risk when risk factors are present in severe forms 

(very elevated systolic BP or total cholesterol) (172).  These factors may go some way 

to explaining the difference in male risk estimates found in this study.   

In the UKPDS, 71 individuals under the age of 50 years had a coronary heart disease 

event.  However, in the Framingham study no individual with diabetes under the age 

of 52 years had a CVD event (173).  This difference in the event rates underlying the 

two equations is likely to explain the underestimation of risk seen in younger people 

with the Framingham equations. 

In individuals under the age of 50 years in this study the Framingham equations 

classified fewer individuals as being at high CVD risk than the UKPDS Risk Engine 

(p<0.0001).  These data illustrate the value of using a diabetes-specific risk calculator 

to identify the relatively small number of younger people at elevated CVD risk.   

In view of the pragmatic reasons already highlighted, the findings from this work and 

given that our earlier work demonstrated the ability of the UKPDS Risk Engine to 

correctly rank individuals without diabetes according to their CVD risk, I chose to use 

the UKPDS Risk Engine to estimate CVD risk for my Understanding Risk Study.  
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Chapter 7: Development of a risk communication and a brief lifestyle advice 

intervention 
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Lay perceptions of CVD risk 

Study Design 

In January 2008 three focus groups (group interviews) were held with 21 adults in 

Oxford.  Focus groups were chosen in order to encourage discussion amongst 

participants in the groups rather than responding only to direct questions from the 

moderator.  My approach was designed to identify themes during data collection, 

rather than test predetermined hypotheses.  

Training in qualitative methods 

Prior to conducting the focus groups I attended two courses at the University of 

Surrey in order to ensure that I had the appropriate skills to conduct and analyse this 

type of research.  The courses were entitled “Introduction to focus groups” and 

“Introduction to qualitative analysis”.  Mentoring in this area was also provided by Dr 

Simon Griffin who has considerable expertise in this field. 

Participants  

Participants were recruited from a database of individuals expressing interest in taking 

part in research studies.  All participants gave written informed consent and the study 

received approval from the local Milton Keynes Research Ethics Committee. 

 

Data Collection  

The tape-recorded focus groups were held in seminar rooms at the Oxford Centre for 

Diabetes, Endocrinology and Metabolism.  Each focus group lasted approximately 90 



 - 85 - 

minutes.  Participants received no financial incentive for taking part but were 

reimbursed their travelling expenses and were given drinks and light refreshments 

during the sessions. 

 

Topics discussed 

A question map of open-ended questions was used during the groups (Appendix 1).  

The topics discussed included:  

• Concern about having a heart attack 

• Own perceptions of heart attack risk 

• Knowledge of CVD risk reduction strategies 

• Level of heart attack risk that would cause concern 

• Effect of physical activity on heart attack risk 

• Sources of knowledge regarding heart attack risk  

 

Data Analysis 

Preliminary analyses began as each focus group transcript was completed.  After 

completion of three focus groups I recognised that a level of data saturation had been 

reached as comments were becoming repetitive.  Once all three focus groups had been 

completed an in-depth analysis of the data collected began.  Analysis was thematic 

(174).  The tape recordings were listened to and the transcripts read repeatedly.  
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Codes were then developed and the transcripts were coded line by line but a 

qualitative data indexing software package was not used.  New codes were generated 

during this process as required.  Following coding, recurring themes, similar patterns 

and distinctions were sought and supportive quotations were identified. Themes were 

not predetermined and were not referred back to the focus group participants but they 

were invited to take part in the pilot study using the interventions developed as a 

result of the focus group findings.  No formal statistical analyses took place. 

Results 

Participants 

The 21 participants were mean (SD) age 66 (1.3) years.  62% were males, median 

(IQR) age at leaving full time education was 18 (16-22). Sixteen had type 2 diabetes 

and none had a prior history of CVD.  All participants were of White Caucasian 

ethnicity. 

 

Lay perceptions of heart attack risk 

Varying concern about having a heart attack.   

Participants’ concerns about having a heart attack varied widely (Box 1).  Some 

participants viewed death from a heart attack as preferable to other causes of death 

whereas others were more worried. A ten year CVD risk of 10% or above seemed to 

be an arbitrary level that participants considered as ‘high risk’. 
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Box 1:  Quotations supporting the theme of varying concern regarding having a 

heart attack 

Participant 1 “To be honest I worry more about things like prostate cancer…than 

heart attacks.” 

Participant 2 “I basically couldn’t give a bugger about heart attack as long as it’s 

fatal” 

Participant 2 “I look at it this way, you’ve got to leave this mortal coil somehow…and 

I can’t think of a better way than a heart attack” 

Participant 3 “You don’t want to have a heart attack no, be it fatal or otherwise” 

Participant 4 “Something less than 10% I’m thinking ok, that’s fine.  Obviously in the 

20’s and so on I’m really getting it…10% is my sort of arbitrary, I think I’m ok.” 

 

 

Barriers to physical activity.   

Participants tended to focus on the barriers to physical activity and persistently 

highlighted the possible dangers of increasing physical activity (Box 2). 
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Box 2:  Quotations supporting the theme of barriers to physical activity  

Participant 5 “I don’t know quite, what the sort of safe level of exercise is?  Bearing 

in mind the footballer who collapsed on the field a week or so ago.” 

Participant 6 “Just a warning about exercise, I used to be a brisk walker and a keen 

gardener, and through my keen gardening I slipped a disc and overnight I could 

neither walk nor garden” 

Participant 6 “I approached my doctor some time ago and said would it be a good idea 

for me to join a gym and take regular you know, exercise with gymnasium equipment.  

And rather alarmingly he looked at me and said ‘I should stick to walking if I were 

you’.  As if you say, there’s a limit to what you can achieve at your age.” 

 

Sources of knowledge and information.   

All participants were aware that having a heart attack would adversely affect their 

health but few understood the links between CVD risk factors and heart attacks (Box 

3).  Participants’ explanations included that such information probably had been 

explained to them at some point in the past by a healthcare professional but they had 

forgotten it.  If participants wanted to know more about heart attack risk then in 

general they would visit their healthcare professional.  A minority would consult the 

lay press or the internet.  For many the internet was viewed with suspicion as a source 

of quality health information. Information published by the lay press and government 

agencies was largely considered a poor source of information with confusing or 

conflicting messages.  In all groups awareness of CVD was strongly influenced by 
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real life, including their own experiences and anecdotal observations.  In summary 

participants were sceptical about risk information particularly that emanating from the 

government, but had much more faith in information provided by general 

practitioners. 
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Box 3:  Quotations supporting the theme of sources of knowledge and information  

Participant 1 “You know, those who smoke are obviously are more risk, I say 

obviously without having the faintest idea why” 

Participant 4 “I’ve got a deep suspicion anyway that there is so much out there that is 

unfiltered and all the rest of it and sort of trying to interpret it yourself that’s the last 

thing.  I’d want to go and see my…GP” 

 Participant 7 “Every day there’s something new in the newspapers that says ‘that’s 

bad for you’ or ‘that’s good for you’ you get so muddled!” 

 Participant 3 “My doctor should know me and know my records….does Gordon 

Brown know that?  Can he tell me what to do to help me keep alive?” 

Participant 7 “Anything to do with the government dear can go away” 

 Participant 4 “If I go into a pub and I see someone who’s obviously quite young with 

an enormous belly and is smoking….and drinking copious quantities of lager…I think 

‘I am so far removed from that’ I think instinctively ‘I’m all right’.” 

Participant 8 “My mother died at 79 she was gardening and she dropped dead without 

any previous health things” 

Participant 9 “Thinking of a member of the family who looks like a sitting heart 

attack who smoked and drank and so on but dies at the age of 92 whereas a much 

healthier cousin, thin and fit and healthy…died at 40 of a heart attack” 
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Discussion 

The findings from the three focus groups held demonstrated that the benefits of a 

healthy lifestyle were well known amongst older adults from Oxfordshire and whilst 

this supports a previous study (175) this has not universally been the case when lay 

perceptions of a healthy lifestyle have been investigated (150).  Interestingly, despite 

their apparent knowledge, participants consistently expressed barriers to physical 

activity particularly expressing a concern that it may “do more harm than good”.  The 

gathering of such information is useful when designing interventions aimed at 

increasing physical activity in late middle-aged UK adults which may need to address 

this issue specifically if they are to be effective.   

I have also demonstrated that interest in the risk of future ill health is variable and is 

influenced by personal and anecdotal evidence that tends to equate health events to 

luck or chance.  Participants also varied in their level of concern about having a heart 

attack.  In general however, participants were keen to reduce their risk to below 

average, particularly if their estimated risk of having a heart attack was greater than 

10% over the next ten years. This seems to reflect a concern with both peer 

comparisons and a somewhat arbitrary absolute level of risk and reflects a previous 

similar study (175).   

Knowledge among focus group participants that type 2 diabetes is a major risk factor 

for CVD was poor in keeping with other evidence (176).  A minority of participants 

thought they may have been told this at the time of diagnosis (two participants) and 

others maintained they had never been informed of this link (five participants).  There 

was also a view that this was something the general practitioner should take care of 

and that the patient’s role was to take the medication prescribed rather than request an 
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explanation for the rationale behind the prescription.  Lack of awareness about major 

CVD risk factors has been noted previously (77).  

Participants’ explanations about CVD risk factors and the benefits of lifestyle choices 

often contained inaccuracies and this was irrespective of educational background.  

Providing patients with more detailed information about CVD risk may not 

necessarily impact on their underlying beliefs but in this study participants were 

actively seeking more detailed and complex explanations about the links between 

CVD risk factors and CVD.  A balance needs to be struck between providing adequate 

explanatory information yet not providing such complex explanations that few 

patients can understand.   

Throughout the focus groups advice given by a healthcare professional was 

considered of high quality and important.  Participant’s viewed their healthcare 

providers as an important source of honest, reliable, non-biased information and 

underlined the importance of the role of the healthcare provider as a patient educator.  

Interestingly, advice issued by the government was viewed with the same scepticism 

as information found in the lay press or on the internet.  This information could also 

be useful in designing health interventions or even public health campaigns. 

The focus group findings are limited in that they were collected from a small sample 

of the general population from a limited geographical area.  Focus group participants 

also tended to be well educated and were recruited through a database of individuals 

willing to take part in research.  All were of White Caucasian ethnicity.  

Unfortunately I am unable to further describe the characteristics of focus group 

participants as the data presented is all the demographic information that was 

collected from these participants.  In addition, the majority of participants had type 2 
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diabetes as a result, the findings of the focus groups may be more applicable to 

individuals at increased CVD risk due to type 2 diabetes than for other reasons.  These 

issues may limit the generalisibility of the findings and as such they may not be truly 

representative of the late middle-aged British population.  However, interest in the 

topic could be considered high given that the response rate to invitations to take part 

in the focus groups was 30%.  In order to confirm the findings the focus groups could 

be repeated with individuals from a broader range of educational backgrounds and 

include individuals from a variety of ethnic groups.  In addition, this study is liable to 

bias because the focus groups were transcribed and analysed by one person without 

the aid of a suitable software package.  The results are however, in keeping with 

another similar study (175).  Ideally the findings from the focus group should have 

been triangulated with others who have also read the focus group transcripts although 

this is not an absolute requirement of data analysis (174).  This is a limitation of my 

study.  The failure to use a software package was viewed favourably by the reviewers 

of the journal to which the focus group results manuscript was submitted and 

subsequently published (177).  The reviewers said it was refreshing that a software 

package had not been used as analysing the data by hand allowed more subtle themes 

to be identified. 

Focus groups are also unable to glean the detailed personal information that can be 

obtained by conducting individual interviews with participants.  However, their 

advantage is that they allow lively discussion and participant interaction.  

 

The focus groups described here have allowed a better understanding of lay 

perceptions of, and underlying assumptions about, CVD risk.  Individually tailored 

information appears to be an important determinant in engaging patients in a 
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discussion of their risk.  Participants expressed interest in knowing they were at high 

risk of CVD, particularly if interventions could be initiated with a view to lowering 

that risk.  Detailed explanation was considered important in understanding how risk 

reduction strategies work. These findings may assist with improving physician-patient 

discussions of CVD and along with well designed, evidence-based tools may help to 

motivate behaviour changes aimed at reducing CVD risk. 
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Use of focus groups to develop methods to communicate cardiovascular disease 

risk and potential for risk reduction 

 

A question map of open-ended questions was used during the groups (Appendix 1).  

Participants were the same as those involved in the focus groups described above.  

Risk communication aids were discussed in the second part of the focus groups 

following the discussions concerning CVD risk.   

To compare participants’ reactions to commonly used visual risk communication 

material, examples were provided to each participant approximately one week prior to 

the group meeting.  Although some of the examples were interactive computer-based 

tools they were not demonstrated during the focus groups but a brief explanation of 

how each worked was given. 

The scenarios provided included a 65 year old man (178), a 60 year old man (179) and 

a 54 year old woman (180), all with an estimated 10-year CVD risk of 13% calculated 

using the Framingham risk equations (32). Participants were also shown images of 

The Paling Perspective Scale©, crowd charts depicting 100 faces with colours 

indicating the proportion of individuals affected (58), New Zealand CVD risk charts 

(181) and British Hypertension Society risk charts (182).  They were also shown a 

simple bar chart shaded from blue to red (through green, yellow and orange) to 

represent lowest and highest possible risk for an individual of that age and sex with a 

second bar next to it to represent current personal risk (183). 

Participants were provided with a draft version of a CVD risk reduction brief lifestyle 

advice intervention based on self-regulation theory (184), and their opinions regarding 

its content and likelihood of motivating behaviour change were sought (Appendix 2).  
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The intervention focused on four target behaviours: increasing physical activity, 

increasing fruit and vegetable intake, reducing alcohol intake and smoking cessation. 

Development of Brief Lifestyle Advice and UKPDS Risk Engine interface 

The interpretations of these data were used to refine the brief lifestyle intervention and 

to design an interactive display version of the UKPDS Risk Engine that could 

illustrate potential reductions in CVD risk.  The interface was not tested again prior to 

its incorporation as an intervention into the uRisk study. 

Results 

Three recurring themes emerged.  The first is that being less numerate is common and 

that for many people numbers are incomprehensible (Box 4).  This was particularly 

true of older women focus group participants.   

 

Box 4: Supportive quotations for the theme of being less numerate 

Participant 1 “Numbers defeat me” 

Participant 2 “I prefer words to numbers” 

 

The second theme was that CVD risk reduction is important (Box 5). Participants 

expressed a wish to be at or below average risk and were willing to modify behaviour 

to achieve this even if it meant only a modest reduction in absolute risk.  The idea of 



 - 97 - 

personalised risk information was appealing and preferred over more general 

information but needed to be accompanied by risk reduction strategies.   

 



 - 98 - 

Box 5: Supportive quotations for the theme of the importance of CVD risk reduction 

Participant 3 “Yes, but then he could say to me ‘well look, you’re here if you worked 

harder on your blood pressure by doing a bit more exercise or blah blah blah then we 

could bring it down to here, but look if you took the statins then you could bring the 

risk this way a bit’ and so I think…it is useful”  

 

Participant 4 “I’ve been doing this, that and that it should have come down, it’s giving 

you something to…to aim for” 

 

Moderator “If you were 13% and your GP said ‘right, if you drink a little bit less, do 

that 30 minutes walking a day and come back and see me in 6 months and you’ll be 

9%’.  You would consider that something worth doing?...Even though 4% might not 

sound very much, that would be enough to make you do it?” 

Participant 5 “But it’s not 4% is it, cos, it’s actually nearly 50%.” 

 

The third theme concerned the visual representation of risk (Box 6).  Participants felt 

a clear visual representation of risk aided comprehension particularly when 

demonstrating how risk is accumulated. The ability to use sliders and option buttons 

to demonstrate the impact of changes (for example reducing blood pressure) on 10-

year CVD risk was popular.  A traffic light system of colours was considered a 

universally comprehensible method of conveying risk information.  The size of any 
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graphical interface should be such that it fills the entire computer screen on which it is 

displayed. 

 

Box 6: Supportive quotations for the theme of visual representation of risk 

Participant 6 “What I’d like to know is, how much does that factor contribute to the 

risks?” 

Participant 3 “By putting the sliders up and down…people could see…how much the 

risk factors affected their outcome” 

 Participant 7 “That’s the more usual arrangement where red for danger, green for you 

know, go.” 

Participant 7 “Green for good and red for bad…..it’s just that it’s a convention that 

everybody knows and everybody understands and you don’t have to explain” 

Participant 6 “A traffic light system then, 3 colours” 

Participant 8 “It’s too small!  Can’t even read it.  I won’t even bother trying.”   

Participant 4 “If those are going to be used they’ve got to be larger.” 
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Responses to Visual Representations of Risk (Box 7) 

New Zealand Risk Charts 

Figure 3: New Zealand Risk Charts 
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These were disliked by the majority of participants.  Participants explained that 

although consisting of 16 different boxes only one would be relevant to any one 

individual.  The colour scheme was also unpopular with a strongly held view that the 

highest risk boxes should be shaded red and not pink. 

 

The Heart Attack Risk Calculator 

Figure 4: The Heart Attack Risk Calculator 

 

This was viewed more positively.  The comparison to other people of the same age 

was popular.   
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Crowd Chart 

Figure 5: Crowd Chart 

 

This was very unpopular.  It did not resonate with any of the participants.  It was 

considered to be confusing and incomprehensible.   
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The National cholesterol education risk score/The British Hypertensive Society 

charts/Healthlink 

Figure 6: The National cholesterol education risk score 
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Figure 7: The British Hypertension Society charts 

 

Figure 8: Healthlink 

 

These visual representations generated few comments. 
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The Paling Perspective Scale  

Figure 9: The Paling Perspective Scale  

 

The Paling Perspective Scale was disliked by all.  It was considered confusing and 

irrelevant.   
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Your disease risk bar charts 

Figure 10: Your disease risk bar charts 

 

The bar charts used by your disease risk provoked varied responses.  Some liked the 

colour scheme but other preferred the standard traffic light scheme. Many commented 

on the unnecessary second bar present. 
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Box 7: Supportive quotations for the opinions regarding existing representations of 

risk 

New Zealand Risk Charts 

Participant 6 “You don’t want 16 squares on there when only one applies to you” 

Participant 8 “I would strongly support the view that red should be the highest” 

 

The Heart Attack Risk Calculator 

Participant 2 “The heart attack calculator.  I thought that was particularly good” 

 

Crowd Chart 

Participant 7 “I didn’t understand the one with all the faces on” 

 

The Paling Perspective Scale  

Participant 4 “I thought that was rubbish” 

Participant 4 “Risk of death from resident being killed by crashing aeroplane, I’ve got 

a job to even think about that.  Risk of being killed by lightening well, again I can’t 

really see the relevance” 
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Box 7 continued 

The Paling Perspective Scale  

Participant 9 “What is a trillion, how do you get your head around that?” 

 

Your disease risk bar charts 

Participant 10 “It sort of strikes you as, more accurate, it goes from blue up to red” 

Participant 3 “Except that the second bar…is functionless, why is the second bar 

there?  The first one was fine.” 

 

Responses to draft brief lifestyle advice intervention 

The participants largely felt more comfortable with the information contained in the 

brief lifestyle advice intervention than they did with the CVD risk material (Box 8).   

Participants felt the health messages contained within the intervention were well 

known and considered to be true.  They felt the intervention did not contain any 

confusing or conflicting health messages. Participants did not however, like rigid 

targets for exercise and fruit and vegetable intake.  Instead they wanted an 

intervention that encouraged them to do as much as they can.  There was also a strong 

feeling in all the groups that the intervention should acknowledge each individual’s 

own circumstances that may make following the lifestyle advice more difficult for 
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example family commitments limiting time for exercise or financial constraints 

restricting fruit and vegetable intake.   

Five of the 16 participants with diabetes were unaware of the link between diabetes 

and heart attacks and wanted more explanation as to why this is the case.   

There was also concern that, in its present state, the intervention assumed everyone 

was smoking or drinking too much alcohol which may not always be the case. 

 

Box 8: Supportive quotations for the opinions regarding the draft brief lifestyle advice 

intervention 

Participant 1 “This stuff is lovely.  I can get to grips with this.” 

Moderator “Do you think that that recommendation to walk for 30 minutes a day.  

Was that something that you’d heard of before?” 

Participant 11 “Yes” 

Moderator “So none of it was really new to you in the information?” 

Participant 11 “No, no.” 

Participant 12 “There was a lot of it I think that we have heard.” 

Participant 1“Absolutely” 

 Participant 13 “To have some general guidelines that…eating fruit and…going 

walking whenever you can instead of saying it has to be for 30 minutes and you have  
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Box 8 continued 

to be sweating…that puts people off” 

Participant 9 “With diet have your 5 a day etc. etc.  Can you afford to?  Can you walk 

to the shops to buy it?  Have you got transport?  Have you got enough money?  You 

know…there are lots of other factors” 

Participant 5 “There’s a little line which I thought was very empowering which said 

something about, yes, fruit and veg, fresh fruit and chilled, canned and 100% juice all 

count as do dried fruit and veg.  That’s great.  That’s really useful.” 

Participant 4 “So why can’t you have  a page on what you’re just saying (link between 

diabetes and CVD), it’s there in black and white for everybody to realise exactly what 

is happening inside you” 

Participant 14 “It does make the assumption that everybody is drinking too much 

alcohol…we might not be” 

 

The focus group findings were used to inform the design of a simple graphical method 

(Figure 11) for illustrating likely risk reductions and a brief lifestyle advice 

intervention (Appendix 2). The UKPDS Risk Engine interface chosen was that which 

best reflected the most common requirements, including the incorporation of sliders to 

demonstrate the accumulation of risk and a traffic-light colour scheme.    
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Figure 11: The animated interactive version of the UKPDS Risk Engine 

developed using focus groups 

 

The Risk Engine interface was divided into two panels.  The left hand panel 

concerned the estimation of current risk and the right hand panel the estimation of 

“achievable” or potential risk.  In order to estimate current risk, age, duration of 

diabetes, systolic blood pressure, HbA1c value and LDL cholesterol value were typed 

into the interface.  Option buttons were then used to select sex and presence of atrial 

fibrillation.  Finally, ethnicity and smoking status were selected from drop down 

menus.  Ethnicity options included White Caucasian, Asian-Indian and Afro-

Caribbean and smoking status options current, ex or never.  Once these parameters 

were all entered the Risk Engine automatically estimated current 10-year CVD risk.  

The right hand panel was then used to demonstrate potentially achievable reductions 

in 10-year CVD risk.  The sliders allowed systolic blood pressure, HbA1c and LDL-

cholesterol values to be scrolled up and down.  As this was done, potential 10-year 

CVD risk automatically adjusted accordingly.  In addition, clicking an optimise button 
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set a risk factor value to its target level and the smoking menu allowed smoking status 

to be set to ex for those who were current smokers.  The small black triangles 

displayed current risk factor values. 

 

Discussion 

The focus group findings contained key messages that aided the development of a 

personalised 10-year CVD risk estimate intervention and a brief lifestyle advice 

intervention.  Findings included views that being less numerate is common, CVD risk 

reduction is important, and clear visual representations of risk aid comprehension.  

Incorporation of these findings into each intervention should have resulted in the 

production of interventions that had high acceptability and comprehension by their 

target audience. 

Some of the risk communication examples discussed were interactive computer-based 

tools and I assumed a degree of familiarity with computers in participants.  This is not 

unreasonable as data from the United States shows 55% of adults aged 60-64 years 

have access to a home computer (185) although this does decline with advancing age 

falling to 16% of those aged over 90 years.  A study in the United States has also 

shown that with appropriate training older adults are able to successfully play 

complex strategic computer games (186) suggesting that the interface developed 

could be used by its target audience with some instruction although any risk 

communication tool will not be universally acceptable to all (187).   

Participants received the risk communication examples in advance of the focus 

groups.  This allowed participants the opportunity to familiarise themselves with the 
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materials before the focus groups but may have influenced their opinions of risk 

communication materials compared to not having seen any examples in advance.  I 

could have shown some groups the materials in advance and not other groups to 

ensure that this did not impact on participant opinions. 

In the development of the brief lifestyle advice intervention, I incorporated the 

findings from the focus groups that rigid targets are unhelpful but that general 

guidelines are acceptable and useful.  Any reference to government health policy was 

avoided and the intervention was designed to be delivered by a healthcare 

professional as they represented the most trusted source of healthcare information.  

An acceptance of individual circumstances was also included to acknowledge that 

lifestyle choices are influenced by many other factors (finances, family commitments 

etc.), besides a desire to be healthy and protect oneself against future disease events. 

The health messages contained within the lifestyle intervention were well known and 

it was accepted that following the recommendations would be advantageous to health.  

As in an earlier study I also found that the concepts of luck and fate play a role in 

individual’s perceptions about future ill health (175) and so the intervention 

specifically addresses modifiable CVD risk factors to emphasise that behaviour 

changes can reduce risk.   

Focus groups were required to design a new interface for the UKPDS Risk Engine as 

there is a paucity of data regarding the effectiveness of differing forms of numerical 

presentation for conveying risk information.  Similarly a need has been identified to 

develop and test such interventions with their target group in order to assess 

applicability and interpretation as few of the many decision aids available have been 

evaluated (188).  Trials indicate that decision aids improve knowledge and realistic 
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expectations, enhance active participation in decision making, lower decisional 

conflict, decrease the proportion of people remaining undecided, and improve 

agreement between values and choice.  However, their long-term effectiveness and 

cost-effectiveness have yet to be evaluated (188). Other work has highlighted the 

benefits of personalised information and has promoted the idea of using online or 

interactive formats allowing real-time presentation of individual risk and an 

interactive discussion of risk (187).   

Clear messages emerged from focus group participants concerning risk 

communication. Participants felt very strongly about the colour scheme that should be 

used to communicate risk and clearly felt that deviation from the accepted traffic light 

colour scheme was unhelpful to patients.  This colour scheme was duly incorporated 

into the UKPDS Risk Engine interface.  In addition, it was clear that the font size of 

the interface would need to be large in order to facilitate understanding.  Finally, 

participants expressed a wish to visualise the accumulation of risk and viewed the use 

of interactive buttons and sliders that demonstrated the accumulation of risk 

favourably. These findings are likely to be applicable to many clinical situations 

requiring a discussion of risk and may assist others wishing to design a user-centred 

risk communication tool.   

The findings from this study and the subsequent Risk Engine interface are largely in 

keeping with the recommendations from the International Patient Decision Aid 

Standards Collaboration concerning the production of risk communication materials 

(189).  The UKPDS Risk Engine interface developed complies with the majority of 

the checklist, including the ability to compare outcome probabilities using the same 

denominator, time period and scale and allowing individuals to view probabilities 
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based on their own situation.  It also includes multiple methods of viewing 

probabilities including numbers and graphics and uses a traffic light colour scheme. 

A risk communication tool and brief lifestyle advice intervention were developed with 

the aid of focus groups and other published evidence and were subsequently tested in 

a 2x2 factorial randomised controlled trail to determine the ability of each 

intervention to motivate individuals to adopt lifestyle changes aimed at reducing their 

CVD risk. 
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Chapter 8: The Understanding Risk Study  
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Primary objectives 

To determine the efficacy of a personalised 10-year CVD risk estimate for increasing 

physical activity at one month compared with CVD risk factor values and to 

determine if a brief lifestyle advice intervention versus no lifestyle advice could 

increase physical activity at one month.  

 

Secondary Objectives  

To determine the efficacy of a personalised 10-year CVD risk estimate and a brief 

lifestyle advice intervention in modifying estimated 10-year CVD risk and the 

following CVD risk factors: smoking status (as measured by serum cotinine), fruit and 

vegetable intake (as measured by plasma vitamin C), self-reported alcohol 

consumption, fasting and 2-hour post-challenge plasma glucose, fructosamine, waist 

circumference, body weight, BMI, total cholesterol, HDL cholesterol, LDL 

cholesterol and triglycerides, systolic and diastolic blood pressure and body fat 

percentage. 

 

Study Design 

This was a pilot 2x2 factorial randomised controlled trial with 46 participants in each 

cell (Figure 12).  The 2x2 factorial design was considered to be the most appropriate 

and efficient method of answering the research question posed.  Each participant 

received a personalised 10-year CVD risk estimate or CVD risk factor values plus a 

standardised brief lifestyle advice intervention or no lifestyle advice intervention.  
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Ethical approval was granted by the Milton Keynes Local Research Ethics Committee 

in September 2007 and the study was carried out in accordance with the Declaration 

of Helsinki and good clinical practice guidelines. 

Physical activity and clinical information were collected before randomisation and 

one month after delivery of the intervention.  A personalised 10-year CVD risk 

estimate and brief lifestyle advice was provided to all participants at the end of 4 

weeks.   

A summary of the study from recruitment to follow-up at one month is shown in 

figure 13. 

 

Figure 12: 2x2 factorial study design 

 

 

 

 

 

 

 

 

 

Brief 
lifestyle 
advice 

intervention 

 
  10-year CVD risk estimate  

184 92 92  

92 46 46 No 

92 46 46 Yes 

 No Yes  
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Figure 13: Study flow chart from recruitment to completion at one month 

 

 

Practice visited and records searched  
to identify eligible participants 

 

List of eligible participants reviewed by general practitioners to ensure each individual was 
appropriate to be approached to take part in the study 

 

Potentially eligible participants invited to take part 
 

Potential participants returned reply slip expressing interest in taking part 
 

Potential participants telephoned to obtain verbal consent to participate in the study and date and 
time for visit 1 arranged. 

Accelerometer posted to participant. 
 

Participants attend visit one for baseline assessment 
 

Randomisation occurs simultaneously to a personalised 10-year CVD risk estimate or no risk factor 
values and brief lifestyle advice intervention or no lifestyle advice intervention 

Randomisation to personalised 10-year 
CVD risk estimate or risk factor values 

Simultaneous randomisation to brief 
lifestyle advice intervention or no 

lifestyle advice 
 

1 month follow-up for all measures 
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Study population 

Participant eligibility criteria were  

• Adults aged 40-70 years 

• Estimated Framingham-derived 10-year CVD risk ≥ 20% 

• No known cardiovascular disease as defined by a history of myocardial 

infarction, other incident ischaemic heart disease, stroke, coronary or 

peripheral revascularisation, or transient ischaemic attack 

• No known physical disability or other condition reducing the ability to walk 

• Able to read and write English 

• Able to comply with the trial protocol 

 

Practice recruitment 

I approached practices directly by telephoning or emailing the practice manager or 

one of the general practitioners.  Those that expressed interest were sent further 

information regarding the study and a date arranged for me to visit the practice to 

undertake a search of the practice electronic patient records database.  In total, 

participants were recruited from four Oxfordshire general practices.  The number of 

practices required was not specified a priori.  It was my intention to stop recruiting 

practices when participant recruitment had been completed.     
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Participants 

I searched each practice’s electronic patient records database. Three of the 

participating practices used the Egton Medical Information Systems (EMIS) clinical 

system (EMIS, Leeds, UK) and one practice used Vision (In Practice Systems LtD, 

London, UK).  I received training on how to search using both systems from practice 

managers.  Once a list of potentially eligible participants had been constructed using 

the inclusion criteria each general practitioner in each practice was asked to review 

the list and remove any individual they felt would not be able to comply with the trial 

protocol.  This could be for any reason including but not exclusive to, severe mental 

or physical illness.  Once the list of potentially eligible participants had been finalised, 

participant invitation packs were sent our randomly in batches of 60.  Each pack 

contained an invitation letter, a patient information leaflet, a reply slip and a prepaid 

envelope.  The invitation letter was printed on practice headed notepaper and signed 

electronically by the senior partner or signed by myself on behalf of the practice. 

 

Non-responders    

At the end of the study I returned to each practice to collect age and gender 

information for individuals who had been invited to participate in the study but had 

not expressed interest in doing so. 
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Telephone contact 

Once a potential participant had expressed interest in taking part in the study by 

returning a reply slip in a prepaid envelope or by email or telephone I telephoned the 

potential participant to confirm that they met the inclusion criteria for the study and to 

obtain verbal consent to participate in the trial.  The date verbal consent was given 

was recorded on the electronic data capture system.  I then arranged a date and a time 

for their first study visit.  I mailed accelerometers (Figure 14) to recruited participants 

approximately one week prior to visit 1.  Accelerometers were mailed in order to 

reduce the number of study visits required and to reduce the potential effect of 

measurement on baseline physical activity.  Simple instructions on how to use the 

device were provided including a photograph demonstrating how the accelerometer 

should be worn (Figure 15). Participants were asked to wear the accelerometer on an 

elastic belt around the waist and to remove it for sleep, bathing, showering and 

swimming.  Participants were asked to wear the accelerometer for seven days in total 

over a mixture of week and weekend days.  Prior to mailing the accelerometers I 

programmed each device with the participant’s unique identification number and a 

starting date and time for the recording to begin.  Participants were informed of this 

date and time in the accompanying letter. 

 

Figure 14: ActigraphTM GT1M monitor (3.8 x 3.7 x 1.8 cm; 27 grams) 
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Figure 15: Photograph demonstrating correct positioning of accelerometer 

 

 

 

 

 

Written informed consent 

Verbal consent was taken at entry to the study and written informed consent was 

collected at the first study visit.  The consent forms were held in the clinical research 

unit and each participant was given a photocopy of their signed consent form.    

 

Baseline assessment 

Baseline clinical assessment was conducted in the clinical research unit.  Medical 

history, demographic details, age at leaving school and electoral ward were collected.  

Electoral ward was used to derive an index of multiple deprivation score for each 

participant.  A 75 mg anhydrous oral glucose tolerance test (0 and 120 minute glucose 

sampling) was conducted and fasting blood samples taken for total, LDL and HDL 

cholesterol, triglycerides, HbA1c, serum cotinine, plasma vitamin C and fructosamine 

assessment.  Anthropometric measurements were taken (resting blood pressure, 

height, body weight, waist circumference, body fat percentage).  Smoking status, 

current medication and self-reported alcohol intake was recorded.  An ECG was 
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performed to ascertain presence or not of atrial fibrillation.  Once these data had been 

collected the participant was randomised and any interventions delivered at this study 

visit.  

 

Randomisation 

Computer randomisation was used to allocate participants to each of the interventions 

in blocks of four.  

 

Data entry 

I trained the nursing staff in the trial protocol and wrote an operational manual to 

assist with the day to day running of the study.  Departmental standard operating 

procedures were followed to ensure consistent data collection. 

Data were recorded using a web-based electronic data capture platform (MACRO v3; 

Infermed, London, UK) with electronic transfer of laboratory results.  I wrote the 

specification for the electronic database.  Nursing staff who were inputting data were 

trained in how to use the electronic database and each user assigned a unique 

username and password.  The data capture platform recorded each time study 

personnel logged into the system and was also able to record who entered each piece 

of data and an audit trail if any data was altered after it had been initially entered.  If 

any data were not available for a participant this was recorded along with the reason 

for the missing data.  The database included pre-specified rules for particular 

parameters to try to minimise the collection of any discrepant data.  For example, a 
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waist circumference could only be entered if it was in the range 73-130 cm for men or 

65-130 cm for women.  The electronic case report forms (eCRFs) used are shown in 

the appendix.   

 

Outcome assessment 

Follow-up at four weeks occurred for all measures (with the exception of HbA1c) 

including oral glucose tolerance test, blood samples, anthropometric measurements, 

smoking status, current medication and alcohol intake.  Physical activity was again 

measured by accelerometer for seven days in the week before the second study visit.  

  

The interventions 

Personalised 10-year CVD risk intervention 

 

For the purposes of the study 10-year CVD risks were estimated using the UKPDS 

Risk Engine (51).  The UKPDS Risk Engine interface used displayed both current and 

‘achievable risk’ for an individual.  Achievable risk was that calculated assuming 

current target levels for systolic blood pressure (130 mmHg), LDL cholesterol (2 

mmol/L) and HbA1c (6.5 %) were met (27) with smoking cessation if applicable.  

Each participant randomised to receive a 10-year CVD risk estimate sat beside me at a 

computer whilst I inputted their data into the UKPDS Risk Engine.  The participant 

was then able to see where their individual risk factor results lay in relation to target 

values and to see their overall 10-year CVD risk.  Following this, I used the optimise 
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buttons to reset their risk factor values to target values and the UKPDS Risk Engine 

calculated their achievable risk and displayed this in relation to their current risk.  The 

participant was then able to spend time themselves using the Risk Engine sliders and 

optimise buttons to more fully understand their risk.  This process lasted 

approximately 10-15 minutes.  A print out of current and achievable 10-year risks was 

provided to participants randomised to receive personalised risk estimates at the time 

the intervention was delivered.  General practitioners were only provided with risk 

estimates once a participant had completed the study.  The control group were given a 

print out of their fasting plasma glucose, blood pressure and LDL cholesterol values 

and informed if any of these were elevated according to current guidelines (27).   

 

Brief lifestyle advice intervention 

 

The brief lifestyle advice intervention was a computerised slide show that participants 

worked through themselves whilst I sat beside them to clarify any points that the 

slides raised.  The intervention aimed to motivate behaviour changes designed to 

reduce CVD risk and was informed by self-regulation theory (184). 

The adoption of medical advice designed to reduce a health threat requires an 

internalisation process through which the individual transforms external advice into a 

potential goal (190).  This forms the basis of self-regulation theory (184).  Self-

regulation is defined as “a systematic process of human behaviour that involves the 

setting of personal goals and steering behaviour towards the achievement of 

established goals” (190). Self-regulation encourages the individual to assume an 

active role in their healthcare and encourages a collaborative philosophy to empower 
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the individual to do this.  This is important as self-efficacy and self-determination 

have been shown to be a powerful predictor of initiation and maintenance of 

behaviour change in healthy populations (190). Leventhal’s self-regulatory theory 

describes the response of an individual to a health threat and involves identifying the 

threat, the time-line of the threat, the cause of the threat, the consequences of the 

threat and the cure or control of the threat (184).  Provision of health threat 

information initially causes fear which then results in either denial of the health threat 

or motivation to change behaviour and this in turn may result in eventual behaviour 

change.   

A successful intervention designed to change behaviour needs therefore, to facilitate 

goal-setting, self-monitoring, self-evaluation and self-reinforcement (190).  

 The brief lifestyle advice intervention involved the setting of goals and the steering of 

behaviour towards their achievement.  Goal setting was encouraged to fit in with other 

factors in participants’ lives including family and financial constraints.  Whilst the 

slides encouraged participants to consider barriers to achieving lifestyle change and to 

set their own goals these were not discussed with me.  It took approximately15 

minutes for each participant to work through the presentation.   

The intervention stressed that even small changes in behaviour were beneficial to 

health and focused on increasing physical activity, fruit and vegetable consumption, 

decreasing alcohol intake and smoking cessation if necessary.  The physical activity 

goal was 30 minutes of brisk walking per day in line with current guidelines (191) and 

the fruit and vegetable goal five portions per day (192).  A reduction in alcohol 

consumption was advised if current intake was above UK government 
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recommendations (not more than 3-4 units per day for men and 2-3 units per day for 

women) (193).   

At the end of the computer presentation participants were given a leaflet repeating the 

advice they had been given.  Those not randomised to receive the brief lifestyle advice 

intervention received no intervention and no written materials.   

 

Quality assurance 

I delivered all interventions personally to ensure standardised delivery.  Source data 

verification was performed by monitors from the University of Oxford Clinical Trials 

and Research Governance department. 

 

Biochemical and clinical assessments    

Plasma, whole blood and serum samples were taken immediately to the Diabetes 

Trials Unit laboratory, which has clinical pathology accreditation and participates in 

the UK National External Quality Assessment Scheme (Wolfson EQA Laboratory, 

Birmingham, UK) and the Welsh External Quality Assessment Scheme (Quality 

Laboratory, Cardiff and Vale NHS Trust, Cardiff, UK).  

 

HbA1c 

HbA1c was measured by high-performance liquid chromatography (Bio-Rad Variant 

II Automated Glycosylated Hemoglobin Analyzer, Bio-Rad Laboratories, Hemel 
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Hempstead, UK), normal range 4.5–6.2%, and certified by the National 

Glycohaemoglobin Standardisation Programme.  

 

Plasma lipids 

Other biochemical analyses were performed on an Olympus AU400 automated 

chemistry analyser (Olympus Optical, Southall, UK). Total cholesterol was measured 

by an enzymatic colorimetric endpoint method (CHOD-PAP method) using 

cholesterol oxidase and esterase and a peroxidase-catalysed reaction for production of 

quinoneimine. LDL cholesterol was measured directly using a Genzyme kit (Biostat, 

Stockport, UK) with lipoproteins other than LDL disrupted and removed enzymically. 

HDL cholesterol was measured directly with anti-human beta lipoprotein antibody to 

bind to lipoproteins other than HDL cholesterol (LDL cholesterol, very-low-density-

lipoprotein-cholesterol and chylomicrons) using the Olympus system HDL cholesterol 

kit. Triglycerides were measured using the enzymatic, colorimetric, GPO-PAP 

method with hydrolysis by lipases and quinoneimine as the indicator.  

 

Plasma glucose 

Plasma glucose was measured by an enzymatic UV test (hexokinase method) using 

hexokinase and glucose-6-phosphate dehydrogenase for production of NADH.   

 

Plasma fructosamine 
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Fructosamine was measured using a calorimetric assay based on ketoamine reduction 

of nitrotetrazolium-blue to formazen.   

 

Plasma vitamin C and serum cotinine  

Serum samples for cotinine assay and plasma samples for vitamin C assay were stored 

at -80 oC prior to being couriered in one batch at -20 oC to external laboratories.  

Vitamin C was measured using a fluorometric assay.  Normal range 34-114 μmol/L.  

Serum cotinine was measured on the BEST 2000 (Launch Diagnostics, Kent, UK) by 

ELISA using the Cozart EIA cotinine kit (Cozart, Oxfordshire, UK).  Normal range 

<5 ng/ml negative, 5-10 ng/ml equivocal, >10 ng/ml positive. 

 

Anthropometric measures 

Blood pressure was measured with an automated sphygmomanometer (Omron 

705CP-II, Omron Healthcare, Kyoto, Japan) and body fat percentage using a body 

composition analyser (Biostat 1500, Biostat, Isle of Man, UK).  Electrocardiograms 

were performed using an electrocardiograph (CP 100, Welch Allyn, Skaneateles Falls, 

NY) to determine the presence or not of atrial fibrillation.  Body mass index (BMI) 

was calculated as weight (kg) divided by the square of the height (m).    

Socioeconomic status was estimated using the Index of Multiple Deprivation Score 

(IMDS) 2004 based on electoral ward (194).   

 

Sample size 
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Sample-size calculations assumed that provision of a personalised 10-year CVD risk 

estimate would increase physical activity by 30x103 total accelerometer count per day 

compared with the control intervention.  This equates approximately to a ten percent 

increase in physical activity or an additional ten minutes of brisk walking per day.  A 

total of 184 participants were required to achieve 80% power (α=5%) to detect this 

difference.  To allow for a drop-out rate of up to 5% 194 participants were 

randomised.  

 

Statistical analyses    

Statistical analyses used SPSS 17.0 (SPSS Inc., Chicago, IL).  

 

Recruited and non-recruited participants 

The gender of recruited and non-recruited participants was compared using frequency 

counts and the χ2 test and the age of recruited and non-recruited participants using 

medians/inter-quartile range (IQR) and the Mann-Whitney U test. 

 

Descriptive statistics for recruited participants 

Demographic and clinical data were summarised for randomised patients using 

appropriate measures of central tendency and dispersion or number (%).  Mean 

(standard deviation) was used if data followed a normal distribution and median 

(IQR) if the data did not follow a normal distribution.  The Kolmogorov–Smirnov test 

http://en.wikipedia.org/wiki/Andrey_Kolmogorov
http://en.wikipedia.org/wiki/Nikolay_Smirnov
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was used to determine if data followed a normal distribution.  Missing values were not 

imputed for.  Tables and graphical summaries were then constructed.   

 

Change in variables with time 

The analysis was by intention to treat.  The percentage change in variables with time 

from randomisation was determined and the Mann-Whitney U test used to compare 

the intervention and control arms.  Within group changes were determined using the 

paired Student’s t test. Missing values were not imputed for.   

 

Interaction testing 

A univariate analysis of variance was used to determine if an interaction was seen 

between the effects of the brief lifestyle advice intervention and the provision of the 

personalised CVD risk estimate with respect to changes in accelerometer count. 

 

Net effect of interventions 

Comprehensive meta-analysis (Biostat Inc., USA) software was used to determine the 

net effect of each intervention.  This was then displayed as a forest plot. 
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Ten year CVD risk estimates 

Ten year CVD risk was estimated for each participant using version 3 of the UKPDS 

Risk Engine from age, duration of diagnosed diabetes, sex, self-reported ethnicity, 

smoking status, HbA1c, systolic BP and the total to HDL cholesterol ratio.  

Achievable risk was estimated for each participant using version 3 of the UKPDS 

Risk Engine assuming target values for systolic blood pressure, HbA1c and LDL 

cholesterol were met and assuming smoking cessation. 

 

Accelerometer data 

Accelerometer data were reduced, cleaned and analysed using MAHUffe software 

(www.mrc-epid.cam.ac.uk). Non-wear time was identified as continuous zero 

movement lasting longer than 20 minutes. Only data from individuals who 

accumulated at least 500 minutes per day of activity for at least four days were 

analysed.  

Outcome variables included time (minutes/day) spent at different activity intensity 

categories averaged per day over the measurement period. Intensity thresholds for 

moderate (1952-5724 counts/minute) and vigorous intensity activity (>5725 

counts/minute) were defined according to Freedson et al. (195) and Ekelund et al. 

(196).  A single variable, activity of moderate or greater intensity (MVPA), was 

constructed by combining accumulated time in moderate and vigorous intensity 

activity.  Sedentary behaviour was defined as <100 counts/minute.  
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Adverse events 

All adverse events during the study were documented and reported to the Thames 

Valley Primary Care Research Partnership.  The frequency of adverse events in the 

intervention and control arms was compared using the χ2 test with Yates’ correction 

applied where observed frequencies were <5 (197). 

 

Ethics, funding and indemnity 

Ethical approval 

Ethical approval was granted by the Milton Keynes Local Research ethics Committee 

in September 2007.  Following this permission to conduct the study was granted by 

the Thames Valley Primary Care Research Partnership. 

 

Project funding and indemnity 

The study was supported by a personal Diabetes Trials Unit Fellowship and a grant 

from the Insulin Dependent Diabetes Trust.  Indemnity was provided by the 

University of Oxford. 

 

Study documentation 

A protocol detailing the background, design, aims methods and outcomes for the 

study was written.  The protocol contained details of all of the tasks that were required 

to complete the study both clinical and administrative.  A system was put in place to 
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allow any telephone messages to be taken on my behalf and forwarded on to me and a 

dedicated email address (understanding_risk@dtu.ox.ac.uk) was created to ensure 

participants were able to contact me rapidly if necessary. 

 

The operational manual was provided to all staff working with me on the study.  It 

provided a simple reference to the study to ensure the protocol was followed 

correctly.  The manual contained a summary of the protocol along with more practical 

information including the number and type of blood tests required at each visit, the 

standard operating procedures for measuring blood pressure, waist circumference, 

body weight and height along with information on the interventions to be delivered.  

A copy was available in the clinical research unit throughout the study. 

 

Information for general practices, participant information leaflets, invitation letters 

and appointment letters were created specifically for use in this study. A folder for 

each participant was kept in a locked filing cabinet in the clinical research unit for the 

duration of the study.   This contained contact details for the participant along with 

their signed consent form, ECG and paper copies of their laboratory results.  No other 

documentation specifically no case report forms, were kept in these folders because 

electronic data capture was used. 

 

mailto:understanding_risk@dtu.ox.ac.uk
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Results 

Practices & Participants 

Practices 

The four recruited general practices were Bartlemas Surgery in Oxford, Bampton 

Medical Practice, The White House Surgery in Chipping Norton and The Eynsham 

Medical Group.  Figure 16 shows the locations of recruited practices within 

Oxfordshire. 

Figure 16: Map (198) indicating locations of recruited practices   

 

 

White House Surgery     Bampton  Eynsham Bartlemas    
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Participants 

The 4 general practices had 37,145 registered patients (Table 9) of whom 15,063 were 

aged 40-70 years.  Of the 1,333 potentially eligible for inclusion in the study and 

invited to take part, 238 (18%) people expressed interest.  The number of participants 

who responded per practice ranged from 11 to 112.  Of the 238 expressing interest, 9 

did not meet the inclusion criteria, 12 were no longer interested in taking part and 23 

were not randomised as recruitment had been completed.   

 

Table 9: Recruitment of participants within practices 

 

 Registered 

patients 

Potentially 

eligible 

Invited to 

participate 

Responded Recruited 

Bampton 8199 252 (3%) 252 55 (27%) 54 (21%) 

Bartlemas 8216 89 (1%) 89 11 (12%) 10 (11%) 

White 

House 

Surgery 

7639 740 (10%) 740 112 (15%) 95 (13%) 

Eynsham 13092 578 (4%) 269 60 (22%) 35 (13%) 

TOTAL 37145 1659 (4%) 1333 238 (18%) 194 (14%) 
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Non-recruited participants 

For the 1095 (82%) who were invited but did not respond to the invitation only age 

and gender information was available.  They differed from those who took part (Table 

10) in that they were younger and included a smaller proportion of males. 

 

Table 10: Demographic characteristics of non-recruited and randomised 

participants. Data presented as median (IQR) and n (%). 

 

 Randomised 

participants 

(n=194) 

Non-recruited 

participants 

(n=1095) 

p-value 

Age (years) 62.3  

(54.9, 66.1) 

60.4  

(53.4, 65.0) 

<0.001 

Males 130  

(67%) 

668  

(61%) 

<0.001 

 

Withdrawals 

Nine participants withdrew from the study, 4 were male and 5 female.  The reasons 

given for withdrawing from the study are given in Table 11.  

 



 - 139 - 

Table 11: Reasons for withdrawal from study 

 

Participant Reason for withdrawal from study 

1 Did not want second oral glucose tolerance test 

2 Emigrating 

3 Failed to attend appointments 

4 New job 

5 Unable to get time off work to attend appointment 

6 Declined to give a reason 

7 Lumbar disc prolapse 

8 Declined to give a reason 

9 Declined to give a reason 
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Personalised 10-year CVD risk estimate intervention   
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Baseline characteristics 

Participant flow through the study is shown in Figure 17. 



 - 142 - 

Figure 17: Participant flow through the study (risk estimate intervention) 

 

 

General practices cohort (n=37145) 

Potentially eligible individuals 
(n=1659) 

Invited to participate (n=1333) 

Responded (n=238, 18%) 

Excluded (n=326) 
• 57 Did not meet inclusion criteria 
• 269 Not invited as recruitment completed 

Did not respond (n=1095, 82%) 

Personalised 10-year CVD risk estimate 
randomisation (n=194) 

Excluded (n=44) 
• 21 Did not meet inclusion criteria 
• 23 Excluded as recruitment completed 

 

Received risk estimate (n=99) Did not receive risk estimate (n=95) 

Randomised to receive brief lifestyle 
advice intervention (n=50) 

Randomised to not receive brief 
lifestyle advice intervention (n=49) 

Lost to follow up 
• 4 Withdrew consent 
• 1 Illness 

Completed study (n=94) 

Randomised to receive brief lifestyle 
advice intervention (n=48) 

Randomised to not receive brief 
lifestyle advice intervention (n=47) 

Lost to follow up 
• 3 Withdrew consent 

Lost to follow up 
• 1 Withdrew consent 

Completed study (n=91) 
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One hundred and ninety four eligible participants were randomised, 99 to receive a 

personalised 10-year CVD risk estimate and 95 to receive the control intervention 

(Table 12).  There were no statistically significance between group differences at 

baseline (all p>0.15). 

Overall participants were median (IQR) age 62.3 (54.9, 66.1) years (Table 12).  There 

were 67% men and 19% had known diabetes.  Mean (SD) blood pressure was 140/81 

(18/11) mmHg, total cholesterol 5.0 (1.1) mmol/L, LDL cholesterol 3.1 (0.9) mmol/L 

and HDL cholesterol 1.23 mmol/L (0.29) in men and 1.53 mmol/L (0.37) in women. 

Median (IQR) triglycerides were 1.4 mmol/L (1.0, 1.9) and body mass index 28 kg/m2 

(26, 31).   

Median (IQR) estimated 10-year CVD risk was 48% (34%, 60%) in men and 31% 

(22%, 43%) in women.  Potential absolute reductions in estimated CVD risk assuming 

participants could achieve target modifiable risk factor levels, were -10% (-17%, -5%) 

in men and -9% (-15%, -5%) in women.  Baseline CVD risk stratified by sex and 

diabetic status is shown in Table 13. 

Lipid lowering drugs, blood pressure lowering drugs and anti-platelet agents were 

taken by 20%, 52% and 11% respectively of those without diabetes and 70%, 59% 

and 32% respectively of those with diabetes.  Of those with diabetes glucose-lowering 

drugs were taken by 81%.  

Valid baseline accelerometer data were available for 148 participants.  Mean (SD) 

total accelerometer count per day was 297x103 (110x103) with activity of moderate or 

greater intensity undertaken for 53 (22) minutes per day.  At baseline, individuals with 

diabetes were performing less daily physical activity than those without diabetes 

(Table 14). 
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Table 12: Demographic, clinical and biochemical characteristics of all 

randomised participants according to their risk intervention allocation 

 

Data presented as n (%), mean (SD) or median (IQR)*.  10-year CVD risk was 
estimated using the UKPDS Risk Engine version 3.  There were no significant 
differences between groups at baseline (all p>0.15).  Achievable risk calculated 
assuming all risk factors meet target values†. 

 

 All 
participants 

 

(n=194) 

Received risk estimate  
(± lifestyle advice) 

 
Yes  

(n=99) 

No  

(n=95) 
Age (years) * 62.3  

(54.9, 66.1) 
62.3  

(54.2, 66.2) 
62.4  

(56.0, 65.9)  
Males 130 (67%) 63 (64%) 67 (71%) 
White Caucasians 189 (97%) 97 (98%) 92 (97%) 
Proportion with known diabetes  37 (19%) 17 (17%) 20 (21%) 
Known diabetes duration* 9.0  

(4.5, 17.0) 

9.0  

(5.5, 15.0)  

8.0  

(4.3, 17.5)  
Newly discovered dysglycaemia    

Type 2 diabetes 15 (8%) 7 (7%) 8 (8%) 
Isolated impaired fasting glucose (IFG) 23 (12%) 12 (12%) 11 (12%) 
Isolated impaired glucose tolerance (IGT) 22 (11%) 11 (11%) 11 (12%) 
IFG & IGT 14 (7%) 9 (9%) 5 (5%) 

Index of multiple deprivation score* 13.8  
(7.0, 15.5) 

15.5  
(7.0, 15.5) 

9.6  
(5.2, 15.5) 

Age left school (years) * 17 

(16, 21) 

17  

(16, 21) 

16 

 (16, 21) 
Waist (cm)    

Men  102 (10) 104 (11) 101 (10) 
Women 92 (13) 90 (12) 94 (12) 

Smoking status    
Current 71 (19%) 21 (21%) 16 (17%) 
Ex 86 (44%) 50 (51%) 36 (38%) 
Never 37 (37%) 28 (28%) 43 (45%) 

Proportion taking alcohol 146 (75%) 72 (73%) 74 (78%) 
Alcohol intake per week (units)* 14   

(6, 25) 
16  

(8, 30) 
14  

(6, 21) 
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 All 

participants 

 

(n=194) 

Received risk estimate  
(± lifestyle advice) 

 
Yes  

(n=99) 

No  

(n=95) 
Atrial fibrillation 6 (3%) 3 (3%) 3 (3%) 
Body weight (kg) * 82.9  

(72.8, 92.6) 

81.4  

(71.3, 92.7) 

83.9  

(74.4, 92.5) 
Body mass index (kg/m2) * 28.0 

(25.6, 31.4) 

27.8  

(24.9, 32.1) 

28.0  

(25.8, 30.9) 
Body fat (%)    

Men* 29.3  

(26.7, 31.9) 

29.6  

(26.5, 32.7) 

28.8  

(26.7, 31.7) 
Women* 43.0  

(36.9, 47.8) 

42.1  

(34.7, 46.7) 

44.3  

(37.6, 48.8) 
Blood pressure (mmHg)    

Systolic 140 (18) 140 (20) 141 (22) 
Diastolic  81 (11) 83 (12) 79 (10) 

Lipids    
Total cholesterol (mmol/L) 5.0 (1.1) 5.1 (1.1) 5.0 (1.1) 
LDL cholesterol (mmol/L) 3.1 (0.9) 3.2 (0.8) 3.0 (1.0) 
HDL cholesterol (mmol/L)    

Men  1.23 (0.29) 1.19 (0.26) 1.26 (0.31) 
Women 1.53 (0.37) 1.46 (0.35) 1.63 (0.38) 

Triglycerides (mmol/L) * 1.4  
(1.0, 1.9) 

1.4  
(1.1, 1.9) 

1.4  
(0.9, 1.9) 

Total:HDL cholesterol 4.0 (1.1) 4.1 (1.0) 3.9 (1.1) 
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 All 

participants 

 

(n=194) 

Received risk estimate  
(± lifestyle advice) 

 
Yes  

(n=99) 

No  

(n=95) 
Participants with known diabetes (n=37)    

HbA1c (%)* 7.1  
(6.6, 8.0) 

6.9  
(6.6, 8.0) 

7.2  
(6.4, 8.1) 

Fasting plasma glucose (mmol/L) * 9.2 
 (7.1, 10.4) 

7.7  
(6.8, 10.4) 

9.5  
(7.9, 10.4) 

2-hour plasma glucose (mmol/L) * 17.5  
(14.5, 22.1) 

17.4  
(14.5, 21.1) 

17.6  
(14.5, 28.5) 

Fructosamine (μmol/L) * 269  
(239, 303) 

256  
(234, 303) 

273  
(245, 310) 

Participants without known diabetes (n=157)    
HbA1c (%)* 5.5  

(5.3, 5.8) 
5.5  

(5.3, 5.8) 
5.5  

(5.3, 5.9) 
Fasting plasma glucose (mmol/L) * 5.8  

(5.5, 6.2) 
5.8  

(5.4, 6.1) 
5.9  

(5.6, 6.2) 
2-hour plasma glucose (mmol/L) * 6.4  

(5.3, 7.8) 
6.4  

(5.2, 7.8) 
6.4  

(5.5, 7.8) 
Fructosamine (μmol/L) * 225  

(212, 235) 
225  

(210, 236) 
225  

(213, 234) 
Plasma vitamin C (μmol/L) 61.8  

(21.2) 
62.4  

(19.9) 
61.1  

(22.6) 
Current smokers serum cotinine* (ng/ml) 56  

(49, 62) 

59 

(48, 62) 

53  

(48, 62) 
Participants with diabetes (n=37)    

Glucose lowering drug use 30 (81%) 12 (71%) 18 (90%) 
Lipid lowering drug use 26 (70%) 12 (71%) 14 (70%) 
Blood pressure lowering drug use 22 (59%) 9 (53%) 13 (65%) 
Anti-platelet agent use 12 (32%) 7 (41%) 5 (25%) 

Participants without diabetes (n=157)    
Lipid lowering drug use  32 (20%) 20 (24%) 12 (16%) 
Blood pressure lowering drug use 81 (52%) 40 (49%) 41 (55%) 
Anti-platelet agent use 18 (11%) 12 (15%) 6 (8%) 
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 All 

participants 

 

(n=194) 

Received risk estimate  
(± lifestyle advice) 

 
Yes  

(n=99) 

No  

(n=95) 
Physical activity    

Time sedentary (minutes/day) 1165 (53) 1167 (74) 1167 (76) 
Time light activity (minutes/day) 168 (37) 169 (48) 168 (56) 
Time moderate or vigorous activity 
(minutes/day) 

53 (22) 53 (31) 53 (32) 

Total accelerometer counts (x1000 per day) 297 (110) 298 (162) 296 (148) 
Estimated 10-year CVD risk (%)    

Men* 48.3  

(34.2, 59.8) 

50.5  

(32.7, 61.8) 

48.2  

(36.5, 58.1) 
Women* 30.7  

(22.2, 42.7) 

30.9  

(22.2, 43.1) 

30.7  

(22.2, 39.8) 
Estimated 10-year CVD risk reduction potentially 
achievable (%)† 

   

Men* -10.3 
 (-17.4, -4.5) 

-11.1  
(-17.5, -5.3) 

-9.6  
(-16.4, -4.0) 

Women* -9.4  
(-14.9, -4.8) 

-9.2 
(-14.9, -4.8) 

-10.6  
(-15.2, -4.8) 
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Table 13: Baseline estimated 10-year CVD risk for participants with valid data 

(n=193) by sex and diabetic status 

 

 Estimated 10-year CVD risk (%) 

Participants with diabetes (n=36)  

Men (n=27) 30.0%  

(24.1%, 38.5%) 

Women (n=9) 16.0%  

(9.5%, 22.7%) 

Participants without diabetes (n=157)  

Men (n=102) 54.7%  

(46.1%, 61.4%) 

Women (n=55) 30.3% 

(23.8%, 37.6%) 
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Table 14: Baseline physical activity for participants with valid accelerometer 

data (n=148) by diabetic status 

 

Physical activity Participants without 

diabetes  

(n=115) 

Participants with 

diabetes  

(n=33) 

p-value 

Time sedentary 

(minutes/day) 

1158 (61) 1192 (69) 0.006 

Time light activity 

(minutes/day) 

173 (42) 151 (50) 0.012 

Time moderate or 

vigorous activity 

(minutes/day) 

57 (27) 39 (22) 0.001 

Total accelerometer 

counts  

(x1000 per day) 

317 (135) 226 (104) <0.001 
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One month data 

One hundred and eighty five (95%) participants completed the study.  Of the nine 

participants who withdrew from the study, four were male and five female (p=0.74), 

five received a personalised 10-year CVD risk estimate and four received no estimate 

(p=0.74).  Within group differences at one month are shown in Table 15.   

Valid baseline and follow-up accelerometer data were available for 125 (64%) 

participants, of whom 69 received and 56 did not receive a personalised 10-year CVD 

risk estimate (p=0.24).  Overall there was a non-significant net 0.5% (8x10-3 total 

counts per day) greater increase in accelerometer counts (p=0.56) in those receiving 

personalised CVD risk estimates (Table 16 and Figure 18) with 21 (30%) of those 

who received a personalised 10-year CVD risk estimate and 16 (29%) of whom did 

not receive a risk estimate increasing their physical activity by 30x103 total counts per 

day (p=0.41). 

No significant between group differences seen in estimated 10-year CVD risk (p=0.52 

for men and p=0.64 for women).   

No significant between group differences were seen in blood pressure or HDL 

cholesterol.  A net 4.5% decrease in total cholesterol (p=0.01) and a net 7.4% 

decrease in mean LDL cholesterol (3.2 mmol/L at baseline) (p=0.004) were seen in 

the intervention group with similar increases in new prescriptions for lipid lowering 

therapies in the intervention group (4) and in the control group (5) (p=0.74).  The 

7.4% net reduction in LDL cholesterol comprised a 4.5% decrease in LDL cholesterol 

in the risk estimate group and a 3% increase in the control group.  When these 

analyses were repeated excluding the 15 participants who had a change in their drug 
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therapy during the course of the study the net reduction in LDL cholesterol was 

essentially unchanged at 7.8% (p<0.001). 

No significant within or between group differences were seen in waist circumference, 

body weight, BMI, body fat percentage, triglycerides, fasting or 2-hour plasma 

glucose, fructosamine alcohol consumption, plasma vitamin C or serum cotinine (in 

smokers).  
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Table 15: Within group percentage change at one month from randomisation in 

clinical and biochemical variables (risk estimate arm) 

Data are presented as mean (95% CI).  Differences were analysed using the 

Student’s t test. 

 Risk estimate ± 

lifestyle advice 

 (n=94) 

p-

value 

No Risk estimate ± 

lifestyle advice 

 (n=91) 

p-

value 

Waist (cm)     

Men -0.52 

(-2.1, 1.1) 

0.68 0.25 

(-0.8, 1.3) 

0.85 

Women -0.30 

(-3.5, 2.9) 

0.39 1.6 

(-1.0, 4.2) 

0.31 

Alcohol intake per 

week (units) 

4.0 

(-10.2, 18.1) 

0.04 -1.2 

(-14.0, 11.7) 

0.09 

Weight (kg) -0.23 

(-0.6, 0.1) 

0.06 -0.13 

(-0.4, 0.2) 

0.26 

Body mass index 

(kg/m2) 

-0.26 

(-0.6, 0.1) 

0.04 -0.26 

(-0.6, 0.1) 

0.26 

Body fat (%)     

Men -1.9 

(-8.7, 4.8) 

0.55 1.3  

(-5.0, 7.6) 

0.39 

Women -5.3 

(-13.0, 2.5) 

0.59 2.2 

(-3.1, 7.5) 

0.35 
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 Risk estimate ± 

lifestyle advice 

 (n=94) 

p-

value 

No Risk estimate ± 

lifestyle advice 

 (n=91) 

p-

value 

Blood pressure 

(mmHg) 

    

Systolic  -2.1 

(-4.3, -0.0) 

0.01 -1.9 

(-3.9, 0.1) 

0.16 

Diastolic  -1.6 

(-3.8, 0.6) 

0.06 -0.64 

(-2.6, 1.3) 

0.33 

Lipids     

Total cholesterol 

(mmol/L) 

-3.2 

(-5.2, -1.2) 

<0.001 1.3 

(-1.1, 3.7) 

0.49 

LDL cholesterol 

(mmol/L) 

-4.5 

(-7.1, -1.8) 

<0.001 3.0 

 (-0.5, 6.4) 

0.21 

HDL cholesterol      

Men (mmol/L) -1.3 

(-4.3, 1.8) 

<0.001 -5.8 

(-8.4, -3.2) 

0.01 

Women 

(mmol/L) 

-3.6 

(-7.7, 0.5) 

0.55 3.7 

(-6.4, 13.9) 

0.38 

Triglycerides 

(mmol/L) 

-0.66 

(-6.4, 5.1) 

0.24 0.73 

(-5.1, 6.5) 

0.79 

Total:HDL cholesterol -0.20 

(-2.7, 2.3) 

0.40 4.3 

(1.7, 6.9) 

<0.001 
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 Risk estimate ± 

lifestyle advice 

 (n=94) 

p-

value 

No Risk estimate ± 

lifestyle advice 

 (n=91) 

p-

value 

Fructosamine (μmol/L) -3.6 

(-4.8, -2.5) 

<0.001 -1.9 

(-3.9, 0.10) 

0.01 

Fasting glucose (mmol/L) -0.80 

(-3.6, 2.0) 

<0.001 -3.8 

(-6.8, -0.8) 

<0.001 

2-hour glucose (mmol/L) -2.1 

(-7.0, 2.9) 

<0.001 -4.5 

(-11.4, 2.4) 

<0.001 

Estimated 10-year CVD 

risk (%) 

    

Men -2.6 

(-8.1, 2.9) 

0.78 -9.9 

(-16.1, -3.7) 

0.05 

Women -0.6 

(-11.1, 10.0) 

0.27 -4.4 

(-18.2, 9.4) 

0.92 

Plasma vitamin C (μmol/L) 3.0 

(-4.3, 10.2) 

0.47 8.4 

(-1.0, 17.8) 

0.45 

Smokers serum cotinine 

(ng/ml)   

-1.5 

(-23.4, 20.4) 

0.05 -22.0 

(-46.7, 2.7) 

0.59 
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 Risk estimate ± 

lifestyle advice 

 (n=94) 

p-

value 

No Risk estimate 

± lifestyle advice 

 (n=91) 

p-

value 

Physical activity     

Time sedentary 

(minutes/day) 

0.5  

(-1.2, 3.1) 

0.22 1.6  

(-1.6, 4.1) 

0.45 

Time light activity 

(minutes/day) 

-7.8  

(-15.4, -0.8) 

0.02 -6.4  

(-12.4, 6.0) 

0.01 

Time moderate or vigorous 

activity (minutes/day) 

-7.1  

(-21.1, 12.7) 

0.37 -5.5  

(-23.8, 19.0) 

0.16 

Total accelerometer counts 

(x1000 per day) 

-3.0  

(-16.8, 10.2) 

<0.001 -3.5  

(-18.0, 10.5) 

<0.001 
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Table 16: Net between group percentage change at one month from 
randomisation in clinical and biochemical variables (risk estimate intervention) 

Data are presented as mean net difference.  Between group differences were 

analysed using the Wilcoxon test. 

 Net difference 

(%) (95% CI) 

Net 

difference  

P-value Risk factor 

change 

Waist (cm)     

Men  -0.74 

(-1.3, -0.23) 

-0.75 cm 0.61 Decrease 

Women -1.9 

(-2.5, -1.3) 

-1.8 cm 0.22 Decrease 

Alcohol intake per week (units) 5.1 

(-13.8, 24.1) 

0.71 units 0.84 Increase 

Body weight (kg)  -0.09 

(-0.53, 0.34) 

-0.07 kg 0.66 Decrease 

Body mass index (kg/m2)  -0.13 

(-0.56, 0.31) 

-0.04 

kg/m2 

0.54 Decrease 

Body fat (%)     

Men -3.2 

(-3.7, -2.8) 

-0.94 % 0.40 Decrease 

Women -7.5 

(-9.9, -5.0) 

-3.2 % 0.95 Decrease 
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 Net difference 

(%) (95% CI) 

Net 

difference 

P-value Risk factor 

change 

Blood pressure (mmHg)     

Systolic -0.23 

(-0.4, -0.08) 

-0.32 

mmHg 

0.09 Decrease 

Diastolic  -1.0 

(-3.9, 1.9) 

-0.81 

mmHg 

0.13 Decrease 

Lipids     

Total cholesterol (mmol/L) -4.5 

(-7.6, -1.4) 

-0.23 

mmol/L 

0.01 Decrease 

LDL cholesterol (mmol/L) -7.4 

(-11.7, -3.2) 

-0.23 

mmol/L 

0.004 Decrease 

HDL cholesterol (mmol/L)     

Men  4.5 

(4.1, 4.9) 

0.06 

mmol/L 

0.96 Increase 

Women -7.3 

(-13.3, -1.3) 

-0.11 

mmol/L 

0.66 Decrease 

Triglycerides (mmol/L)  -1.3 

(-9.4, 6.8) 

-0.02 

mmol/L 

0.63 Decrease 

Total:HDL cholesterol -4.5 

(-8.1, -0.96) 

-0.18 0.02 Decrease 
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 Net difference 

(%) (95% CI) 

Net 

difference 

P-value Risk factor 

change 

Fructosamine (μmol/L)  -1.7 

(-4.0, 0.52) 

-3.9 μmol/L 0.16 Decrease 

Fasting plasma glucose 

(mmol/L)  

3.1 

(-0.93, 7.1) 

0.19 

mmol/L 

0.87 Increase 

2-hour plasma glucose 

(mmol/L)  

2.4 

(0.44, 4.4) 

0.17 

mmol/L 

0.88 Increase 

Plasma vitamin C (μmol/L) -5.4 

(-7.6, -3.3) 

-3.3 μmol/L 0.59 Decrease 

Current smokers serum cotinine 

(ng/ml) 

20.5 

(17.7, 23.3) 

11.5 ng/ml 0.14 Increase 

Physical activity     

Time sedentary 

(minutes/day) 

-1.1 

(-15.5, 11.7) 

-12.8 

minutes/day 

0.35 Decrease 

Time light activity 

(minutes/day) 

-1.4 

(-6.2, 4.4) 

-2.4 

minutes/day 

0.24 Decrease 

Time moderate or vigorous 

activity (minutes/day) 

-1.6 

(-6.6, 3.6) 

-0.85 

minutes/day 

0.93 Decrease 

Total accelerometer counts 

(x1000 per day) 

0.5 

(-0.6, 1.8) 

1.5 x1000 

per day 

0.56 Increase 

 



 - 159 - 

 
 Net difference 

(%) (95% CI) 

Net 

difference 

P-value Risk factor 

change 

Estimated 10-year CVD risk (%)     

Men 7.3 

(1.6, 8.7) 

3.5 % 0.29 Increase 

Women 3.8 

(-4.8, 5.9) 

1.2 % 0.60 Increase 
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Figure 18: mean net percentage change from baseline to one month following a 
personalised 10-year CVD risk estimate 

 

Overall at one month, 11 individuals had received 17 new prescriptions for CVD risk 

reducing therapies in those randomised to receive a personalised 10-year CVD risk 

estimate and four individuals five new prescriptions in those who did not receive a 

risk estimate (Table 17).  A significant difference was seen in the number of new 

prescriptions between the groups (p=0.01) but not in the number of individuals 

receiving new prescriptions (p=0.07).   
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Table 17: Newly prescribed CVD risk reducing therapies (risk estimate 
intervention)   

Data presented are frequencies.   

 

CVD risk reducing 

therapies 

Received 10-year 

CVD risk estimate 

p-value 

Yes No 

Anti-platelet agents 2 0 0.16 

Blood pressure lowering 

agents 

8 0 0.005 

Glucose lowering agents 3 0 0.08 

Lipid lowering agents 4 5 0.74 

Total 17 5 0.01 

 

No interaction was seen between the effects of the brief lifestyle advice and provision 

of the personalised CVD risk estimate with respect to changes in accelerometer count 

(p=0.268). 
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Adverse events that occurred in more than 5% of participants are shown in Table 18.  

Table 18: Adverse events occurring in more than 5% of participants (risk 

estimate intervention)  

Data presented are frequency (%). 

 

 All 

participants  

(n=194) 

Risk estimate ± 

lifestyle advice 

 (n=99) 

No Risk estimate 

± lifestyle advice 

 (n=95) 

p-

value 

Musculoskeletal pain 13 (7%) 5 (5%) 8 (8%) 0.46 

Upper respiratory 

tract infection 

18 (9%) 8 (8%) 10 (11%) 0.53 
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Impact of a brief lifestyle advice intervention 
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Baseline characteristics  

Participant flow through this arm of the study is shown in Figure 19.   
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Figure 19: Participant flow through study (brief lifestyle advice intervention) 

 

General practices cohort (n=37145) 

Potentially eligible individuals 
(n=1659) 

Invited to participate (n=1333) 

Responded (n=238, 18%) 

Excluded (n=326) 
• 57 Did not meet inclusion criteria 
• 269 Not invited as recruitment completed 

Did not respond (n=1095, 82%) 

Brief lifestyle advice randomisation  
(n=194) 

Excluded (n=44) 
• 21 Did not meet inclusion criteria 
• 23 Excluded as recruitment completed 

 

Received advice (n=98) Did not receive advice (n=96) 

Randomised to receive risk estimate   
(n=50) 

Randomised to not receive risk 
estimate (n=48) 

Lost to follow up 
• 4 Withdrew consent 
• 1 Illness 

Completed study (n=92) 

Randomised to receive risk estimate 
(n=49) 

Randomised to not receive risk 
estimate (n=47) 

Lost to follow up 
• 3 Withdrew consent 

Completed study (n=93) 

Lost to Follow up 
• 1 Withdrew consent 
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One hundred and ninety four eligible participants were randomised, 98 to receive the 

brief lifestyle advice intervention and 96 to receive no intervention (Table 19).  There 

were no statistically significant between group differences at baseline (all p>0.15).
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Table 19: Demographic, clinical and biochemical characteristics of all 

randomised participants according to their brief lifestyle advice intervention 

allocation 

 

Data presented as n (%), mean (SD) or median (IQR)*.  10-year CVD risk was 

estimated using the UKPDS Risk Engine version 3.  There were no significant 

differences between groups at baseline (all p>0.15).  Achievable risk calculated 

assuming all risk factors meet target values†. 

 All 
participants 

 

(n=194) 

Received brief lifestyle advice  
(± risk estimate) 

 
Yes (n=98) No  

(n=96) 

Age (years) * 62.3  
(54.9, 66.1) 

62.6  
(54.9, 66.2) 

62.1  
(54.7, 66.0) 

Males 130 (67%) 66 (67%) 64 (67%) 
White Caucasians 189 (97%) 95 (97%) 94 (98%) 
Proportion with known diabetes  37 (19%) 21 (21%) 16 (17%) 
Known diabetes duration* 9.0  

(4.5, 17.0) 
8.0  

(4.0, 17.0) 
9.0  

(7.0, 21.3) 
Newly discovered dysglycaemia    

Type 2 diabetes 15 (8%) 7 (7%) 8 (8%) 
Isolated impaired fasting glucose (IFG) 23 (12%) 10 (10%) 13 (14%) 
Isolated impaired glucose tolerance (IGT) 22 (11%) 10 (10%) 12 (13%) 
IFG & IGT 14 (7%) 9 (9%) 5 (5%) 

Index of multiple deprivation score* 13.8  
(7.0, 15.5) 

15.5  
(7.0, 15.5) 

10.4  
(7.0, 15.5) 

Age left school (years) * 17  
(16, 21) 

17  
(16, 21) 

16  
(16, 21) 

Waist (cm)    
Men  102 (10) 103 (11) 102 (10) 
Women 92 (13) 94 (12) 90 (13) 

Smoking status    
Current 71 (19%) 19 (19%) 18 (19%) 
Ex 86 (44%) 44 (45%) 42 (44%) 
Never 37 (37%) 35 (36%) 36 (38%) 
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 All 

participants 

 

(n=194) 

Received brief lifestyle advice  
(± risk estimate) 

 
Yes (n=98) No  

(n=96) 

Proportion taking alcohol 146 (75%) 72 (75%) 74 (76%) 
Alcohol intake per week (units) 14  (6, 25) 14 (6, 25) 16 (9, 25) 
Atrial fibrillation 6 (3%) 4 (4%) 2 (2%) 
Body weight (kg) * 82.9  

(72.8, 92.6) 
83.2  

(74.1, 92.6) 
82.0  

(70.5, 92.8) 
BMI (kg/m2) * 28.0  

(25.6, 31.4) 
27.9  

(25.5, 31.5) 
28.0  

(25.7, 31.3) 
Body fat (%)    

Men* 29.3  
(26.7, 31.9) 

28.8  
(26.5, 31.8) 

29.5  
(27.0, 32.0) 

Women* 43.0  
(36.9, 47.8) 

42.1  
(37.2, 48.8) 

44.3  
(36.9, 47.5) 

Blood pressure (mmHg)    
Systolic  140 (18) 139 (16) 141 (16) 

 
Diastolic  81 (11) 80 (10) 

 

80 (11) 

 
Lipids    

Total cholesterol (mmol/L) 5.0 (1.1) 4.9 (1.0) 

 

5.1 (1.1) 

 
LDL cholesterol (mmol/L) 3.1 (0.9) 3.0 (0.9) 

 

3.2 (0.9) 

 
HDL cholesterol (mmol/L)    

Men  1.23 (0.29) 1.22 (0.28) 1.24 (0.31) 
Women 1.53 (0.37) 1.57 (0.39) 1.49 (0.35) 

Triglycerides (mmol/L) * 1.4  
(1.0, 1.9) 

1.3  
(1.0, 1.9) 

1.5  
(1.1, 1.9) 

Total:HDL cholesterol 4.0 (1.1) 3.9 (1.1) 

 

4.1 (1.0) 

 
Participants with known diabetes (n=37)    

HbA1c (%)* 7.1  
(6.6, 8.0) 

7.1  
(6.6, 7.9) 

7.1  
(6.5, 8.5) 

Fructosamine (μmol/L) * 269  
(239, 303) 

269  
(234, 292) 

268  
(243, 323) 

Fasting plasma glucose (mmol/L) * 9.2  
(7.1, 10.4) 

8.6  
(6.9, 10.2) 

9.3  
(7.2, 10.7) 

2-hour plasma glucose (mmol/L) * 17.5  
(14.5, 22.1) 

16.7  
(13.9, 21.3) 

18.2  
(15.0, 23.6) 
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 All 
participants 

 

(n=194) 

Received brief lifestyle advice  
(± risk estimate) 

 
Yes (n=98) No  

(n=96) 

Participants without known diabetes (n=157)    
HbA1c (%)* 5.5  

(5.3, 5.8) 
5.5  

(5.3, 5.8) 
5.6  

(5.2, 5.9) 
Fructosamine (μmol/L) * 225  

(212, 235) 
227  

(213, 235) 
224  

(211, 239) 
Fasting plasma glucose (mmol/L) * 5.8  

(5.5, 6.2) 
5.8  

(5.5, 6.1) 
5.9  

(5.5, 6.2) 
2-hour plasma glucose (mmol/L) * 6.4  

(5.3, 7.8) 
6.6  

(5.4, 7.8) 
6.3  

(5.3, 7.6) 
Plasma vitamin C (μmol/L) 61.8 (21.2) 60.2 (21.3) 63.4 (21.1) 
Current smokers serum cotinine (ng/ml) 56  

(49, 62) 
56  

(50, 62) 
54.5  

(44, 62) 
Participants with known diabetes (n=37)    

Glucose lowering drug use 30 (81%) 17 (81%) 13 (81%) 
Lipid lowering drug use 26 (70%) 15 (71%) 11 (69%) 
Blood pressure lowering drug use 22 (59%) 12 (57%) 10 (63%) 
Anti-platelet agent use 12 (32%) 8 (38%) 4 (25%) 

Participants without known diabetes (n=157)    
Lipid lowering drug use 32 (20%) 18 (23%) 14 (18%) 
Blood pressure lowering drug use 81 (52%) 41 (52%) 40 (51%) 
Anti-platelet agent use 18 (11%) 12 (16%) 6 (8%) 

Physical activity    
Time sedentary (minutes/day) 1165 (53) 1166 (75) 1165 (75) 
Time light (minutes/day) 168 (37) 167 (52) 169 (51) 
Time moderate or vigorous (minutes/day) 53 (22) 51 (30) 56 (33) 
Total accelerometer counts (x1000 per day) 297 (110) 286 (157) 308 (152) 
Proportion meeting physical activity 
recommendations 

77% 72% 81% 

Estimated 10-year CVD risk (%)    
Men* 48.3  

(34.2, 59.8) 
48.1  

(32.7, 61.8) 
49.3  

(39.3, 57.5) 
Women* 30.7  

(22.2, 42.7) 
31.1  

(21.5, 39.9) 
30.2  

(24.2, 44.4) 
Estimated10-year CVD risk reduction potentially 
achievable (%)† 

   

Men* -10.3 
 (-17.4, -4.5) 

-9.8  
(-17.5, -3.7) 

-10.3  
(-17.1, -4.9) 

Women* -9.4  
(-14.9, -4.8) 

-6.7  
(-12.1, -4.2) 

-12.1  
(-16.0, -6.8) 
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One month data 

One hundred and eighty five (95%) participants completed the study.  Of the nine 

participants who withdrew from the study, four were male and five female p=0.74), 

six participants received brief lifestyle advice and three no brief lifestyle advice 

(p=0.32). 

Within group differences at one month are shown in Table 20. 

Valid baseline and follow-up accelerometer data were available for 125 participants of 

whom, 62 received and 63 did not receive the brief lifestyle advice intervention.  

Overall there was a non-significant net 6% decrease in physical activity in those 

receiving the brief lifestyle advice intervention (p=0.71) (Figure 20 and Table 21) 

with 14 (23%) of those who received the brief lifestyle advice intervention increasing 

their physical activity by 30x103 total counts per day and 23 (37%) of those who did 

not receive the brief lifestyle advice intervention (p=0.14). 

No significant between group differences were seen in estimated 10-year CVD risk 

(p=0.72 for men and p=0.78 for women). 

No significant between group differences were seen in systolic (p=0.61) or diastolic 

(p=0.71) blood pressure or total (p=0.54), LDL (p=0.96) or HDL cholesterol (p=0.27 

for men and p=0.58 for women).    

A net 10.2% decrease in triglycerides (p=0.02) was seen in the intervention group 

with similar increases in new prescriptions for lipid lowering therapies in the 

intervention group (2) and control group (7) (p=0.10).  The 10.2% net reduction in 

triglycerides comprised a 5.1% decrease in the intervention group and a 5.2% increase 

in the control group.   When these analyses were repeated excluding the 15 
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participants who had a change in their drug therapy during the course of the study the 

net reduction in triglycerides was similar at 13.1% (p=0.002). 

A net 2.6% reduction in waist circumference was seen in the intervention group in 

men (p=0.006) but not in women (p=0.13).  

No significant between group differences were seen in body weight (p=0.89) or BMI 

(p=0.98).   

A net 7.9% reduction in serum cotinine in smokers (p=0.028) was seen in the 

intervention group but no differences were see in plasma vitamin C (p=0.61) or 

alcohol intake per week in those consuming alcohol (p=0.16).   
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Table 20: Within group percentage change at one month from randomisation in 

clinical and biochemical variables (brief lifestyle advice intervention) 

 

Data are presented as mean (95% CI).  Differences were analysed using the 

Student’s t test. 

 Lifestyle advice ± 
risk estimate 

 (n=92) 

p-
value 

No Lifestyle advice ± 
risk estimate 

 (n=93) 

p-
value 

Waist (cm)     
Men -1.4 

(-3.1, 0.2) 
0.07 1.2 

(0.0, 2.5) 
0.06 

Women -2.0 
(-5.6, 1.6) 

0.30 0.01 
(-2.0, 2.0) 

0.20 

Alcohol intake per 
week (units) 

0.44 
(-15.6, 16.5) 

0.01 2.2 
(-8.6, 12.9) 

0.40 

Weight (kg) -0.23 
(-0.5, 0.1) 

0.07 -0.12 
(-0.4, 0.2) 

0.24 

Body mass index 
(kg/m2) 

-0.14 
(-0.4, 0.2) 

0.05 -0.15 
(-0.5, 0.2) 

0.23 

Body fat (%)     
Men -0.07 

(-7.1, 6.9) 
0.45 -0.94 

(-7.7, 5.9) 
0.47 

Women 3.9 
(-4.2, 12.0) 

0.83 -0.12 
(-1.7, 1.5) 

0.42 

Blood pressure 
(mmHg) 

    

Systolic -0.88 
(-2.7, 0.9) 

0.02 -1.2 
(-3.1, 0.8) 

0.07 

Diastolic -1.3 
(-3.3, 0.7) 

0.12 -1.0 
(-3.1, 1.2) 

0.16 

Lipids     
Total cholesterol 
(mmol/L) 

-1.3 
(-3.4, 0.8) 

0.09 -0.68 
(-3.1, 1.8) 

0.36 

LDL cholesterol 
(mmol/L) 

-0.21 
(-3.3, 2.9) 

0.36 -1.4 
(-4.6, 1.8) 

0.17 

HDL cholesterol 
(mmol/L) 

    

Men -3.3 
(-6.2, -0.4) 

0.02 -2.6 
(-5.9, 0.7) 

<0.001 

Women -1.0 
(-5.8, 3.7) 

0.12 -2.1 
(-8.6, 4.5) 

0.92 

Triglycerides (mmol/L) -5.1 
(-10.0, -0.2) 

<0.001 5.2 
(-1.2, 11.5) 

0.43 

Total:HDL cholesterol 1.4 
(-1.0, 3.8) 

0.62 2.6 
(-0.2, 5.3) 

0.30 
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 Lifestyle advice 

± risk estimate 
 (n=92) 

p-
value 

No Lifestyle 
advice ± risk 

estimate 
 (n=93) 

p-
value 

Fructosamine (μmol/L) -2.4 
(-4.3, -0.5) 

<0.001 -3.2 
(-4.4, -1.9) 

<0.001 

Fasting glucose (mmol/L) -2.7 
(-5.5, 0.1) 

<0.001 -1.9 
(-4.9, 1.2) 

0.16 

2-hour glucose (mmol/L) -4.8 
(-11.0, 1.3) 

<0.001 -1.7 
(-7.5, 4.2) 

0.57 

Estimated 10-year CVD risk (%)     
Men -4.8 

(-1.0, 7.7) 
0.92 3.1 

(-14.2, -1.6) 
0.63 

Women -2.6 
(-14.6, 9.3) 

0.81 -1.9 
(-14.0, 10.1) 

0.42 

Plasma vitamin C (μmol/L) 7.2 
(1.4, 13.0) 

0.19 16.5 
(-12.0, 45.1) 

0.70 

Smokers serum cotinine (ng/ml) -7.4 
(-31.6, 16.8) 

0.60 0.57 
(-41.5, 42.6) 

0.05 

Physical activity     
Time sedentary 
(minutes/day) 

1.2  
(-0.7, 3.3) 

0.05 0.5  
(-1.5, 3.8) 

0.75 

Time light activity 
(minutes/day) 

-6.7  
(-14.0, 1.0) 

0.01 -6.3  
(-15.5, 2.9) 

0.02 

Time moderate or vigorous 
activity (minutes/day) 

-4.9  
(-23.5, 8.8) 

0.43 -9.4  
(-23.1, 24.9) 

0.15 

Total accelerometer counts 
(x1000/day) 

-6.8  
(-22.2, 7.9) 

0.10 -0.8  
(-15.3, 11.5) 

0.60 
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Table 21: Net between group percentage change at one month from 

randomisation in clinical and biochemical variables (brief lifestyle advice 

intervention) 

 

Data presented as mean net difference.  Between group differences were 

analysed using the Mann-Whitney U test. 

 Net difference 
(%) (95% CI) 

Net 
difference 

P-value Risk factor 
change 

Waist (cm)     
Men  -2.6 

(-3.1, -2.2) 
-2.7 cm 0.006 Decrease 

Women -2.0 
(-3.6, -0.39) 

-1.8 cm 0.13 Decrease 

Alcohol intake per week (units) -1.7 
(-20.6, 17.2) 

-0.24 
units 

0.16 Decrease 

Body weight (kg)  -0.11 
(-0.12, 0.10) 

-0.09 kg 0.89 Decrease 

Body mass index (kg/m2)  -0.11 
(-0.55, 0.32) 

-0.03 
kg/m2 

0.98 Decrease 

Body fat (%)     
Men 0.87 

(0.66, 1.1) 
 

0.25 % 0.82 Increase 

Women 4.0 
(-2.5, 10.5) 

 

1.7 % 0.35 Increase 

Blood pressure (mmHg)     
Systolic 0.27 

(0.08, 0.47) 
 

0.38 
mmHg 

0.61 Increase 

Diastolic  -0.24 
(-3.1, 2.7) 

-0.19 
mmHg 

0.71 Decrease 
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 Net difference 

(%) (95% CI) 
Net 

difference 
P-value Risk factor 

change 
Lipids     

Total cholesterol (mmol/L) -0.56 
(-3.7, 2.6) 

-0.03 
mmol/L 

0.54 Decrease 

LDL cholesterol (mmol/L) 1.2 
(-3.2, 5.6) 

0.04 
mmol/L 

0.96 Increase 

HDL cholesterol (mmol/L)     
Men  -0.61 

(-1.1, -0.33) 
 

-0.01 
mmol/L 

0.27 Decrease 

Women 1.0 
(-0.77, 2.8) 

 

0.02 
mmol/L 

0.58 Increase 

Triglycerides (mmol/L)  -10.2 
(-18.2, -2.3) 

-0.14 
mmol/L 

0.02 Decrease 

Total:HDL cholesterol -1.1 
(-4.7, 2.5) 

-0.04 0.16 Decrease 

Fructosamine (μmol/L)  0.77 
(-1.5, 3.0) 

1.8 μmol/L 0.98 Increase 

Fasting plasma glucose 
(mmol/L)  

-0.94 
(-5.0, 3.1) 

-0.06 
mmol/L 

0.32 Decrease 

2-hour plasma glucose 
(mmol/L)  

-3.1 
(-3.4, -2.8) 

-0.21 
mmol/L 

0.66 Decrease 

Plasma vitamin C (μmol/L) -9.3 
(-32.1, 13.4) 

-5.8 μmol/L 0.31 Decrease 

Current smokers serum cotinine 
(ng/ml) 

-7.9 
(-25.8, 9.9) 

-4.4 ng/ml 0.028 Decrease 

Physical activity     
Time sedentary 
(minutes/day) 

0.7 
(-0.18, 1.4) 

8.2 
minutes/day 

0.47 Increase 

Time light activity 
(minutes/day) 

-0.4 
(-1.8, 0.94) 

-0.67 
minutes/day 

1.0 Decrease 

Time moderate or vigorous 
activity (minutes/day) 

4.5 
(-9.4, 17.7) 

2.4 
minutes/day 

0.69 Increase 

Total accelerometer counts 
(x1000 per day) 

-6.0 
(6.0, 6.3) 

-17.8 x1000 
per day 

0.71 Decrease 

Estimated 10-year CVD risk (%)     
Men 3.1 

(-1.66, 7.7) 
1.5 % 0.63 Increase 

Women -0.7 
(-15.1, 14.4) 

 

-0.21 % 0.60 Decrease 
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Figure 20: mean net percentage change from baseline to one month following a 
brief lifestyle advice intervention 

 

Overall at one month, six individuals had received six new prescriptions for CVD risk 

reducing therapies in the intervention group and nine individuals 16 new prescriptions 

in the control group (Table 22).  A significant difference was seen in the number of 

new prescriptions between the groups (p=0.03) but not in the number of individuals 

receiving new prescriptions (p=0.44).   

 



 - 177 - 

Table 22: Newly prescribed CVD risk reducing therapies (brief lifestyle advice 

intervention) 

Data presented are frequencies 

CVD risk reducing 

therapies 

Received brief 

lifestyle advice 

p-value 

Yes No 

Anti-platelet agents 2 0 0.16 

Blood pressure lowering 

agents 

2 6 0.16 

Glucose lowering agents 0 3 0.08 

Lipid lowering agents 2 7 0.10 

Total 6 16 0.03 

 

No interaction was seen between the effects of the brief lifestyle advice and provision 

of the  personalised CVD risk estimate with respect to changes in accelerometer count 

(p=0.268). 

 

Adverse events that occurred in more than 5% of participants are shown in Table 23. 
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Table 23: Adverse events occurring in more than 5% of participants (brief 

lifestyle advice intervention)  

Data presented are frequency (%) 

 All 

participants  

(n=194) 

Lifestyle advice  

± risk estimate 

 (n=98) 

No Lifestyle advice  

± risk estimate 

 (n=96) 

p-value 

Musculoskeletal pain 13 (7%) 4 (4%) 9 (9%) 0.46 

Upper respiratory 

tract infection 

18 (9%) 6 (6%) 12 (13%) 0.53 
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Discussion 

The results of the 2x2 factorial randomised controlled trial demonstrated that whilst 

both interventions were associated with some health improvements neither was able to 

significantly increase physical activity in adults at increased risk of CVD. 

In individuals who did receive a personalised 10-year CVD risk estimate and those 

that did not receive a risk estimate the proportion of participants increasing their daily 

activity by >30x103 accelerometer counts was very similar (30% versus 29%).  No 

change either was seen in estimated 10-year CVD risk at one month or the modifiable 

risk factors used to make this estimate except for a net 7.4% reduction in LDL 

cholesterol.  Similar numbers of patients received additional CVD risk reducing 

therapies but significantly more prescriptions were given to the personalised 10-year 

CVD risk estimate intervention group.  

Similarly, a brief lifestyle advice intervention did not increase physical activity at one 

month in adults at increased risk of CVD.  The intervention was however, associated 

with small but significant improvements in some of the CVD risk factors measured.  

A 10.2% reduction was seen in triglycerides and in men, a 2.6% reduction in waist 

circumference.  Among smokers, serum cotinine was reduced by 7.9%. 

 

Strengths 

Strengths of this study include its rigorous design, intervention development and the 

inclusion of objective measures of behaviour.  The brief lifestyle advice intervention 

was based on sound psychological theory and developed with input from the target 

group.  Each intervention was one off and brief to increase their applicability to 
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routine clinical practice and were universally delivered as per protocol.  Follow up of 

participants was high suggesting the interventions were acceptable.  Whilst the 

primary objective was not met some small but significant improvements in some 

CVD risk factors were seen. 

 

Limitations 

 

Diagnosis of diabetes and dysglycaemia 

 

The rates of newly diagnosed type 2 diabetes and dysglycaemia quoted in this study 

are based on a single oral glucose tolerance test result measured at entry to the study.  

The diagnostic glucose values used are in accordance with the World Health 

organisation criteria for the diagnosis of diabetes and dysglycaemia (199) (type 2 

diabetes indicated if fasting plasma glucose >7.0 mmol/L or post-challenge glucose 

>11.1 mmol/L, impaired glucose tolerance if post challenge glucose >7.8 but <11.1 

mmol/L and impaired fating glucose if fasting plasma glucose >6.1 but <7.0 mmol/L).  

However, the World Health organisation requires that the diagnosis is confirmed with 

a second oral glucose tolerance test.  In this study the diagnosis was not confirmed on 

a second oral glucose tolerance test as the second oral glucose tolerance test was 

performed one month after an intervention that may have altered the results of the test.  

This is a weakness of the study and may mean that the rates of newly diagnosed 

diabetes and dysglycaemia quoted under or over estimate (200) the true prevalence in 

this population. 
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Impact of multiple testing 

 

The p-values quoted for change in parameters measured over time were not corrected 

for multiple testing.  Statistical advice was sought as to whether or not this was 

required in this study.  Based on the fact that each parameter was tested separately and 

only once in each group it was deemed that this was not required.  In addition, a 

common method of taking into account multiple testing is to increase the level of 

significance required in order to determine that a result is statistically significant (201) 

(for example only accepting a p value of <0.01 rather than the conventional <0.05) 

(The Bonferroni method).  In this study the results quoted as being statistically 

significant would remain so. 

 

Clinical significance of results 

 

Whilst the results for LDL cholesterol lowering in the 10-year personalised risk 

estimate arm and triglyceride results in the brief lifestyle advice arm achieved 

statistical significance this must be balanced against the clinical significance of the 

results.  The individuals participating in this study were all at increased risk of CVD 

and as such would be entitled to lipid lowering therapy with statin drugs according to 

NICE guidance.  A large meta-analysis of statin therapy has demonstrated that for 

every mmol/L reduction in LDL cholesterol a reduction of approximately one fifth is 

seen in the 5-year risk of having a major coronary event, coronary revascularisation or 

stroke (202).  In the 4-S study the average reduction seen in LDL cholesterol 

following treatment with 20mg Simvastatin for 6 weeks was approximately 2 mmol/L 

(13).  These data indicate that the clinical significance of the lipid lowering impact of 
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the interventions used in this study is modest when far greater reductions could have 

been achieved with the use of appropriate pharmacotherapies. 

I attribute the reduction in LDL cholesterol and triglycerides seen to improved 

adherence to prescribed medication as there was an improvement in lipids despite no 

increase in physical activity and the improvement was seen even after those 

prescribed lipid lowering therapy during the study were excluded.  Unfortunately no 

measure of adherence to prescribed medication was used in this study and so I am 

unable to substantiate this claim with objective evidence. 

 

Population 

 

The participants in this study were identified on the basis that they were at increased 

CVD risk.  The high median level of risk of the participants (48% in men and 31% in 

women) was perhaps greater than I anticipated finding when I began recruiting 

participants.  It was also surprising to find that given that it is relatively 

straightforward to estimate CVD risk using commonly used general practice computer 

software so few of these individuals (particularly those without diabetes) were 

currently prescribed proven CVD risk reducing therapies (for example only 20% were 

taking lipid lowering medication).  I expected to find individuals with treated risk 

factors with some degree of residual modifiable risk that would be amenable to 

reduction through lifestyle modification.  This was not the case and therefore it could 

be argued that prescribing study participants proven CVD risk reducing therapies 

would have achieved far greater reductions in estimated CVD risk (203) than either of 

the interventions used in this study.  However, it must be remembered that the 

primary objective of the study was to increase physical activity.  An alternative 
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approach may have been to stratify the interventions according to level of risk with 

brief lifestyle advice being offered to those at lower estimated risk and more intensive 

advice and drug therapy being offered to those at higher risk. 

Furthermore, the high levels of previously unrecognised elevated CVD risk in this 

population would seem to support the proposal that all adults over the age of 55 years 

be prescribed a “polypill” consisting of a combination of lipid and blood pressure 

lowering agents, aspirin and folic acid in order to substantially reduce the incidence of 

CVD events in the population (204).  This approach as opposed to the one advocated 

in my study based on estimated 10-year CVD risk, would also overcome the recent 

finding that commonly used risk calculators often fail to identify the majority of those 

who will go on to have a CVD event (205, 206).  Whilst accepting these findings, the 

purpose of my study was to determine if the provision of CVD risk information could 

motivate behaviour change (specifically an increase in physical activity) rather than to 

determine the optimal approach to reducing the burden of CVD risk in the population. 

In my study the proportion of individuals identified as being at increased CVD risk 

varied substantially between the practices included in the study (between 1 and 10%).  

Whilst this may in part reflect demographic differences between the practice 

population I think it is more likely to represent missing risk factor values.  The CVD 

risk equations built into general practice software can only estimate CVD risk if 

information is available on all of the parameters required to make the risk estimation 

(systolic blood pressure, lipid values, presence of diabetes etc.).  It is most likely that 

much of the variation seen in the proportion of high risk individuals identified 

represents differences in the rates of missing data.  It was not possible to determine 

the number of individuals in a practice for whom the requisite risk factor values 

required for CVD risk estimation were not available.  It is also possible that some of 
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the individuals with missing data would be at high risk because they have failed to 

engage with healthcare services and those with risk factor information available are 

motivated to attend their primary care service and undergo testing for CVD risk 

factors. 

 

Accelerometer data 

 

A major limitation of this study was the less than anticipated accelerometer data 

collected.  Valid baseline and follow up accelerometer data was only available for 125 

(64%) participants.  The missing data was overwhelmingly due to technical problems 

with the accelerometer devices mostly due to battery failure.  This may have occurred 

due to the mailing of accelerometers to participants in advance of their study visits.  

This failure to collect adequate accelerometer data was not anticipated as other studies 

that have used accelerometers have not reported device failure rates (195, 196). 

However, near complete data was available for CVD risk factors and risk estimates. 

 

Adjustment for baseline differences between groups 

 

The between group comparisons made in this study were not adjusted for baseline 

differences between groups as there were no statistically significant differences 

between groups at baseline.  This approach is acceptable if there is no imbalance 

between groups at baseline (207). 
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Trial design and bias 

 

I used a 2x2 factorial design in order to test two separate interventions in one trial.  

This design allows the effect of each intervention on physical activity to be 

determined as well as any interaction between the two interventions.  Given that it 

appears that interventions that attempt to achieve behaviour modification seem to be 

more successful if they combine threat information (in this case estimated CVD risk) 

with strategies to reduce the threat (in this case following a brief lifestyle advice 

intervention) this trial design may not have been the most appropriate.  It may have 

been more suitable to test the effect of combining a risk estimate and brief lifestyle 

advice against the provision of neither a risk estimate nor lifestyle advice.  My trial 

was not sufficiently powered to make this comparison but a post hoc analysis 

demonstrated that the combination of the two interventions versus no interventions 

(double placebo group) demonstrated similar improvements in lipids to those seen 

with each single intervention.  However, a small (2%) reduction in fasting and 2-hour 

plasma glucose was seen with the combined interventions versus no interventions. 

Throughout the trial several participants would attend on the same day.  During the 

morning participants would sit together in the clinical research unit and at the end of 

the morning when each had received any intervention to which they were randomised 

they would sit together and be given a light meal.  This gave participants the 

opportunity to discuss with each other what had occurred during each intervention and 

thus contaminate the effect of the interventions.  Given that participants were 

supervised throughout by trial staff I do not feel this occurred to any great extent but it 

does introduce the possibility of bias.  One way in which this could have been avoided 

would have been to cluster randomise (208) the participating practices so that all 



 - 186 - 

participants attending on any one day would have been randomised to the same 

intervention. 

In addition, I took part in the measurement of clinical parameters at both the baseline 

and follow up visits.  Given that I was aware of the intervention to which each 

individual had been randomised this is another possible source of bias.  The 

possibility of such measurement bias (209) could have been reduced by different trial 

staff members measuring clinical parameters at baseline and follow up.  However, 

given the limited number of staff and the requirement for me to be intimately involved 

in data collect for my D.Phil studies this would have been difficult to have achieved 

practically. 

 

Brief lifestyle advice intervention 

 

The brief lifestyle advice intervention was a computerised slide show that participants 

worked through themselves whilst I sat beside them to clarify any points that the 

slides raised.  Whilst the slides encouraged participants to consider barriers to 

achieving lifestyle change and to set their own goals these were not discussed with 

me.  This may have contributed to the failure of the lifestyle advice intervention to 

achieve an increase in physical activity.  In addition, it took 15 minutes for each 

participant to work through the presentation.  It may have been more appropriate to 

have delivered the brief lifestyle advice intervention in groups of 4-6 participants.  

This would have increased the duration of the intervention and allowed discussion 

between participants regarding goal setting and barriers to achieving lifestyle change.  

The focus groups conducted during the development of the trial suggest this may have 
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been more effective as during the focus groups participants discussed such goal 

setting and barriers (Box 2 and Box 8). 

 

Participant lifestyle at baseline 

 

Examination of the baseline characteristics of the participants in this study revealed 

that whilst they were at increased CVD risk they were following a healthy lifestyle 

and perhaps there was little scope for improving their healthy behaviours and instead 

CVD risk reducing drug therapy may have been a more appropriate method of 

reducing CVD risk in this group.  Baseline levels of physical activity were far higher 

than anticipated and a mean plasma vitamin C level of 62 μmol/L indicates that 

participants were well nourished with fruit and vegetables even prior to participating 

in the study.  In a study in which UK adults were randomised to a brief intervention to 

encourage fruit and vegetable intake baseline levels of vitamin C were almost half 

those seen in this study (34 μmol/L) (210).  Unfortunately I did not include a measure 

of self-reported fruit and vegetable intake in the study to determine the quantities of 

fruit and vegetables consumed by study participants.  It would have been interesting 

to determine the number of portions of fruit and vegetables consumed in order to 

achieve such high levels of plasma vitamin C.  

The individuals who participated in this study were more physically active at baseline 

than expected with the mean minutes per day of moderate or greater intensity physical 

activity being almost twice that anticipated.  A previous study in younger adults (aged 

30-50 years) at risk of diabetes and CVD found that their mean (SD) activity of 

moderate or greater intensity was 30 (18) minutes per day in men and 24 (16) minutes 
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per day in women (196) compared with the 53 (22) minutes seen in my study.  One 

explanation is that my study participants were largely from affluent communities and 

an association between physical activity and higher socioeconomic status has been 

recognised previously (211).  Given that more than three quarters of participants were 

meeting currently recommended levels of physical activity at baseline this could have 

resulted in false reassurance (212) and the view that they did not need to increase their 

level of activity further.  False reassurance describes a situation of reassurance despite 

ongoing risk.  Seasonality is a second explanation but this is unlikely to have 

impacted on the results of this study.  One might expect levels of physical activity to 

fall during the winter months but participant recruitment took place between March 

and October.   

A further possible explanation for the lack of increase in physical activity is that the 

inclusion of robust objective measures of physical activity and CVD risk factors may 

have had a greater effect than that of the intervention itself.  The duration of study 

visits was at least 2 hours in order for each participant to undergo an oral glucose 

tolerance test with the intervention itself lasting for only 15 minutes of this time.  The 

duration of study visits was independent of intervention allocation.  Spending two 

hours having CVD risk factor information collected and measured yet not receiving 

an intervention may account for the greater proportion of control subjects compared to 

brief lifestyle advice intervention subjects, increasing their activity by 30x103 counts 

per day as control participants may have overestimated the amount of daily physical 

activity being recommended by the brief lifestyle advice intervention.  This dilution of 

the effect of an intervention by baseline measurements has been recognised in 

previous similar studies (132, 134).  In addition, all participants were aware from the 

invitation letter and patient information leaflet that this was a study investigating 
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physical activity and CVD risk and that they had been invited to take part on the basis 

that they had been identified as being at high CVD risk.  This may also have provided 

some impetus to adopt behaviour changes aimed at reducing CVD risk.   

 

Socioeconomic status of participants 

Although the participants in this study and my earlier focus group work were largely 

of high socioeconomic status it does not necessarily mean that the results are not 

applicable to a wider population.  Focus group research carried out in Ireland (213) 

has shown that perspectives regarding CVD and its associated risk factors are similar 

across socioeconomic groups in particular that motivation to change behaviours to 

reduce CVD is low.  In addition, a study from Germany (211) found that 20% of 

adults have specific barriers to exercise and those that do participate in health 

promoting activities do so in order to stay young rather than to reduce CVD risk.  This 

homogeneity in underlying beliefs and barriers to CVD risk reduction strategies may 

help to explain the results of the current study and suggests the minimal impact of 

providing 10-year personalised CVD risk estimates on physical activity would have 

been similar if our study had been conducted in participants from a broader range of 

social backgrounds.  

 

Bias in participant recruitment 

Those that responded to the invitation were by definition, more motivated and 

interested in reducing CVD risk than those who did not and the greater number of 

individuals in the control group compared to the brief lifestyle advice intervention 
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group who received new CVD risk reducing therapies during the study may have 

occurred because the control individuals had been made aware of their increased CVD 

risk and perhaps felt that they were “missing out” by not receiving the brief lifestyle 

advice intervention and so instead sought CVD risk reduction advice from their 

general practitioner. 

 

Reinforcement of intervention 

The brief lifestyle advice intervention used in this study was expected to result in an 

increase in physical activity based on the available evidence at the time of its 

development.  It was brief, delivered by a healthcare professional and supported by 

written materials (118, 120, 121, 145, 214).  In addition, it targeted walking rather 

than other activities and had a sound theoretical basis (145).  The age of the 

participants should not have impacted on its success as similar interventions have 

been successful at increasing physical activity in adults over the age of 50 years (145).   

Reinforcing the advice through repeated contact with a healthcare professional or 

referral to an exercise specialist for more tailored exercise advice may have secured 

the success of the intervention (145) as some interventions that have achieved 

sustained increases in physical activity have been of at least six months duration (215) 

and have shown benefit for at least two years although this has not universally been 

the case (214).  Increasing the contact time during the delivery of the intervention may 

have helped (216) but again this has not been replicated in other studies (214).  

However, a study in UK adults with impaired glucose tolerance that randomised 

participants to a three hour educational programme or an advice leaflet (control 

group) designed to increase physical activity was able to successfully increase 
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physical activity in the intervention compared to the control group at one year 

although no significant increase in activity was seen at three or six months (217).  

 

Intervention addressing multiple behaviours 

A further reason for the inability of participants to increase their physical activity may 

have been that the brief lifestyle advice intervention used targeted several other 

behaviours in addition to physical activity with advice on fruit and vegetable intake, 

smoking cessation and avoidance of excessive alcohol consumption.  Limiting the 

intervention to one single factor may have been more successful (145).  There is 

however, evidence to suggest that interventions addressing multiple behaviours are no 

less effective than those addressing a single behaviour (120).   

 

Biofeedback 

 

The accelerometers used in this study did not provide participants with any immediate 

feedback on what levels of physical activity they were achieving.  In a recent study 

that also attempted to increase physical activity in order to improve glucose tolerance 

in UK adults with impaired glucose tolerance participants were randomised to receive 

a three hour educational programme with either pedometer step count goals or time 

based goals or an advice leaflet (control group).  Significant improvements in glucose 

tolerance were seen in the pedometer group compared to the control group (217).  The 

results of this study would suggest that providing individuals with immediate 

biofeedback through the provision of a simple pedometer device can successfully be 
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used to increase physical activity.  The failure to include such feedback in my study 

may have contributed to the failure to increase physical activity. 

 

Smoking cessation 

 

The reduction in serum cotinine seen in the brief lifestyle advice group compared to 

those who did not receive the brief lifestyle advice would seem to suggest that the 

intervention was successful in reducing tobacco consumption.  The half life of 

cotinine is approximately 24 hours and levels can fluctuate according to the timing of 

the last cigarette smoked (218).  Levels are lowest in the morning because of minimal 

exposure to cigarette smoke overnight.  However, smokers with a fairly constant 

smoking pattern should have a steady state serum cotinine level.  Participants were 

asked to attend study visits having fasted overnight.  They were also advised to 

abstain from smoking during the fasting period.  The advice given was identical for 

both study visits.  However, it is possible that the impact of the being involved in a 

CVD risk study was such that participants were more likely to refrain from smoking 

prior to the second compared to the first study visit. 

 

Risk estimate confidence intervals 

 

In this study participants were provided with a point estimate of their CVD risk.  The 

UKPDS Risk Engine produces 95% confidence intervals for each point estimate it 

produces (51).  For simplicity and ease of understanding participants (and their 

general practitioners) were not provided with the confidence limits for their estimate.  

Confidence intervals for the UKPDS Risk Engine tend to average ±8% of the point 
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estimate.  Thus a participant provided with a point estimate of 22% could in fact have 

a risk somewhere between 14% and 30%. Providing participants and there general 

practitioners with these confidence intervals may have influences the way in which 

the point estimate was interpreted.  For example, in the example given above a 

general practitioner or participant may decide that statin therapy is not indicated in 

case the participants risk is really 14% and not the 22% quoted. 

 

Baseline estimated CVD risk in participants with and without diabetes 

 

This study demonstrated that at baseline, participants with diabetes had lower 

estimated 10-year CVD risk than participants without diabetes.  Indeed, some of the 

female diabetic participants when their risk was re-estimated after CVD risk factors 

had been measured at baseline in the study were not at increased estimated risk 

(≥20%).  This may have occurred as a result of using historical data for the risk 

calculations completed in each practice as outlined above.  It could be argued that 

these women should have been excluded from the trial but this discrepancy was only 

detected at the end of the study as these women were not randomised to a CVD risk 

estimate in the study and so their inclusion was unintentional.  Given the relatively 

small number of female participants with diabetes (n=9, <5% of study participants) it 

is unlikely that their inclusion altered the overall conclusions of the study. 

The discrepancy in risk between those participants with and without diabetes is an 

interesting finding.  Individuals with diabetes are know to be at 2-4 times greater 

CVD risk than individuals without diabetes (6) perhaps it is this awareness amongst 

physicians that results in them being prescribed risk reducing therapies.  Indeed the 

rates of prescriptions of CVD risk reducing therapies seen at baseline in this study 
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were much greater in individuals with diabetes than in individuals without diabetes.  

This is an important finding and again highlights the need to use risk calculators to 

identify those individuals who would not immediately appear to be at increased risk of 

CVD because their individual risk factor levels do not ring alarm bells.  The vascular 

screening programme should identify such individuals and trigger the initiation of risk 

reducing strategies. 

 

Sampling Frame 

The practices and participants who took part in this study are unlikely to be 

representative of the general UK adult population given their healthy lifestyles at 

baseline and high socioeconomic status.  I obtained a list of general practices in 

Oxfordshire and contacted them by telephone or email.  Those that expressed interest 

in taking part were subsequently recruited.  Only one practice was located in central 

Oxford, the others were in rural Oxfordshire.  Recruitment from the city centre 

practice was much poorer than from the rural practices.  In particular, despite this 

practice having a significant number of registered patients from black and minority 

ethnic groups I was able to recruit only a tiny number of such patients.  This was 

disappointing particularly because of the recognition that studies should include 

participants from lower socioeconomic groups and from black and minority ethnic 

groups (219).  Producing study invitation letters in a variety of languages and 

providing appointments outside of normal office hours may have helped recruitment 

of such individuals.  Alternatively, the study could be replicated in a variety of 

different populations. 
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Despite the shortcomings outlined above it is likely that an overwhelming 

predominance of White Caucasians is representative of the late middle-aged UK 

population as a whole and represent those most likely to attend a screening 

programme. 

Explanation of findings 

CVD risk lower than anticipated by participants 

One explanation for the inability of my participants to increase their physical activity 

despite the potential 10% reduction in absolute 10-year CVD risk offered, may be that 

participants were anticipating that they would be at higher CVD risk than they 

actually were and so were reassured.  In a study of individuals at moderate and high 

CVD risk participants consistently overestimated their own CVD risk often by more 

than 20% (220).  This discrepancy in higher perceived than actual risk may in part 

explain why participants felt that they did not need to adopt CVD risk reducing 

behaviours.  This is supported by work that has shown that high risk individuals need 

to perceive a threat and have a coherent model linking their behaviour to the threat 

before they will start to change their behaviour (81).  A further possible explanation is 

that participants did not consider a 10% reduction in 10-year CVD risk to be 

sufficiently adequate to encourage them to increase their physical activity.   

 

Improvement in plasma lipids 

The reduction in lipids seen at the end of the study in all participants could have 

occurred because individuals were invited to take part on the basis that they were 
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identified as being at increased CVD risk.  This alone may have provided the impetus 

to adopt behaviour changes aimed at reducing CVD risk.   

The net 10.2% reduction in triglycerides seen in individuals receiving the brief 

lifestyle advice intervention was seen despite similar increases in the number of new 

prescriptions for lipid lowering therapies in both groups (4 versus 5, p=0.74) and 

despite no increase in physical activity.  One possible explanation for this reduction is 

that it is associated with the reduction in tobacco smoking demonstrated in this study 

by a reduction in serum cotinine levels.  Previous studies have demonstrated higher 

triglyceride levels in smokers compared with non-smokers or former smokers and 

have concluded that smoking is an independent risk factor for hypertriglyceridaemia 

(221, 222).  

Findings in context of other studies 

The provision of a personalised CVD risk estimate intervention used in this study was 

in keeping with earlier work that had been successful.  My intervention included 

information regarding absolute risk (59, 60), provided instruction on how to interpret 

risk (89)  and included an individualised risk estimate (62).  Such estimates have been 

shown to be associated with larger effect sizes compared to other types of risk 

communication intervention (62).  

The duration of the current study may not have been adequate to achieve an increase 

in physical activity.  Interventions that have achieved sustained increases in physical 

activity have been of six months duration (215) and have shown benefit for at least 

two years.  However, this was a pilot study designed to demonstrate proof of principle 

rather than ongoing benefit. 



 - 197 - 

The significant reduction in serum cotinine seen in this study among participants 

randomised to receive the brief lifestyle advice intervention suggests that the brief 

lifestyle advice intervention was successful at reducing tobacco smoking.  This is in 

keeping with a systematic review that found that the odds ratio for smoking cessation 

having received smoking cessation advice compared with not receiving advice was 

1.32 (95% confidence interval 1.18-1.48) (120).  As smoking continues to be the 

leading cause of preventable death in the developed world (223) it is reassuring that 

brief advice can be effective. 

Implications of findings 

Large numbers of individuals at unrecognised risk 

The UK government vascular screening programme is likely to identify large numbers 

of individuals at previously unrecognised high CVD risk.  Processes need to be put in 

place in order to provide ongoing management for these patients aimed at preventing 

the development of CVD.  In addition, my findings demonstrate that many individuals 

identified as being at increased CVD risk are also likely to have previously 

unrecognised dysglycaemia. 

 

Improving adherence to prescribed therapies 

Provision of a personalised 10-year CVD risk estimate was associated with a 

clinically significant reduction in lipids and an increase in the number of CVD risk 

reduction therapies prescribed but no increase in physical activity or reduction in 

estimated CVD risk.  Once individuals have been identified as being at increased 

CVD risk then attention should be focused on the prescription of proven CVD risk 
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reduction therapies including antihypertensive drugs and statins (12, 14).  

Personalised 10-year CVD risk information may be helpful in demonstrating the 

benefits of such therapies allowing individuals to make informed decisions about 

committing themselves to life long drug treatments.  The increase in prescriptions for 

CVD risk reducing therapies was seen in this study even though only participants and 

not their general practitioners were provided with CVD risk estimates initially.   This 

may be particularly pertinent in the case of statin drugs in view of their extensive poor 

coverage in the lay press (224).   Adherence to medication has been acknowledged as 

an important factor in achieving LDL cholesterol goals (225).  Improved compliance 

can be achieved through a variety of methods including increased provision of 

information and education and improved communication between health care 

professionals and patients (226).  Successful methods to date however, have largely 

been complex and labour intensive (226).  A need for innovative methods to improve 

compliance has been acknowledged (226).  Providing a personalised 10-year CVD 

risk estimate and demonstrating the reduction in risk achievable with therapies may be 

one option for improving compliance or indeed emphasising the need for medication 

in the first instance.  Improved adherence to prescribed medication may explain the 

reduction in LDL cholesterol seen in this study despite no significant increase in 

either physical activity or lipid lowering drug prescriptions.   

 

Hard to reach individuals 

Those who chose not to take part were younger, more likely to be female and more 

likely to live in an inner city area with a high ethnic mix as reflected by the low 

response rate from an inner city practice with a high proportion of ethnic minority 
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patients.  This is not an unexpected finding and has been found before when looking 

at non-responders to screening programmes (227, 228).  When embarking on a 

national screening programme plans need to be in place to target these hard to reach 

individuals.  Participants in this study were seen in a clinical research unit based in a 

local hospital.  All appointments took place during normal office hours.  Providing 

appointments at weekends or outside normal office hours may assist in recruiting 

working age individuals.  Providing a choice of venues may encourage more people to 

take part.  In this study, invitation letters and patient information leaflets were only 

published in English and we excluded individuals who could not read and write 

English.  Providing materials in other languages may be helpful.  The UKPDS Risk 

Engine is being developed to run in a variety of different languages.   

I would also liked to have included more individuals from more deprived 

backgrounds as they have been demonstrated to perform less physical activity than 

those in higher socioeconomic groups and hence would have more to gain from a 

physical activity intervention (211).   

 

Population level change 

This is not the first study to fail to show that a brief lifestyle intervention can result in 

an increase in physical activity (214).  This is despite robust underlying psychological 

theory and using an evidence-based approach to the design of the intervention.  The 

failure of brief interventions like the one used in this study, and the failure of more 

intensive interventions delivered face to face or over the telephone, indicates that 

these approaches should not routinely be used to try and increase physical activity in 

adults.  If individuals cannot be motivated individually to increase their physical 
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activity then the emphasis to do this moves away from the healthcare professional and 

towards central and local government who are in a position to make legislative and 

other changes than will increase the pressure on the population to increase its activity.  

Such changes are already being implemented including the need for schools to 

provide at least two hours per week of high quality physical education and school 

sport for school children (229). 
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Conclusion 

I developed a personalised 10-year CVD risk estimate intervention and a brief 

lifestyle advice intervention aimed at motivating physical activity in adults at 

increased risk of CVD.  The interventions were developed with input from the target 

group and were based on sound psychological theory and currently available 

evidence.  However, neither intervention was sufficient to increase physical activity in 

adults at increased risk of CVD although both were associated with some small health 

improvements.  On the basis of the findings from this and other studies, neither 

intervention should be recommended as a method of increasing physical activity in 

adults at increased risk of CVD, and novel approaches should now be sought. 
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The Understanding Risk Focus Groups Question Map 

Introduction 

What the research is about? 

The Understanding Risk Pilot Study is a randomised study to investigate the effect of 

personalised heart disease risk information on physical activity levels in adults at high 

risk of developing heart disease. 

What will be done with the research? 

The information collected will be used to design the risk information and develop the 

lifestyle advice that is given to participants in the Understanding Risk trial.  For 

example, is the advice useful, informative, helpful or are things missing, need 

expanding or unclear. 

Purpose of focus group 

Group interview 

Confidentiality 

All information collected will be confidential and the anonymity of participants 

preserved in any publications of the research findings 

Opinions 

No right or wrong answers 

Questions 



Some questions may seem obvious but this is to ensure that we are absolutely clear 

about what is being said 

Opening Circle 

Name 

Relevant information 

Initial view on subject matter 

Key Questions 

In general, how concerned are people about having a heart attack (is having a heart 

attack something people worry about)? 

Do people see themselves as more or less likely to have a heart attack than their peers 

and why? 

What can be done to reduce the risk of having a heart attack? 

At what level of risk would people consider trying to do something to try and reduce 

their risk? 

How will doing more exercise reduce the risk of having a heart attack? 

Where do people get their knowledge about risk factors for heart attacks from? 

Risk communication examples 

Ask if everyone has had the opportunity to read the risk information 

Ask if there were any terms that were not understood by participants 

 



Thoughts on each example of risk representation and draft brief lifestyle advice 

intervention 

Is it comprehensible? 

Is it acceptable? 

 

Ending Questions 

Does anyone have any final comments that they would like to make or feel we 

haven’t covered. 

Closing circle 

How have you found the experience today?  What could we do to improve for 

subsequent focus groups? 
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