
 

 

 
METABOLIC SYNDROME AND ABDOMINAL OBESITY: 

WAIST MEASUREMENT AND LIFESTYLE EDUCATION 

TO REDUCE CARDIOVASCULAR AND DIABETES RISK 

 

 

 

 

 

Thesis submitted for the degree of 

Doctor of Philosophy 

at the University of Leicester 

 

 

 

 

by 

Alison Dunkley MSc 

Department of Health Sciences 

University of Leicester 

 

2011 



   

Alison Dunkley PhD Thesis, 2011 Page 1 

 
Alison Dunkley 

 
Metabolic syndrome and abdominal obesity: 
waist measurement and lifestyle education 
to reduce cardiovascular and diabetes risk 

 
Abstract 

 
The overall aim was to contribute to the development of effective self-
management lifestyle education for management of cardiovascular and 
diabetes risk in people with metabolic syndrome (MetS). An additional aim was 
to elicit views on the use of waist circumference measurement to assess health 
risk due to overweight and obesity, and identify strategies to promote waist 
measurement. 
 
A qualitative study was conducted to determine the knowledge and attitudes of 
patients and primary care health practitioners concerning waist size 
measurement. A systematic review (and meta-analysis) was conducted to 
review the existing evidence on effectiveness of interventions for reducing 
diabetes and cardiovascular risk in people with MetS. An evidence based group 
lifestyle education programme was developed and tested in a randomised 
controlled trial: The Reversal Intervention for Metabolic Syndrome (TRIMS) 
study. 
 
Key findings: 

 Healthcare professionals were generally aware of a link between a large 
waist size and health risks; practical barriers to using waist measurement 
included lack of time, extra workload and financial implications. For patients,  
being given an explanation of the assessment appeared to be what was 
most important to them.  

 The benefits of both lifestyle and pharmacological interventions to reverse 
MetS were indicated, by the meta-analysis, with lifestyle being the most 
effective.  

 The TRIMS education programme was well received; people felt positive 
about making lifestyle changes and improving their future health.  

 After 6-months follow-up the TRIMS programme was effective at reducing 
waist size, hip circumference, weight, and body mass index, and increasing 
unsaturated fat intake; reversal of MetS was not significantly different 
between the intervention and control groups. 

 
Based on the findings from this programme of work, recommendations are 
provided for future research and clinical practice in order to promote better 
management of cardiovascular and diabetes risk in people with MetS.  
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Chapter 1.   Introduction and guide to thesis 

 

1.1 Rationale and aims 

The predicted global increase in type-2 diabetes (T2DM) and cardiovascular 

disease (CVD), and associated morbidity and mortality, are a growing public 

health burden.1, 2 This is largely due to rising levels of obesity, and sedentary 

lifestyles.3 Additionally, the disease burden in certain ethnic groups such as 

South Asians (UK census categories Indian, Pakistani and Bangladeshi4) is 

significantly higher than for White Europeans (white British, Irish or other 

European background).5, 6 Strategies to reduce the development of CVD and 

T2DM in high risk individuals are a priority. 

 

People who are centrally obese often have a clustering of additional 

cardiovascular and diabetes risk factors such as elevated blood pressure (BP), 

dyslipidaemia and impaired glucose metabolism, which have been linked to 

insulin resistance and collectively termed metabolic syndrome (MetS). 7, 8 UK 

data suggest that approximately 30 - 34% of adults aged 40 to 75 years have 

MetS,9 and this number is likely to grow as the population continue to become 

increasingly inactive and obesity levels rise.10 

 

Waist circumference is one of the essential criteria for diagnosing MetS and is 

the anthropometric measurement most closely correlated with central / visceral 

adiposity.11 Recent national guidance recommends including waist 

circumference measurement  as part of both vascular risk assessment and 

obesity management.12, 13 Despite this, waist measurement is not routinely 
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carried out  in clinical practice. At present body mass index (BMI) is widely used 

to identify individuals with a health risk due to being overweight or obese.14  

There is currently a lack of reseach evidence relating specifically to health 

practitioners‟ and patients‟ knowledge and attitudes about waist size 

measurement. This includes the importance of waist size and associated health 

risk, and possible barriers to carrying out this assessment in a multi-ethnic 

setting. 

 

MetS could be a useful concept for healthcare professionals and patients to 

focus on when addressing the health risks associated with obesity.15  Despite 

some debate  about the prognostic significance of MetS16 and its usefulness to 

clinical practice, there is evidence that MetS is linked to an increased risk of 

developing both CVD and T2DM.17-19 It also precedes T2DM and CVD by 

several years.16 MetS is, therefore, potentially of great importance to public 

health; people with MetS could be an important group to target for primary 

prevention of T2DM and CVD.16, 20 It is therefore important to develop a 

pragmatic early intervention that can be easily implemented to a large number 

of people in primary care. 

 

Evidence from clinical trials is limited regarding the effectiveness of strategies 

aimed at primary prevention of T2DM and/or CVD in people with MetS. 

However, a recent meta-analysis of a number of trials has suggested that 

intensive lifestyle programmes targeted at people with pre-diabetes, who are at 

high risk of T2DM, are effective in reducing the incidence of diabetes by more 

than 50%.21 Nonetheless, targeting dysglycaemia in isolation may not be the 
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best approach if the ultimate aim is to reduce the rate of cardiovascular 

complications. Research is therefore needed into the efficacy of lifestyle 

interventions for primary prevention of T2DM and CVD that can be applicable to 

people with MetS in primary care. Given the ethnic diversity of the UK 

population,22 it is also important to consider the applicability of lifestyle 

interventions in multi-cultural settings. 

 

Therefore, the overall aims of the programme of work in this thesis are to:  

 contribute to the development of effective self-management lifestyle 

education for management of cardiovascular and diabetes risk in people with 

MetS; 

 elicit views on the use of waist size measurement to assess health risk due 

to overweight and obesity, and identify strategies to promote waist 

circumference measurement. 

 

Specific objectives of the programme of work described were: 

1) To determine the knowledge and attitudes of patients and primary 

healthcare practitioners (general practitioners and practice nurses) 

concerning waist circumference measurement, with particular reference to 

exploring barriers to waist circumference measurement in a multi ethnic 

population.  

2) To conduct a systematic review and consolidate existing evidence of the 

effectiveness of interventions for reducing diabetes and cardiovascular risk 

in people with MetS.  
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3) To develop an evidence based lifestyle education programme to improve 

cardiovascular risk and dysglycaemia in people with MetS in primary care.  

4) To investigate the hypothesis that delivery of a group self-management 

education programme designed to encourage lifestyle changes in individuals 

identified with MetS would be a feasible, acceptable, and effective strategy 

for primary prevention of CVD and T2DM.  

 

The remainder of this introductory chapter: 

 Firstly, considers the development of complex interventions to improve 

health (section 1.2) and outlines the Medical Research Council‟s (MRC) 

framework for developing and evaluating complex interventions.23, 24 This 

framework helped inform the plan of work for this thesis, and ultimately 

guided the development of the lifestyle educational intervention reported in 

Chapter 5.  

 Secondly, presents an overview of the programme of work undertaken for 

this thesis (section 1.3). This includes a summary of the organisation of the 

content of this thesis (section 1.3.1) and an outline of the scope of data 

presented (section 1.3.2). 

 

1.2 Development of complex interventions 

1.2.1 The nature of complex interventions 

Interventions in health services research and public health that are aimed at 

promoting changes in behaviour are usually complex in nature. The MRC 

defines complex interventions as being “built up from a number of components, 

which may act both independently and inter-dependently”.23 However, 
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complexity relates not only to the design of an intervention but also to the 

delivery, evaluation and longer term implementation. Some of the key 

characteristics of complex interventions are outlined in Box 1-1.25 

 

 Number of interacting components within the intervention(s) 

 Number and difficulty of behaviours necessitated for people delivering or receiving 

the intervention 

 Number of groups or organisational categories that intervention is aimed at 

 Number and variability of outcomes 

 Degree of flexibility allowed by the intervention             (adapted from Craig 2008)
25 

Box 1-1: Characteristics of a complex intervention  

 

1.2.2 Medical Research Council guidance on developing and 

evaluating complex interventions 

1.2.2.1 The original MRC framework 

In 2000 the MRC published a framework to help researchers and funders 

address the challenges of developing and evaluating randomised controlled 

trials (RCTs) of complex interventions23 (Figure 1-1).  This framework has been 

widely used; however, subsequently, it was recognised that there were 

limitations to this original guidance. Suggested limitations25 included the 

adoption of a model that closely mirrored the phases of drug development; the 

diagram illustrating the model implied a linear process; an over emphasis on 

clinical trials; and a lack of an evidence base. The framework has since been 

updated and extended to address these points. 
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Figure 1-1: The original Medical Research Council framework for the evaluation of 

complex interventions 

 

1.2.2.2 The updated MRC framework 

The current 2008 MRC guidance emphasises a more flexible process.25 In the 

new framework all the suggested phases are seen as being equally important; 

including development and implementation which was previously underplayed. 

In addition, despite suggested connections between the different phases, it is 

acknowledged that the process may not adhere to a cyclical or a linear 

sequence. The guidance suggests using an iterative approach which may at 

any stage involve going back to an earlier phase. The main stages and key 

activities are summarised in Figure 1-2. Reporting is seen as being vital at 

every stage of the process. 

 

Pre-clinical –

Phase 0 Phase I Phase II Phase III Phase IV

Theory

Modelling

Exploratory 

Trial

Definitive

RCT

Long-term 

implementation

Continuum of increasing evidence

Explore relevant 
theory and 
evidence to ensure 
best choice of 
intervention and 
predict 
confounders 

Identify 
components of 
required 
intervention and 
the underlying 
mechanisms, 
explore how 
intervention 
might work in 
practice

Describe the 
components of 
the intervention, 
test its likely 
effects and 
protocol for 
comparative 
study, continue 
to revise 
intervention

Test fully 
developed 
intervention 
compared to 
alternative/control 
in appropriate 
comparative 
protocol in study 
with appropriate 
statistical power

Determine 
whether others 
can replicate the 
results by testing 
in multi-centre 
studies

(Ref: Medical Research Council 2000)
22
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Figure 1-2: The new Medical Research Council framework for developing and evaluating 

complex interventions 

 

Development 

The development phase includes:  

1) Identifying the existing evidence about similar interventions and methods; 

this may include conducting a systematic review.  

2) Identifying and developing theory related to the likely process of change; 

existing evidence and theory should be utilised but this stage could involve 

undertaking new primary research.  

3) Modelling processes and outcomes, including the design of the intervention 

and identifying suitable assessment measures and long term outcomes. This 

could involve paper based modelling, a primary study or economic 

modelling.  

 

Feasibility and piloting 

The feasibility and piloting phase may include:  

(Ref: Craig 2008)
24
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1) Testing the delivery of the intervention, including acceptability and 

compliance.  

2) Estimating rates of recruitment and retention.  

3) Determining effect and sample sizes.  

Both quantitative and qualitative methods are likely to be required. 

 

Evaluation 

The evaluation phase includes:  

1) Assessing effectiveness. A randomised method should be considered but 

may not be a feasible approach for evaluating the study outcomes. An 

alternative experimental or non-experimental design may be preferable.  

2) Understanding processes and process evaluation. Recommendations 

include following appropriate reporting guidelines for different study types.24  

This should ensure that interventions are described in enough detail to 

enable replication and that any variations in implementation are reported.  

3) Assessing cost-effectiveness by conducting an economic evaluation to 

estimate potential cost benefits.  

 

Implementation 

The implementation phase includes:  

1) Active dissemination using a multi-faceted approach. Findings should be 

published in the research literature but also disseminated more widely and 

include specific recommendations for practice or policy. Involving 
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stakeholders at the design stage, to ensure relevance, may later assist the 

process of implementation.  

2) Surveillance, monitoring and long-term follow-up, to determine whether 

benefits inferred from the intervention are transferrable into different settings 

and/or are maintained after the original study. This may involve building into 

the study design plans to obtain consent and collect appropriate long-term 

outcome data. 

The way in which the various parts of the programme of work undertaken for 

this thesis relates to the current MRC framework is considered in the final 

chapter (Chapter 8, section 8.4, Figure 8-1). 

 

1.3 Overview of the programme of work undertaken 

1.3.1 Organisation and scope of the thesis 

The remainder of the thesis consists of the following chapters: 

 Chapter 2 provides background about MetS, including the potential 

relevance to public health. 

 Chapter 3 describes a qualitative interview study exploring the knowledge 

and attitudes of patients and primary care practitioners regarding waist 

circumference measurement and associated health risks. 

 Chapter 4 presents a systematic review collating the evidence on the 

effectiveness of interventions for reducing T2DM and CVD risk in people 

with MetS. 

 Chapter 5 describes the development of a group lifestyle education 

programme which was developed for an RCT aimed at reducing diabetes 
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and CVD risk factors in people with MetS: The Reversal Intervention for 

Metabolic Syndrome (TRIMS) study. 

 Chapter 6 presents the design and methods used to conduct the TRIMS 

study.  

 Chapter 7 details the results of the evaluation of the TRIMS intervention 

based on 6-months of follow-up, as explained in section 1.3.2. 

 Chapter 8 summarises the main findings of the overall programme of work 

for the thesis. The implications for clinical practice and recommendations for 

future research are also discussed. 

 The references, appendices and publications associated with this 

programme of work are included at the end of this thesis.  

 

1.3.2 Scope of data presented in this thesis for the TRIMS RCT 

One of the main objectives of the programme of work undertaken for this thesis 

is to evaluate the delivery of an education programme designed to encourage 

lifestyle changes in individuals with MetS. The methods used to evaluate the 

education programme (Chapter 6) include the collection of 12 month follow-up 

data, and it was originally anticipated in the study proposal that the required 

sample size would be recruited to the TRIMS study within 3 to 4 months. 

However, the recruitment phase of the study overran due to delays with 

recruiting general practices; it took a total of 9 months to enrol the required 

number of partcipants to the study. Therefore, the data presented in this thesis 

for the evaluation of the TRIMS RCT (Chapter 7) are limited to baseline and 6-

month follow-up data, see Figure 1-3. The 12-month follow-up data will be 

analysed outside the timescale of the PhD.  
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                                  Data INCLUDED in thesis                                          Data NOT included  

                                                                                                                              in thesis 

 

Figure 1-3: Outline of data presented in this thesis for the TRIMS study  

 

1.4 Concluding remarks 

This chapter has outlined the rationale and aims (section 1.1), and presented an 

overview of the programme of work undertaken for this thesis (section 1.3). The   

MRC framework for developing and evaluating complex interventions, which 

was used to guide the overall programme of work undertaken for this thesis, 

was also considered (section 1.2). The following chapter (Chapter 2) provides 

background to the thesis including an overview of MetS and the importance to 

public health. 

 

 

6-month 
follow-up 

data 

 

12-month 
follow-up 

data 

 

Baseline 

data 

 

Feasibility & 
acceptability 

data 
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Chapter 2.   Metabolic syndrome: an overview 

 

2.1 Introduction 

2.1.1 Chapter overview 

This chapter provides additional background by presenting an overview of 

metabolic syndrome (MetS). Firstly, the current definitions for MetS are outlined 

(section 2.2) and the prevalence of MetS and associated risk factors are then 

discussed (section 2.3). The proposed mechanisms underlying MetS, including 

the role of insulin resistance and the importance of abdominal obesity, are 

explained in section 2.4. The role of MetS for identifying people at high future 

risk of type-2-diabetes (T2DM) and cardiovascular disease (CVD), and the 

validity of MetS as a concept are then outlined (section 2.5). Next the use of 

waist measurement to identify MetS in clinical practice is considered (section 

2.6). Finally, management of risk and prevention of T2DM and CVD in people 

with MetS are outlined, (section 2.7). 

 

2.2 Defining metabolic syndrome 

MetS is characterised by a clustering of adverse risk factors for CVD and 

T2DM, which are generally suggestive of a sedentary lifestyle and excess 

calories. MetS was initially described by Reaven in 1988 as Syndrome X26 

(patients with hypertension who were insulin resistant, hyperglycaemic, and 

hyperinsulinaemic), and it was subsequently termed Insulin Resistance 

Syndrome.27, 28 In 1999 the World Health Organisation (WHO) attempted to 

define MetS29 (Table 2-1), and there have since been numerous other proposed 
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definitions. Attempts have been made to agree on an exact definition but 

currently there is no global consensus.16 

 

An essential requirement of the WHO definition is the diagnosis of diabetes, 

impaired glucose tolerance or insulin resistance.29 Inclusion of a formal  

measure of insulin resistance was initially considered a strength of the WHO 

definition. However, the requirement to carry out an oral glucose tolerance test 

and/or an euglycaemic clamp has since been seen as major drawback.30 

Presently, the definitions most widely referred to were formulated by the 

National Cholesterol Education Program (NCEP)7, 31 and the International 

Diabetes Federation (IDF),8 Table 2-1. These current definitions for MetS are 

aimed at being easy to use in the clinical setting and share similar diagnostic 

criteria. However, the NCEP definition7, 31 has been the one most commonly 

used in previous epidemiological studies.  

 

Compared to the WHO definition, the NCEP definition is focused more towards 

identifying CVD risk. In the NCEP definition no single factor is highlighted and 

MetS is diagnosed if any 3 out of the following 5 criteria are present: raised 

fasting plasma glucose (FPG), raised triglycerides, low high density lipoprotein 

(HDL) cholesterol, hypertension or central obesity. The original NCEP 

definition7 has lately been updated to include any pharmacological treatment for 

abnormal lipids or blood pressure (BP) and a lower FPG threshold.31    However, 

the applicability of the NCEP waist circumference criteria to different 

populations has been criticised.30 
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Despite similarities to the NCEP definition, in the more recent IDF definition the 

role of abdominal obesity is central. 8 Lower thresholds are stipulated for the 

central obesity criterion and the waist circumference values provided are also 

ethnic specific,8 due to differences in risk between certain ethnic groups for a 

given waist size / body mass.32 Some experts fear that the IDF pre-requisite of 

abdominal obesity and the focus of waist circumference as a surrogate measure 

of insulin resistance may lead to the exclusion of some people who are non-

obese but insulin resistant and the inclusion of individuals who are obese but 

insulin sensitive.33 However, the number of people this could potentially effect is 

likely to be small, (see section 2.3.2 ). 
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WHO (1999)

29
 

 
ESSENTIAL REQUIREMENT 

Diabetes, IGT, or insulin 
resistance 

 

 
NCEP (2005)

31
 

 
IDF (2005) 

8
 

 
ESSENTIAL REQUIREMENT 

Central obesity 
Waist circumference 

≥ 94 cm
†
 (males) 

≥ 80 cm
†
 (females) 

+ ANY 2 out of the following 4 
 

ANY 3 out of the following 5 
 

+ ANY 2 out of the following 4 
 

 1) Raised fasting plasma 
glucose: 

> 5.6 mmol/l* 

1) Raised fasting plasma 
glucose:   

> 5.6mmol/l 
   

1) Dyslipidaemia: 
Triglycerides 
> 1.7mmol/l 

and/or 
HDL 

< 0.9 (males) 
< 1.0 (females) 

2) Raised triglycerides:** 
> 1.7mmol/l 

and/or 
 

3) Low HDL cholesterol:** 
< 1.03 (males) 

< 1.29 (females) 

2) Raised triglycerides: 
> 1.7mmol/l 

(or specific treatment for) 
and/or 

3) Reduced HDL cholesterol 
< 1.03 (males) 

< 1.29 (females), 
(or specific treatment for) 

   
2) Hypertension: 

BP >140/90 mmHg 
4) Hypertension:** 
BP >130/85 mmHg 

4) Raised blood pressure: 
BP >130/85 mmHg 

(or treatment for previously 
diagnosed hypertension) 

   
3) Obesity: 

BMI > 30 kg/m
2
 

and/or 
WHR > 0.9 (males) 

>0.85 (females) 

5) Central obesity: 
Waist  circumference 

≥ 102 cm (males) 
≥ 88 cm (females) 

 
 
 
 
 
 
 
 

 

 

 

 

†
Waist circumference ethnic-

specific for Europid men & 
women; Waist circumference for 
South Asians (Chinese, Malay, & 
Asian Indian): >90cm (males), & 
>80 cm (females). 
 

  
 
 
 
 
 
 
 
Updated from the original NCEP 

2001definition
7
; 

*fasting plasma glucose value 
(>6.1 mmol/l) was updated to 
include a lower value; 
** was updated to include drug 
treatment. 

4) Microalbuminuria: 
Urinary albumin excretion  

rate > 20mcg/min  
or 

albumin: creatinine  
ratio > 30mg/g 

Abbreviations: BMI (body mass index); BP (blood pressure); HDL (high density lipoprotein); IDF 
(International Diabetes Federation); IGT (impaired glucose tolerance); NCEP (National Cholesterol 
Education Program); WHR (waist-to-hip ratio); WHO (World Health Organisation) 

Table 2-1: The most commonly referred to definitions of metabolic syndrome 

 



  Chapter 2.   

Alison Dunkley PhD Thesis, 2011 Page 30 

2.3 Prevalence and risk factors for metabolic syndrome 

2.3.1 Prevalence 

Recent global prevalence estimates for MetS indicate that, for most regions 

worldwide, around 20 – 30% of the adult population could have MetS.10 

However, it is difficult to accurately determine the prevalence of MetS as it 

varies according to the criteria used and the population surveyed.34  In 

developing countries, it has been suggested that between 13 – 30% of people 

could have MetS but in rural areas this could be lower.35 In high-income nations 

such as the US, the prevalence of MetS is thought to be around 39%.36  

 

However, despite the difficulties of obtaining precise prevalence rates, it has 

consistently been demonstrated that the prevalence of MetS increases with 

age.37 For example, US data indicate that the prevalence of MetS increases 

from 7% to 44%, for ages 20 – 29 years and 60 - 69 years respectively.38 This is 

also thought to at least partially explain the lower  prevalence of MetS in some 

less developed regions such as Southeast Asia, where there is a predominance 

of younger adults.10 The prevalence of MetS also shows ethnic variation.39 

Genetic / racial factors are thought to partially account for higher prevalence 

rates in India compared to some other Asian countries, and also to higher rates 

of MetS in the  Hispanic population in the US.10 

 

Gender related differences in prevalence have been shown in some previous 

studies, with MetS rates being higher for males than for females.36, 40 However, 

the evidence is inconsistent and observed differences appear to be generally 

related to the ethnic and racial mix of the population.41   
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Recent UK data suggest that approximately 1 in 3 adults aged 40 to 75 years 

could have MetS (30 and 34% according to the NCEP and IDF definitions 

respectively).9 This number is likely to rise as lifestyles continue to become 

increasingly inactive and as a consequence of an ageing population.10 

 

2.3.2 Risk factors for developing metabolic syndrome 

Both genetic and environmental factors are associated with an increased risk of 

MetS (Box 2-1). Obesity, in particular abdominal obesity, and insulin resistance, 

either due to a genetic component or secondary to obesity are acknowledged 

as the main causative factors.8, 31 These are discussed further in section 2.4.  

 

However, the emphasis that previous definitions of MetS have put on obesity 

has differed.15 It is generally acknowledged that a small proportion of people 

who develop metabolic irregularities may not be obese; additionally, a small 

proportion of individuals may stay metabolically healthy despite being obese. 

However, the numbers of people with high levels of body fat who remain healthy 

are likely to be small.15 The reasons for these anomalies are possibly due to 

genetic differences between individuals42 and differing levels of physical 

activity/cardio-respiratory fitness.43 
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Abdominal or central obesity 

Insulin resistance 

Physical inactivity / sedentary behaviour 

Endocrine dysfunction / hormonal changes 

Anti-psychotic medication 

Ageing 

Genetic predisposition 

Ethnicity 

Socio-economic inequalities 

Low household income / wealth 

Lower educational attainment 

Box 2-1: Risk factors for developing metabolic syndrome 

 

Sedentary behaviour is associated with an approximately 2-fold risk of 

developing MetS. Recent data suggest that people who undertake no moderate 

or vigorous leisure-time physical activity are approximately twice as likely to 

have MetS (OR 1.90, 95% CI: 1.22 – 2.97) than people who do ≥150 minutes 

per week of activity.44 Additionally, both low and moderate levels of cardio-

respiratory fitness have been shown to be associated with a substantially higher 

risk of MetS in men (RR 4.6, 95% CI: 2.7 – 7.8 and RR 2.7, 95% CI: 1.5 - 4.6, 

respectively), when compared to high levels of cardio-respiratory fitness, after 

adjustment for age.43  

 

Socio-economic inequalities have also been linked to the development of MetS. 

Evidence from several studies suggests that there is an inverse association 

between prevalent MetS and the following: household income/wealth,45 

educational level/achievement,36, 46, 47 and socio-economic status.47 

Additionally, neuroendocrine dysfunction/hormonal changes,48 and long-term 

use of medication such as anti-psychotic medications,49 have also been linked 

to the development of MetS, possibly due to alterations in body fat distribution.   
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2.4 Mechanisms underlying the metabolic syndrome 

2.4.1 Insulin resistance 

In healthy individuals, insulin normally stimulates the uptake of glucose in the 

skeletal muscles, liver and adipose tissue and additionally induces lipogenesis 

(formation of fatty acids and other lipids).50 When insulin resistance develops, 

initially the cells are less sensitive but eventually they may become increasingly 

resistant to the effects of insulin. However, insulin resistance is often described 

using a glucocentric view of elevated blood glucose levels and corresponding 

increased insulin production to maintain euglycaemia. In MetS, an 

overabundance of circulating free fatty acids (FFAs), derived mainly from 

excess calories and an expanded adipose tissue mass, is thought to be a key 

contributor to insulin resistance.37 

 

2.4.2 Abdominal obesity 

Adipose tissue is primarily composed of adipocytes (fat cells) whose main 

function is to store excess calories as triglycerides and release FFAs in 

response to the body‟s energy needs.51 Subcutaneous adipose tissue is 

situated just under the skin and is generally where the vast majority of body fat 

is stored. Visceral adipose tissue (intra-abdominal fat) is found primarily in the 

omentum and mesentery.52 The main differences between subcutaneous and 

visceral adipose tissue are outlined in Box 2-2. 

.  
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Subcutaneous adipose tissue Visceral adipose tissue 

Drains through the systemic veins 
Drains directly to the liver through the  
portal vein 

Smaller sized adipocytes 

 More insulin sensitive 

 Greater capacity to absorb FFA and 
glycerol – prevents deposition in 
non-adipose tissue 

More larger adipocytes 

 Greater capacity to generate FFAs 
(hyperlipolytic) 

 Resistant to anti-lipolytic effect of 
insulin  

 Remains sensitive to glucose 
uptake 

(Ref:Ibrahim 2010 )
52

 
Box 2-2: Anatomical and physiological differences between subcutaneous and visceral 

adipose tissue 

 

Physiologically, subcutaneous adipose tissue exerts a protective effect against 

circulating FFAs and triglycerides by acting as a “buffer or sink”.53 However, 

when the storage capacity is exceeded or there is impaired production of new 

adipocytes, fat begins to accumulate elsewhere.52 There is much individual 

variation in the accumulation of adipose tissue stores particularly in the amount 

of visceral adipose tissue, including ethnic and genetic differences.53 In White 

Europeans (WEs) the subcutaneous adipose tissue compartment is thought to 

have a much larger capacity than for South Asians (SAs); it is unclear if this is 

due to a lower number of adipocytes or a lessened ability to take up FFAs. 

Additionally, less subcutaneous adipose tissue coupled with a corresponding 

larger amount of visceral adipose tissue is thought to account for increasing 

metabolic abnormalities in SAs at a given body mass index (BMI) compared to 

WEs.54, 55  
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Current definitions of MetS8, 31 include waist size criteria as a proxy for 

abdominal obesity. Evidence from imaging studies in overweight and obese 

people, suggests that metabolic changes associated with abdominal obesity are 

correlated with excess visceral adipose tissue (intra-abdominal fat) rather than 

subcutaneous abdominal fat.48  

 

2.4.3 Adipose tissue as an endocrine gland  

In addition to its role in energy storage, it is now thought that adipose tissue 

acts as an endocrine gland and secretes numerous bioactive mediators which 

are collectively referred to as adipokines (adipocytokines).56 Adipokines are 

thought to be involved in the regulation of metabolism, lipid uptake, immune 

response and inflammatory processes.51 Excess visceral adipose tissue is 

associated with51:  

1) Increased levels of inflammatory cytokines, including TNF-alpha (TNF-α), 

interleukin-6 (IL-6);  

2) Altered secretion of metabolic regulators, including increased leptin 

production, and a decrease in adiponectin (which is thought to have a 

protective effect against CVD and T2DM).  

 

As a result of these changes, metabolic disturbances occur, leading to 

dyslipidaemia, reduced glucose metabolism, decreased insulin sensitivity, 

increased inflammation and accelerated atherosclerosis.37  
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2.4.4 Pathogenesis: possible casual relationships in MetS  

2.4.4.1 The role of visceral adipose tissue 

Despite it being generally acknowledged that insulin resistance and abdominal 

obesity play a significant part in the development of MetS8 the underlying casual 

mechanisms are not yet completely clear. Three explanations have been 

suggested,48 (see Figure 2-1):   

1) The hyperlipolytic state of the omental adipose tissue 

 The omental (visceral) adipose tissue is resistant to the anti-lipolytic 

effect of insulin. As a result, excessive amounts of FFAs go directly to 

the liver and this impairs several metabolic processes.  

2) The role of adipose tissue as an endocrine organ 

 The altered production of adipokines due to visceral obesity contributes 

to the development of an altered metabolic state. 

3) The inability of subcutaneous adipose tissue to expand.  

 An enlarged amount of visceral adipose tissue is just a marker or partial 

marker for subcutaneous adipose tissue being unable to expand further 

or becoming dysfunctional. As a result, fat starts to be stored ectopically. 

 

However, it is suggested that MetS may develop due to a combination of all 

three processes linked to visceral obesity or dysfunctional adipose tissue, 

resulting from a mixture of excess calories, a sedentary lifestyle and/or a 

genetic predisposition.48 
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                                                                             (adapted from Despres 2008)
48

 

Figure 2-1: Proposed mechanisms which link visceral obesity to atherothrombotic-

inflammatory abnormalities of insulin resistance  

 

The concept of a combination of interacting processes collectively contributing 

to the pathogenesis of MetS is further illustrated in Figure 2-2.37 The proposed 

resulting metabolic abnormalities and associated mechanisms, include: 

 Dyslipidemia  

o An abundance of FFAs reaching the liver leads to an increased 

production of apolipoprotein-B, which is triglyceride rich and contains 

very low density lipoproteins (VLDL). 
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o This results in a combination of raised triglyceride levels, reduced HDL 

levels, and an increase in small dense low density lipoproteins (LDLs). 

This combination is particularly atherogenic.   

 Impaired glucose regulation 

o An excess of circulating FFAs leads to 1) decreased insulin-mediated 

uptake of glucose (and conversion to glycogen) in the muscles, 2) 

increased hepatic production of glucose, and 3) reduced insulin 

clearance 

o This results in elevated glucose levels and increased insulin secretion  

 Elevated BP 

o Increased circulating insulin (hyperinsulinaemia) is thought to raise BP 

through intensified activity of the sympathetic nervous system and 

greater sodium reabsorption 

o Higher levels of FFAs may also directly contribute to raised BP  

 Pro-inflammatory state 

o Heightened secretion of inflammatory cytokines (e.g. IL-6, TNF-α), and 

decreased production of anti-inflammatory adiponectin, leads to 1) 

increased insulin resistance and release of FFAs, and 2) increased 

inflammation as indicated by elevated levels of high sensitivity C-reactive 

protein (hs-CRP). 

o This also leads to a pro-thrombotic state due to increased levels of 

fibrinogen and plasminogen activator inhibitor-1 (PAI-1). 

 

Many of the resulting metabolic abnormalities currently form part of the 

diagnostic criteria for MetS, see section 2.2. However, some of the additional 
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factors, although not officially part of any current definitions, are recommended 

as supplementary MetS criteria for research purposes,8 see Box 2-3.  

 

(adapted from Eckel 2005)
37

 

Figure 2-2: Pathophysiology of the metabolic syndrome (insulin resistance). 

 

Adipose tissue biomarkers: Adiponectin, Leptin 

Inflammatory markers: hs-CRP, IL-6, TNF-α 

Thrombotic markers: PAI-1, Fibrinogen 

Atherogenic dyslipidaemia: Apoliporotein-B, Small LDL particles 

Dysglycaemia: Oral glucose tolerance test (2 hour glucose) 

Insulin resistance: Fasting insulin 

Vascular dysregulation: Microalbuminuria 

Other: Liver fat content, Pituitary-adrenal axis  

 (adapted from Alberti 2005)
8
 

Box 2-3: Additional factors for inclusion in research into metabolic syndrome 
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2.5 Importance of metabolic syndrome  

2.5.1 Increased risk of diabetes and CVD 

MetS is linked to an increased risk of developing both T2DM and CVD.  

Estimates vary but current evidence from two recently conducted meta-

analyses indicate that individuals with MetS are approximately twice as likely to 

develop CVD compared to people without MetS.18, 19 MetS also confers an 

approximately 3.5 to 5 times greater risk of developing T2DM.17 Due to their 

increased risk profile, people with MetS could, therefore, be an important group 

to target for prevention of T2DM and CVD.16, 20 

 

2.5.2 Evaluation and assessment of risk 

Lack of a consensus definition and concerns about  whether the risk conveyed 

by the syndrome as a whole exceeds the total risk associated with individual 

components, have led to debate about the prognostic significance of MetS.16, 57 

Findings from two recent prospective studies indicate a strong association 

between MetS (NCEP7) and incident diabetes (RR 7·47 [4·90 to 11·46]) and a 

modest association with CVD (RR 1·27 [1·04 to 1·56]).58 However, in both 

studies, despite all five componants of MetS being associated with risk of 

developing T2DM, waist circumference, triglycerides, and glucose criteria were 

not associated with risk of developing CVD. 

  

The usefulness of MetS in clinical practice compared to existing risk 

assessment tools such as the Framingham CVD risk score,59, 60 has also been 

questioned.57, 61 Existing evidence is inconclusive as to whether the addition of 

metabolic syndrome to convential methods improves CVD risk prediction.62 
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Furthermore, some experts have questioned the utility of attempting to define 

criteria that predict increased risk for both T2DM and CVD simultaneously.58, 63 

Incorporating additional factors into current risk prediction models has been 

suggested as the prefered method.62 

 

However, tools such as the Framingham risk score were designed to measure 

absolute risk (global risk) of CVD and identify people who have a high 10 year 

risk and therefore warrant drug treatment for risk factor reduction.59 The role of 

MetS in risk assessment relates to the identification of people who have a 

comparatively high long-term risk for both T2DM and CVD.8, 15 Additionally, the 

identification of people with MetS in clinical practice does not preclude the use 

of traditional methods of CVD risk assessment. The IDF currently advocate 

intensive lifestyle advice/intervention to reduce long term risk for individuals with 

MetS; however, they also recommend that absolute risk assessment should be 

undertaken to determine the need for drug therapy.8 

 

2.5.3 Individual versus population risk 

Despite current suggestions by the WHO that MetS has limited utility in clinical 

practice as a diagnosis or management tool, they also concede that MetS may 

be a useful concept for the focus of local or national public health campaigns.63 

Globally, population-wide strategies aimed at targeting common risk factors, 

such as smoking, decreasing physical activity levels and unhealthy diet, are 

seen as vital to address the growing burden of non-communicable diseases 

including T2DM and CVD, particularly in developing countries.64 However, total 

population strategies alone will not have an immediate impact on CVD mortality 
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and morbidity but need to be combined with approaches that identify high-risk 

communities and individuals.64 Additionally, in developing countries where 

resources are more limited, it is vital to target those people who are most likely 

to benefit from intervention.65 High risk individuals have most to gain from 

intensive modification of multiple risk factors and at an individual level MetS 

provides a way to identify and manage multiple risk factors for both CVD and 

T2DM.16, 66 However, if resources are available, this approach should be 

supplemented with population-focused prevention strategies which take into 

account the specific context and needs of the local population.63 

 

2.6 Waist circumference measurement 

Waist circumference is the anthropometric measurement most closely 

correlated with visceral adipose tissue11 and central adiposity.67 Some studies 

have shown that waist circumference is a better indicator of future risk than 

waist-to-hip ratio68 and BMI.67  Waist size is also one of the essential criteria for 

identifying MetS.8, 31 

 

2.6.1 Reproducibility of waist measurement 

Despite the evidence for a strong link between waist circumference and 

outcomes, there is currently no consensus as to how or where to measure waist 

size. Protocols for conducting waist measurement, that are reported in existing 

research literature, are broadly based on identifying bony landmarks (last rib, 

iliac crest, or midpoint) or external landmarks (narrowest or largest abdominal 

circumference, umbilicus, or 1 cm or 1 inch above the umbilicus).69 The four 

sites which are commonly utilised for waist measurement include: (1) the mid-
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point between the lowest rib and the iliac crest; (2) at the level of the umbilicus; 

(3) the minimal waist; and (4) immediately above the iliac crest.69 

 

There is evidence to suggest that absolute waist size value differs according to 

where the measurement is taken, particularly for women69-71; some 

investigators have expressed concern that this may result in the incorrect 

identification of central obesity and corresponding health risk in some people.69 

However, despite this variability, the site utilised for waist measurement 

appears not to have any substantial influence on the association between waist 

circumference and health outcomes.69, 71  

 

Concerns have previously been raised by experts about the variability of waist 

measurements, both intra-operator (variability in measurements taken by the 

same healthcare professional) and inter-operator (variability between healthcare 

professionals).70, 72 However, generally evidence suggests that there is good 

reproducibility of waist size measurements at all sites.70, 73 Furthermore, a 

recent study found that inter-operator variability was eliminated once healthcare 

professionals were given guidance (written instruction) on how to measure waist 

circumference.74 What appears to be most important, particularly if MetS is to 

be correctly identified, is the consistency of measuring waist size at the site 

specified by each diagnostic guideline.71 For example, the IDF and WHO 

definitions of MetS8, 29 suggest the mid-point as the level for waist measurement 

and the NCEP definition7, 31 stipulates measurement immediately above the iliac 

crest.  
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2.6.2 Identifying metabolic syndrome 

The IDF definition of MetS8  was developed to be simple to use and encourage 

the early identification of MetS, with a view to facilitating primary prevention of 

T2DM and CVD. All the components of MetS can be easily measured in primary 

care and currently, lipids and BP are commonly measured in many patients. 

However, generally, waist circumference is not routinely measured in clinical 

practice.14 Measurement of waist circumference could be incorporated into 

existing health monitoring/screening.12, 13  

 

Additional considerations are whether it needs to be a health professional who 

measures a person‟s waist size, and whether patients could be involved with 

assessing their risk of having MetS. The IDF propose that an individual could 

initially measure their own waist and, if it was raised, their BP, FPG, 

triglycerides and HDL could then be checked by a health professional.8 The 

Finnish Diabetes Risk Score (FINDRISC), a simple self-assessment tool which 

includes measurement of waist circumference, has proved a reliable method for 

predicting future risk of T2DM75; higher FINDRISC scores have also been 

shown to be strongly associated with an increased prevalence of MetS.75 This 

suggests that engaging people in assessing their own risk by self-measuring of 

waist size, with further follow-up assessments by health professionals as 

necessary, could be a useful approach to identifying MetS. 
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2.7 Recommendations for management of metabolic 

syndrome 

2.7.1 What do we do with patients we identify? 

It has been suggested that MetS could be a useful concept for both healthcare 

professionals and patients to focus on when addressing the health risks 

associated with abdominal obesity.15 Additionally, the ability to identify people 

with MetS in primary care, in order to intervene early and reduce future health 

risk, is potentially of great importance.20 However, currently patients with 

established CVD and/or T2DM receive aggressive management of their 

individual risk factors. This is not the case for people whose MetS has not 

progressed to overt atherosclerotic disease or diabetes but who remain at high 

long term risk. By identifying people with MetS, healthcare professionals should 

be able to target individuals who are most likely to benefit from early 

intervention.16 Once MetS is identified, the aim should be to reduce the future 

risk of T2DM and CVD and management needs to be focused on addressing all 

the components of the syndrome.8  

 

2.7.2 Current guidance: lifestyle advice and pharmacotherapy 

Lifestyle changes (diet and physical activity) are recommended as the initial 

approach for individuals with MetS, with the addition of pharmacotherapy to 

treat elevated BP and/or dyslipidaemia if lifestyle alone is ineffective and/or the 

person has a high CVD risk.8, 31 No specific pharmacological agents are 

currently available to treat MetS “as a whole” and pharmacotherapy is currently 

not recommended for treatment of hyperglycaemia or insulin resistance in 

individuals with MetS. However, there is evidence that drug therapy can be 
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effective in reducing cardiovascular events and CVD mortality in people with 

MetS.8 The IDF currently advise using either fibrates or statins to reduce 

dyslipidaemia, but no specific therapy is recommended for hypertension.8     

 

In UK clinical practice, there is no specific guidance for risk reduction in 

individuals with MetS, and the optimal way to promote healthy lifestyle changes 

is also unclear. Brief information, in the current Scottish Intercollegiate 

Guidelines Network (SIGN) guidelines on CVD risk estimation and prevention,76 

specifically recommends offering all people with MetS professional advice on 

exercise, weight monitoring, and a cardio-protective diet, with regular follow-up 

depending on their progress and CVD risk.  

 

Recent, international, evidence based guidelines, specifically for primary 

prevention of CVD and T2DM in people with MetS, recommend that healthcare 

professionals include lifestyle modification as part of the clinical management of 

at risk patients.77 The overall emphasis of the guidance includes:  

 Reducing calories to promote a weight loss of 5 – 10%;  

 Lowering total and saturated fat, and increasing fibre;  

 Increasing moderate physical activity to ≥ 30 minutes (but ideally 45 – 60 

minutes) 5 to 7 times per week.  

 

Additional recommendations are provided for commencing medication 

according to assessment of 10-year global CVD risk; targets include: 

 Treating BP to <140/90;  

 Aspirin prophylaxis;  
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 Lipid lowering therapy to reduce LDL and non-HDL cholesterol, and raise 

HDL cholesterol.   

 

2.7.2.1 Research evidence 

In MetS, there is a lack of existing systematic review evidence to inform 

management guidelines, including guidance related to the primary prevention of 

T2DM and/or CVD in people with MetS. In spite of this, the rising prevalence of 

MetS combined with its possible role in the context of diabetes and CVD 

prevention, has resulted in an increasing research interest focused upon 

possible interventions. Current evidence of the effectiveness of lifestyle and 

pharmacological interventions for reducing diabetes and cardiovascular risk in 

people with MetS will be considered in detail in the systematic review presented 

in Chapter 4. 

 

2.8 Concluding remarks 

This chapter has provided an overview of the concept of MetS, in order to 

provide a backdrop to the work presented in the following chapters. The next 

chapter (Chapter 3) describes a qualitative study exploring the knowledge and 

attitudes of both patients and primary care health professionals towards waist 

size measurement. 
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Chapter 3.   Views on waist size measurement a 

qualitative study 

 

3.1 Introduction 

3.1.1 Chapter overview 

This chapter presents a qualitative study conducted to explore the views of both 

patients and primary care health professionals towards waist size 

measurement. It explores people‟s knowledge of the importance of waist size as 

a measure of abdominal obesity and associated health risk and attitudes to 

carrying out assessment of waist size in a multi-ethnic setting. The introduction 

(section 3.1) highlights current recommendations for waist circumference 

measurement, outlines the rationale for conducting the study and states the 

aims. The methods used to conduct the study are then described (section 3.2) 

and the key themes identified are presented in the results section (0). Finally, 

the findings are discussed and the key implications identified (section 3.4).  

 

3.1.2 Background and rationale   

There have been calls for a greater emphasis to be placed on measuring waist 

size when assessing obesity and associated health risk.67 Recent guidelines on 

vascular risk assessment published by the National Screening Committee 

recommend including waist circumference measurement in risk assessment 

both for population based screening and for screening those at risk.12 The 

National Institute for Clinical Excellence (NICE) also recommends that waist 

circumference measurement may be useful in addition to body mass index 
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(BMI) for obesity management in people whose BMI is less than 35kg/m2.13 

Additionally, waist circumference measurement is of great importance to 

metabolic syndrome (MetS), as outlined in Chapter 2, as a proxy measure for 

visceral adipose tissue11 and central adiposity67; it is one of the criteria for 

diagnosing MetS.7, 8 

 

The primary health care team are ideally suited to identify risk using waist 

circumference measurement.20 However, despite the evidence for a strong link 

between waist size and outcomes, and waist circumference being a relatively 

simple measure, this assessment is not routinely carried out in general 

practices. A recent survey suggests that only 12% of practice nurses (PNs) in 

England measure waist circumference in a typical week compared to 96% who 

measure BMI,14 but currently there is a lack of research evidence relating 

specifically to practitioner barriers to carrying out waist circumference 

measurement.  

 

There is also a lack of knowledge about patients‟ understanding of the 

importance of waist size. Evidence from a recent study suggests that very few 

people know what the cut off point is at which waist size confers an increased 

health risk.78 However, this was a questionnaire survey and people‟s knowledge 

and views were not explored in depth. Additionally, although patient concerns 

about some physical examinations by healthcare professionals (HCPs) have 

previously been explored,79-83 little is known about patient perceptions about 

waist measurement.  
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There is an increasing body of evidence that certain ethnic groups are at higher 

risk of developing type-2 diabetes (T2DM) and cardiovascular disease (CVD),5, 6 

and that abdominal obesity may be an important contributing factor.84 In South 

Asian (SA) populations abdominal adiposity is much higher compared with 

many other ethnic groups (including White Europeans (WEs))  for a given waist 

size.32, 85 Despite this, there is limited research evidence relating to the use of 

waist circumference measurement to detect increased risk in migrant 

populations including SAs. This includes a lack of information regarding 

potential cultural barriers. 

 

Table 3-1 illustrates the ethnic diversity of the population of Leicester City86 and 

Leicestershire County,87 from where the population for this study were sampled, 

compared to the population of England.88 The Asian population in Leicester has 

a much higher proportion of people of Indian origin (mainly from either Gujarat 

in India, or via East Africa) compared to the Asian population in England as a 

whole. Additionally, 75% of Leicester‟s Indian community are Hindu and 25% 

are Muslim.86  

Ethnicity Leicestershire 
County 

(2006 estimates) 

Leicester City 
(2007 estimates) 

England 
(2007 estimates) 

 
White European 
 

 
93% 

 
60% 

 
88% 

 
Asian 
(Indian) 

 
5% 
(4%) 

 
31% 
(28%) 

 
6% 
(3%) 

 
Black 
 

 
1% 

 
8% 

 
3% 

 
Other 
 

 
2% 

 
2% 

 
3% 

Estimates provided may total >100% due to rounding of data 

Table 3-1: Ethnic diversity of Leicester, Leicestershire and England 
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3.1.3 Aims and objectives 

The aims of the study were to elicit and explore the knowledge and attitudes of 

both patients and primary care health professionals towards waist size 

measurement, including identification of possible barriers to carrying out this 

assessment in a multi-ethnic setting.  

 

3.2 Methods 

This study was conducted in accordance with the approval granted by 

Leicestershire, Northamptonshire and Rutland NHS research ethics committee 

(see letter in Appendix 2). 

 

3.2.1 Design and initial recruitment 

A qualitative study using purposive sampling and in-depth semi-structured 

interviews was conducted. A provisional quota of recruiting 10 HCPs and 20 

patients was set, to facilitate capture of a range of views. The final number 

would be based on reaching saturation in terms of the emergence of new 

themes. All general practices in Leicestershire, UK, were sent an invitation to 

participate and general practices were selected from those who volunteered. 

The final sample of nine practices was based on including a range in terms of: 

list size, urban or rural location, ethnic background of patients, teaching/training 

status, and the number of general practitioners (GPs) and PNs working at the 

practice. Subsequently, interviewees were recruited by letter or in person from 

the selected practices. For HCPs, practice managers were given a study 

information pack to distribute to each of the GPs and PNs working in their 

practice. For patients, each practice was given posters to publicise the study 
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and study information packs to give out to interested patients. At practices that 

had a high proportion of people of SA ethnicity on their register, Gujarati 

translated versions were also supplied.  

 

All GPs and PNs in participating practices were eligible to take part. Patient 

volunteers were required to be:  

(1) able to speak and understand English and/or Gujarati, as Gujarati is the 

most common SA language spoken in Leicester and an experienced interviewer 

with Gujarati skills was available.   

(2) aged 25 to 75 years, as this is the likely age range to be included in any 

screening programme targeting ethnically diverse populations  (≥ 25 years for 

SAs and ≥ 40 years for WEs). 

 

For both professionals and patients, a sampling frame was used to purposively 

select a diverse sample to be interviewed from those who volunteered. We 

sought to capture a range of views in terms of ethnic background, age, and 

gender. To further inform the selection process, volunteers were also invited to 

provide the following information: for patients, frequency of visiting their general 

practice, previous experience of having their waist measured, and weight/BMI 

(optional); and for HCPs, length of time working in primary care, and whether 

their current role involved waist circumference measurement.  

 

3.2.2 Data collection and recording 

Topic guides to assist with directing the interviews were developed through 

discussion between the members of the research team and input from relevant 
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stakeholder groups (HCPs and patients).To assist with development of the HCP 

topic guide a small group of professionals including a GP, dietician, PN, and 

specialist nurse were approached. For the patient topic guide, we involved a 

sample of administration and support staff from within our department; 

individuals were sent a brief description of the study and an outline of possible 

questions and areas for exploration and asked for feedback. Both the 

stakeholder groups consulted comprised people from a range of ethnic 

backgrounds including SAs. 

 

Draft versions of the topic guide were then piloted with known contacts and any 

revisions indicated were made at this stage. Changes to the draft patient topic 

guide included exploration of experience of having waist measured in a non-

health care setting, for example when being measured for clothes by a tailor; 

additions to the HCP topic guide included exploration of perceived usefulness of 

waist measurement compared to BMI and weight, and reliability of waist 

measurement. Subsequently, topic guides continued to be revised as any new 

issues emerged from the interviews during the data collection process. For 

example the notion of usefulness of waist measurement was incorporated as an 

additional area to explore in both patient and HCP interviews. In addition, the 

concept of MetS was explored more specifically in later interviews with patients 

following the emergence of this topic during HCP interviews. The topics 

included for discussion are outlined in Table 3-2 (see Appendix 2 for the 

interview topic guides).  
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Interviews were carried out between October 2007 and April 2008. Patient 

interviews were conducted in the participant‟s home and HCPs were 

interviewed at the general practice where they worked. Written consent to 

participate in the study was obtained immediately prior to the interview. All 

interviews were audio-recorded and transcribed verbatim. The author 

conducted all the HCP interviews and the patient interviews for people whose 

first language was English; transcription of these interviews was carried out by 

an independent professional transcriber.  An experienced qualitative researcher 

with appropriate language skills and who has received extensive training in 

qualitative interviewing in both English and Gujarati conducted all the interviews 

with patients whose first language was Gujarati, and later simultaneously 

transcribed the interviews from Gujarati to English where appropriate (see 

Appendix 1 for further details of the individual researchers involved). Both 

interviewers additionally kept reflective diaries.  

 

Table 3-2: Areas for possible discussion included in the topic guides  

 

Topics for discussion with patients: 

 Previous experience of body shape/size 

assessment 

 Knowledge of the importance of waist size 

and associated health risks 

 Emotional feelings related to being 

measured 

 Potential barriers 

 Perceived usefulness of measurement 

Topics for discussion with HCPs:  

 Assessment of obesity related health risks  

 Knowledge of waist size as a risk factor  

 Feelings related to measuring patients  

 Perceived barriers 

 Usefulness of waist measurement 
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3.2.3 Data analysis 

Transcripts from patient and practitioner interviews were analysed separately 

and the results subsequently compared. A constant comparative approach89 

was adopted throughout. To develop an initial coding frame, three HCP 

interviews and three patient interviews were open-coded independently by the 

author and a senior researcher with extensive qualitative experience (see 

Appendix 1), either manually or using QSR-N6 free nodes.90 Progressive 

focusing was then carried out in order to develop descriptive and conceptual 

(interpretive) categories. The coding scheme developed was then used as a 

guide to systematically code the other interview transcripts using the software 

QSR-N6.90  In line with our constant comparative approach, as transcripts were 

analysed the coding frame was modified in response to new data. Exploration 

and interpretation of the coded data involved two researchers to ensure validity 

and included comparison of themes and concepts. We purposively examined 

whether the views of GPs were different from those of PNs, and whether there 

were differences in views between SA and White European (WE) patients. 

 

3.3 Results 

3.3.1 Characteristics of the sample 

Interviews were conducted with 18 patients (6 SA) and 10 HCPs, in line with our 

quota sampling frame. The SA patients interviewed were all from the local 

Gujarati Hindu community, of whom two opted to be interviewed in Gujarati, 

possibly suggesting a lesser degree of acculturation. Table 3-3 and Table 3-4 

show additional details of characteristics of the sample interviewed.  
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Characteristics of lay-participants interviewed (n = 18) n 

Age group: 

25 – 39 years  

40 – 59 years  

60 – 75 years 

2 

5 

11 

Sex: 

Female 

Male 

11 

7 

Frequency of visiting general practice: 

Monthly 

6 monthly 

Yearly 

No information 

8 

1 

7 

2 

Ethnicity: 

White  

South Asian 

Other*  

11 

6 

1 

Approximated BMI category, ethnic specific: 

Normal 

Overweight 

Obese 

No information 

 

3 

8 

6 

1 

* Ethnic group not defined 

Table 3-3 Characteristics of lay-participants interviewed 
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Characteristics of HCPs interviewed (n = 10) n 

Profession: 

Practice Nurse 

General Practitioner 

4 

6 

Age group: 

25 – 39 years  

40 – 59 years  

2 

8 

Sex: 

Female 

Male 

7 

3 

Number of years working in primary care: 

1 – 5 years 

6 – 10 years 

> 10 years 

2 

2 

6 

Practice currently measures waist circumference: 

Regularly 

Occasionally 

Never 

2 

7 

1 

Ethnicity,  

White  

South Asian 

African 

 

5 

4 

1 

Table 3-4 Characteristics of healthcare professionals interviewed 

 

We identified varying experiences of the types of patients targeted for waist 

circumference measurement by HCPs, the method used, and the frequency of 

measuring waist size. Only one practice routinely carried out waist 

circumference measurement for all patients but a few practices measured waist 

size in specific patient groups, usually for people with diabetes or for obesity 

management. Most patients had no experience of waist circumference 

measurement by a HCP but some had been measured by a family member or a 
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tailor in relation to buying or fitting clothes. Generally patients had limited 

experience of measuring their own waist.  

 

3.3.2 Themes identified from the interviews 

Two overarching themes were identified from the patient and HCP interviews: 

understanding of waist size measurement to assess or monitor risk (theme 1), 

and attitudes related to perceived barriers and facilitators to waist measurement 

(theme 2). Overall, no clear differences emerged when comparing the views of 

SA and WE patients, or GPs and PNs. Quotations to illustrate themes 1 and 2 

are coded as follows: PT (patient), interview number, gender (male / female 

(M/F)), SA (if South Asian); or HCP (health care professional), interview 

number, profession (GP/PN). 

 

3.3.2.1 Understanding of waist size measurement to assess or monitor 

risk 

Generally PNs and GPs demonstrated, without specific prompting, an 

awareness of the link between a large waist size and risk of diabetes.  

“The bigger the waist the more at risk they are of certain conditions like 

glucose intolerance and diabetes.” (HCP, 10, PN ) 

 

A link with CVD was less frequently mentioned spontaneously but was generally 

acknowledged after prompting. However, the concept of central obesity, 

including metabolic syndrome and its association with risk, was less commonly 

raised. Most HCPs suggested specific values for a healthy waist size but there 

was a high level of variation, (74 – 88 cm cited for females and 90 – 100 cm for 
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males). Awareness of ethnic specific recommendations for waist size values 

due to increased health risks in certain ethnic groups was poor. However, 

health professionals frequently acknowledged that there were differences in 

waist size or health risks for certain ethnic groups, particularly Asians.  

“Well we understand … that certain ethnic populations have higher risks, 

some of our Asian populations have a much higher risk of heart disease … a 

larger waist is a pre-disposing factor.” (HCP, 08, PN) 

 

“Even if their body mass index is lower, my understanding is Asian people 

seems to have a larger waistline than Caucasians.” (HCP, 07, GP) 

 

Around half of all patients interviewed demonstrated no knowledge of the 

importance of waist size or of any associated health risks.  

“I do know that as you get older your fat sort of settles here, okay, and that‟s 

as much as I know. I don‟t know how dangerous it is or whether you should be 

aware of it.” (PT,08, F) 

 

Of those patients who demonstrated an awareness of health problems 

associated with a large waist size, very few specifically mentioned the risk of 

developing heart disease and / or diabetes. However, a few people talked about 

an apple shaped body being unhealthy and a pear shaped body being more 

healthy.  

“Certain body shapes are supposed to be more healthy than others ...  I think 

the apple shape‟s supposed to be the unhealthy one.” (PT,12 F) 
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Additionally, some patients remarked that people who have a large waist size or 

who are overweight are not necessarily unhealthy. In some cases this 

perception appeared to lead to denial of the link between body size and health. 

“I have been in contact with a lot of fat people, they‟ve never had no problems 

and I mean not just fat, but fat as in fat. They‟ve never had no problems so the 

two don‟t connect.” (PT,01,M,SA) 

 

“Well I know some blokes who have got big stomachs and that, and they're as 

fit as fleas, you know what I mean” (PT,07,M) 

 

In later interviews, of those patients who were specifically asked about the term 

MetS, all were unfamiliar with the concept. Furthermore, the two people who 

speculated about the meaning of the term MetS, both assumed that it must be 

linked to a person‟s ability to lose or gain weight.  

“I think some people have a high metabolism, they can eat, drink and do what 

they like. If you‟ve got a low metabolism you can put weight on very easily.” 

(PT,10,F) 

 

3.3.2.2 Attitudes related to perceived barriers and facilitators to waist 

measurement 

Issues emerging from the patient and HCP interviews in relation to perceived 

barriers and facilitators were categorised as a number of sub-themes as 

presented below. 
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Standardisation and training needs 

Most HCPs indicated that they had not received any specific training in how to 

carry out waist circumference measurement. Concerns related to the need for 

training included difficulties in positioning the tape, lack of repeatability, operator 

variability and interpretation of results. A commonly raised issue was the need 

for a standardised and nationally accepted method.  

“I mean it sounds quite easy on the face of it but some people, it can be quite 

difficult in some patients … so a written instruction and standardisation of 

how to measure it will be helpful.” (HCP,07,GP) 

 

“If I get a patient that moves in, how do I know that their waist measurements 

from the previous surgery are conducted the same way we‟re doing here.” 

(HCP,08,PN) 

 

Perceived usefulness 

The majority of HCPs felt that waist circumference measurement was more 

useful than BMI or that it was advantageous to carry out this assessment as 

well as BMI.  

“BMI is just a figure, it doesn‟t tell their right risk factor … if you are going to 

target obesity without waist circumference what are you looking at?” 

(HCP,02,GP) 

 

“Yeh, well I think the BMI is important but that‟s not everything. I think you 

should take (it) in context with the BMI.” (HCP,07,GP) 
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However, the view was also expressed that there may be no need to measure 

body size at all.  

“Take your clothes off and stand in front of a mirror if you want to know 

whether you‟re fat or not „cos that‟s all you need to do really. It‟s pretty 

damned obvious normally.” (HCP,03,GP) 

 

Differing views were expressed by HCPs regarding the perceived usefulness of 

waist measurement to patients. Some felt that patients are not familiar with 

waist size and may not understand how it relates to risk.  

“I don‟t think people are as aware of waist circumference measurement as 

they are of weight” (HCP,06,GP) 

 

“Not a lot of patients know that it is important … you have to sell it.” 

(HCP,14,GP) 

 

Others thought that a waist measurement was something that could motivate 

patients to make lifestyle changes. 

“They go oh my goodness I used to be a thirty-six, you know. It sometimes can 

bring them up short and make them think actually I should do something about 

this. We‟ll chat about what‟s a healthy diet and what goals to make.” 

(HCP,13,PN) 

 

When the topic of using waist circumference measurement to predict risk was 

raised with patients, the majority felt that having their waist size measured by a 
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HCP would be useful for themselves in terms of identifying health problems, 

getting advice, and facilitating positive lifestyle changes. Overall, patients also 

thought that it would be beneficial for their doctor/nurse to know their waist size. 

“The earlier I can find something that‟s wrong with me and start treatment to 

get it put right, the better. So yeah, the more examinations the better, so far as 

I‟m concerned.” (PT,13,M) 

 

“Well it might get me to look at my diet … and try to lose some weight you 

know.” (PT,04,F) 

 

“They can assess your health, what you are or what problems it can create in 

the future.” (PT,19,M,SA) 

 

Self-measurement of waist size was also explored. The majority of patients‟ 

thought that it would be useful for them to measure their own waist size. 

However, the importance of providing some guidance related to where to 

measure and how to interpret the measurement was emphasised. 

“Some sort of diagram to indicate that I‟m measuring the right part of my 

body, where the waist is … something to say why I‟m measuring it..” 

(PT,13,M,) 

“I would want to know … where to measure it, what I‟m looking for. Perhaps 

the first time the nurse could show you exactly the spot where you should be 

measuring … then you keep your eye on it yourself.” (PT 08,F) 
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Personal feelings 

For some HCPs, the perceived intimate nature of waist circumference 

measurement appeared to present a barrier, although for others this was not an 

issue.  

“It‟s personal to go up and start putting your arms around a patient.” 

(HCP,10,PN) 

 

“I think it‟s less invading for a patient to have them standing on a scale than 

to measure their waist circumference.” (HCP,06,GP) 

 

HCPs also perceived that patients might feel uncomfortable or be embarrassed 

about having their waist measured.  

“All your women that have babies and have ended up with massive stretch 

marks … even those with normal weight don‟t like revealing themselves.” 

(HCP,13,PN) 

 

“Not many will say no but if they are really obese they won‟t feel nice so 

…you have to make them comfortable and if I am in their place I won‟t feel 

comfortable, I won‟t come to my clinic again because it‟s very embarrassing.” 

(HCP,01,PN) 

 

Furthermore, a few HCPs demonstrated preconceived ideas about cultural 

groups, specifically SA women, for example in relation to removal of clothing. 
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“A big Asian lady, …I mean it would be easier to weigh her and she wouldn‟t 

mind that. To ask her to remove her clothes, well … she (would) need to ring 

the husband to get permission for you to do that” (HCP,14,GP) 

 

“Depends on the individual circumstances. Some patients don‟t care, but if 

you're a Muslim woman and very strict about it you wouldn‟t want anybody 

other than a woman touching you so it depends on your individual ethnic 

preferences and your personal preferences as well.” (HCP,03,GP) 

 

“Depends on their person … and their culture you know er … some of the 

women not wanting to expose themselves all the time but erm … I would still 

be able to do it.” (HCP,13,PN) 

 

In contrast, most patients, including SAs, said that they did not think that they 

would be embarrassed or feel uncomfortable about having their waist 

measured. 

“I wouldn‟t feel anything about it, wouldn‟t think about it „cos they are doing 

their job and that‟s it.” (PT,19,M,SA) 

 

“Wouldn‟t bother me… Don‟t have a problem with it at all.” (PT,08,F) 

 

Two patients, both WE females, expressed concerns when they were asked 

specifically about loosening or removing any clothing, although there was no 

indication that this would lead to them actually refusing to have their waist 

measured. 
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“I wouldn‟t be happy if I‟d gotta take a skirt or trousers too far down... I don‟t 

mind it being on my waist but I‟m not sure I‟d want to strip off for that.” 

(PT,10,F) 

 

“ A bit embarrassed  … I‟m a bit podgy round the waist now.” (PT,04,F) 

 

In addition, a few women, both SA and WE, cited a preference for being 

measured by a female HCP but this was not seen as essential, and the need for 

a chaperone was not perceived as important. 

“I‟d be more comfortable with a female, but it wouldn‟t matter if there was 

just you know a male available, but I would prefer a female.” (PT,10, F) 

 

Overall, what appeared most important to patients was that the HCP should 

provide them with an explanation of what the measurement involved and why it 

was being conducted.   

“I would expect them to tell me that without me having to ask, you know. I‟d 

like to measure your waist because, you know, and this is how we‟ll do it.” 

(PT,08,F) 

 

“I‟d agree as long as they were telling me why they were doing it … you know, 

so there was a reason.” (PT,16,F.) 
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 Practical considerations 

Time was specifically mentioned as a barrier by the majority of HCPs in relation 

to the length of appointments and the extra workload involved if measurements 

and associated discussions were to be carried out regularly.  

“Time constraints in consultations if you wanted to do it in consultations.” 

(HCP,03,GP) 

 

“I wouldn‟t mind but it‟s extra work for me…there‟s so much pressure of work 

…workload will increase a lot you know.” (HCP,01,PN) 

 

“You don‟t just take the measurement, you have to explain what it means so in 

itself it doesn‟t take a moment does it, but then you‟ve got quite a good length 

of topic of conversation to explain it.” (HCP,06,GP) 

 

The topic of finance was frequently raised by HCPs either as a barrier in terms 

of cost implications for the practice, or as a facilitator when asked about 

possible methods of encouraging the use of waist circumference measurement. 

Three people, all GPs, specifically mentioned inclusion of this assessment in 

the Quality and Outcomes Framework (QoF)91 as a potential incentive.  

“Well if it ends up as a QoF point no doubt it will be done because they're 

worth a lot of money … I don‟t think it would be done voluntarily.” 

(HCP,06,GP) 

 

In addition, some HCPs suggested organisational incentives for carrying out 

waist circumference measurement. These included the addition of waist 
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circumference to all patient templates, targeting new patients, or policy changes 

at practice or primary care trust level.  

 

Practical considerations mentioned by patients were generally related to 

concerns about having their waist measured when they were not expecting to 

have this assessment. These concerns included perceptions about hygiene, for 

example in terms of showering before the appointment; the need to wear 

appropriate clothing; time implications if the assessment added to the length of 

the appointment; and a perceived need for the opportunity to consider whether 

it would be appropriate to bring children to the appointment. 

 

3.4 Discussion 

3.4.1 Key findings 

In the sample we interviewed, no clear differences emerged when comparing 

the views of patients from two different ethnic groups (SA, n = 6; WE, n = 11; 

not defined, n = 1), or GPs (n = 6) and PNs (n = 4). HCPs were generally aware 

of a link between a large waist size and health risks, although, knowledge of 

ethnic specific recommendations for waist size was poor. Additionally, the 

concept of central obesity, including MetS and its association with risk, was not 

commonly raised. Most HCPs had not received specific training in how to carry 

out waist circumference measurement and did not routinely carry out this 

assessment. Generally, they felt that there were advantages to using waist 

circumference measurement alongside or instead of BMI. However, a few felt 

uncomfortable about carrying out waist circumference measurement and some 

perceived that patients might be embarrassed. Practical barriers suggested 
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included lack of time and extra workload. Financial implications were seen as 

both a barrier and a potential incentive.  

 

Around half of all patients interviewed had no previous knowledge of the 

importance of waist circumference measurement, although, a few people talked 

about which body shape they thought was healthier. Additionally, when 

specifically asked about the term MetS, no one was familiar with the concept. 

Despite this general lack of knowledge, the majority of patients indicated that 

having their waist size measured would be useful for both themselves and their 

doctor or nurse. Furthermore, most patients felt that self-measurement of waist 

size would be useful, provided that they received some guidance. Generally, 

patients perceived a lack of embarrassment about waist circumference 

measurement although a few women expressed a preference for a female to 

measure them. What appeared most important to patients was being provided 

with an explanation of what the measurement involved and why it was being 

carried out. Practical barriers for patients were related to having the 

measurement carried out without prior warning.  

 

3.4.2 Comparison with other studies 

A small number of quantitative studies have considered knowledge and 

experience of waist circumference measurement, but there is a lack of 

qualitative evidence. A large survey which included the UK suggested that only 

58% of primary care physicians recognise that abdominal obesity is a significant 

risk factor for heart disease.78 Although an association between a large waist 

size and CVD was not frequently mentioned spontaneously by the HCPs we 
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interviewed, this link was generally acknowledged after prompting. However, 

the concept of central obesity, including MetS and its association with risk, was 

not commonly raised by our HCPs. Results from a survey of practitioners in 

Scotland similarly suggest that GPs‟ and PNs‟ awareness of the link between 

waist size and intra-abdominal obesity is poor.92  

 

In addition, around half of the patients we interviewed demonstrated a lack of 

any understanding of the importance of waist size in relation to health risks. 

Previous evidence from cross sectional studies also suggests that few patients 

know what the cut-off point is at which waist size confers an increased risk,78 

and that patients tend to perceive the size of their own waist to be significantly 

smaller than the actual value when measured by a HCP.93 In this study a few 

people were aware of the potential health risks associated with certain body 

shapes but perceptions of others appeared to lead to denial of a link between 

body size and health. The concept of MetS was also something that patients 

were unfamiliar with when specifically asked in later interviews. Previous 

evidence from a large US population survey similarly found that people 

generally lack knowledge and awareness of MetS.94 

 

In this study HCPs‟ perceptions about the views of patients were not necessarily 

an accurate reflection of the feelings expressed by patients themselves, 

particularly in relation to patients‟ perceived embarrassment at having their 

waist size measured. Findings from a small number of previous cross sectional 

studies have also noted a difference between patients‟ attitudes and 

professionals‟ perceptions about these attitudes, specifically in relation to 
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patient views towards CVD risk detection,95 and the emotional impact to 

patients of having T2DM.96 

 

Other authors have highlighted patient concerns about other physical 

examinations such as breast,79 rectal80 and genital examination,80 and cervical 

screening,79, 81, 82 but there is a lack of literature related directly to patient 

attitudes to waist circumference measurement. In our study, patients did not 

perceive the need for a chaperone for waist circumference measurement. This 

is consistent with a questionnaire study conducted in primary care in the US 

which found that, although patients indicated a preference for a chaperone for 

some examinations, it was not seen as necessary for examination of the 

heart/lungs and abdomen.83  

 

Some of the practical considerations raised as potential barriers to carrying out 

waist circumference measurement by the HCPs we interviewed show 

similarities with the results of two previous cross sectional studies examining 

implementation of evidence based recommendations. These include lack of 

time, particularly limitations associated with a heavy workload,97 and lack of 

reimbursement.98 

 

3.4.3 Strengths and limitations 

The use of sound qualitative methodology, including purposive sampling and a 

flexible topic guide, ensured that data were collected from a range of people 

and enabled in depth exploration of their views and experiences. It is 

acknowledged that the group of administration and support staff used to 
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represent patients‟ perspectives during the development of a topic guide was a 

non-representative group. However, this opportunistic sample enabled the 

appropriateness of the proposed lines of questioning to be tested on people 

without a healthcare professional background. The actual sample of patients 

interviewed for the study itself was drawn widely from people attending general 

practices. 

 

A further strength of the study is inclusion of the views of both practitioners and 

their patients. However, only GPs and PNs were involved rather than a wider 

range of HCPs and previous cross sectional evidence suggests that, compared 

to GPs and PNs, dieticians are more aware of the importance of waist size to 

intra-abdominal obesity.92 It is therefore acknowledged that it could have been 

useful to include dieticians working in primary care in our sampling strategy.  

 

By including patients from different ethnic groups, the study provides insight into 

relevant attitudes in a diverse ethnic setting. However, it is acknowledged that 

people from minority ethnic backgrounds living in the UK are not a homogenous 

group. Our sample of Gujarati Hindus represents a specific sub-group of 

migrant SAs and the views they expressed may differ to other non-English 

speakers who were excluded from taking part. The transferability of the findings 

to other sub-groups of SAs and other ethnic groups would need testing through 

further research. For example, it may be surmised, though it should not be 

assumed, that Muslim women might have different attitudes to having their 

waists measured. Indeed, one of the HCPs interviewed in our study suggested 

that Muslim women might not want anybody other than a woman touching them 
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(HCP, 03, GP). However, as the study has shown in relation to potential 

embarrassment, HCPs‟ perceptions about the attitudes of their patients are not 

necessarily an accurate reflection of the views expressed by patients 

themselves. 

 

3.4.4 Implications of study findings 

Some of the findings from the study described in this chapter have been used to 

help inform the development and delivery of the group educational intervention 

described in Chapter 5. In particular, findings related to patients lack of prior 

understanding of MetS and views about self-assessment of waist size were 

considered relevant to curriculum development (for details see Chapter 5, 

section 5.4.1).  

 

General implications for practice arising from the broader remit of the study will 

be discussed in Chapter 8 (final chapter). 

 

3.5 Concluding remarks  

In addition to its specific role in the development of the intervention described 

later in this thesis (Chapters 5 and 6), the study also contributes more broadly 

to an area of research where there has been a paucity of qualitative studies. 

This study adds to our understanding of barriers and facilitators regarding waist 

size measuring in a multi-ethnic population, highlighting factors for 

consideration if waist circumference measurement is to be facilitated in routine 

practice. The following chapter presents a systematic review and meta-analysis 
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which was conducted to review the evidence on interventions for reducing 

diabetes and CVD risk in people with MetS. 
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Chapter 4.    Effectiveness of lifestyle and 

pharmacological interventions for reducing diabetes 

and cardiovascular disease risk in people with 

metabolic syndrome: a systematic review  

 

4.1 Introduction 

4.1.1 Chapter overview 

This chapter reports a systematic review conducted to review the existing 

evidence for primary prevention of type-2-diabetes (T2DM) and cardiovascular 

disease (CVD) in people with metabolic syndrome (MetS). Keys findings from a 

meta-analysis are also reported. The introduction (section 4.1) briefly outlines 

the rationale for carrying out the systematic review and states the aims. The 

methods used to conduct the systematic review are then described (section 

4.2). The details of the data synthesis are then presented in the results section 

(4.3). The findings of the review and the key implications that informed the 

development work in Chapter 5 are then discussed (section 4.4).   

 

Appendix 1 details the contributions of people involved in the systematic review 

and meta-analysis. The systematic review, including the extraction and collation 

of all data, was conducted by the author of this PhD thesis. However, in order to 

ensure that guidelines for best practice99 were followed the review involved 

some collaborative work with a team of people. More specifically, the author 

contributed to the meta-analysis by extracting and collating the relevant data 
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and was also involved in interpreting the results of the analysis, but the direct 

pairwise and Baysian mixed treatment comparison meta-analysis reported as 

part of this chapter were conducted by an expert statistician.  

 

Recognising the author‟s contribution, and the fact that the findings supported 

the rationale for the intervention to be tested in the trial (Chapters 6 and 7), a 

summary of the methods used and the key results, from the meta-analysis, are 

included in the current chapter. Additional details of both the methodology used 

for the meta-analysis and the results obtained, are included in Appendix 3 

rather than in the main body of the thesis.  

 

4.1.2 Background and rationale 

The rising prevalence of MetS, combined with its possible role in the context of 

diabetes and CVD prevention (as outlined in Chapter 2) has resulted in an 

increasing research interest focused on possible interventions. Several 

randomised controlled trials (RCTs) of interventions (lifestyle and/or 

pharmacological) aimed at reducing T2DM and CVD risk in people with MetS 

have been conducted. However, a literature search suggested that no 

systematic review of the evidence had previously been published.  

 

4.1.3 Aims 

 The overall aim of the work described in this chapter was to review the 

evidence on interventions for reducing diabetes and CVD risk in primary 

prevention populations with MetS.   
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 If sufficient data were available, an additional aim was to conduct a meta-

analysis relating to the outcomes of incidence of T2DM, CVD events or 

mortality, and reversal of MetS. 

 

4.2 Methods 

To collate (and potentially quantify) the evidence, a systematic review was 

undertaken; this included trials investigating the effectiveness of interventions 

for reversing MetS or for primary prevention of CVD and/or T2DM, in 

populations with MetS 

 

4.2.1 Inclusion criteria 

The inclusion and exclusion criteria are summarised in Table 4-1.  

 

PICOS Inclusion criteria Exclusion criteria 

P - population 

 People with MetS (identified using 

any recognized definition) 

 Adults >18 years 

 MetS induced by medication (i.e. anti-

retroviral therapy, anti-psychotics) 

 People with existing CVD and/or 

T2DM (10% permitted) 

I - intervention 

 Lifestyle 

 Pharmacological 

 Surgical 

 

C - comparator 

 Usual care 

 Active control (drug or lifestyle) 

 Placebo 

 

O - outcomes 

 Incidence of T2DM 

 CVD events or mortality 

 Reversal of MetS 

 Changes in individual components of 

MetS 

 Prevention of MetS 

S - study design 
 RCT or 

 Post-hoc analysis of an RCT 
 Quasi- or non-randomised trials 

 

Table 4-1: Inclusion and exclusion criteria for systematic review 
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Studies were eligible for inclusion if they were RCTs that compared lifestyle, 

pharmacological, or surgical interventions, and had a minimum follow-up of 24 

weeks. Because the focus of the review was primary prevention, studies where 

>10% of the population had existing CVD and/or diabetes were excluded. No 

language restrictions were applied but only studies published as full-length 

articles were included. 

 

4.2.2 Search strategy and selection 

A range of electronic bibliographic databases were searched. These included: 

EMBASE (1980 to Jan 2010), MEDLINE (1950 to Jan 2010, and In-Process), 

CINAHL (1982 to Jan 2010), BNI (1985 to Jan 2010), The Cochrane Library 

(Issue 1, 2010), Science Citation Index (Web of Knowledge) (1980 to Jan 

2010), and PubMed (2004 to Jan 2010). In order to construct  an effective 

search strategy, specific elements of the review question were identified and 

categorised according to the PICOS approach (Population, Intervention, 

Comparators, Outcomes, Study design)99, see Table 4-1. MeSH terms and 

keywords were then combined with the CRD/Cochrane Highly Sensitive Search 

Strategy RCTs filter100 and tailored to individual bibliographic databases. The 

final search strategy (see Box 4-1) included only terms related to the target 

population and the study design. A scoping search, carried out prior to 

undertaking the review, suggested that this was the most appropriate approach. 

The main search for the systematic review was initially conducted in June 2007 

and later updated in January 2010. 
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Box 1: Example search strategy – EMBASE 

Database: EMBASE <1980 to 2010 Week 03>               Search Strategy: 
----------------------------------------------------------------------------------------------------------- 
1     exp Metabolic Syndrome X/ (13926) 
2     (metabolic adj syndrome).ti,ab. (12644) 
3     (android adj obesity).ti,ab. (104) 
4     (syndrome adj affluence).ti,ab. (0) 
5     (plurimetabolic adj syndrome).ti,ab. (39) 
6     (cardiometabolic adj syndrome).ti,ab. (65) 
7     GHO syndrome.ti,ab. (0) 
8     (glucose adj intolerance adj syndrome).ti,ab. (2) 
9     (obesity adj syndrome).ti,ab. (165) 
10     ((hypertension and obesity) adj syndrome).ti,ab. (8) 
11     (central adj obesity adj syndrome).ti,ab. (2) 
12     reaven syndrome.ti,ab. (3) 
13     syndrome X.ti,ab. (1234) 
14     insulin resistance syndrome.ti,ab. (1300) 
15     reaven.ti,ab. (46) 
16     hyperinsulin$ syndrome.ti,ab. (13) 
17     (insulin resistance adj hyperinsulin$ adj syndrome).ti,ab. (4) 
18     atherothrombogenic syndrome.ti,ab. (3) 
19     (metabolic adj cardiovascular adj syndrome).ti,ab. (40) 
20     dead$ quartet.ti,ab. (33) 
21     (dysmetabolic adj syndrome).ti,ab. (67) 
22     MetSyn.ti,ab. (53) 
23     or/1-22 (19227) 
24     Randomized Controlled Trial/ (179441) 
25     RANDOMIZATION/ (27401) 
26     crossover procedure/ (22267) 
27     double blind procedure/ (75637) 
28     single blind procedure/ (8937) 
29     (random$ adj3 trial$).ti,ab. (105179) 
30     exp controlled trial/ (3088069) 
31     drug comparison/ (81258) 
32     exp clinical trial/ (583869) 
33     ((sinlg$ or doubl$ or trebl$ or tripl$) adj3 (blind$ or mask$)).ti,ab. (90627) 
34     or/24-33 (3477941) 
35     23 and 34 (9190) 
36     letter.pt. (470536) 
37     case study/ (6774) 
38     animal experiment/ (1335163) 
39     editorial.pt. (244048) 
40     or/36-39 (2051395) 
41     35 not 40 (8009) 
42     RANDOM.tw. (91404) 
43     PLACEBO.mp. (188748) 
44     DOUBLE-BLIND.tw. (84348) 
45     or/42-44 (302245) 
46     23 and 45 (1549) 
47     RANDOM.tw. (91404) 
48     CLINICAL TRIAL.mp. (597507) 
49     exp TREATMENT OUTCOME/ (522044) 
50     or/47-49 (1072816) 
51     23 and 50 (3870) 
52     51 not 40 (3604) 

Box 4-1: Example search strategy for the systematic review - EMBASE 
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Two reviewers, including the author of this thesis, independently assessed 

abstracts and titles for eligibility and retrieved potentially relevant articles, with 

differences resolved by a third reviewer where necessary. If foreign language 

papers were identified, partial translations were obtained to ascertain whether 

they met the inclusion criteria and full translations were obtained if indicated. 

Where studies met all the inclusion criteria but data were incomplete, authors 

were contacted for additional data and/or clarification. The reference lists of 

included papers and relevant reviews were examined in order to determine 

whether there were any further papers not identified through electronic 

searching. Experts in the field of MetS and first authors of included papers were 

also contacted.  

 

4.2.3 Data extraction 

Two reviewers, including the author, independently extracted data, using a form 

designed specifically for this review (see Appendix 3), and subsequently liaised 

to check for consistency. Data extracted included sample size, population 

demographics, intervention details and length of follow-up. Where available, 

outcome data were recorded for reversal of MetS (proportion), incidence of 

T2DM, and cardiovascular events or mortality. All papers relating to a particular 

study were retrieved, including those on design and methodology (if reported 

separately) or the original trial results for sub-group analyses. Data reported in 

the text were checked against data in tables, for each paper. Where minor 

discrepancies were apparent (one paper only101) data were taken from the 

tables.  
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4.2.4 Quality assessment 

The quality of included studies was evaluated using an approach based on the 

Delphi list,102 as suggested by the Centre for Reviews and Dissemination.103 

This scoring system was selected in preference to the Jadad score104, as it 

includes assessment of allocation concealment in addition to several other 

crucial indicators related to the risk of bias and internal validity in RCTs. One 

mark was awarded for each criterion met, giving a possible total score of nine. 

Where baseline characteristics were only partially reported, or blinding to study 

intervention was possible for some but not all participants (studies with both a 

lifestyle and a pharmacological intervention group), the criterion was classed as 

being partially met and half a mark was given.  

 

4.2.5 Descriptive data synthesis: lifestyle interventions 

Detailed data relating to the components of the lifestyle interventions, for 

studies included in the systematic review, were summarised and evaluated to 

help to inform the development work presented in Chapter 5. Comparison was 

made of the behavioural strategies utilised including who facilitated the 

intervention, where it was delivered, the number of sessions, and any theories 

underpinning the intervention. Stratified comparisons were also made 

separately for exercise and nutritional components.  

 

4.2.6 Quantitative data synthesis: meta-analysis 

There were insufficient trials reporting CVD events or mortality, or incidence of 

T2DM, for a meta-analysis of these outcomes. Direct pairwise comparison 
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meta-analyses and Bayesian mixed treatment comparison meta-analyses were 

conducted to examine the effectiveness of interventions in studies where data 

were available to assess reversal of MetS. Each type of analysis was conducted 

on both a collapsed data set where the interventions were grouped into 4 

treatment categories (control, lifestyle, pharmacological, and lifestyle and 

pharmacological combined), and on the actual ungrouped study intervention 

data. Further details of the methods used for the meta-analysis are presented in 

Appendix 3.  
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4.3 Results 

4.3.1 Identification of studies 

Results relating to identification and selection of eligible trials are summarised in 

Figure 4-1.  

 

Figure 4-1: Flow chart of selection of studies from search to final inclusion 

 

Searches yielded 6433 citations and subsequently 5011 unique abstracts were 

screened for eligibility. Following on from this, 116 potentially relevant studies 

Titles +/- abstracts screened 
n = 5011 

Excluded  
n = 100 

Reasons:  
Population not MetS (n=13); Not RCT 
(n=9); Follow-up < 24 weeks (n=10); 
Population not free of CVD/DM (n=19); 
Outcomes not applicable (n=20); 
Secondary reporting (n=17); SR (n=7); 
Duplicate (n=1); Not yet reported (n=3); 
Not recognized definition (n=1) 

 

Studies identified for full text 
retrieval 

n = 116 

Duplicates removed 
  n  = 1422 * 

Number of citations identified 
  n = 6433 * 

Studies included in systematic 
review 

 n = 16 

Excluded – not relevant 
n  = 4895 

Excluded from meta-analysis  
n = 3 

Reasons:  
No outcome data available for reversal of 
MetS (n=2); Intervention groups both 
include individualized dietary advice, 
control group not MetS (n=1);  Studies providing sufficient data 

and suitable for meta-analysis 
n = 13

‡ 

* Searches undertaken in more than one phase (initial search updated in January 2010). Numbers are 
higher than if only one search. 

 
‡
One trial included in the full network analysis but excluded from other meta-analyses as interventions 

compared all include lipid lowering drugs 
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were identified for full text retrieval, and authors of 19 of these studies were 

contacted in order to clarify eligibility criteria and/or for additional outcome data. 

Replies were received for 10 studies, seven of which were subsequently 

included in the 16 studies that met the review criteria. Letters sent to experts 

yielded four responses; however, the four trials suggested by these 

respondents had already been identified and excluded. 

 

4.3.2 Summary of studies included in the systematic review 

Sixteen studies met the review criteria101, 105-119 and are summarized in Table 

4-2 and Table 4-3. Study interventions (alone or in combination) included: 1) 

individualized/intensive dietary advice, 2) supervised exercise sessions, 3) 

exercise advice, 4) metformin, 5) rosiglitazone, 6) atorvastatin, 7) pravastatin, 8) 

lovastatin, 9) fenofibrate, 10) sibutramine, and 11) rimonabant. Standard/brief 

advice on diet and/or exercise was considered to be comparable with usual 

care and was not judged to be an active intervention. Seven trials focused 

solely on the effectiveness of lifestyle interventions (two diet alone, two exercise 

alone, three combined diet and exercise), six studies compared the 

effectiveness of pharmacological interventions alone (four lipid lowering, one 

anti-diabetic, one anti-obesity), and three studies had combined lifestyle and 

pharmacological interventions. No studies considered the efficacy of surgical 

interventions. Twelve of the studies were subgroup analyses, eight of these 

were not pre-specified but undertaken post hoc and published separately from 

the main trial. All papers were published in the previous seven years in the 

English language.  
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Studies were conducted in the US, India, Iran and several European countries; 

however, ethnicity was poorly reported. The number of participants with MetS 

ranged from 24 to 3,196 and 11 studies each randomised at least 100 people 

with MetS. The majority of studies utilised the National Cholesterol Education 

Program (NCEP) definition7 of MetS, one study adopted the earlier World 

Health Organisation (WHO) definition,29 and one used the more recent 

International Diabetes Federation (IDF) criteria.8 Length of follow-up varied from 

26 weeks to 10 years. The mean age and body mass index (BMI) of participants 

ranged from 41 to 70 years and 26 to 39 kg/m2 respectively, and the proportion 

of males ranged from 21 to 100%. Outcome data for reversal of MetS were 

reported (or obtained from the authors) for the majority of studies (14/16), see 

Table 4-4. Two papers additionally reported the incidence of diabetes106, 112 and 

only three papers reported cardiovascular mortality and events.108, 118, 119 

Overall, there was considerable heterogeneity between studies in respect to key 

characteristics such as the population, setting, intervention and follow-up 

period.  
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Author  
& Year 

Definition  
of MetS 

Focus of 
intervention 

N
o
 

randomised 
main trial 

N
o
  

randomised 
with MetS 

Follow-up 
period 

Sub-group Outcome  
reversal  

MetS 

Other  
outcomes 

Studies included in meta-analysis 

Anderssen, 
2007  

IDF Lifestyle 
(Diet & 
supervised 
exercise) 

188 137 1 year Yes 
(post hoc) 

Yes - 

Athyros, ‡ 
2005  

NCEP Atorvastatin 
  
Fenofibrate 

300 300 1 year No Yes - 

Bo, 
2007 

NCEP Lifestyle 
(Diet & exercise 
advice) 

335 239 1 year Yes 
(prespecified) 

Yes Incidence of  
T2DM 

Esposito,  
2004 

NCEP Lifestyle  
(Diet) 

180 180 2 years No Yes - 

Esposito,  
2006 

NCEP Rosiglitazone 100 
(C not MetS) 

100 1 year No Yes - 

Geluk,  
2005 

NCEP Pravastatin 864 228 4 years Yes 
(post hoc) 

Yes CVD event or  
mortality 

Johnson,  
2007 
 
 

NCEP  
(2005) 

Lifestyle 
(Supervised 
exercise) 

334 
(227  

completers) 
(171 MetS data) 

69 
(data available) 

8 months Yes 
(post hoc) 

Yes - 

Orchard,  
2005 

NCEP Lifestyle  
(Diet & exercise 
advice)  
Metformin 

3324 1711 3 years Yes 
(post hoc) 

Yes - 

Phelan,  
2007 

NCEP Lifestyle  
(Diet & exercise 
advice)  
 Sibutramine 

224 78 1 year Yes 
(post hoc) 

Yes - 

Ramachandran 
2006 

WHO Lifestyle  
(Diet & exercise 
advice)  
Metformin 

531 
(502  

completers) 

233 
(data available) 

3 years Yes 
(post hoc) 

Yes Incidence of  
T2DM 

Stewart,  
2005 

NCEP Lifestyle  
(Supervised 
exercise) 

115 
(104 complete  

data) 

44 
(data available) 

26 weeks Yes 
(unclear) 

Yes - 

Van Gaal,  
2005 

NCEP Rimonabant 1507 564 1 year Yes Yes - 

Villareal,  
 2006 

NCEP Lifestyle  
(Diet & 
supervised 
exercise) 

27 24 26 weeks Yes 
(unclear) 

Yes - 

Studies not included in meta-analysis 

Azadbakht, 
2005  

NCEP Lifestyle  
(Diet)  

76 
(Control not  

MetS) 

76 6 months No Yes - 

Clearfield,  
2005  

NCEP
††

 
 

Lovastatin 6605 3196 5 years trial, 
10 yr FU 

Yes 
(post hoc) 

No CVD event or  
mortality 

Sattar,  
2003  

NCEP
††

 
 

Pravastatin 6595 1691 5 years Yes 
(post hoc) 

No CVD event or  
mortality 

Abbreviations NCEP: National Cholesterol Educational Programme; WHO: World Health Organisation; IDF: International Diabetes Federation. 
References: NCEP

7
;  NCEP (2005)

31
; WHO

29
 

††
definition modified (BMI threshold substituted for waist circumference); ‡ Trial included only in the full network meta-analysis 

Table 4-2: Characteristics of studies included in the systematic review 
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Author 
& Year 

Country Ethnicity Age, 
mean 
(SD) 

Male 
% 

BMI, 
mean 
kg/m

2
 

Main eligibility criteria 

Studies included in meta-analysis 

Anderssen,  
2007  

Norway NR 45 (2.5) 100 29 Physically inactive; BMI >24; 
dyslipidaemia 
 

Athyros, ‡ 
2005 

Greece NR NR 63 31 Consecutive patients 

Bo, 
2007  

Italy NR 56** 
 

42** 
 

30 Dysmetabolic patients 

Esposito,  
2004  

Italy NR 44 55 28 Sedentary (< 1 hr/wk physical 
activity); stable weight in 
previous 6 months. 
 

Esposito,  
2006  

Italy NR 46 (4.5) 54 28 Sedentary (< 1 hr/wk physical 
activity); stable weight in 
previous 6 months. 
 

Geluk,  
2005  

Netherlands 96%  
Caucasian 

55 (11)** 70** 29 Persistant microalbuminuria 

Johnson,  
2007  
 
 

US NR 53 (7)** 53** 30 Sedentary; BMI 25 – 35; 
dyslipidaemia 

Orchard,  
2005  

US 55% White,  
20% Af-Am,  
16% Hisp,  
9% other 

51 (10.7)** 
 

32** 34 Increased BMI; IFG or IGT 
 

Phelan,  
2007  

US 
 

(80% White, 
18% Afn-Am,  
3% Hisp.) 

48 (9.9) 37 38 BMI 30 - 45 

Ramachandran 
2006 

India Native Asian 
Indian 

46** 
 

79** 
 

26 IGT 

Stewart,  
2005 

US 
 

87% white, 
11% Af-Am,  
2% other 

64 (5.7)** 
 

49** 
 

30 Untreated hypertension 
 

Van Gaal,  
2005 

Europe/US 94% white 45** 21** 36 BMI > 30; or BMI > 27 & 
dyslipidaemia & hypertension 

Villareal,  
2006 

US 85% white 70** 33** 39 BMI > 30; mild to moderate 
physical frailty; stable body 
weight for 1 yr prior; sedentary 
lifestyle 

Studies not included in meta-analysis 

Azadbakht, 
2005 

Iran NR 41 (12.3) 29 30 Overweight or obese; stable 
weight previous 6 months 

Clearfield,  
2005 

US 89% white 58** 
 

85** 27 Dyslipidaemia 

Sattar,  
2003 

UK NR 55.2 (5.5) 100 28 Hypercholesterolaemia 

 
**data stated is for main trial, NOT available for sub-group.  
Abbreviations: BMI: Body Mass Index; IFG: Impaired Fasting Glucose; IGT: Impaired Glucose Tolerance; NR, not 
reported; Ethnicity: Af-Am = African-American, Hisp = Hispanic. ‡ Trial included only in the full network meta-analysis 

Table 4-3: Characteristics of study populations 
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Author 
& Year Intervention 

N
o
 Randomised 

with MetS in each 
study group 

MetS 
reversed 

n % 

Studies included in meta-analysis 

Anderssen,  
2007 

Lifestyle 
(Diet & supervised exercise) 

ID v  

SES v  

ID + SES v  

NT 

34 

34 

43 

26 

12 

8 

29 

3 

35.3 

23.5 

67.4 

11.5 

Athyros, ‡ 
2005 

Atorvastatin 
  
Fenofibrate 

ATO + STA v 

FEN + STA v 

ATO + FEN+ STA 

100 

100 

100 

75 

76 

77 

75.0 

76.0 

77.0 

Bo, 
2007 

Lifestyle 
(Diet & exercise advice) 

ID + EA v  

STA 

119 

120 

69 

28 

58.0 

23.3 

Esposito,  
2004 

Lifestyle  
(Diet) 

ID v  

STA 

90 

90 

60 

18 

66.7 

20.0 

Esposito,  
2006 

Rosiglitazone ROS + STA v  

PL + STA 

50 

50 

20 

5 

40.0 

10.0 

Geluk,  
2005 

Pravastatin PRA v 

PL 

114 

114 

46 

47 

40.4 

41.2 

Johnson,  
2007 
 
 

Lifestyle 
(Supervised exercise) 

SES (low amount / moderate) 
†
 

SES (low amount / vigorous)
† 

SES (high amount / vigorous)
†
 

NT 

18* 

17* 

18* 

16* 

11 

5 

11 

3 

61.1 

29.4 

61.1 

18.8 

Orchard,  
2005 

Lifestyle  
(Diet & exercise advice)  
Metformin 

ID + SES v  

MET-F + STA v  

PL + STA 

549 

570 

592 

209 

131 

107 

38.1 

23.0 

18.1 

Phelan,  
2007 

Lifestyle  
(Diet & exercise advice)  
 Sibutramine 

ID + EA v  

SIB v  

SIB + ID + EA  v  

SIB + STA                                

18 

19 

21 

20 

13 

7 

13 

3 

72.2 

36.8 

61.9 

15.0 

Ramachandran 
2006 

Lifestyle  
(Diet & exercise advice)  
Metformin 

ID + EA  v  

MET-F v  

MET-F + ID + EA  v  

STA 

58* 

57* 

56* 

62* 

22 

25 

13 

13 

37.9 

43.9 

23.2 

21.0 

Stewart,  
2005 

Lifestyle  
(Supervised exercise) 

SES + STA  v 

STA   

22* 

22* 

9 

8 

36.0 

33.3 

Van Gaal,  
2005 

Rimonabant RIM 20mg v 

RIM 5mg v 

PL 

228 

228 

108 

144 

105 

48 

63.2 

46.1 

44.4 

Villareal,  
2006 

Lifestyle  
(Diet & supervised exercise) 

ID + SES v 

NT 

15 

9 

10 

0 

66.7 

0 

Studies not included in meta-analysis 
Azadbakht, 
2005 

Lifestyle  
(Diet)  

ID (DASH diet)  v  

ID (wt reducing diet) 

38 

38 

13.3 

7.2 

35.0 

19.0 

Clearfield,  
2005 

Lovastatin LOV + STA v  

PL + STA 

1632 

1564 

NR NR 

Sattar,  
2003 

Pravastatin PR  + STA v 

PL + STA 

847 

844 

NR NR 

Interventions: ID = individualized &/or intensive dietary advice; EA = exercise advice; SES = supervised exercise; STA = standard &/or brief 
advice (diet &/or exercise); MET-F =metformin; SIB = sibutramine; LOV = lovastatin; ATO = atorvastatin; FEN = fenofibrate; PRA = 
pravastatin; RIM = rimonabant; ROS = rosiglitazone; PL = placebo; NT = no treatment; NR - Not reported; NA - Not applicable (lifestyle 
intervention). *complete data available; 

†
exercise arms combined for meta-analysis; ‡ Trial included only in the full network meta-analysis 

Table 4-4: Outcome data for reversal of metabolic syndrome  
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4.3.3 Study quality 

Details of study quality are presented in Table 4-5. Seven of the included 

studies attained a Delphi score of at least six (range 2.5 to 7.5). Eligibility 

criteria were satisfactorily reported for all trials. The majority also provided a 

measure of variability for the study‟s primary outcome and analysed data on an 

intention-to-treat basis. However, randomisation methods and allocation 

concealment were more poorly reported. Generally, studies involving lifestyle 

interventions attained lower quality scores due to the difficulties of blinding 

participants and care providers.  

 

Trial Method of 
randomisation 

Allocation 
concealment 

Eligibility 
criteria 

Groups 
similar at 
baseline 

Participants 
blinded 

Care 
provider 
blinded 

Out-come 
assessors 

blinded 

Point 
estimate & 
measure of 
variability 

Analysis 
ITT 

Delphi 
score 

Studies included in meta-analysis 
Anderssen,  
2007 

1 1 1 1 NA NA NR 0 1 5.0 

Athyros, ‡ 
2005 

NR NR 1 1 NR NR NR 0 1 3.0 

Bo, 
2007 

1 1 1 1 NA NA 1 1 1 7.0 

Esposito,  
2004 

1 1 1 1 NA NA NR 1 1 6.0 

Esposito,  
2006 

NR NR 1 0.5 1 1 NR 1 1 5.5 

Geluk,  
2005 

1 NR 1 1 1 1 NR 1 1 7.0 

Johnson,  
2007 

1 NR 1 1 NA NA NR 1 0 4.0 

Orchard,  
2005 

1 1 1 0.5 0.5 0.5 0 1 1 6.5 

Phelan,  
2007 

NR NR 1 0.5 No No NR 1 1 3.5 

Ramachandran 
2006

 NR NR 1 0.5 No NR NR 1 0 2.5 

Stewart,  
2005

 NR NR 1 1 NA NA NR 1 0 3.0 

Van Gaal,  
2005 

1 1 1 0.5 1 1 NR 1 1 7.5 

Villareal,  
2006 

1 NR 1 0.5 NA NA 1 1 1 5.5 

Studies not included in meta-analysis 
Azadbakht,  
2005 

1 NR 1 0.5 NA NA NR 1 1 4.5 

Clearfield,  
2005 

NR NR 1 0.5 1 1 1 1 1 6.5 

Sattar,  
2003 

1 
 

NR 1 0.5 1 1 No 1 1 6.5 

NR - Not reported; NA - Not applicable (lifestyle intervention). ‡ Trial included only in the full network meta-analysis 

Table 4-5: Study quality of trials included in the review 
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4.3.4 Descriptive data synthesis: lifestyle interventions 

4.3.4.1 Behavioural strategies 

The overall details of the behavioural strategies utilised in the lifestyle 

interventions are summarised in Table 4-6.  The majority of studies used either 

a combination of small group and individual sessions or just group sessions. 

Two studies also used phone calls in addition to face-to-face contact.112, 117 

Other details of how interventions were delivered were poorly reported; for 

example, some studies mentioned using manuals or leaflets but details were 

lacking.  

 

Information about the person(s) involved with the delivery of the intervention 

was provided for most of the studies. For studies incorporating a dietary 

component, most involved a nutritionist / dietician or somebody who had 

received appropriate training. However, only some of the studies that included 

supervised exercise sessions specified that an appropriately skilled person was 

involved. The venue for the intervention sessions was also poorly described. 

Descriptions of schedules frequently lacked detail, but the information provided 

suggested that there was considerable variation in the intensity of interventions 

between studies in terms of the total contact time, and number and frequency of 

contacts that participants received.  

 

The theoretical basis of most programmes was unclear. Only four studies106, 110, 

111, 113 reported the evidence base/guidelines120-124 that underpinned lifestyle 

messages and goals. Additionally, only one study105 mentioned that the 

intervention was informed by a specific behavioural theory (Social Cognitive 
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Theory).125 However, the approach used by many studies was consistent with 

other theoretical methodologies such as the Theory of Planned Behaviour.126  

 

 

Author 
& Year 

Focus of 
intervention 

N
o 

sessions & 
length of 
intervention  
 

Who 
delivered 
intervention 
 

Where 
delivered 
(setting) 

Other 
advice 

Goal 
setting 

Theory base 

Anderssen,  
2007 

Diet  and/or exercise 

 Individualised 
dietary counselling 

 Group exercise 
sessions 

 Diet: 3 sessions 
(initial with spouse, 
alone at 3 & 9 
months) 

 Exercise: group 
(14 – 20 people), 
60mins x 3 per wk,  

 1 yr follow-up 

Exercise: 
qualified 
instructor 

Unclear Smoking 
cessation. 
Cholesterol 
risks 
discussed at 
3 & 9 
months 

Exercise: 
Evaluation & 
goal setting 
after 2 
months, 4 
months & 1 
year. 

Exercise: 
motivational 
strategy based on 
Bandera‟s theory of 
self-efficacy;  

Azadbakht, 
2005 

Dietary modification 

 Individualised 
dietary advice 

 Behavioural & 
psychological 
counselling 
offered 

 Monthly visits 
(45-60 mins) 

 Monthly group 
sessions (all) 

 Daily phone 
contact with 
nutritionist (DASH 
diet group) 

 6 month follow-
up 

Nutritionist Home & 
outpatients 

NR NR NR 

Bo, 
2007 

Diet, exercise, & 
behaviour 
modification 

 Individualised 
detailed verbal & 
written 
recommendations 

 Group behavioural 
counselling & practical 
lifestyle tips 

 5 sessions > 60 
mins 

 1
st
 session 

individual 

 4 subsequent 
group sessions (10 
- 12 people) 

 1 yr follow-up 

Trained 
professionals 
(nutritionists, 
specialists in 
endocrinology 
& internal 
medicine) 

Unclear NR Individualised 
diet, weight 
loss, & 
physical 
activity goals 

Structured core 
with flexibility in 
presentation. 
Recommendations 
based on US 
National Institutes 
for Health 
guidance

127
 

 

Esposito,  
2004 

Mediterranean style 
diet 

 Individually tailored 
dietary advice 

 Behavioural & 
psychological 
counselling offered 

 5 sessions of at 
least 60 mins 

 Monthly small 
group sessions for 
1 yr 

 Yr 2, 2 monthly 

 2 yrs follow-up 

Nutritionist Outpatients NR Personal goal 
setting; self-
monitoring 
using food 
diaries; 

NR 

Johnson,  
2007 
 
 

Exercise training 

 Prescribed energy 
expenditure 

 3 treatment groups 
(high amount & 
intensity, low amount 
& high intensity, low 
amount & moderate 
intensity) 

 Group sessions 

 2 – 3 month run-
in, then 6 months 
supervised 

NR Unclear Maintain 
dietary 
intake 

Prescribed 
weekly 
expenditure 
(time & 
distance) but 
dependent on 
treatment arm 

NR 

Orchard,  
2005 

Lifestyle 
modification, or 
metformin  

 Reduce weight & 
increase activity 

 Behaviour 
modification 

 16 lesson 
curriculum 
individually over 24 
wks 

 Monthly contact 
thereafter 

 Group sessions 

 5 yrs maximum 
follow-up 

Person trained 
in nutrition, 
exercise, or 
behaviour 
modification 
 

Unclear Smoking 
cessation 

Yes 
 
Structured 
core protocol 
but flexible 
approach if 
difficulty 
achieving 
weight loss or 
exercise goals 

Based on previous 
literature

124
 & 

dietary guidance 
on NCEP Step I 
diet

123
 

Phelan,  
2007 

Lifestyle 
modification to 
achieve wt loss 
and/or sibutramine 

 Prescribed energy 
restricted diet 

 Encouraged to 
exercise 

 Sibutramine 
 

 Weekly,(wks 1 -
18) 

 Bi-weekly,(wks 
20-40) 

 Follow-up wk 52 

 1 yr follow-up 

 Group meetings 
(7-10 people) 

 90 mins sessions 

Led by trained 
psychologists 

Primary 
care 

NR Prescribed 
energy deficit 
diet 
Participants 
completed 
daily food & 
activity 
records 
(reviewed 
weekly). 

Programme 
followed published 
weight control

121
 

and weight 
maintenance

122
 

guidelines 
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Author 
& Year 

Focus of 
intervention 

N
o 

sessions & 
length of 
intervention  
 

Who 
delivered 
intervention 
 

Where 
delivered 
(setting) 

Other 
advice 

Goal 
setting 

Theory base 

Ramachandran 
2006 

Lifestyle 
modification &/or 
metformin 

 Advice on healthy 
diet and regular 
physical activity 
Metformin 

 Individually in 
person at 
randomisation 

 Letter or phone 
at 2 wks 

 Then monthly 
phone calls & 
personal sessions 
6 monthly, (for 3 
years total) 

Unclear Unclear NR NR NR 

Stewart,  
2005 

Exercise training 

 Prescribed 
supervised exercise 
sessions 

 3 per wk x 26 
weeks (or 6 
months); 

 If compliance <62 
(80%) sessions 
given extra month 

 6 month follow-
up 

unclear Unclear All 
participants 
asked to 
maintain 
normal 
calorie 
intake & 
given written 
exercise & 
dietary 
guidance 

Prescribed 
exercise 
targets 
according to 
baseline 
exercise test 
and on-going 
heart rate 

Followed American 
College of Sports 
Medicine 
guidelines

120
  

 

Villareal,  
 2006 

Diet  induced weight 
loss & exercise 

 Prescribed low 
calorie diet 

 Behavioural therapy 

 Supervised exercise 
training programme: 
 

 Exercise 
sessions 90 mins x 
3 per wk for 26 wks 

 Weekly 
behavioural 
therapy 

 6 months follow-
up 

Dietician & 
physical 
therapist 

University & 
physicians 
laboratory 

 Individualised 
diet and 
weight loss 
goals 
Behavioural 
programme 
included goal 
setting, self 
monitoring, 
problem 
solving skills, 
& relapse 
prevention 
training 

NR 

 
Abbreviations: NCEP, National Cholesterol Education Programme; NR, not reported;  
 

Table 4-6: Overall details of lifestyle interventions 

 

4.3.4.2 Nutrition 

Details of the dietary components of the lifestyle interventions are outlined in 

Table 4-7. Generally papers reported some specific elements of dietary advice 

given to participants but the amount of detail varied. All studies focused on 

energy restriction with the aim of weight loss and a few studies specified targets 

for weight loss. The majority also focused on reducing total and/or saturated fat 

intake, and around half aimed to increase fibre intake and reduce consumption 

of refined carbohydrates. Inclusion of other elements such as moderating 

alcohol intake or reducing salt consumption was specified by very few studies. 
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Only a small number of studies reported using additional resources or activities 

such as food diaries, food composition, eating out and food shopping. 

Dietary 
Components 

 

Studies & focus of lifestyle interventions 

Anderssen Azadbakht Bo Esposito Orchard Phelan Ramachandran Villareal 

Diet & 
exercise 

Diet Diet & 
exercise 

Diet Diet & 
exercise 

Diet & 
exercise 

Diet & exercise Diet & 
exercise 

Energy restriction  
if appropriate         

Weight loss target 
0.5 – 2 kg 
per month 

   7%   
10% in 6 
months 

INCREASE CONSUMPTION: 
 

        

Fish / fish products         

Low fat dairy         

Fruit &/or vegetables         

Wholegrains / complex 
carbohydrates   

20 – 30 g 
fibre 

   Fibre rich foods  

Legumes         

Nuts    walnuts     

Olive oil         

DECREASE CONSUMPTION: 
 

        

Total fat         

 
Saturated fat         

cholesterol         

Red meat         

Simple sugars / refined 
carbohydrates         

Salt         

Alcohol         

OTHER: 
         
 

        

Heavy meal in evening         

Portion control         

Food composition         

Food pyramid         

Food diary         

Eating out & food shopping         

Recommended proportions:  
FAT 
 
CARBOHYDRATE 
 
PROTEIN 

  

 
<30%, 

 
50–60% 

 
15–20% 

 
<30% 

 
50-60% 

 
15–20% 

 

 
30% 

 
55% 

 
15% 

<20g/day 
 
 
 

 
<30% 

 
50% 

 
20% 

 

Table 4-7: Nutritional advice details for interventions involving diet only or diet combined 

with exercise or pharmacology 
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4.3.4.3 Exercise 

The physical activity/exercise components of the lifestyle interventions are 

presented in Table 4-8. Generally, both for the exercise advice components and 

for the content of supervised exercise programmes, only brief details were 

provided. Around half of the papers mentioned the inclusion of individualised 

exercise goals but generally no further details were given about how this was 

achieved. Interventions that were restricted to exercise advice all advised 

participants to undertake moderate activity such as brisk walking. However, the 

specified amount of time and the number of times per week varied; two studies 

recommended 30 minutes per day and two studies recommended 150 minutes 

per week. Only one paper111 mentioned using activity records (logbooks) and no 

studies specified that additional tools, such as pedometers, were used to 

promote physical activity. For the supervised exercise programmes, most 

provided three sessions per week. However, the length of time varied from 45 to 

90 minutes per session and the intensity differed. 
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Exercise 
components 

Studies & focus of lifestyle interventions 

Anderssen Bo Johnson Orchard Phelan Ramachandran 
 

Stewart Villareal 

Diet & exercise Diet & 
exercise 

Exercise Diet & 
exercise 

Diet & 
exercise 

Diet & exercise Exercise Exercise 

Individualised 
exercise goals   

Prescribed 
intensity &/or 
amount, 
according to 
treatment arm 

 Unclear N/R  Unclear 

Exercise advice 
 
Time & intensity 

 
N/R 

Moderate 
intensity 
(brisk 
walks) 
 
>150 mins 
per wk 

 
N/R 

Moderate 
intensity 
(brisk 
walking or 
bicycling) 
 
150 mins 
per wk (30 
mins 5 times 
per wk) 
 

Walking 
 
30 mins 
per day 
most days  

Continue if 
involved in 
physical labour, 
walking/cycling, 
regular exercise 
for >30 mins per 
day,  
 
If sedentary 
advised & 
motivated to 
walk briskly >=30 
mins per day. 

 
N/R 

 
N/R 

Supervised 
activity 

Exercise: group 
(14-20 people) 
 
60mins, 3 
times/week 
 
Aerobics, circuit 
training, or fast 
walking/jogging; 
 
Given oral & 
written 
information at 
first session; 
 
Encouraged to 
exercise 
unsupervised / 
home 

 
N/A 

Supervised 
session  
or 
verified by 
heart monitor 
 
Asked to use 
2 out of 3 
machines 
(treadmill, 
elliptical 
machine, 
cycle 
ergometer) 
 
3 treatment 
groups: 
mean time 
ranged 128 – 
205 mins (19 
– 32 km) per 
wk 
 

Optional 
supervised 
sessions 
provided 2 
per wk 
 
Flexibility in 
choosing 
type of 
exercise 
 
Optional 
loan of 
home 
exercise 
equipment 
or enrolling 
in class at 
an exercise 
facility 

 
N/A 

 
N/A 

45 mins 
3 times per wk 
for 6 months 
 
Warm up, 
resistance 
training (2 sets 
of 10-15 
repetitions, & 
aerobic 
exercise (45 
mins).   
 
Given written 
guide to 
exercise 

90 mins, 
3 times per wk 
 
Focused on 
improving 
flexibility (15 
mins warm 
up), 
endurance (30 
mins), strength 
(30 mins), & 
balance (15 
mins) 

Abbreviations: N/R: not reported; N/A: not applicable 

Table 4-8: Physical activity details for lifestyle interventions involving exercise only or 

diet and exercise combined   

 

4.3.5 Key results from the quantitative data synthesis: meta-

analysis 

Thirteen studies101, 105-116 with outcome data for reversal of MetS involving 3907 

participants (estimated 42% male) were included in the meta-analysis, see 

Table 4-4. One of these studies was included only in the full network meta-
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analysis but excluded from the other meta-analyses as it had no comparator 

arm in the grouped network; this trial contained only pharmacological 

interventions.116 Two additional studies were excluded as outcome data were 

only available for CVD events or mortality,118, 119 and one study was excluded 

as both intervention groups involved individualised dietary advice.117 Generally, 

the results of the meta-analyses indicate that lifestyle interventions are more 

effective at reversing MetS than pharmacological therapies.  

 

The direct pairwise meta-analysis on the grouped network shows that lifestyle 

interventions increase the odds of MetS reversal by nearly 4-fold (OR 3.81, 95% 

CI 2.47 to 5.88) and pharmacological interventions by 60% (OR 1.59 95% CI 

1.04 to 2.45), compared to control, with moderate levels of heterogeneity (Table 

4-9). The mixed treatment comparison results indicated that lifestyle had the 

largest probability (87.4%) of being the best intervention.  

 

The direct pairwise results for the full network indicate that anti-diabetic drugs, 

diet, exercise, and diet and exercise combined all increased the odds of MetS 

reversal compared to control (Table 4-10 and Figure 4-2). However, a high level 

of heterogeneity was seen for the anti-diabetic drug versus control comparison 

(I2 = 78.4%). The results of the mixed treatment comparison analysis showed 

similar results to the pairwise analysis (Table 4-10). Diet and exercise (33.8%), 

anti-obesity drugs with lifestyle advice (31.4%) and diet alone (17.5%) had the 

largest probabilities of being the best interventions. 
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Despite being unable to conduct a meta-analysis on incidence of T2DM and 

CVD due to insufficient reporting, two trials reported incident diabetes106, 112 and 

three trials reported cardiovascular mortality and events. 108, 118, 119 The Bo et al 

trial conducted in Italy demonstrated that a lifestyle intervention significantly 

reduced the incidence of diabetes after one year of follow-up compared to the 

control group.106 Additionally, findings from the Indian diabetes prevention 

programme112 after three years of follow-up suggest that lifestyle and/or 

metformin are effective at reducing the incidence of diabetes. Furthermore, 

subgroup analyses of people with MetS from three large trials of statin 

therapy,108, 118, 119 found that treatment reduced cardiovascular mortality and 

morbidity after follow-up periods ranging from four to ten years. However, 

treatment effects were statistically significant in only two of the trials.108, 118  
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Comparison Direct meta analysis 
Mixed treatment comparison 

analysis 

 
N

o
 

 trials 
OR (95% CI) I

2
 

N
o
  

comparisons 
OR (95% CI) 

Lifestyle vs. Control 8 3.81 (2.47 to 5.88) 56.8% 8 4.43 (2.36 to 9.16) 

Pharm vs. Control 5 1.59 (1.04 to 2.45) 69.1% 5 1.73 (0.73 to 3.80) 

Lifestyle & Pharm vs. Control 1 1.14 (0.48 to 2.72) - 1 2.16 (0.63 to 8.29) 

Pharm vs. Lifestyle 3 0.49 (0.20 to 1.24) 80.8% 3 0.39 (0.16 to 0.90) 

Lifestyle & Pharm vs. Lifestyle 2 0.53 (0.26 to 1.06) 0% 2 0.49 (0.14 to 1.74) 

Lifestyle & Pharm vs. Pharm 2 1.31 (0.11 to 15.13) 91.9% 2 1.25 (0.36 to 4.49) 

Abbreviations: Pharm, Pharmacological; 

 

Table 4-9: Results of the direct and mixed treatment comparison meta-analysis on the 

grouped network 

 

Comparison Direct meta analysis 
Mixed treatment comparison 

analysis 

 N
o
 

 trials 

OR (95% CI) I
2
 OR (95% CI) % best 

Control  Reference  Reference 0 

Anti-diabetic drug 3 2.56 (1.07 to 6.13) 78.4% 3.63 (1.28 to 11.91) 5.4 

Anti-diabetic drug & Lifestyle 1 1.14 (0.48 to 2.72) - 1.74 (0.31 to 10.47) 2.4 

Anti-obesity drug 1 1.50 (0.99 to 2.29) - 1.20 (0.27 to 5.39) 0.2 

Anti-obesity drug & Lifestyle 0 - - 5.10 (0.59 to 47.13) 31.4 

Diet 2 7.07 (3.84 to 13.0) 0% 4.64 (1.25 to 18.52) 17.5 

Exercise 3 2.22 (1.03 to 4.78) 0% 2.05 (0.62 to 7.27) 1.1 

Exercise & Diet 5 4.08 (2.33 to 7.16) 21.2% 6.73 (3.05 to 17.95) 33.8 

Fenofibrate 0 - - 1.03 (0.06 to 15.71) 3.6 

Statin 1 0.96 (0.57 to 1.64) - 0.97 (0.14 to 6.55) 0.4 

Statin & Fenofibrate 0 - - 1.09 (0.07 to 17.22) 4.2 

 

Table 4-10: Results of the direct and mixed treatment comparison meta-analysis of the 

full network 
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Figure 4-2: Forest plot illustrating treatment effect for invention versus control  
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4.4 Discussion 

4.4.1 Key findings  

Overall, the details of the behavioural strategies utilised by lifestyle programmes 

were poorly reported, although the majority involved some small group 

sessions. Interventions with a nutritional focus all emphasised energy restriction 

to lose weight; interventions involving exercise advice all promoted moderate 

physical activity such as brisk walking. The other components incorporated into 

lifestyle programmes varied. The trials were too heterogeneous to be able to 

make firm conclusions about which aspects of lifestyle interventions, at a 

detailed level, are most effective. However, the meta-analysis of 13 studies 

including 3907 participants with MetS indicates the benefits of both lifestyle and 

pharmacological interventions to reverse MetS, with lifestyle interventions 

appearing to be the most effective.  

 

4.4.2 Strengths and limitations 

There has been no previously published systematic review and meta-analysis of 

the evidence regarding interventions aimed at reversing MetS; this review 

therefore addressed a gap in the literature. The methods used for the review 

were robust, including strategies for obtaining all relevant outcome data that 

were available to study authors even when not reported.  

 

There was considerable clinical diversity between the interventions included in 

the trials identified by the review. For lifestyle interventions, lower intensity 

programmes seemed to be no less effective than comparatively more intensive 

ones. However, differences between populations, follow-up period, and 
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treatment of control group subjects hinder comparisons. It is also acknowledged 

that trials may have achieved higher levels of compliance among participants 

than would be the case in routine practice. For pharmacological interventions, 

several different types of therapy were identified including lipid lowering, anti-

diabetic and anti-obesity medications. However, some of these therapies 

(rimonabant, sibutramine, rosiglitazone) are currently suspended from use in 

routine clinical practice following concerns over safety.128-130  

 

Although trials complied with some of the Delphi quality indicators, there was a 

variation in the overall quality of studies.  In general, allocation concealment 

was poorly reported and this has been linked to an increased likelihood of 

reporting significant findings.131 Additionally, studies investigating lifestyle 

interventions tended to achieve lower quality scores due to the difficulty of 

blinding participants and care providers. Furthermore, although the potential 

benefit of interventions included within this review is clear, much of the evidence 

came from subgroup analyses. Most of these analyses were not specified in 

advance; consequently, the findings should be interpreted with caution.  

 

4.4.3 Other studies 

No previously published systematic review had been identified as providing 

evidence relating to the effectiveness of interventions for primary prevention of 

T2DM and CVD in people with MetS. However, there is evidence that both 

intensive lifestyle programmes and drug treatment targeted at people with pre-

diabetes, who are at high risk of T2DM, are effective in reducing the incidence 

of diabetes.21 In addition, a recently published meta-analysis suggests that 
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adherence to the Mediterranean diet is associated with a reduced risk of MetS; 

however, the review included studies that considered development of MetS in 

people who were free of the syndrome at baseline and also populations who 

had existing diabetes and/or CVD.132   

 

4.4.4 Implications of evidence from the systematic review 

One of the stages recommended in the Medical Research Council (MRC) 

guidance for the development of complex interventions to improve health25 

(described in Chapter 1) involves “identifying the existing evidence base”. 

Conducting a systematic review is advocated as part of this process. The 

review and meta-analysis described in this chapter provided an evidence base 

to help inform development of the group education programme (described in 

Chapter 5), which was developed for use in an RCT: The Reversal Intervention 

for Metabolic Syndrome (TRIMS) study. 

 

For example: 

 The systematic review and meta-analysis provided evidence of the 

effectiveness of lifestyle interventions for reversing MetS and reducing CVD 

and diabetes risk, and supports the rationale for testing an educational 

intervention to reverse MetS. Additionally, the analysis revealed that lifestyle 

interventions were more effective than pharmacological interventions for 

reversing MetS. 

 Additionally, details from the lifestyle interventions (in conjunction with other 

evidence sources outlined in Chapter 5 informed both: 1) the key 
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behavioural goals of the TRIMS programme; and 2) the corresponding 

components to incorporate in the TRIMS curriculum.  

 

4.5   Concluding remarks 

This chapter has presented a systematic review and meta-analysis that was 

conducted to investigate the effectiveness of interventions for reducing diabetes 

and CVD risk in populations with MetS. The wider implications for practice and 

research from the evidence of effectiveness will be discussed in Chapter 8. 

The following chapter presents the development work carried out to develop the 

TRIMS education programme. 
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Chapter 5.   Development of a lifestyle intervention for 

reversing metabolic syndrome 

 

5.1 Introduction 

5.1.1 Chapter overview 

This chapter describes the development of an educational programme which 

was developed for a randomised controlled trial (RCT): The Reversal 

Intervention for Metabolic Syndrome (TRIMS) study. The systematic review 

reported in Chapter 4 and the qualitative study reported in Chapter 3 helped to 

inform the development of the intervention. The introduction (5.1) outlines the 

rationale and states the aims of the TRIMS study. Section 5.2 presents the 

background related to the curriculum development and the educational 

approach utilised by the TRIMS programme. The related key behavioural 

change theories are then described (5.3). Section 5.4 details an in-depth 

development and feasibility phase that was carried out to ensure that the design 

of the lifestyle intervention was appropriate for people with metabolic syndrome 

(MetS).  

 

5.1.2 Background and rationale for undertaking the TRIMS RCT  

As outlined in Chapter 1 and Chapter 2, recent attention has focused on 

strategies to combat the current and forecast epidemic of type-2-diabetes 

(T2DM) and cardiovascular disease (CVD). People with MetS could be an 

important group to target for primary prevention of T2DM and CVD due to their 

increased risk profile.16, 20 Additionally, MetS could be a useful concept for 
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healthcare professionals and patients to focus on when addressing the health 

risks associated with abdominal obesity.15 It is therefore important to develop a 

pragmatic early intervention that can be easily implemented to a large number 

of people in primary care. 

 

Several trials aimed at reversal of MetS or primary prevention of T2DM and/or 

CVD in people with MetS have been published, as described in Chapter 4. 

However, no studies have been conducted in a multi-ethnic UK population. 

Research is therefore needed into the effectiveness of pragmatic lifestyle 

interventions for reducing diabetes and CVD risk that can be applicable to multi-

ethnic populations with MetS in a primary care setting.  

 

5.1.3 Aims 

The aim of the TRIMS study was to investigate the hypothesis that delivery of a 

group self-management education programme designed to encourage lifestyle 

changes in individuals identified with MetS would be a feasible, acceptable, and 

effective strategy for primary prevention of CVD and T2DM in an ethnically 

diverse population including strong representation of people of South Asian 

(SA) origin.  

 

Specific objectives of the study were to:  

 develop an evidence based patient education programme to improve 

management of cardiovascular and diabetes risk factors in people with 

MetS in primary care;  
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 determine the impact of attending an education programme on features of 

MetS and well being after 12 months of follow-up;   

 assess acceptability, uptake, and feasibility of implementing a group self-

management education programme in an ethnically diverse population of 

individuals with MetS.  

 

These objectives are addressed in the current chapter and the two following 

chapters (Chapters 6 and 7).  

 

5.2 Background related to development of the TRIMS 

curriculum 

Part of the development phase outlined by the Medical Research Council 

(MRC) framework25 for developing and evaluating complex interventions 

(Chapter 1), includes - identifying and developing theory related to the likely 

process of change. However, the framework suggests that, if it is appropriate, 

existing evidence and theory should be utilised. Therefore, as part of the 

development process for the TRIMS intervention, it was decided to adapt an 

existing theory-based education programme, which was originally developed for 

people with pre-diabetes (Let‟s Prevent133). Using this existing curriculum as a 

framework, the TRIMS curriculum was revised to make it more suitable for 

people with MetS, who may or may not be dysglycaemic, and include additional 

emphasis on management of cardiovascular risk. Permission to adapt the pre-

diabetes programme was granted by the DESMOND collaborative.134  Full 

details of the adaptation of the Let‟s Prevent curriculum and development of the 
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TRIMS programme  are included in section 5.4 (Development and feasability 

phase). 

 

5.2.1 Brief overview of the Let’s Prevent programme and the 

DESMOND approach to patient education  

The Let‟s Prevent programme, which was adapted for the TRIMS study, was 

designed as a group lifestyle education programme for people with pre-

diabetes, and has previously undergone extensive piloting and development 

work.133 The key nutritional and physical activity messages of the Let‟s Prevent 

programme are based on evidence from previous diabetes prevention trials, 

including: the US Diabetes Prevention Programme (DPP)135; the Finnish 

Diabetes Prevention Study (DPS)136; and the Pre-diabetes Risk Education and 

Physical Activity Recommendation and Encouragement (PREPARE) study.137 

The style and process of the Let‟s Prevent programme are based on the 

DESMOND134, 138 approach to patient self-management education.  

 

The DESMOND approach draws on a range of concepts from health 

psychology and education125, 139, 140, which are outlined in section 5.3, and its 

philosophy is centred on patient empowerment. In addition, DESMOND meets 

nationally agreed standards for patient education141; these include having a 

structured programme with a written curriculum, using trained and accredited 

educators to deliver the programme, and having processes for quality 

assurance.  
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The overall details of the DESMOND and Let‟s Prevent programmes are 

summarised in Table 5-1.   

 

Differences 

between the 

programmes 

DESMOND Let’s Prevent programme 

 Aimed at people with type-2 

diabetes 

 Research based: programme has 

undergone extensive piloting and 

has been previously evaluated by a 

large scale RCT 

 National programme – currently 

commissioned by numerous primary 

care trusts / healthcare organisations 

 Aimed at people with pre-diabetes 

 

 Research based: programme has 

undergone extensive piloting and is 

currently being evaluated by a large 

scale RCT 

Shared by 

both 

programmes 

 Meets national standards for patient education 

 Underpinned by the DESMOND theoretical and philosophical basis 

 Empowerment – supports person to become the expert and puts them in control 

 Detailed written curriculum developed by a multi-disciplinary team (psychologist, 

dietician, nurse, exercise therapist) 

 Small group sessions 

 Delivered by healthcare professionals 

 Educators trained in the DESMOND approach and philosophy 

 Training and quality development programme for educators 

Table 5-1: Key information about the DESMOND and Let’s Prevent patient education 

programmes 

 

5.3 Behaviour change theories 

The key theories underpinning the DESMOND and Let‟s Prevent programmes 

are: 1) Leventhal‟s Common Sense Model140;   2) Chaiken‟s Dual Processing 

Theory139; and 3) Bandura‟s Social Cognitive Theory.125 These theories 

encompass many of the psychological concepts that are currently 

recommended by the National Institute for Health and Clinical Excellence 

(NICE) for informing the structure and content of planned behaviour change 

activities or programmes.142 Concepts advocated include outcome 
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expectancies, self-efficacy, personal relevance, subjective norms / social 

approval, intention (goal) formation, behaviour change plans, and relapse 

prevention / coping skills.  

 

Lifestyle changes can potentially have an important impact on reversal of MetS 

and associated health risks, as suggested by the systematic review and meta-

analysis presented in Chapter 4. Therefore, due to the relevance of Leventhal‟s, 

Chaiken‟s and Bandura‟s theories to encouraging behaviour change, a self-

management education programme underpinned by these theories was judged 

to be appropriate for reversal of MetS. 

 

The following sections (5.3.1, 5.3.2, 5.3.3) present the main points of the three 

behaviour change theories. A summary of how each theory informs the 

DESMOND and Let‟s Prevent style and approach to group self-management 

education, which was adopted by the TRIMS study, is then outlined in Table 

5-2, page 116. 

 

5.3.1  Common sense model 

Leventhal‟s common sense model of illness representations focuses both on 

how people perceive or view their health status and how they respond to health 

problems/threats.143 The model considers that individuals construct a cognitive 

representation or definition of their illness, and then form plans and strategies 

for coping based on this representation. This in turn influences their behaviour 

and health outcomes,144 (Figure 5-1). 
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(adapted from Hagger 2003)

145
  

Figure 5-1: Schematic representation of Leventhal’s Common Sense Model of Illness 

Representations 

 

Illness representations or „lay beliefs about illness‟ are thought to have five 

components:140  

1) Identity – the name or label attached to the condition and associated 

symptoms. 

2) Cause – perceptions regarding the possible causes of the condition. 

3) Time-line – how long an individual believes the condition could last and 

timescale of illness symptoms. 

4) Consequences – beliefs about the long term impact of the condition, 

including physical or functional capacity, social consequences, and quality of 

life. 
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5) Curability / controllability – perceptions about whether the condition can be 

controlled or cured, and how an individual views their role and involvement 

in this process. 

 

Overall, three sources of information are thought to shape or influence an 

individual‟s illness representation140:  

 firstly, general „lay‟ information a person has already assimilated about the 

illness from social interactions and cultural sources; 

 secondly, information acquired from significant people such as family and 

friends, or authoritative sources such as a healthcare professional;  

 thirdly, their current experience of the illness based on perceived symptoms 

and on previous knowledge, including the effectiveness of prior methods 

they may have used to cope with similar health problems.  

 

The perception and interpretation of information from these different sources 

contribute to the construction of the illness representation. Leventhal describes 

this as a two-level process where connections are created between concrete 

and abstract/conceptual sources of information.140 For example, initially an 

individual links the symptoms that they are experiencing (concrete) to previous 

diagnoses or illness labels (abstract). Next the person forms a schematic 

representation of their illness that is associated with the illness label. This 

process of linking symptoms with a label is considered to be spontaneous and 

intuitive.145 In addition to cognitive illness representations Leventhal also 

proposes that people form simultaneous emotional illness representations, as 

shown in Figure 5-1.  
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A link between illness representations and coping behaviours and strategies is 

also emphasised in the common sense model.140 Evidence suggests that if a 

person‟s illness is viewed as uncontrollable and highly symptomatic this is likely 

to lead to negative coping strategies such as denial and avoidance. Conversely, 

perceiving an illness as controllable is associated with positive coping strategies 

such as problem-focused coping.145 It is therefore important to try to elicit 

people‟s illness beliefs as part of any health behaviour change programme.  

 

5.3.2 Dual processing theory 

Chaiken‟s dual processing theory is concerned with how people assess and 

judge the validity of information and messages.139 The theory proposes that 

individuals use two different methods of assessing information: heuristic 

processing and systematic processing.  

 

Heuristic processing 

With heuristic processing, people apply previously held or learnt “judgement 

rules” to the information being considered. For example, “consensus opinions 

are correct”, and “experts‟ statements can be trusted”.146 The cognitive 

demands of heuristic processing are minimal, and labels associated with 

heuristic thinking include automatic, intuitive and reflexive.147 However, heuristic 

processing can involve both conscious and unconscious processes.146    

 

Systematic processing 

In contrast, systematic processing requires both cognitive ability and capacity, 

and is generally a conscious process.146 People judge the validity of information 
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in the context of their prior knowledge about the issue or topic.139 Attributes 

attached to systematic thinking include controlled, analytic and reflective.147 

 

Both of these types of processing are affected by cognitive and motivational 

factors.146 Examples of cognitive factors include time constraints, attention span, 

the amount of effort required, mood, and memory. Motivational influences 

generally fall into three groups: 

1) Accuracy motivation 

 Individuals are motivated to hold accurate attitudes and beliefs. 

2) Defense motivation (personal relevance) 

  individuals selectively aim to preserve their “self-concept and 

associated world views”. They embrace beliefs and attitudes that are 

compatible with their perceived values, social identity (e.g. 

occupation) and personal attributes (e.g. intelligence). 

3) Impression motivation (social acceptability) 

  individuals usually consider both the social context and any 

associated possible consequences before they express particular 

beliefs or judgements. They desire to hold beliefs and attitudes that 

meet with their present social aspirations and goals. 

 

Chaiken‟s dual processing model considers that attitudes which are formed or 

changed using systematic processing are more predictive of future behaviour 

change than if heuristic processing alone is used.139 However, how messages 

are communicated is also key; analytic factors including the content of 

messages and the credibility of the source  have been shown to influence 
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people‟s intentions to adopt healthy behaviours.148 Furthermore, systematic 

processing of information is facilitated when individuals are encouraged to take 

an active role in their learning. 

 

5.3.3 Social cognitive theory  

Bandura‟s social cognitive (learning) theory (Figure 5-2) views most behaviour 

as being driven by goals that: 1) reflect expectancies about the outcomes of 

potential actions; and 2) provide the motivation to initiate actions or 

behaviours.149 Outcome expectations reflect a person‟s belief that that a specific 

behaviour will lead to a particular outcome.125 However, even if people believe 

that a strategy will deliver certain outcomes, they often question whether they 

can take the necessary course of action. Individuals are inclined to avoid 

situations that they think surpass their capabilities and favour activities that they 

consider themselves able to carry out.149  

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

(adapted from Bandura 2004)
150

 
 

Figure 5-2: Bandura’s diagrammatic representation of social cognitive theory 
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Self-efficacy is seen as the key to successful self-regulation of behaviour. Self-

efficacy expectations reflect a person‟s belief that they can successfully carry 

out the behaviour required to enable a desired outcome,125 and affect both the 

initiation and the continuation of behaviour change, including goal setting and 

achievement of goals.149  

 

Perceived sociostructural factors can also affect goal setting by acting as 

barriers (impediments) and opportunities (facilitators). Sociostructural factors 

exist within all environmental, cultural, economic, political, and healthcare 

systems. However, how people view these opportunities or barriers depends on 

their self-efficacy beliefs. Individuals who have strong self-efficacy perceive that 

they are able to exert control and focus on opportunities and overcome 

obstacles.151  

 

Most theorists agree that if behaviour change is to be facilitated goals need to 

be specific and achievable.151 However, social cognitive theory also makes a 

distinction between distal (long-term) goals and proximal goals (sub-goals).152 

Distal goals are seen as remote and too far in the future to act as incentives or 

guide behaviour. They encourage individuals to postpone taking action. In 

contrast, as part of a series of sub-goals in pursuit of a distal goal, proximal 

goals can both prompt a person to take action and also guide and direct their 

efforts. By successfully accomplishing proximal goals individuals can increase 

their self-efficacy beliefs and enhance their motivation.152 
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Theory Key elements of the theory How these elements are applied in group 
education 

Common 

sense 

model 

 People tend to conceptualise a 
health threat / problem according to 
5 domains: 
o Identity; Cause; Timeline; 

Consequences; Control / cure  

 Influenced by: 
o Social and cultural factors 
o Significant people and 

authoritative sources 
o Perceived symptoms and prior 

knowledge 

 Important to elicit these beliefs as thought 
to influence coping behaviours and 
strategies 

 Health information needs to be aimed at 
targeting all 5 domains. If not: 
o Individual is likely to acquire the 

missing information from another 
source 

o Risk of forming spurious health 
beliefs 

o Could negatively impact subsequent 
coping behaviour 

Dual 

process 

theory 

 People use two different methods of 
assessing information: 
o Systematic and heuristic 

 Processing affected by both  
cognitive and motivational factors 

 Attitudes formed or changed using 
systematic processing more 
predictive of future behaviour change 

 Systematic processing of information is 
encouraged  

 Individuals are encouraged to take an 
active role in their learning and work 
things out and ask questions  

 The educator uses open questions to 
elicit information, rather than lecturing the 
group  

Social 

cognitive 

(learning) 

theory 

 Most behaviour is driven by goals  

 Behavioural change, including goal 
setting and achievement of goals, is 
influenced by: 
o Self-efficacy beliefs 
o Outcome expectancies  
o Perceived social structural 

factors (barriers and 
opportunities) 

 A distinction is made between distal 
(long-term) goals and proximal goals 
(sub-goals) 

 Social modelling of knowledge and 
competencies 
o People learn from interaction with 

others. 
o Helps a person to realise what they 

already know 
o Cultivates new competencies  
o Instils behavioural outcome 

expectations 

 The educator supports individuals  

 Interactive group activities provide people 
with direct (mastery) experiences  and 
indirect (vicarious) experiences   
o Enhances self-efficacy  

References: Common Sense Model
140

 ; Dual Process Theory
139

; Social Cognitive Theory
125

 . 

Table 5-2: Summary of how behaviour change theories inform the group education self-

management approach, which was adopted by the TRIMS intervention 

 

5.4 Development and feasibility phase 

The TRIMS study was designed as a 12 month RCT that compared the 

effectiveness of structured group lifestyle education (intervention) with usual 

care (control).  
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5.4.1 Development of the initial curriculum  

A multi-faceted approach was adopted to inform the detailed development of 

the TRIMS education programme, including adaptation of the Let‟s Prevent 

curriculum, to make it suitable for people with MetS.  

 

Firstly, existing evidence regarding the effectiveness of lifestyle interventions for 

reversing MetS was collated by conducting a systematic review and meta-

analysis, as reported in Chapter 4. Secondly, currently published guidelines and 

recommendations were reviewed, some specifically for MetS and others 

providing more general guidance related to management of CVD risk, and diet 

and nutrition.7, 8, 12, 31, 76, 77, 153-156 A combined approach was used to ensure that 

the lifestyle behaviour modifications recommended by the TRIMS programme 

were evidence based and also in line with current UK practice guidance. There 

was agreement between the different sources of evidence to support all of the 

specific lifestyle elements outlined in Table 5-3.  

 

Additionally, relevant findings from the qualitative study reported in Chapter 3 

(section 3.3) were used to inform the development. For example: 

 One of the main aims of the TRIMS programme was to increase people‟s 

knowledge and understanding of MetS, including raising awareness of 

possible future health risk. Waist size is one of the recommended criteria for 

identifying MetS. However, the findings appeared to indicate that patients 

were generally unaware of the importance of waist size and of any 

associated health risks including MetS. Development of the appropriate 

sections of the curriculum and the pre-course leaflet and handbook, 
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therefore, assumed a starting point of no knowledge. Explanations provided 

were pitched appropriately. 

 Another aim of the TRIMS programme was to focus on personal risk, and 

optional behavioural goals included losing weight / reducing waist size. As 

part of this section of the curriculum, it was planned to promote self-

monitoring of waist size. The findings suggested that patients were not 

reluctant to have their waist measured and additionally felt that self-

measurement of waist size could be useful, provided that they received 

some guidance. Therefore, a small section on waist measurement was 

incorporated into the programme. This included appropriate explanations 

and an opportunity for participants to be shown how and where to measure 

their waist.  

 

Modifiable lifestyle factors Key lifestyle elements 

PHYSICAL ACTIVITY Increase physical activity 

WEIGHT /  WAIST SIZE Sustained weight loss  
Moderate calorie restriction 

DIETARY FACTORS 

Fibre 
 
 

Fats 
 
 

Omega-3 

Salt 

Alcohol 

Dietary consumption: 

Increase  wholegrains (reduce refined carbohydrates)  
Increase legumes  
Increase fruit and vegetables 

Moderate reduction in total fat 
Reduce saturated fat  
Increase mono-unsaturated fat 

Increase  fish / oily fish 

Reduce salt 

Alcohol in moderation 

SMOKING Cessation of smoking 

Sources of evidence: MetS systematic review (Chapter 4); MetS specific guidelines & 
recommendations

7, 8, 31, 77
 ; Other guidelines & recommendations

12, 76, 153-156
 . 

 

Table 5-3: Key lifestyle messages included in the TRIMS education programme 
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Subsequently, an initial curriculum was developed by a multi-disciplinary team, 

which included a nurse and a dietician. Additional resources were also 

developed including a handbook for patients to reinforce what they had learnt 

on the course and use as a resource in the future. The main aims of the TRIMS 

programme were: to increase knowledge and understanding of MetS, including 

raising awareness of possible future health risk and of potential prevention 

strategies; and to enhance self-efficacy and self-regulatory skills in order to 

promote healthy lifestyle behaviours.  

 

The key behavioural goals that the programme aimed to promote included:  

1) Increasing physical activity, > 45 minutes of moderate intensity activity (or 

an extra 4,500 steps) per day;  

2) Losing weight (reducing waist size), a reduction of between 5 - 10% of 

initial body weight through increasing physical activity and/or reducing 

calorie intake;  

3) Increasing dietary fibre consumption, particularly wholegrains, legumes, 

fruits and vegetables;  

4) Reducing consumption of saturated fats;  

5) Reducing salt intake; 

6) Increasing intake of omega-3 fatty acids;  

7) Smoking cessation.  

 

However, despite suggested targets, the emphasis of the programme was on 

enabling participants to set their own realistic personalised goals for behaviour 

change.   
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Additionally, brief discussion of relevant medication (i.e. anti-hypertensives, lipid 

lowering therapy) was included as part of the appropriate sections of the 

curriculum. However, prescribing guidance was not given; people were advised 

to consult their primary healthcare practitioner if they had specific concerns. 

 

5.4.2 Piloting 

Permission to pilot the education sessions within primary care was obtained 

from Leicester City Primary Care Trust. One large general practice in the city 

was subsequently approached and agreed for their patients to be involved. 

From this practice a sample of patients who were on the hypertension register 

and also met the criteria for MetS were sent a letter and information sheet by 

their general practitioner (GP), identifying them as having MetS and inviting 

them to attend the education sessions. This was followed-up by a telephone call 

from their GP approximately one week later.   

 

The structured group education programme was delivered as two 3-hour, 

afternoon sessions held two weeks apart, at the health centre where the GP‟s 

practice was based. Two health educators (a nurse and a dietician), who had 

previously been trained as DESMOND educators and were experienced in 

using this approach to patient education, led the sessions. The sessions were 

designed to encourage participation and included games/activities. Participants 

were also supported to identify personal risk factors that they wished to change 

and to formulate a self-management plan. As part of the education sessions the 

participants were provided with a pedometer and activity logbook to use as 



  Chapter 5.   

Alison Dunkley PhD Thesis, 2011 Page 121 

motivational tools, and a handbook to use during sessions and then take away 

as a resource for the future.  

 

Six people initially agreed to attend the education programme. The main reason 

given by those declining the invitation was the difficulty of taking time off work. 

On the day, a total of three volunteers attended the first session and four people 

(2 male, 2 female) attended the second session held two weeks later. Uptake in 

terms of those who attended all or part of the programme as a proportion of 

those invited was therefore 20% (4/30). 

 

A range of methods was used to evaluate the education sessions and collect 

feedback. These included observations recorded during the sessions by an 

experienced researcher, reflections from the two educators leading the 

programme, and semi-structured interviews conducted by telephone with 

volunteers who had attended the education sessions. Qualitative data from 

these sources were collated using Framework Charting.157 

 

Observations and feedback indicated that, at the start of the education 

programme, people found it difficult to comprehend MetS as it was an unfamiliar 

concept. However, with repeated explanations and reinforcement throughout 

the programme, the sessions helped individuals to understand the condition, 

including the role of abdominal obesity (waist size) and possible future health 

risks. This was something people said that they valued and it enabled them to 

focus on their own personal risk. Key messages that people felt they had taken 

away from the sessions included: making healthier food choices, reading food 
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labels, and using a pedometer and log-book to help to increase activity levels. 

For some parts of the curriculum, some individuals expressed a preference for a 

more direct approach, with the educator talking more and less group discussion, 

specifically for topics with which people were less familiar. Overall, learning as 

part of a group was viewed favourably by individuals as they felt they benefited 

from the questions that other people asked and the sharing of experiences. 

 

5.4.3 Modifications to the intervention as a result of piloting 

Findings from the pilot of the intervention were used to help refine the 

curriculum, resources and style of delivery of the programme. The content and 

structure of the final TRIMS education programme used for the main trial is 

outlined in Table 5-4 and Table 5-5, (see Appendix 4 for an example of a 

section of the curriculum).  

 

Revisions made after piloting included:  

 Changes to the introduction section at the start of the education programme, 

to ensure that educators made participants aware of the non-didactic 

approach that would be used. This included emphasising the benefits of the 

style of delivery to be used, including group participation and facilitation of 

learning through the use of open questions, games and activities. This 

reinforced explanations given in a pre-course booklet that introduced people 

to what they could expect when they attended the group sessions.  

 Another revision to the programme involved simplifying the way in which 

MetS was explained. The part of the curriculum related to understanding 

MetS was amended, particularly the sections focusing on how the body uses 
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and stores energy from food (fats and carbohydrates) and the role of insulin 

resistance. Additional prompts were also added, to help educators to link 

explanations about MetS to any prior perceptions and beliefs that 

participants may have shared as part of the patient story section. The 

accompanying resources were also modified.  

 Additionally, in response to feedback, a food diary was added to the 

participant handbook so that people could optionally record their daily food 

intake. This complemented the physical activity logbook already provided. 
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PART 1 – First week 
Overview of the main aims 
and activities 

Theory 

A: INTRODUCTION AND HOUSEKEEPING (5 minutes)  
To inform participants of the aims of the 
course, main topics to be covered, and the 
style of delivery 

 

B: THE PATIENT STORY (20 minutes) 
1) Names 
2) How did you find out you had metabolic syndrome? 
3) What do you think it is?  Causes? 
4) What will it mean for my health? Treatments?  
5) Have you a question? 

To elicit an individual’s experiences, 
perceptions and health  beliefs 
 
Participants are encouraged to share their 
experiences and beliefs with the rest of the 
group, and identify any questions they have 

Common 
sense model 

C: METABOLIC SYNDROME AND INSULIN 
RESISTANCE 
 1) Understanding metabolic syndrome (55 minutes)  

 Energy from food – food groups 

 Healthy metabolism – energy used / stored  

 Abdominal obesity and insulin resistance  

 Cholesterol 

 Blood pressure        
2) How does metabolic syndrome affect me? (40 minutes)  

 Understanding your personal results 

 Causes 

 Reversing metabolic syndrome and reducing the 
risk of T2DM and CVD 

To help participants understand what metabolic 
syndrome is, possible causes, what it means to 
their health, and possible ways to reduce their 
future health risk   
 
Participants are helped to work through what is 
happening in the body with metabolic 
syndrome,  complete their own personal health 
profile, and consider how they were identified 
as having metabolic syndrome 
 

Common 
sense model 

 
Dual process 

theory 

D: PHYSICAL ACTIVITY (40 minutes)  
1) Benefits  
2) Recommendations  
3) Measuring activity 
4) Barriers and facilitators         

To facilitate exploration of the 
recommendations and benefits of physical 
activity, and possible barriers 
Participants are: 

 encouraged to consider ways to increase 
their activity levels (including their own 
personal activity targets)and how this 
could reduce future health risk 

 shown and discuss how they can use a 
pedometer and logbook as a motivational 
tool and encouraged to go away and use 
them before their next session 

Common 
sense model 

 
Dual process 

theory 
 

Social cognitive 
(learning) 

theory 

E: HOW AM I DOING? (5 minutes) 
Participants are encouraged to reflect on the 
main messages so far and start to think about 
possible lifestyle changes  

Social cognitive 
(learning) 

theory 

Throughout the sessions a combination of open questions, analogies, visual aids, games, activities and a personal handbook are used by the 
educators to assist participant learning. Each week included a 15 minute break. 

Table 5-4: Outline plan of the TRIMS education programme: Part 1 
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PART 2– Second week 
Overview of the main aims 
and activities 

Theory 

F: REFLECTIONS (5 minutes)  
Participants are encouraged to reflect on 
issues that have come up and share these with 
the group 

Social cognitive 
(learning) 

theory 

G: WEIGHT MANAGEMENT AND FOOD CHOICES (1) 
(35 minutes)  
1) Factors influencing food choices  
2) Monitoring weight / shape 
3) Energy balance 
4) Losing weight  / reducing waist size 
5) Food messages  

 Fat, alcohol, fruit and vegetables 

To help participants explore factors involved in 
weight management, and consider food 
choices.  
Participants are:  

 encouraged to consider practical ways to 
lose weight / reduce waist size 

 helped to work through what factors can 
cause changes in weight and which 
foods are higher sources of calories 

 shown and discuss how they could use a 
food diary to record what they eat and 
drink and identify possible changes they 
could make. 

Common 
sense model 

 
Dual process 

theory 
 

Social cognitive 
(learning) 

theory 

H: FOOD CHOICES (2) (75 minutes)  
1) Types of fats 
2) Omega-3 
3) Fibre 
4) Salt  
5) Making healthier food choices  

To facilitate exploration of  the 
recommendations and benefits of making 
healthier food choices, and how these relate to 
metabolic syndrome and individual risk factors. 
Participants are encouraged to consider ways 
to make healthier food choices (including 
reading food labels) and how this could reduce 
future health risk 

Common 
sense model 

 
Dual process 

theory 
 

Social cognitive 
(learning) 

theory 

I: METABOLIC SYNDROME SELF-MANAGEMENT 
PLAN (40 minutes)  
1) Additional risk factors – smoking, depression 
2) Behaviour change 
3) Identifying personal risk factors & completing an action 
plan 
 

To help participants to identify a behavioural 
goal they can aim for to improve their risk 
profile / reverse metabolic syndrome, and 
make a realistic plan of action for this 
behaviour change 
Participants are helped to:  

 identify things they want to change 
based on their personal health profile,  

 explore possible options utilising 
information from previous sessions 

 identify personal barriers 

 develop their own personal action plan 

Social cognitive 
(learning) 

theory 

J: QUESTIONS AND FUTURE CARE  (10 minutes) 

To ensure that all questions previously raised 
by participants have been answered fully, and 
that they know how to access ongoing care 
and support  

Common 
sense model 

 

Throughout the sessions a combination of open questions, analogies, visual aids, games, activities and a personal handbook are used by the 
educators to assist participant learning. Each week included a 15 minute break. 

Table 5-5: Outline plan of the TRIMS education programme: Part 2 
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5.5 Concluding remarks 

This chapter has described the development and feasibility phase that was 

carried out in order to develop a lifestyle education programme (TRIMS). The 

following chapter (Chapter 6) reports the methods used to conduct the TRIMS 

RCT.  
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Chapter 6.   Design and methods used to conduct a 

randomised controlled trial of a lifestyle intervention for 

reversing metabolic syndrome 

 

6.1 Introduction 

6.1.1 Chapter overview 

This chapter describes the design and methods used to conduct a randomised 

controlled trial (RCT): The Reversal Intervention for Metabolic Syndrome 

(TRIMS) study. The overall aims of the TRIMS study were described in detail in 

the previous chapter (Chapter 5); the objectives that relate specifically to this 

chapter are outlined in section 6.1. Section 6.2 describes in detail the design 

and methods including recruitment, randomisation, delivery of the intervention, 

collection of data and assessment of outcomes. 

 

6.1.2 Objectives 

In order to evaluate the TRIMS intervention, the specific objectives were to: 

 determine the impact of attending the  TRIMS education programme; 

 assess the acceptability, uptake, and feasibility of implementing the 

TRIMS programme. 

 

6.2 Methods: Design of the TRIMS randomised controlled trial  

The TRIMS study was designed as a single-centre, 2 arm, parallel, 12 month 

RCT, to compare the effectiveness of structured group lifestyle education 

(intervention) with usual care (control) for improving management of 



  Chapter 6.   

Alison Dunkley PhD Thesis, 2011 Page 128 

cardiovascular and diabetes risk factors in people with metabolic syndrome 

(MetS).  

 

6.2.1 Participant recruitment 

Local ethics and research governance approvals were obtained prior to 

conducting the main TRIMS RCT (Appendix 5). General practices (in 

Leicestershire, UK) who were already taking part in local population based 

diabetes screening studies158-160 were approached to participate. Potential 

participants aged 40 – 74 years, from volunteer practices, were then recruited 

by postal invitation. 

 

Two different recruitment strategies were employed:  

 Firstly, eligible people identified as having MetS, International Diabetes 

Federation (IDF) definition,8 according to their previous screening results, 

were sent a postal invitation via their general practitioner (GP).  

 Secondly, people who had consented to be approached with details of 

other research studies, when they participated in a screening study, and 

who met the inclusion criteria, were sent a letter of invitation by the 

principal investigator of the screening study.  

 

Exclusion criteria included: 

 previous history of type-2-diabetes (T2DM) or cardiovascular disease 

(CVD);  

 pregnancy and/or breast feeding;  

 life-limiting terminal illness;  
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 lack of capacity to give informed consent;  

 being housebound or residing in a nursing/care home;  

 inability to understand, speak and read English.  

 

Respondents were asked to attend for an initial appointment having fasted 

overnight for at least 8 hours. Written informed consent was obtained from 

volunteers by a research nurse prior to carrying out any tests or measurements. 

Participants underwent a 75g oral glucose tolerance test (OGTT), 161 and had 

additional demographic and bio-medical data collected in a standardised way, 

according to the schedule in Table 6-1. Data collected included measurements 

to confirm MetS status; however, if relevant blood tests for glucose and lipids 

had been conducted for screening within the last 3 months, these were not 

repeated and the initial screening values were used as the baseline values.  
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Collected by research nurse Baseline 6-months 12-months 

Bloods & biomedical data    

FPG    

2 hour glucose    

HbA1c    

Total cholesterol    

HDL     

Triglycerides    

Albumin:creatinine ratio (urine)    

Blood pressure    

Waist circumference    

Hip circumference    

Height    

Weight    

Medical history    

Current medication    

Smoking status    

Biomarkers    

Insulin, Hs-CRP, Adiponectin     

Demographic details    

Age     

Sex    

Ethnicity 
(adapted from classification used for 2001 UK census) 

   

Current employment status  
(working, retired, unemployed, long term sick/disabled, never worked, other) 

   

Education  
(age finished full time education, &  highest level of qualification held) 

   

Socio-economic classification 
(NSSEC 5-Class) 162 

   

Deprivation score 
(IMD score, 2007)163 

   

Self-reported data    

Questionnaires    

Physical activity 
IPAQ (short form) 164 

   

Anxiety & depression 
HADS 165 

   

Quality of life 
EQ-5D 166 

   

Dietary habits 
DINE 167 

   

General self-efficacy 
GSE168  

   

Ambulatory activity    

Abbreviations: FPG (fasting plasma glucose); HbA1c (glycated haemoglobin); HDL (high density 
lipoprotein); Hs-CRP (high-sensitivity-C-reactive-protein); NS-SEC 5-Class (National Statistics Socio-
economic Classification 5-Class version); IPAQ (International Physical Activity Questionnaire); HADS 
(Hospital Anxiety & Depression Score); EQ-5D (EuroQol EQ-5D questionnaire); DINE (Dietary 
Instrument for Nutrition Education); GSE (General Self Efficacy); IMD (Indices of Multiple Deprivation) 

Table 6-1: Data collection schedule and outcome measures 
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6.2.2 Randomisation 

Following their baseline appointment, eligible volunteers were randomised to 

either the study intervention arm (routine care plus TRIMS group education 

programme) or control arm (routine care) using computer-generated block 

randomisation. The researcher who held the randomisation sequence had no 

involvement with the recruitment of participants or baseline data collection. After 

completion of recruitment the block size was revealed to the author. The 

sequence was alternate blocks of four and six, with each block having an equal 

intervention and control group allocation. 

 

Blinding of participants was not possible due to the nature of the study. 

Participants were informed of their group allocation by a letter sent in the post 

and volunteers‟ GPs were also provided with this information. People in the 

intervention group were informed that they would be given their bio-medical 

results as part of the TRIMS education and the control group were asked to 

contact their GP if they wanted any information about their results.  

 

6.2.3 Delivery of the TRIMS intervention 

Intervention group participants were contacted by telephone within one to two 

weeks of their baseline assessment and invited to attend the TRIMS education 

programme within the following two months. The education sessions were held 

Monday to Saturday, at various local community venues and consisted of six 

hours of contact time spread over two 3-hour sessions, held approximately two 

weeks apart. Participants were also invited to bring a friend or relative for both 

social and practical support. Two trained/experienced educators (the author 
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plus dietician/additional nurse) facilitated the groups. The approximate 

proportions of the curriculum devoted to specific topics are outlined in Chapter 5 

(Table 5-4 and Table 5-5). In addition to attending the initial group education, at 

six months people were given the option of receiving additional support from an 

educator, via the telephone, to answer any queries and concerns and to help 

participants update their self-management education resources.  

   

6.2.4 Primary and secondary outcomes 

The primary outcome was reversal of MetS according to the IDF criteria in the 

intervention group compared to the control group, after 12-months of follow-up. 

Taking into account the ethnic diversity within our target population, the IDF 

criteria were chosen in preference to the National Cholesterol Education 

Program (NCEP) definition due to the provision of ethnic specific cut points for 

waist circumference and central obesity (Chapter 2, Table 2-1).  Secondary 

outcomes, compared at 6-months and 12-months versus baseline, and for the 

intervention group versus the control group include changes in: 1) the 

prevalence of MetS according to NCEP criteria; 2) individual components of the 

MetS (fasting plasma glucose, triglycerides, high density lipoprotein (HDL) 

cholesterol, blood pressure (BP), waist circumference), and 2-hour glucose; and 

3) other anthropometric, biomedical and lifestyle outcome measures as outlined 

in Table 6-1. 

 

6.2.5 Data collection and assessment of outcomes 

Routine laboratory methods were used for all biochemical measurements. 

Serum total cholesterol, HDL cholesterol, and triglycerides; plasma fasting and 



  Chapter 6.   

Alison Dunkley PhD Thesis, 2011 Page 133 

2-hour glucose; and urine albumin and creatinine, were measured using a 

Siemens Adiva 2400 analyser (Siemens Healthcare Diagnostics, Camberley, 

UK). Glycated haemoglobin (HbA1c) was measured using a Tosoh G7 analyser 

(Tosoh Bioscience Ltd, Redditch, UK). Low density lipoprotein cholesterol (LDL) 

was estimated using the Friedewald equation.169 If participants gave consent, 

additional blood was taken at baseline (and 12-months) for measurement of bio-

markers that are linked to MetS (high-sensitivity C-reactive protein (hs-CRP), 

adiponectin and insulin).170 After processing, the serum for bio-markers was 

stored in aliquots at -80oc and these samples will be analysed as a single batch 

at the end of the study. Analysis of bio-markers does not form part of the work 

described in this thesis. 

 

Resting BP was measured using an Omron automatic BP monitor, (Omron 

Healthcare UK Ltd) and a mean value was calculated from the last two 

measurements in a series of three. Waist circumference was measured midway 

between the costal margin and the iliac-crest, in the mid-axillary line, over 

minimal clothing and at the end of expiration, and was recorded to the nearest 

mm. Hip circumference was measured at the widest point over the buttocks and 

to the nearest mm. Weight in light clothing and no shoes was recorded to the 

nearest 0.1kg using a digital scale, and height to the nearest cm using a 

stadiometer and with head placed in the Frankfurt plane. Additional data were 

collected on physical activity 164, anxiety and depression 165, health related 

quality of life 166, dietary habits 167 and general self-efficacy 168  using validated 

questionnaires that were self-completed by participants, as outlined in Table 

6-1. Ambulatory activity was measured using a CW-700 Yamax Digi-Walker 
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electronic pedometer with a 7-day memory (Yamax Corporation, Tokyo, Japan) 

and an average step count per day was calculated from measurements from at 

least three days. 

 

6.2.5.1 Feasibility and acceptability 

Acceptability of the TRIMS education programme was measured by obtaining 

qualitative feedback. Topics explored included: ease of understanding; views 

about the content of the programme and style of delivery; and usefulness and 

relevance, including cultural relevance (see Appendix 6 for topic guide). An 

independent researcher conducted semi-structured interviews via the 

telephone. Information about the interviews and a reply slip was given in person 

or posted to participants who attended the education sessions. A convenience 

sample of subjects was then selected to be interviewed from those who 

volunteered. Written consent was obtained in advance by post and confirmed 

verbally at the time of the interview. Feasibility was assessed through 

identification and consideration of problems encountered during implementation 

of the intervention, and uptake was measured by comparing the number of 

responses to the number of invitations. 

 

6.2.5.2 Follow-up data collection 

The control and intervention groups were recalled at 6 months and 12 months 

for repeat measurements (Table 6-1). All persons involved in the collection of 

follow-up data were independent and blinded to study group allocation.  
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6.2.6 Sample size 

Although the data presented in this thesis are restricted to 6-months of follow-

up, the TRIMS study was powered to detect a between group difference of 30% 

in the proportion of people with prevalent MetS at 12-months (prevalence of 

MetS reduced to 60% in the intervention group and 90% in controls, alpha = 

0.05, power = 0.80). Allowing for 20% loss to follow up, 80 participants were 

required in total, 40 people in each of the control and intervention arms. The 

power calculation was based on the results of the ODES trial105 which achieved 

a difference of 55% between the diet and exercise group and the control group. 

With our less intensive group lifestyle programme a more modest difference of 

30% was assumed. The TRIMS study is not powered to see a significant 

between group difference at 6-months follow-up. 

 

Bearing in mind the ethnic diversity in the population from which the TRIMS 

study participants were to be recruited, the IDF definition8 of MetS was 

considered to be appropriate due to its provision of ethnic-specific cut-off points 

for waist circumference and central obesity. However, there is a lack of 

evidence from previous lifestyle intervention trials that have used the IDF 

definition to identify MetS; the majority of previous trials have used the NCEP 

definition.7, 31  The rationale for basing the power calculation on the ODES trial 

was its use of the IDF definition to identify MetS.  
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6.2.7 Data analysis 

6.2.7.1 Baseline data 

For continuous outcome variables, independent-sample t-tests or Mann 

Whitney-U tests were used to compare between group differences at baseline; 

chi-square tests were used to compare categorical variables.  

 

6.2.7.2 Follow-up data 

Analysis of 6-month follow-up data was conducted on an modified intention-to-

treat basis. Data for all participants were analysed according to the group to 

which they were randomised and, for those in the intervention group, regardless 

of whether they received none, some, or all of the intervention. However, the 

analysis did not include those lost to follow-up. Baseline observation carried 

forward (BOCF) was not used as a substitute for missing data, for those lost to 

follow-up, as this method is currently not favoured due to the possible 

introduction of bias.171-173  Bi-variate and multi-variate analyses were conducted 

to compare differences between study groups, and 95% confidence intervals 

(CIs) were calculated for treatment effects, corresponding to the statistical 

testing.  

 The proportions of subjects with MetS were compared using the chi-

square test, followed by logistic regression modelling to adjust for 

possible confounders. For the regression models, recommended rules 

that relate to the required number of  cases (n) per included co-variate,  

were adhered to.174 
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 Further study outcomes were compared using similar methods and linear 

modelling or logistic modelling as appropriate, to adjust for baseline 

values. 

 

Significance was assessed at the 5% level. The other statistical assumptions 

made that relate to the data-analysis are outlined in Box 6-1. PASW Statistics 

version 18.0 (SPSS Inc.) was used to conduct all statistical analyses. Similar 

methods will be used to analyse 12-month follow-up data.  

 

 

Continuous outcome variables 

 Normality of continuous variables was based on the significance of Shapiro-Wilks 

test due to the small sample size  

 Independent-sample t-tests were used to compare between group differences for 

normally distributed data and provide an indication of the size of the treatment effect 

o The significance of Levene‟s test for equality of variance was used to 

indicate which variant of the test to use 

 Mann Whitney-U tests were used to compare between group differences for data 

which were not normally distributed 

o Hodges Lehmann median difference and CI were calculated to assess the 

size of the treatment effect 

 Linear regression modelling was conducted with the baseline variable as a co-variate 

in order to adjust for baseline values. 

 

Categorical variables 

 Chi-square tests were used to compare categorical variables; Yates‟ continuity 

correction was used for 2 x 2 tables, and Fisher‟s exact test if the expected count in 

any of the cells was <5.  

 For binary categorical variables, logistic regression modelling was conducted with the 

baseline variable as a co-variate, in order to adjust for baseline values and provide 

odds ratios and 95% confidence intervals 

 

Box 6-1: Assumptions made relating to the conduct of data-analyses 
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6.2.7.3 Qualitative feedback 

Qualitative feedback collected in order to gauge the acceptability of the TRIMS 

programme was analysed using a thematic approach including the use of 

charting 157 to collate the data.  

 

6.3 Concluding remarks 

This chapter has presented the methods used to conduct the TRIMS study. The 

following chapter (Chapter 7) reports the quantitative and qualitative results for 

the TRIMS RCT, including baseline and 6-month follow-up data. 
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Chapter 7.   Results of The Reversal Intervention for 

Metabolic Syndrome (TRIMS) study 

 

7.1 Introduction 

7.1.1 Chapter overview 

This chapter reports the results of the quantitative and qualitative evaluation of 

The Reversal Intervention for Metabolic Syndrome (TRIMS) study. Although the 

trial was conducted and designed with 12 months of follow-up, as previously 

outlined in Chapter 1 the findings presented in this chapter include only baseline 

and 6-month follow-up data.  

 

7.2 Results of quantitative evaluation 

7.2.1 Presentation of results 

For all variables, the numbers of available data (n =) are provided in the tables. 

This is to ensure transparency as to who was included in each analysis, as 

recommended by the current CONSORT guidelines.173, 175 

 

7.2.2 Recruitment  

Participants were recruited to the main TRIMS randomised controlled trial 

(RCT) between November 2009 and July 2010 (Figure 7-1). In total, 322 

potentially eligible people were invited to participate from 8 different general 

practices. Of those people who were invited, 129 (40%) volunteered to 

participate, 52 (16%) refused, and 141 (44%) did not reply. Reasons given by 

those who declined to participate (n = 52) included lack of time due to work or 



  Chapter 7.   

Alison Dunkley PhD Thesis, 2011 Page 140 

other commitments (n = 12), no perceived need for additional advice or health 

checks (n = 15), and other health problems (n = 3). Overall, 82 people were 

enrolled onto the study, 42 to the intervention group and 40 to the control.   

 

 

  

6-MONTH follow-up  

Attended  

n = 38 

6-MONTH follow-up  

Attended  

n = 37 

No follow-up data 
n = 5 

Refused  n = 3; Did not attend  n = 2 

No follow-up data 
n = 2 

Refused   n = 1; Did not attend  n = 1 

 

Randomised 

n = 82 

Withdrawn 
n = 24 

Excluded not eligible n = 22 
 Withdrew consent prior to randomisation n = 2 

 

INTERVENTION 
n = 42 

 

 

CONTROL 
n = 40 

 

Refusals 
n = 52 

Volunteers 

n = 129 

Letter of invitation 
mailed in batches to 

eligible people 
n = 322 

 

n = 322 

 

Reply slips received  

n = 181 

Attended  
BASELINE  

assessment 

n = 106 

Withdrawn 
n = 23 

Excluded not eligible  n = 12 
 Did not attend > 3 times  n = 3 

Unable to contact or changed mind  n = 3 
Unable to make dates left  n = 3 

Volunteers not contacted  n = 2 

Figure 7-1: Flow chart of recruitment, randomisation and follow-up 
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7.2.3 Baseline characteristics 

The baseline characteristics for the overall study population and by treatment 

group are presented in Table 7-1, Table 7-2, Table 7-3, and Table 7-4. The 

randomisation procedure led to balanced samples in the intervention and 

control groups, with no statistically significant differences in the demographic or 

clinical characteristics between the study arms.  

 

7.2.3.1 Demographic characteristics 

Of the 82 participants, 36 (44%) were male, 18 (22%) were of South Asian (SA) 

ethnicity, and the median age was 63 years (IQR 57 to 67), (Table 7-1). 

 

7.2.3.2 Anthropometric and bio-medical measures 

The mean waist size was 106 cm (SD +11) and median body mass index (BMI) 

30 kg/m2 (IQR 28 to 33). According to the International Diabetes Federation 

(IDF) definition for metabolic syndrome (MetS), 25 people (31%) met 3 criteria, 

44 (54%) met 4 criteria, and 13 (16%) met 5 criteria. The MetS values for the 

individual criteria for blood pressure (BP), high density lipoprotein (HDL) and 

triglycerides were met by 80 to 90% of people. However, only 22 participants 

(27%), 12 (29%) intervention and 10 (25%) control, met the criterion for raised 

fasting plasma glucose (FPG). Overall, the prevalence of MetS according to the 

updated National Cholesterol Education Program (NCEP) criteria31 was 94%, 

93% intervention group and 95% control (p = 1.000). 
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7.2.3.3 Current medication and medical history 

Fifty-four participants (66%) had a history of previously diagnosed hypertension 

and 52 (64%) of previously diagnosed hyperlipidaemia. Forty-two participants 

(51%) were prescribed a statin and 42 (51%) an anti-hypertensive. 

 

7.2.3.4 Lifestyle and well-being 

According to pedometer measurements, the median number of steps/day for 

participants was 5762 (IQR 3365 to 8592). Self-reported time spent sitting was 

300 mins/day (IQR 180 to 360). Dietary data indicated that 34 people (46%) 

were classified as having a low fibre intake; 9 (14%) as having a high fat intake; 

48 people (59%) consumed ≤ 3 portions of fruit, salad or vegetables per day; 

and 34 (46%) were classed as having a lower unsaturated fat intake. Ten 

participants (12%) were current smokers. 
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Table 7-1: Baseline demographic characteristics for all participants and by study group 

  

Characteristics n 
All 

(n = 82) 
n 

Intervention 

(n = 42) 
n 

Control 

(n = 40) 

 

Age (yrs)
‡
 

 

Sex: Male 

 

Ethnicity:  

   South Asian 

   White 

   Other  

 

82 

 

82 

 

82 

 

 

 

 

63 [57 - 67] 

 

36 (43.9) 

 

 

18 (22.0) 

62 (75.6) 

2 (2.4) 

 

42 

 

42 

 

42 

 

65 [55 – 68] 

 

21 (50.0) 

 

 

11 (26.2) 

31 (73.8) 

0 (0.0) 

 

40 

 

40 

 

40 

 

62 [58 – 67] 

 

15 (37.5) 

 

 

7 (17.5) 

31 (77.5) 

2 (5.0) 

 

IMD score (2004)
‡
 

 

Employment status:  

   Full time 

   Part time 

   Retired 

   Unemployed 

   Long term sick  

 

Age finished full-time  

education (yrs)
‡
  

 

Age finished full-time 

education  

   < 16 

   17 - 18 

   > 19 

 

Qualifications:  

   0 

   1 

   2 

   3 

 

 NS-SEC-5 class:  

   1 

   2 

   3 

   4 

   5 

 

82 

 

82 

 

 

 

 

 

 

82 

 

 

82 

 

 

 

 

 

82 

 

 

 

 

 

82 

 

19.50 [14.04 – 33.74] 

 

 

21 (25.6) 

17 (20.7) 

40 (48.8) 

1 (1.2) 

3 (3.7) 

 

15.0 [15.0 – 16.3] 

 

 

 

 

62 (75.6) 

12 (14.6) 

8 (9.8) 

 

 

32 (39.0) 

25 (30.5) 

13 (15.9) 

12 (14.6) 

 

 

17 (20.7) 

19 (23.2) 

10 (12.2) 

15 (18.3) 

21 (25.6) 

 

42 

 

42 

 

 

 

 

 

 

42 

 

 

42 

 

 

 

 

 

42 

 

 

 

 

 

42 

 

21.49 [14.04 – 21.49] 

 

 

10 (23.8) 

11 (26.2) 

19 (45.2) 

0 (0) 

2 (4.8) 

 

15.5 [15.0 – 17.0] 

 

 

 

 

33(78.6) 

7 (16.7) 

2 (4.8) 

 

 

19 (45.2) 

14 (33.3) 

4 (9.5) 

5 (11.9) 

 

 

9 (21.4) 

7 (16.7) 

6 (14.3) 

8 (19.0) 

12 (28.6) 

 

40 

 

40 

 

 

 

 

 

 

40 

 

 

40 

 

 

 

 

 

40 

 

 

 

 

 

40 

 

18.59 [13.55 – 32.96] 

 

 

11 (27.5) 

6 (15.0) 

21 (52.5) 

1 (2.5) 

1 (2.5) 

 

15.0 [15.0 – 16.0] 

 

 

 

 

29 (72.5) 

5 (12.5) 

6 (15.0) 

 

 

13 (32.5) 

11 (27.5) 

9 (22.5) 

7 (17.5) 

 

 

8 (20.0) 

12 (30.0) 

4 (10.0) 

7 (17.5) 

9 (22.5) 

‡
Nonparametric continuous data are expressed as median [IQR]; Categorical data as number (%). 

Other ethnicity category: 1 Caribbean Indian, 1 mixed Caribbean/White British. 

Qualifications: 0 (None); 1 (O-level, NVQ level 1 & 2, or equivalent); 2 (A-level, NVQ 3, or equivalent); 3 (Degree, professional qualification, or 

equivalent). 

NS-SEC-5 class: 1 (Managerial & professional occupations); 2 (Intermediate occupations); 3 (Small employers & own account workers); 4 

(Lower supervisory & technical occupations); 5 (Semi-routine & routine occupations). 

Abbreviations: IMD (Indices of Multiple Deprivation); NS-SEC (National Statistics Socio-economic Classification); NVQ (National Vocational 

Qualification) 
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Characteristics n 
All 

(n = 82) 
n 

Intervention 

(n = 42) 
n 

Control 

(n = 40) 

Anthropometric &  

bio-medical measures 

 

Waist circumference(cm)* 

 

Hip circumference (cm)
 ‡
 

 

Weight (kg)
‡
 

 

BMI (kg/m
2
)
 ‡
 

 

Systolic BP (mmHg)* 

 

Diastolic BP (mmHg)* 

 

Total cholesterol (mmol/l)* 

 

LDL cholesterol (mmol/l)* 

 

HDL cholesterol (mmol/l)
 ‡
 

 

Triglycerides(mmol/l)
 ‡
 

 

HbA1c (%) 
‡
  

 

HbA1c (mmol/l)
 ‡
 

 

FPG (mmol/l)* 

 

2 hour glucose (mmol/l)* 

 

Urine ACR (mg/mmol)
 ‡
 

 

 

 

82 

 

82 

 

82 

 

82 

 

82 

 

82 

 

82 

 

80 

 

82 

 

82 

 

80 

 

80 

 

82 

 

81 

 

81 

 

 

 

105.5 + 10.8 

 

108.5 [103.7 – 114.6] 

 

83.1 [75.5 – 93.6] 

 

30.2 [28.1 – 33.1] 

 

132.4 + 15.4 

 

85.9 + 9.5 

 

4.99 + 0.86 

 

2.92 + 0.74 

 

1.20 [1.00 – 1.50] 

 

1.60 [1.20 – 2.00] 

 

6.00 [5.80 – 6.10] 

 

42.0 [40.0 – 43.0] 

 

5.21 + 0.56 

 

5.80 + 1.65 

 

1.00 [0.60 – 1.80] 

 

 

 

42 

 

42 

 

42 

 

42 

 

42 

 

42 

 

42 

 

42 

 

42 

 

42 

 

40 

 

40 

 

42 

 

41 

 

41 

 

 

 

103.9 + 10.2 

 

106.2 [103.5 – 113.6] 

 

81.1 [75.0 – 90.8] 

 

29.3 [27.8 – 32.2] 

 

134.9 + 13.2 

 

85.6 + 9.7 

 

4.82 + 0.77 

 

2.80 + 0.68 

 

1.20 [1.00 – 1.53] 

 

1.45 [0.98 – 1.93] 

 

5.90 [5.70 – 6.08] 

 

41.0 [39.0 – 42.8] 

 

5.23 + 0.44 

 

5.65 + 1.43 

 

1.00 [0.60 – 1.65] 

 

 

 

40 

 

40 

 

40 

 

40 

 

40 

 

40 

 

40 

 

38 

 

40 

 

40 

 

40 

 

40 

 

40 

 

40 

 

40 

 

 

 

107.2 + 11.2 

 

112.0 [104.5 – 117.6] 

 

86.8 [77.5 – 97.6] 

 

30.9 [28.8 – 34.1] 

 

129.8 + 17.3 

 

86.1 + 9.5 

 

5.17 + 0.93 

 

3.05 + 0.80 

 

1.20 [1.03 – 1.48] 

 

1.60 [1.40 – 2.08] 

 

6.05 [5.80 – 6.20] 

 

42.5 [40.0 – 44.0] 

 

5.19 + 0.66 

 

5.95 + 1.85 

 

1.05 (0.60 – 2.85) 

 

Metabolic Syndrome  

 

Proportion who met IDF 

criteria for:   

          BP  

           

          FPG 

           

          HDL  

           

         Triglycerides 

 

Total N
o
 of IDF criteria met:   

          3 

          4 

          5 

 

 

 

 

 

82 

 

82 

 

82 

 

82 

 

82 

 

 

 

 

 

73 (89.0) 

 

22 (26.8) 

 

72 (87.8) 

 

67 (81.7) 

 

 

25 (30.5) 

44 (53.7) 

13 (15.9) 

 

 

 

 

 

42 

 

42 

 

42 

 

42 

 

42 

 

 

 

 

 

37 (88.1) 

 

12 (28.6) 

 

35 (83.3) 

 

35 (83.3) 

 

 

13 (31.0) 

23 (54.8) 

6 (14.3) 

 

 

 

 

 

40 

 

40 

 

40 

 

40 

 

40 

 

 

 

 

 

36 (90.0) 

 

10 (25.0) 

 

37 (92.5) 

 

32 (80.0) 

 

 

12 (30.0) 

21 (52.5) 

7 (17.5) 

*Parametric continuous data are expressed as mean + S.D; 
‡
Nonparametric continuous data as median [IQR]; Categorical data as 

number (%). 

Abbreviations: ACR (albumin creatinine ratio); BMI (body mass index); BP (blood pressure);  FPG (fasting plasma glucose); HbA1c (glycated 

haemoglobin);  HDL (high density lipoprotein); IDF (International Diabetes Federation); LDL (low density lipoprotein). 

Table 7-2: Baseline anthropometric, bio-medical measures and metabolic syndrome 

criteria  
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Characteristics n 
All 

(n = 82) 
n 

Intervention 

(n = 42) 
n 

Control 

(n = 40) 

 

Prior medical history  

 

Hypertension 

 

Hyperlipidaemia 

 

Pre-diabetes 

 

 

 

82 

 

82 

 

82 

 

 

 

54 (65.9) 

 

52 (63.4) 

 

3 (3.7) 

 

 

 

42 

 

42 

 

42 

 

 

 

27 (64.3) 

 

26 (61.9) 

 

2 (4.8) 

 

 

 

40 

 

40 

 

40 

 

 

 

27(67.5) 

 

26 (65.0) 

 

1 (2.5) 

 

Current medication  

 

Statin  

 

BP medication prescribed                                                                  

            

           Beta-blocker                                       

            

           ACE-inhibitor 

   

           ARB 

  

          Thiazide 

 

          CCB 

 

          Alpha-blocker 

 

N
o
 of BP meds if prescribed: 

        1 

        2 

        3 

        4 

 

Steroids (inhaled, topical, oral) 

 

Thyroid medication 

 

Anti-coagulant (aspirin, 

warfarin) 

 

 

 

82 

 

82 

 

82 

 

82 

 

82 

 

82 

 

82 

 

82 

 

42 

 

 

 

 

 

82 

 

82 

 

82 

 

 

 

42 (51.2) 

 

42 (51.2) 

 

9 (11.0) 

 

15 (18.3) 

 

12 (14.6) 

 

18 (22.0) 

 

16 (19.5) 

 

1 (1.2) 

 

 

19 (45.2) 

18 (42.9) 

2 (4.8) 

3 (7.1) 

 

6 (7.3) 

 

12 (14.6) 

 

12 (14.6) 

 

 

 

42 

 

42 

 

42 

 

42 

 

42 

 

42 

 

42 

 

42 

 

19 

 

 

 

 

 

42 

 

42 

 

42 

 

 

 

22 (52.4) 

 

19 (45.2) 

 

5 (11.9) 

 

5 (11.9) 

 

7 (16.7) 

 

8 (19.0) 

 

5 (11.9) 

 

0 (0.0) 

 

 

10 (52.6) 

7 (36.8) 

1 (5.3) 

1 (5.3) 

 

3 (7.1) 

 

5 (11.9) 

 

7 (16.7) 

 

 

 

40 

 

40 

 

40 

 

40 

 

40 

 

40 

 

40 

 

40 

 

23 

 

 

 

 

 

40 

 

40 

 

40 

 

 

 

20 (50.0) 

 

23 (57.5) 

 

4 (10.0) 

 

10 (25.0) 

 

5 (12.5) 

 

10 (25.0) 

 

11 (27.5) 

 

1 (2.5) 

 

 

9 (39.1) 

11 (47.8) 

1 (4.3) 

2 (8.7) 

 

3 (7.5) 

 

7 (17.5) 

 

5 (12.5) 

 

Impaired glucose regulation                       

Diabetes 

IFG 

IGT 

Both 

Normal 

 

81 

 

 

 

0 (0) 

3 (3.7) 

5 (6.2) 

3 (3.7) 

70 (86.4) 

 

41 

 

 

 

 

0 (0) 

1 (2.4) 

2 (4.9) 

1 (2.4) 

37 (90.2) 

 

40 

 

 

 

 

0 (0) 

2 (5.0) 

3 (7.5) 

2 (5.0) 

33 (82.5) 

Categorical data are expressed as number (%). 

Abbreviations: ACE (angiotensin-converting enzyme); ARB (angiotensin receptor blocker ); BP (blood pressure); CCB (calcium-channel 

blocker); IFG (impaired fasting glucose); IGT (impaired glucose tolerance). 

Table 7-3: Baseline medical history, current medication and classification of impaired 

glucose regulation  
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Characteristics n 
All 

(n = 82) 
n 

Intervention 

(n = 42) 
n 

Control 

(n = 40) 

Current smoker: yes 82 10 (12.2) 42 4 (9.5) 40 6 (15.0) 

 

Dietary intake 

Fibre intake:   

          Low 

          Medium 

          High 

 

Total fat intake:   

          Low 

         Medium 

         High                                     

 

Unsaturated fat intake 

        Higher 

        Lower 

 

Portions of fruit & vegetables: 

        ≥ 4 per day 

        ≤ 3 per day 

 

 

74 

 

 

 

 

65 

 

 

 

 

79 

 

 

 

82 

 

 

 

34 (45.9) 

29 (39.2) 

11 (14.9) 

 

 

43 (66.2) 

13 (20.0) 

9 (13.8) 

 

 

43 (54.4) 

36 (45.6) 

 

 

34 (41.5) 

48 (58.5) 

 

 

38 

 

 

 

 

34 

 

 

 

 

41 

 

 

 

42 

 

 

 

18 (47.4) 

15 (39.5) 

5 (13.2) 

 

 

22 (64.7) 

7 (20.6) 

5 (14.7) 

 

 

20 (48.8) 

21 (51.2) 

 

       

 17 (40.5) 

25 (59.5) 

 

 

36 

 

 

 

 

31 

 

 

 

 

38 

 

 

 

40 

 

 

 

16 (44.4) 

14 (38.9) 

6 (13.7) 

 

 

21 (67.7) 

6 (19.4) 

4 (12.9) 

 

 

23 (60.5) 

15 (39.5) 

 

 

17 (42.5) 

23 (57.5) 

 

Physical activity 

Pedometer counts (av 

steps/day)
‡
 

 

Self-reported energy 

expenditure:
 ‡
 

       Total MET mins/week                         

       Walk MET mins/week 

       Time spent sitting mins/day 

 

IPAQ category:   

        Low 

        Moderate 

        High 

 

 

72 

 

 

 

 

49 

58 

66 

 

49 

 

 

5762 [3365 – 8592] 

 

 

 

 

2190 [842 – 3554] 

693 [462 – 2079] 

300 [180 – 360] 

 

 

9  (18.4) 

24  (49.0) 

16  (32.7) 

 

 

39 

 

 

 

 

26 

32 

34 

 

26 

 

 

6829 [3224 – 8596] 

 

 

 

 

2592 [1246 – 3499] 

941 [470 – 2599] 

270 [165 – 360] 

 

 

3 (11.5) 

14 (53.8) 

9 (34.6) 

 

 

33 

 

 

 

 

23 

26 

 

32 

 

23 

 

 

4774 [3522 – 8653] 

 

 

 

 

1272 [594 – 4639] 

693 [446 – 1386] 

300 [240 – 360] 

 

 

6 (26.1) 

10 (43.5) 

7 (30.4) 

 

Well-being 

EQ-5D score: 

       Higher 

       Lower 

 

EQ-5D VAS
‡
 

 

GSE* 

 

HADS: Anxiety score* 

 

HADS: Depression score
‡
 

 

 

82 

 

 

 

81 

 

80 

 

79 

 

82 

 

 

 

37 (45.1) 

45 (54.9) 

 

80.0 [70.0 – 90.0] 

 

3.23 + 0.41 

 

7.28 + 3.63 

 

4.00 [2.00 – 6.25] 

 

 

42 

 

 

 

41 

 

41 

 

40 

 

42 

 

 

 

21 (50.0) 

21 (50.0) 

 

80.0 [70.0 – 90.0] 

 

3.22 + 0.47 

 

7.45 + 3.70 

 

4.00 [2.00 – 7.00] 

 

 

40 

 

 

 

40 

 

39 

 

39 

 

40 

 

 

 

16 (40.0) 

24 (60.0) 

 

80.0 [61.3 – 90.8] 

 

3.23 + 0.33 

 

7.10 + 3.60 

 

4.00 [2.25 – 6.00] 

*Parametric continuous data are expressed as mean + S.D; 
‡
Nonparametric continuous data as median [IQR]; Categorical data as 

number (%). 

Unsaturated fat intake (higher means consume more unsaturated fat, lower means consume more saturated fat). 

EQ-5D score (higher means score >0.800, lower means score <0.800) 

Abbreviations: EQ-5D (EuroQol EQ-5D questionnaire); GSE (General Self Efficacy scale); HADS (Hospital Anxiety & Depression Scale); 

IPAQ (International Physical Activity Questionnaire); MET (metabolic equivalent); VAS (Visual Analogue Scale); 

Table 7-4: Baseline lifestyle and well-being characteristics
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7.2.4 Uptake of education sessions 

A total of seven full TRIMS education programmes were run between 

December 2009 and August 2010, at four different community venues (one 

health centre, three community centres). Figure 7-2 outlines the number of 

people who attended the programme. If people did not attend one or both of 

their scheduled sessions they were contacted to arrange a new appointment.  A 

total of 39 people (93%) in the intervention group attended at least one of the 

education sessions and 33 people (79%) attended the complete programme. 

Only one person expressly refused to attend any sessions and only one person 

refused to attend the second session. The median number of weeks between 

baseline appointment and attendance at a TRIMS education session was 5 

weeks (IQR 3 to 8). 

 

 

 

 

 

 

 

 

Invited to attend 
TRIMS education 

programme 
n = 42 

Attended at least 1 
education session 

n = 39 

 

Attended  
complete TRIMS 

programme 
n = 33 

 

Did not attend both education 
sessions 

n = 6 
 No reason  n = 3 

Got dates mixed up  n = 1 
Unable to make dates left  n = 1 

Refused  n = 1 

Did not attend any of TRIMS 
programme 

n = 3 
 No reason  n = 2 

Refused  n = 1 

Figure 7-2: Flow chart of people attending the TRIMS education 

programme  
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7.2.5 Analysis of six month follow-up data 

A total of 75 people (91%), comprising 37 (88%) in the intervention group and 

38 (95%) in the control, attended for collection of 6-month follow-up data (Figure 

7-1). The mean length of follow-up was 27 weeks (SD ± 3.5). Reasons for 

participants being lost to follow-up included, other health problems (n = 2), 

illness of a family member (n = 2), and repeated non-attendance (n = 3). The 

median age of the seven people who were not followed up was 67 years (IQR 

60 to 73), 5 (71%) were female, and all were of White European (WE) ethnicity. 

Additionally, overall, comparison of baseline values for the main outcome 

measures showed no statistically significant differences between attendees and 

those lost to follow-up.  

 

For most variables, data were available for 91% of participants. However, for 

some variables, particularly when data were collected by self-completion 

questionnaires, the proportion of available data was lower. For example, the 

availability of physical activity data recorded on the International Physical 

Activity Questionnaire (IPAQ) and dietary data recorded on the Dietary 

Instrument for Nutritional Education (DINE) questionnaire ranged from 68 to 

90% and 76 to 90% respectively, mainly due to missing responses for some of 

the questions. Additionally, pedometer counts were available for only 62 people 

(76%) at 6-months follow-up. Of the 13 people (9 control, 4 intervention) with 

missing data, only one 1 person in the control group refused to wear a 

pedometer. However, around half of those who did not return their pedometer at 

6-months also did not return them at baseline.   
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7.2.5.1 Reversal of metabolic syndrome 

At 6-months follow-up MetS had reversed for 7 people (19%) in the intervention 

group compared to 6 (16%) in the control group (Table 7-5). Logistic regression 

modelling suggested that people in the intervention group had approximately 

20% less risk of prevalent MetS compared to people in the control (Table 7-6). 

However, any differences were not statistically significant. Furthermore, 

sensitivity analysis conducted to adjust for ethnicity, gender, BP medication, 

lipid medication and current smoking showed no significant association between 

study group and prevalence of MetS.  

 

7.2.5.2 Other metabolic syndrome outcomes 

The number of IDF MetS criteria that people met, and the proportion of people 

who met the individual MetS criteria for BP, waist circumference, HDL, FPG or 

triglycerides, also showed no significant between group differences (Table 7-5). 

The proportion of individuals who were classified as having MetS according to 

the updated NCEP definition also showed no significant change at 6-months.  

 

A similar proportion of people in the intervention (49%) and control groups 

(50%) were prescribed statins at 6-months, but less people were prescribed 

anti-hypertensives in the intervention group compared to the control (46% vs. 

55%). However, any differences were not statistically significant and prescribing 

had changed very little from baseline. For BP medication, therapy had been 

newly prescribed for one person in the intervention group, and one person in 

the control had an additional hypertensive medication prescribed. For statins, 
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one person in each of the intervention and control groups had stopped statin 

therapy, and one person in the control group had been started on statins.  

   

7.2.5.3 Impaired glucose regulation 

At 6-month follow-up one person in the control group had developed diabetes 

(Table 7-5). Additionally, a slightly higher proportion of people met the criteria 

for pre-diabetes (impaired fasting glucose (IFG), impaired glucose tolerance 

(IGT), or both) in the control group (18%) than the intervention group (5%). 

However, this was similar to baseline and any differences between the groups 

were not statistically significant.  

 

7.2.5.4 Anthropometric and bio-medical measures 

Unadjusted between group comparisons of change at 6-months indicated no 

significant difference for BP, lipids and glucose control (Table 7-7). However, 

waist circumference, hip circumference, and BMI were all significantly lower in 

the intervention compared to the control group. Furthermore, these differences 

remained after adjusting for baseline values, - 2.3cm (95% CI: - 4.1 to -0.5, p = 

0.013), - 2.0cm (95% CI: - 3.6 to - 0.4, p = 0.014), - 0.6kg/m2 (95% CI: - 1.1 to – 

0.1, p = 0.015) for waist, hips, and BMI respectively. Additionally, after baseline 

adjustment, weight showed a significant reduction for individuals in the 

intervention group versus the control group (-1.73 kg; 95% CI: - 3.29 to - 0.16, p 

= 0.031). At 6-months follow-up urine albumin creatinine ratio (ACR) levels were 

within normal range for all people with most values being at or close to zero; 

these data are therefore not presented in the tables as no meaningful 

comparison could be made.  
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7.2.5.5 Physical activity 

After 6-months of follow-up, there was a trend towards a higher increase in 

physical activity in the intervention group compared to the control (Table 7-8). 

Self-reported energy expenditure, as measured by total MET minutes/week and 

walk MET minutes/week, was higher, median difference 332 and 396 

respectively (13 and 309 after adjustment for baseline values); however, any 

differences were not statistically significant. The average number of steps per 

day, as measured by pedometer counts, was initially significantly higher in the 

intervention versus control group, median difference 2113 (95% CI: 363 to 

3800, p = 0.020). However, after adjustment for baseline the difference was no 

longer statistically significant (1217 steps, 95% CI -770 to 3205, p = 0.225). 

 

7.2.5.6 Dietary intake 

Differences between the proportions of people who were classified as having a 

medium or high fibre intake, or a low or medium fat intake suggested that 

individuals in the intervention group had a lower total fat intake and a higher 

fibre intake at 6-months compared to the control group (Table 7-8). However, 

these differences were not statistically significant. Intake of fruit and vegetables 

showed no statistical difference between the two groups. However, the 

proportion of people who were classed as having a higher intake of unsaturated 

fat was significantly higher in the intervention group (64%) versus the control 

group (42%), OR 2.96 (95% CI 1.02 to 8.55, p = 0.045) after adjustment for 

baseline values.  
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7.2.5.7 Smoking 

The proportion of people who were current smokers was slightly lower in the 

intervention (8%) than control (13%) at 6-months follow-up but any differences 

were not statistically significant and was similar to at baseline (Table 7-8). Only 

one person, who was in the control group, had given up smoking at 6-months 

follow-up.  

 

7.2.5.8 Well-being 

There were no significant changes in health related quality of life (EQ5D), 

general self-efficacy (GSE), or anxiety and depression (HADS) at 6-months 

follow-up (Table 7-9). 
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Table 7-5: Comparison of 6-month follow-up data: metabolic syndrome, medication and glucose regulation  

Characteristics n 
Intervention 

6-months 
n 

Control 

6-months 

Unadjusted between group comparison Adjusted between group comparison 

Odds ratio 

I vs C 
95% CI p value 

Odds ratio 

I vs C 
95% CI p value 

Metabolic Syndrome  

Prevalence of MetS (IDF) 
#
 

 

Proportion who met IDF criteria for:  

          WC 

          BP  

          FPG 

          HDL  

          Triglycerides 

 

Total N
o
 of IDF criteria met:   

          0 

          1 

          2           

          3 

          4 

          5 

 

Prevalence of MetS (NCEP) 
#
 

 

37 

 

 

37 

37 

37 

37 

37 

 

37 

 

 

 

 

 

 

 

37 

 

30 (81.1) 

 

 

37 (100.0) 

31 (83.8) 

5 (13.5) 

28 (75.7) 

25 (67.6) 

 

 

0 (0.0) 

2 (5.4) 

5 (13.5) 

8 (21.6) 

20 (54.1) 

2 (5.4) 

 

28 (75.7) 

 

38 

 

 

38 

38 

38 

38 

38 

 

38 

 

 

 

 

 

 

 

38 

 

32 (84.2) 

 

 

37 (97.4) 

32 (84.2) 

10 (26.3) 

30 (78.9) 

26 (68.4) 

 

 

1 (2.6) 

0 (0.0) 

5 (13.2) 

9 (23.7) 

17 (44.7) 

6 (15.8) 

 

31 (81.6) 

 

0.80 

 

 

---- 

0.97 

0.44 

0.83 

0.96 

 

--- 

 

 

 

 

 

 

 

0.70 

 

0.24 to 2.67 

 

 

--- 

0.28 to 3.33 

0.13 to 1.43 

0.28 to 2.45 

0.36 to 2.54 

 

--- 

 

 

 

 

 

 

 

0.23 to 2.14 

 

p = 0.958 

 

 

p = 1.000 

p = 1.000 

p = 0.273 

p = 0.950 

p = 1.000 

 

p = 0.434 

 

 

 

 

 

 

 

p = 0.732 

 

--- 

 

 

--- 

1.14 

0.34 

1.00 

0.64 

 

--- 

 

 

 

 

 

 

 

0.75 

 

--- 

 

 

--- 

0.27 to 4.83 

0.09 to 1.33 

0.30 to 3.34 

0.16 to 2.55 

 

--- 

 

 

 

 

 

 

 

0.23 to 2.49 

 

--- 

 

 

--- 

p = 0.859 

p = 0.120 

p = 0.998 

p = 0.527 

 

--- 

 

 

 

 

 

 

 

p =  0.638 

Current medication  

Statin 
#
 

 

BP medication prescribed 
#
                                                              

                 

N
o
 of BP meds, if prescribed: 

        1 

        2 

        3 

        4 

 

37 

 

37 

 

17 

 

18 (48.6) 

 

17 (45.9) 

 

 

10 (58.8) 

5 (29.4) 

1 (5.9) 

1 (5.9) 

 

38 

 

38 

 

21 

 

19 (50.0) 

 

21 (55.3) 

 

 

9 (42.9) 

9 (42.9) 

1 (4.8) 

2 (9.5) 

 

0.95 

 

0.69 

 

--- 

 

0.38 to 2.34 

 

0.28 to 1.71 

 

--- 

 

p = 1.000 

 

p = 0.565 

 

p = 0.841 

 

0.49 

 

--- 

 

--- 

 

0.04 to 5.72 

 

0 to --- 

 

--- 

 

p = 0.573 

 

p = 0.998 

 

--- 

Impaired glucose regulation:                       

        Diabetes 

        IFG 

        IGT 

        Both 

        Normal 

37 

 

 

 

0 (0.0) 

1 (2.7) 

1 (2.7) 

0 (0.0) 

35 (94.6) 

38 

 

 

 

 

 

 

1 (2.6 ) 

3 (7.9) 

2 (5.3) 

2 (5.3) 

30(78.9) 

--- --- 

 

 

 

 

p = 0.331 

 

--- --- --- 

Categorical data are expressed as number (%); Chi-square test  conducted to compare between group differences & provide p value. 
#
 Binary categorical data: Logistic regression analysis conducted to provide OR & CI for unadjusted between group comparisons 

Binary categorical data: Logistic regression analysis 

conducted to adjust for baseline values. 

--- (used if unable to calculate or model wouldn‟t converge) 

Abbreviations: MetS (metabolic syndrome); BP (blood pressure);  FPG (fasting plasma glucose);  HDL (high density lipoprotein);   IDF (International Diabetes Federation); IFG (impaired fasting glucose); IGT (impaired glucose 

tolerance;  NCEP (National Cholesterol Education Panel); WC (waist circumference)            
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Logistic regression models Variables adjusted for 
Number of cases 

in the model 

Odds ratio 

OR (95% CI) 
p value 

Model 1 ------- 75 
 

0.80 (0.24 to 2.67) 

 

p = 0.958 

 

Model 2 Ethnicity 73 0.85 (0.25 to 2.84) p = 0.787 

Model 3 
Gender 

 & ethnicity 
73 0.75 (0.22 to 2.60) p = 0.652 

Model 4 Gender 75 0.69 (0.20 to 2.38) p = 0.559 

Model 5 

Gender,  

ethnicity,  

BP medication 

73 0.75 (0.20 to 2.84) p = 0.670 

Model 6 

Gender,  

ethnicity,  

lipid medication 

73 0.51 (0.12 to 2.25) p = 0.373 

Model 7 

Gender,  

ethnicity,  

BP medication,  

lipid medication 

73 0.47 (0.10 to 2.15) p = 0.326 

Model 8 

Gender,  

ethnicity,  

BP medication,  

lipid medication,  

current smoker 

73 0.63 (0.13 to 3.14) p = 0.570 

Dependant variable prevalent MetS at 6-months follow-up; Independent variable study treatment group (reference category control group) 

Table 7-6: Association between study treatment group and prevalent metabolic syndrome  
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  Characteristics n 
Intervention 

6-months 
n 

Control 

6-months 

Unadjusted between group comparison Adjusted between group comparison 

Difference I 

vs C 
95% CI p value 

Difference  

I vs C  
95% CI p value 

Anthropometric &  

bio-medical measures 

Waist circumference(cm) * 

 

Hip circumference (cm) 
‡
 

 

Weight (kg)
 ‡
 

 

BMI (kg/m
2
)
 ‡
 

 

Systolic BP (mmHg) * 

 

Diastolic BP (mmHg) * 

 

Total cholesterol (mmol/l) * 

 

LDL cholesterol (mmol/l) * 

 

HDL cholesterol (mmol/l)
 ‡
 

 

Triglycerides(mmol/l)
 ‡
 

 

HbA1c (%) * 

 

HbA1c (mmol/l)
 ‡
 

 

FPG (mmol/l)* 

 

2 hour glucose (mmol/l)
 ‡
 

 

 

37 

 

37 

 

37 

 

37 

 

37 

 

37 

 

37 

 

37 

 

37 

 

37 

 

37 

 

37 

 

37 

 

37 

 

 

99.3 + 8.8 

 

106.0 [102.0 – 111.8] 

 

80.4 [70.3 – 89.45] 

 

28.2 [27.1  – 30.8] 

 

133.1 + 17.6 

 

84.6 + 10.8 

 

4.56 + 0.76 

 

2.62 + 0.67 

 

1.30 [1.05 – 1.50] 

 

1.40 [1.00  – 1.65] 

 

5.86 + 0.36 

 

41.0 [37.5 – 43.0] 

 

5.19 + 0.33 

 

5.30 [4.65  – 6.25] 

 

 

38 

 

38 

 

38 

 

38 

 

37 

 

37 

 

38 

 

37 

 

38 

 

38 

 

38 

 

38 

 

38 

 

38 

 

 

104.4 + 11.1 

 

114.4 [104.5 - 120.0] 

 

85.6 [76.7 – 97.7] 

 

31.1 [28.4 – 33.6] 

 

127.1 + 14.6 

 

82.6 + 9.6 

 

4.90 + 0.98 

 

2.82 + 0.78 

 

1.20 [ 1.10 – 1.40] 

 

1.50 [ 1.30 – 1.75] 

 

5.92 + 0.34 

 

41.0 [39.0 – 43.0] 

 

5.23 + 0.53 

 

5.35 [4.53  – 7.05] 

 

 

-5.18 

 

-6.00 

 

-6.30 

 

-2.1 

 

6.0 

 

2.0 

 

-0.34 

 

-0.19 

 

0.00 

 

-0.20 

 

-0.07 

 

-1.00 

 

-0.04 

 

-0.10 

 

 

-9.80 to -0.56 

 

-10.00 to -1.00 

 

-12.20 to 0.30 

 

-3.75 to -0.30 

 

-1.5 to 13.5 

 

-2.4 to 6.7 

 

-0.74 to 0.07 

 

-0.53 to 0.14 

 

-0.10 to 0.10 

 

-0.50 to 0.00 

 

-0.23 to 0.09 

 

-2.00 to 1.00 

 

-0.24 to 0.17 

 

-0.80 to 0.50 

 

 

p = 0.028 

 

p = 0.013 

 

p = 0.058 

 

p = 0.022 

 

p = 0.115 

 

p = 0.403 

 

p = 0.104 

 

p = 0.255 

 

p = 0.638 

 

p = 0.099 

 

p = 0.408 

 

p = 0.530 

 

p = 0.718 

 

p = 0.656 

 

 

-2.29  

 

-2.02  

 

-1.73 

 

-0.63  

 

2.9  

 

2.3 

 

-0.07 

 

-0.01  

 

0.00  

 

-1.00  

 

-0.01  

 

-1.01  

 

-0.06  

 

-0.21  

 

 

-4.08 to -0.49 

 

-3.62 to -0.42 

 

-3.29 to -0.16 

 

-1.14 to -0.13 

 

-3.3 to 9.0 

 

-1.9  to 6.4 

 

-0.36 to 0.22 

 

-0.24 to 0.22 

 

-0.10 to 0.10 

 

-1.18 to 1.10 

 

-0.13 to 0.11 

 

-1.04 to 1.02 

 

-0.23 to 0.11 

 

-0.75 to 0.32 

 

 

p = 0.013 

 

p = 0.014 

 

p = 0.031 

 

p = 0.015 

 

p = 0.360 

 

p = 0.280 

 

p = 0.620 

 

p = 0.963 

 

p = 0.964 

 

p = 0.579 

 

p = 0.922 

 

p = 0.547 

 

p = 0.480 

 

p = 0.429 

*Parametric continuous data are expressed as mean + S.D; t-tests conducted to compare between group difference, and provide mean difference, p value and CI.  
‡
Nonparametric continuous data are expressed as median [IQR]; Mann-Whitney-U tests conducted to compare between group difference and provide p value; Hodges 

Lehmann median difference & associated CI provided. 

Linear regression conducted 

to adjust for baseline values 

Abbreviations: BMI (body mass index); BP (blood pressure); FPG (fasting plasma glucose); HbA1c (glycated haemoglobin); HDL (high density lipoprotein); LDL (low density lipoprotein). 

Table 7-7: Comparison of 6-month follow-up data: anthropometric and bio-medical measures  
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Characteristics n 
Intervention 

6-months 
n 

Control 

6-months 

Unadjusted between group comparison Adjusted between group comparison 

OR or 

difference 

I vs C 

95% CI p value 

OR or 

difference 

I vs C 

95% CI p value 

 

Current smoker: yes 

 

37 

 

3 (8.1) 

 

38 

 

5 (13.2) 

 

0.58 

 

0.13 to 2.63 

 

p = 0.711 

 

--- 

 

0 to --- 

 

p = 0.998 

Dietary intake 
Fibre intake:   
          Low 
          Medium 
          High 
 
Total fat intake:   
          Low 
         Medium 
         High                                     
 
Higher unsaturated fat intake: yes

#
 

 
Portions of fruit & vegetables: ≥ 4/day

#
 

 

31 

 

 

 

 

25 

 

 

 

 

33 

 

36 

 
 

11 (35.5) 
11 (35.5) 
9 (29.0) 

 
 

18 (72.0) 
7 (28.0) 
0 (0.0) 

 
21 (63.6) 

 
18 (50.0) 

 

38 

 

 

 

 

35 

 

 

 

 

38 

 

38 

 
 

17 (44.7) 
11 (28.9) 
10 (26.3) 

 
 

24 (68.6) 
7 (20.0) 
4 (11.4) 

 
16 (42.1) 

 
19 (50.0) 

 
--- 
 
 
 
 

--- 
 
 
 
 

2.41 
 

1.00 

 
--- 
 
 
 
 

--- 
 
 
 
 

0.92 to 6.27 
 

0.40 to 2.49 

 
p = 0.728 

 
 
 
 

p = 0.225 
 
 
 
 

p = 0.116 
 

p = 1.000 

 
--- 
 
 
 
 

---- 
 
 
 
 

2.96 
 

1.09 

 
--- 
 
 
 
 

---- 
 
 
 
 

1.02 to 8.55 
 

0.38 to 3.12 

 
--- 
 
 
 
 

---- 
 
 
 
 

p = 0.045 
 

p = 0.872 

 

Physical activity 

Pedometer counts (av steps/day) 
‡
 

 

Self-reported energy expenditure:
‡
 

    Total MET mins/week                         

        

    Walk MET mins/week 

             

   Time spent sitting (mins/day) 

 

IPAQ category:   

        Low 

        Moderate 

        High 

 

 

33 

 

 

26 

 

31 

 

30 

 

26 

 

 

7474 [4845 – 9698] 

 

 

4248 [2049 – 5522] 

 

1782 [792 – 2772] 

 

255 [180 – 428] 

 

 

1  (3.8) 

8  (30.8) 

17  (65.4) 

 

 

29 

 

 

30 

 

31 

 

30 

 

30 

 

 

4740 [3163 – 8259] 

 

 

2813 [1181 – 6359] 

 

1188 [594 – 2376] 

 

285 [180 – 360] 

 

 

5 (16.7) 

11 (36.7) 

14 (46.7) 

 

 

2113 

 

 

332 

 

396 

 

0 

 

--- 

 

 

363 to 3800 

 

 

-1521 to 1905 

 

0 to 1188 

 

-90 to 60 

 

--- 

 

 

p = 0.020 

 

 

p = 0.718 

 

p = 0.101 

 

p = 0.755 

 

p = 0.246 

 

 

1217 

 

 

13 

 

309 

 

11 

 

--- 

 

 

-770 to 3205 

 

 

-1827 to 1854 

 

-387 to 1005 

 

-68 to 90 

 

--- 

 

 

p = 0.225 

 

 

p = 0.988 

 

p = 0.376 

 

p = 0.782 

 

--- 

 
‡
Nonparametric continuous data are expressed as median [IQR]; Mann-Whitney-U tests conducted to compare between group difference and provide p value; Hodges Lehmann 

median difference & associated CI provided. 

Categorical data are expressed as number (%); Chi-square tests conducted to compare between group differences & provide p value. 

 #
Binary categorical data: Logistic regression analysis conducted to provide OR & CI.for unadjusted between group comparisons. 

Continuous variables: Linear regression conducted to 

adjust for baseline values. 

Binary categorical data: Logistic regression analysis 

conducted to adjust for baseline values. 

--- (used if unable to calculate or model wouldn‟t converge) 

Abbreviations: IPAQ (International Physical Activity Questionnaire); MET (metabolic equivalent); n/a (not applicable: unable to calculate or model wouldn‟t converge)       

Table 7-8: Comparison of 6-month follow-up data: lifestyle (smoking, diet, physical activity)  
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Characteristics n 
Intervention 

6-months 
n 

Control 

6-months 

Unadjusted between group comparison Adjusted between group comparison 

OR or 

difference 

I vs C 

95% CI p value 
OR or difference 

I vs C 
95% CI p value 

 

Well-being 

EQ-5D score: higher 
#
 

 

EQ-5D VAS 
‡
 

 

GSE 
‡
 

 

HADS: Anxiety score * 

 

HADS: Depression score 
‡ 

 

 

 

37 

 

36 

 

36 

 

37 

 

37 

 

 

15 (40.5) 

 

82.0 [70.0 – 90.8] 

 

3.30 [2.93 – 3.68] 

 

7.08 + 4.06 

 

3.00 [1.00 – 6.50] 

 

 

37 

 

38 

 

38 

 

37 

 

37 

 

 

13 (35.1) 

 

80.0 [70.0 – 90.0] 

 

3.20 [3.00 – 3.53] 

 

6.73 + 3.53 

 

3.00 [1.50 – 5.50] 

 

 

1.26 

 

0 

 

0 

 

0.35 

 

0 

 

 

0.49 to -3.23 

 

-5.0 to 10.0 

 

-0.20 to 0.20 

 

-1.41 to 2.12 

 

-1.00 to 1.00 

 

 

p = 0.811 

 

p = 0.605 

 

p = 0.996 

 

p = 0.692 

 

p = 0.819 

 

 

0.97 

 

-1.8 

 

0.00 

 

0.06 

 

0.31 

 

 

0.31 to 3.05 

 

-7.0 to 3.4 

 

-0.15 to 0.15 

 

-1.01 to 1.13 

 

-0.65 to 1.26 

 

 

p = 0.952 

 

p = 0.495 

 

p = 0.977 

 

p = 0.914 

 

p = 0.526 

*Parametric continuous data are expressed as mean + S.D; t-tests conducted to compare between group difference, and provide mean difference, p value and CI.  

 
‡
Nonparametric continuous data are expressed as median [IQR]; Mann-Whitney-U tests conducted to compare between group difference and provide p value; Hodges Lehmann 

median difference & associated CI provided. 
#
Binary categorical data are expressed as number (%); Chi-square tests conducted to compare between group differences & provide p value; logistic regression analysis conducted to 

provide OR & CI.for unadjusted between group comparisons 

Continuous variables: Linear regression conducted to adjust for 

baseline values. 

Binary categorical data: Logistic regression analysis conducted 

to adjust for baseline values. 

EQ-5D score (higher, means score >0.800).  

Abbreviations: EQ-5D (EuroQol EQ-5D questionnaire ); VAS ( Visual Analogue Scale); GSE (General Self Efficacy scale); HADS (Hospital Anxiety & Depression Scale) 

Table 7-9: Comparison of 6-month follow-up data: wellbeing 
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7.3 Qualitative evaluation: acceptability of TRIMS education 

programme 

7.3.1 Characteristics of participants interviewed 

Following their attendance at the education sessions, 16 participants 

volunteered to be interviewed. Telephone interviews were successfully 

arranged with 13 people. The characteristics of the sample interviewed were in 

line with the sampling frame and are shown in Table 7-10. The average length 

of time that had elapsed between completion of the TRIMS programme and the 

interview was 4.3 weeks [IQR 2.9 to 5.1].  

 

 

Characteristics of participants interviewed (n = 13) 

 

n  

Age group: 

40 – 49 years  

50 – 59 years  

60 – 69 years  

70 – 74 years 

1 

3 

7 

2 

Sex: 

Female 

Male 

4 

9 

Ethnicity: 

White  

South Asian 

10 

3 

 

Table 7-10: Characteristics of participants interviewed following their attendance at 

TRIMS education programme  
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7.3.2 Key findings from the participant interviews 

Quotations to illustrate the key findings from the interviews are coded as 

follows: interview (INT) and number, ethnicity (SA or WE), gender (male (M) / 

female (F)), age group. 

 

7.3.2.1 Overall acceptability of the TRIMS intervention 

Findings from the participant interviews indicated that the TRIMS education 

programme was overall well received. The practicalities of the education 

programme were generally acceptable in terms of the venue and the timing 

(time of day / day of the week). Most people thought that the number of 

sessions and the length were appropriate.  

 

7.3.2.2 Understanding of metabolic syndrome 

Impact on knowledge and understanding of metabolic syndrome 

Overall, before people attended the TRIMS programme the term MetS did not 

mean anything to them. Additionally, some people specifically mentioned feeling 

surprised or worried when they were first informed that they had MetS. 

“I didn‟t really know what it was ... didn‟t know anything about it.” (INT 02, 

WE, F, 70–74)  

 

“I was a bit shocked, a bit surprised … when I first heard about it.” (INT 10, 

WE, F, 60-69)   

 

However, a few people said that they were not surprised and it made sense, for 

example, because of their current lifestyle habits and weight.   
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“I know that I‟m overweight and I don‟t have any exercise because of the job 

that I do … so it kind of made sense ... It was just putting a name to all the 

things that I probably knew I had.” (INT 07, WE, F, 50-59) 

 

After attending the education programme, those interviewed all demonstrated 

increased knowledge of MetS, including greater awareness of what happens in 

the body and possible future health risks. However, their depth of understanding 

varied. 

 “It‟s a number of things that people have … high blood pressure … 

dimension around the waist … triglyceride levels, cholesterol levels, and what 

was the other one… when people have a combination of these and they are 

above a certain level then obviously it comes as metabolic syndrome … it‟s the 

fat around the internal organs that can cause you problems.” (INT 04, WE, M, 

60-69) 

 

 “It brings on diabetes and heart attacks and there‟s a layer of fat in the 

middle.” (INT 02, WE, F, 70–74) 

 

Additionally, for some people, perceptions associated with MetS following the 

programme included being in control, and either having the ability to prevent 

things from getting worse or being able to reverse MetS. 

“What I‟ve learnt was that I could do things to improve my health and the 

likelihood of contracting heart disease and diabetes.” (INT 06, WE, M, 50-59) 
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Views on usefulness of the label metabolic syndrome 

When people were specifically asked about the usefulness of being given the 

label MetS their views were mixed.  

 “It‟s not really a disease as such it‟s a condition, so I think it‟s probably good 

in as much as  you‟ve got something to call it.” (INT 06, WE, M, 50-59) 

 

 “I would think it‟s fine (being given a label) because that‟s what it is and it‟s 

something to work towards to say right I‟m going to try and reverse it, and if 

you‟ve had a heart attack, you‟ve had a heart attack, that‟s the end of that. So 

it‟s the same sort of thing, so you‟ve got to learn to accept it.” (INT 03, SA, M, 

40-49)  

 

 “I‟ve told a lot of people I know, my friends and relations, that I‟m suffering 

from metabolic syndrome and they look at me gone out…. Nobody seems to 

know the term.  When you say metabolic syndrome what are we actually 

saying.…. It‟s not like a broken leg or it‟s not like saying you‟ve got type-1 

diabetes or type-2 is it?”  (INT 05, WE, M, 70-74) 

 

7.3.2.3 Recall of sessions and key messages 

Participants‟ recall of specific sections of the programme varied but was 

reasonable overall.  

Physical activity 

Generally, people‟s recall of the physical activity messages was good, including 

their recollection of recommended activity targets (i.e. time, frequency, step 

counts).  
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“The minimum is 10 minutes each time. Brisk walking is better for you, 

hoovering is better for you if it it‟s a fast one you know, window cleaning, it‟s 

all good, but a slow walk … doesn‟t count as exercise. You should do 10,500 

(steps ).” (INT 08, SA, M, 50-59) 

 

Some people had been surprised by the suggested targets but most thought 

that the physical activity messages were useful. 

“I was very surprised, I thought I did quite well at walking and when I found 

out how many steps you should be doing I was really shocked.” (INT 10, WE, 

F, 60-69)    

 

Food choices 

Recollection of the food and dietary messages was good and included all the 

key nutritional goals that the TRIMS programme aimed to promote.  

“The messages were not to eat certain types of fat, to eat the monofats, to eat 

fruit and vegetables, low salt intake … whole grains, eat those.” (INT 05, WE, 

M, 70-74) 

 

The usefulness of reading food labels was also frequently mentioned. 

“The constituents of food and actually looking at the packaging… either the 

traffic lights on them, the actual figures, the percentages. I found that 

interesting, as well it‟s a bit of an eye opener.” (INT 04, WE, M, 60-69) 
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Reducing waist size 

Recall of information related specifically to weight management / reducing waist 

size varied, although, the benefits of making small changes (100 calories or two 

biscuits less per day) was mentioned by a few people.    

“The real message was about the two digestive biscuits, you know, cut two of 

those out a day and you‟ll lose a tremendous amount of weight, well not a 

tremendous amount but you know it‟s a small, I think the food message is 

small changes you make can have a positive impact.” (INT 17, WE, M, 50-59) 

 

Action planning 

Only some people specifically recalled the action planning section of the 

programme including making a personal plan and setting goals. However, most 

people talked generally during their interview about targets or things that they 

wanted to change, particularly in relation to physical activity goals. 

“I used to do a little bit (of exercise), but now I‟m trying to get there, to do an 

hour a day.” (INT 03, SA, M, 40-49) 

 

”I‟m trying to reach you know 50,000 (steps) a week you know if I can.” (INT 

15, WE, M, 60-69) 

 

7.3.2.4 Format of the intervention: resources and style of delivery 

Resources 

Overall, the resources were well received. There was variation in terms of how 

much the take-home resources had been used but all were useful for at least 

some people.   
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Almost everybody was regularly using the pedometer and some people 

additionally liked keeping records of their activity in the physical activity logbook.  

“I use it (pedometer) every day now … it is very useful, from that I can work it 

out how much I walked plus how much I have to walk and everything.” (INT 

16, SA, M, 60-69) 

 

People‟s views differed on the usefulness of the food diary. A few people had 

regularly used it but others did not feel the need as they tended to make a 

mental note instead of writing down what they had eaten.  

“I‟ve not actually done a written down exercise at all, I‟ve got it down in my 

own mind what I‟m looking for.” (INT 04, WE, M, 60-69) 

 

The participant handbook had been a useful source of information for most 

people since they attended the education sessions, and some had shared it 

with their family and friends.  

“I‟ve looked at it (handbook) quite a lot, I‟ve regularly looked at it, and the 

family have been very interested in it as well.” (INT 05, WE, M, 70-74) 

The majority of people also felt that the handbook addressed all their 

information needs. 

“I was very impressed … I can‟t think of anything extra that would need to be 

in there.” (INT 04, WE, M, 60-69) 

However, one (South Asian) participant would have liked additional information 

to be included on the amount of calories in other types of foods, specifically in 

Asian foods. 
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 “The only thing I would like to know more is, you know, the food chart you 

gave us in the file … it would be great if we could know more about other 

foods, y‟know like because I‟m Asian. So some of the things we don‟t know 

what the calories have … it does help, but a bit more would be great.” (INT 

08, SA, M, 50-59)   

   

The health profile was also generally viewed as being useful and something that 

people would use again in the future to compare / plot results and 

measurements.  

“I am using them (health profile) now,….I shall use again when the 

measurements are taken” (INT 06, WE, M, 50-59) 

 

However, people appeared undecided about the usefulness of the action plans 

and how likely they were to use them in the future. 

 “At the moment I am monitoring myself in a diary, not actually using a plan, 

which is similar to the plan I suppose.” (INT 07, WE, F, 50-59) 

 

Style of delivery 

Generally, people enjoyed learning as part of a group and felt that they gained a 

lot from being able to hear the experiences and views of other participants.  

“I think it was great to be in a group, you get more ideas and everyone 

different thinking.” (INT 08, SA, M, 50-59)   

 

“We were able to share ideas, share surprises, share learning.” (INT 17, WE, 

M, 50-59) 
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Additionally, most people thought that the games and activities used with the 

group were a good way of learning, by involving the members of the group.  

“I mean it (the activities/games) got people going, like you know, it gets you 

going.” (INT 10, WE, F, 60-69)   

 

Some people specifically mentioned that topics were well explained and 

appropriate language was used, and that this had facilitated their 

understanding. 

 “Fairly easy to understand actually, I mean I am not a medical person but the 

way it was explained in sort of lay man‟s terms I understood you know … I 

found it quite easy to understand.” (INT 05, WE, M, 70-74) 

 

Furthermore, the majority of people felt that the pace of the sessions was 

appropriate and helped with their understanding. 

“I think it takes time to get into it because my memory is not that, not pretty 

good, so if somebody said to me once I wouldn‟t say I‟d remember everything 

… because they keep coming round to it, it helped me out quite a bit.” (INT 

08, SA, M, 50-59) 

 

7.3.2.5 Reported impact on behaviour 

Changes to behaviour 

The most common changes that people reported making to their behaviour 

included: 

 Increasing exercise or physical activity 
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 Trying to lose weight around the middle / reduce waist size 

 Looking at food labels 

 Less alcohol 

 Reducing portion sizes  

 Making changes to the types of foods bought and eaten 

o Avoiding higher fat foods 

o Eating less “junk” food 

o Changing to mono-unsaturated oils or spreads 

o Cutting down salt intake 

o Eating more fish (particularly oily fish) 

o Eating more salad 

o Increasing intake of fruit (particularly as a replacement for less 

healthier snacks)  

 

Typical reports regarding behaviour change included: 

”I used to eat a hell of a lot of cakes and things like that. I don‟t eat, I perhaps 

have one or two a week, where I‟d have it every day.” (INT 15, WE, M, 60-69) 

 

 “I‟ve changed my routine every day. I get up early every morning, I start 

walking.” (INT 16, SA, M, 60-69) 

 

“You look for the green labels (traffic lights) because they have less sugar in 

them and less salt and things like that.” (INT 02, WE, F, 70-74) 
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Barriers 

The most frequently mentioned barriers preventing people from changing their 

behaviour or making it difficult included: 

 Factors related to physical activity - 

o Cold weather  

o Lack of time / busy working 

o Sedentary job 

 Factors related to food -  

o Not responsible for doing the shopping 

o Love food / enjoy eating 

 General issues - 

o Hard at the start, need to get used to lifestyle changes 

o Previous problems trying to lose weight  

o Wary or negative attitude of husband or wife towards change 

o Previous problems with motivation 

For example, participants described barriers as follows: 

“It‟s the hard to make changes …all I do is I fall out of the house, I fall into 

the car and I fall into my office because my office is so far away.” (INT 07, 

WE, F, 50-59)  

 

“I don‟t do the shopping. I‟ve said to the wife, you need to be careful on this 

and that, or the other. We still tend to eat the same sort of products, so not 

been able to implement that part of the education very well.” (INT 17, WE, M, 

50-59) 
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“I am never able to lose … I‟ve tried to lose weight for ages, years and years, 

since I was about 21,22, and instead of losing I‟ve always gained it.” (INT 08, 

SA, M, 50-59)   

 

7.3.2.6 Take home messages 

When people were specifically asked about what the most important thing was 

that they had learnt from the course, the views of those interviewed were 

focused around three areas: 

1) The majority of people interviewed mentioned positive perceptions about 

their ability to make healthy lifestyle changes and being able to influence 

future health outcomes. 

 “I could do things to improve my health and the likelihood of contracting 

heart disease and diabetes.” (INT 06, WE, M, 50-59) 

2) The significance of discovering what MetS meant including possible future 

consequences to their health was mentioned by a few people. 

“What it exactly means and what it could do if you don‟t start taking care.” 

(INT 03, SA, M, 40-49) 

3) Increased knowledge about different types of foods and healthier eating 

habits were cited by a small number of participants. 

“That you can change things without going on a diet,  you know it‟s changing 

the way you eat.” (INT 14, WE, F, 60-69) 
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7.4 Discussion 

7.4.1 Summary of main findings 

it is acknowledged that the TRIMS study is not powered to see a significant 

between group difference for outcomes at 6-months follow-up. Results from the 

analysis of 6-month follow-up data indicate that the number of people for whom 

MetS had reversed was not significantly different between the intervention and 

control groups, 19% and 16% respectively. However, results suggest that the 

TRIMS education programme (six hours, delivered over two sessions) was 

effective at reducing waist circumference (-2.3cm), hip circumference (-2.0cm), 

weight (-1.73kg), and BMI (-0.6kg/m2), all of which significantly decreased in the 

intervention compared to the control group after adjustment for baseline values. 

Additionally, people in the intervention group had substantially increased odds 

of consuming a higher intake of unsaturated fat (OR 2.96, 95% CI 1.02 to 8.55, 

p = 0.045) compared to the control group.  Furthermore, the trend for a number 

of additional outcomes was in the right direction for people in the intervention 

group even if any differences were not statistically significant, for example, 

physical activity levels increased (step count, total MET minutes, walk MET 

mins).  

 

The qualitative evaluation of the TRIMS education programme indicates that, 

overall, the programme was well received. People‟s knowledge of MetS 

improved, including awareness of possible health risks. In addition, after 

attending the course, people generally perceived that they would be able to 

make beneficial changes to their lifestyle and so improve their future health. 

Commonly reported behaviour changes included: increasing physical activity; 
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trying to lose weight around the middle / reduce waist size; making changes to 

the types of foods bought and eaten; and reducing portion size. 

 

7.4.2 Comparison with other studies 

Combined evidence from studies by other authors (as reported in the 

systematic review and meta-analysis presented in Chapter 4), suggests that 

lifestyle advice (diet and/or exercise) is effective for reversing MetS (OR 3.81, 

95% CI 2.47 to 5.88). However, the scope for comparing TRIMS 6-month 

follow-up data with findings from individual studies of lifestyle interventions 

included in the meta-analysis is limited for a number of reasons, for example, as 

the follow-up period for the majority of included studies was one to three years. 

Additionally, for some studies the populations were highly selected, for example 

all participants had impaired glucose regulation,110, 112 or were 

sedentary/physically inactive.101, 105, 109, 115 Furthermore, interim data and 

secondary outcomes (e.g. waist circumference, weight) were poorly reported 

and none of the studies objectively measured changes in physical activity.  

 

Findings from one of the studies in the review, which did report 6-month follow-

up, and which was aimed at promoting dietary changes in people with MetS in 

Iran, suggest that both a weight reducing dietary intervention and a modified 

Mediterranean type dietary intervention (DASH diet) significantly reduced the 

prevalence of MetS compared to control (19%, 35% and 0% respectively, 

p<0.05).117 However, the control group was not determined by randomisation 

but consisted of matched cases. Furthermore, the population was much 

younger (mean age 41 years) and more highly selected than for the TRIMS 
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study, and people who smoked or were on medication for lipids or BP at 

baseline were excluded. In addition, the interventions were more intensive with 

participants receiving monthly individual dietary advice sessions and daily 

phone calls. The reduced prevalence of MetS in the weight reducing diet arm 

(19%) is similar to the reduction in the TRIMS intervention arm at 6-months. 

Unadjusted reductions in waist size were also similar in the Iranian trial 

compared to TRIMS, at around 5cm. However, unadjusted weight loss was 

much greater (estimated median differences -15kg (DASH), -13kg (weight 

reducing diet), -6kg (TRIMS intervention)).  

 

Two small trials which were conducted in the US in mixed ethnic but 

predominately white (>85%) populations, and were included in the meta-

analysis, also reported 6-month data.113, 115 Both of the studies involved 

supervised exercise sessions, and one trial additionally involved dietary 

advice.115 In the exercise only study,113 as for the TRIMS study, there was no 

significant between group difference for reversal of MetS. However, reversal of 

MetS was higher than for the TRIMS RCT, around 35% of people no longer had 

MetS after 6-months, but people recruited to the exercise study all had 

untreated hypertension at baseline. Unfortunately no further comparison could 

be made, people with MetS were a sub-group (n = 44, approximately 42%) of 

the trial population and no separate data were reported for changes in weight or 

individual components of MetS.  

  

In the diet and exercise study115 MetS reversed for a large proportion of people 

in the intervention group (67%) compared to 0% in the control group. However, 
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the control group comparison was “no treatment”. Additionally, after adjustment 

for age and baseline values, the diet and supervised exercise intervention 

substantially decreased waist size -11cm (95% CI: -18 to -2, p<0.05) and 

significant changes were seen for glucose, triglycerides and BP compared to 

control. Similarly to TRIMS, no significant changes were seen for HDL 

cholesterol. However, the trial data published included changes in bio-medical 

values for a small number of people who did not have MetS at baseline (control 

n = 1, 10%; intervention n = 2, 12%). Furthermore, the participants in the diet 

and supervised exercise study had a mean BMI (39kg/m2) at recruitment that 

was much higher than for the TRIMS study (median BMI 30kg/m2) and their 

eligibility criteria included a previously sedentary lifestyle.  

 

A previous study involving one 3-hour group lifestyle education session 

supplemented with a pedometer (PREPARE),137 and conducted in a UK 

population with a similar age and ethnic profile to the TRIMS study sample, was 

found to be effective at increasing physical activity by almost 2,000 steps per 

day  at  6-months follow-up. Similar to the findings from the TRIMS study the 

PREPARE programme did not significantly improve BP or lipid profile. In 

contrast, PREPARE did not promote weight loss or a reduction in waist size, but 

was effective at improving glycaemic control. However, the PREPARE 

population all had IGT, while, only 7% of participants in the TRIMS study had 

IGT at baseline. Furthermore, the design of the PREPARE programme was 

based mainly on promoting physical activity rather than dietary changes and 

weight management.   
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7.4.3 Strengths and limitations 

The group based education programme developed for the TRIMS intervention, 

includes a detailed evidence based curriculum, underpinned with appropriate 

learning and health-behaviour theories. The in-depth development and 

evaluation of the TRIMS programme was guided by the current Medical 

Research Council (MRC) framework for the development, evaluation and 

implementation of complex interventions to improve health.25  

 

Holding the education groups in local community venues and ensuring that a 

choice of various days and times were provided for sessions, including 

weekends, helped to maximise participant attendance. Less than 10% of those 

invited did not attend any of the programme and approximately 80% attended 

the full programme. An additional strength is the qualitative evaluation that was 

conducted to gauge the acceptability of the TRIMS programme. However, it is 

acknowledged that the recruitment strategy for the qualitative evaluation did not 

include methods of collecting information from people who were invited but did 

not attend the education sessions.  

 

To help minimise bias, all data were collected according to standard operating 

procedures, and all persons involved in collection of follow-up data were blinded 

to study group allocation. Quantitative analysis of 6-month follow-up data was 

conducted using robust methods, including adjustment for baseline values and 

sensitivity analysis for the main study outcome. Follow-up data were available 

for a high proportion of people at 6-months, comprising >90% of participants 

overall. It is acknowledged that the analysis did not include participants who 
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were lost to follow-up; however, there were only seven people (8.5% of the total 

sample) in this category, and overall they were broadly similar to the people 

included in the analysis.  

 

It is difficult to elucidate the reasons for non-attendance at 6-months and, 

therefore, whether data were either: (1) “missing completely at random” or 

“missing at random” and potentially ignorable, or (2) “missing not at random” 

and non-ignorable.176 Therefore, a conservative approach, which considered 

that missing values could be a potential source of bias, was adopted. Last 

observation carried forward (baseline value) was not used as a substitute for 

missing data as this method is not currently recommended due to the risk of 

introducing bias .171, 172 Potential bias includes over or under estimating 

treatment effects and/or the variability of parameter estimates.171, 172 

Additionally, alternative strategies such as imputing missing values with the 

worst or best case values were not adopted as both methods are thought to 

share similar drawbacks to last observation carried forward.176 It is 

acknowledged that these methods may be useful if sensitivity analyses are 

performed.  Instead, full details were provided to enable transparency as to who 

was included in each analysis, as recommended by the current CONSORT 

guidelines.173, 175 It is recognised that multiple imputation or hierarchical linear 

modelling are proposed as the preferred methods for dealing with missing 

data,171, 172 and use of these methods will be considered when the primary 

analysis of 12-month data is conducted. However, these strategies were not 

considered to be indicated for the interim analysis presented in this thesis.   
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It is recognised, that people who were recruited to the TRIMS study had 

previously participated in diabetes screening studies. It is therefore possible that 

involvement in these research studies may have motivated people in the control 

group to make lifestyle changes and this could account for some of the 

improvement in the control group including the small proportion for whom MetS 

reversed (16%). This observation is consistent with the findings of some other 

authors who have noted reversal of MetS in control groups (see Chapter 4, 

Table 4-4). Additionally, for most of the screening studies from which the TRIMS 

participants were recruited, those people who had been identified as having 

pre-diabetes had been offered follow-up as part these studies; therefore, they 

were not eligible for recruitment to the TRIMS study. Since people invited to 

participate in the TRIMS study were those who were not originally identified as 

having impaired glucose regulation, large improvements in glycaemic control 

were not anticipated over the study period.  

 

It is acknowledged that by recruiting people to the study who were prescribed 

medication to lower BP or lipids on an “on-going” basis, individuals could still be 

classed as meeting the corresponding criteria for MetS at follow-up even if their 

BP or lipids had fallen below the value for MetS. Therefore, it may be less likely 

that MetS would reverse for these people. However, there is no reason to 

assume that this would affect one group more than the other. At 6-months there 

were no significant differences in BP or lipid values between the two groups and 

medication use was virtually unchanged from baseline.   
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The emphasis of the TRIMS programme was on enabling participants to set 

their own personalised goals for behaviour change; however, there were 

several key messages that the programme aimed to promote (Chapter 5, p114). 

It is acknowledged that providing participants with too much choice could be 

seen as a possible weakness and translate into small changes in a number of 

different risk factors which may not reach statistical significance. However, the 

TRIMS programme was aimed at promoting realistic changes which can 

hopefully be sustained by people in the longer-term. Additionally, in terms of 

prevention of T2DM and CVD, there may be overall benefit from small changes 

that may not be statistically significant. The TRIMS 6-month follow-up data 

suggest that there were small non-significant changes in lipids and glucose 

regulation in the right direction in the intervention group compared to the control 

after adjustment for baseline values (see Table 7-7). 

 

The majority of previous epidemiological studies and clinical trials have used 

the NCEP definition7, 31 to identify MetS. However, bearing in mind the ethnic 

diversity in the TRIMS study population, provision of ethnic-specific cut-off 

points for waist circumference and central obesity within the IDF definition 8 led 

to preferential selection of this definition for our trial. Additionally, secondary 

outcome measures for the TRIMS study include the prevalence of MetS 

according to NCEP criteria. Analysis of 6-month follow-up data suggested that 

there were no significant differences between the study groups for this outcome, 

which mirrored our findings using the IDF definition.  
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It could be argued that the Oslo Diet and Exercise Study (ODES trial105), on 

which the power calculation for this study was based, differs from the TRIMS 

study in a number of ways. Firstly, there are some differences in the 

demographic profile of the TRIMS population. In the ODES trial the population 

were all males and a younger age group (41 to 50 years, ODES; 40 to 75 years 

TRIMS). However, at baseline participants in both trials had a similar BMI and 

waist circumference; 29kg/m2 and 105.4cm respectively for ODES and 30 kg/m2 

and 105.5cm for TRIMS. Additionally, the ODES study was conducted in a 

Norweign population but comparison of potential ethnic differences is hindered 

as ethnicity was not reported in the ODES trial.  Secondly, the lifestyle 

intervention developed for the TRIMS study is less intensive than the diet and 

exercise intervention in the ODES trial. However, if the prevalence of MetS is in 

the region of 30%9, one-to-one counselling is unlikely to be feasible in a primary 

care setting. The TRIMS intervention is a pragmatic group based education 

programme, with broad inclusion criteria and designed to be appropriate to be 

delivered in the “real world setting”. Additionally, this study was not powered for 

a difference of 55% as found in the ODES trial but a more modest difference of 

30% between the intervention and control groups. Furthermore, the ODES 

study used the IDF definition for MetS. It is acknowledged that conducting a 

pilot study before the main TRIMS RCT could have been useful for estimating 

sample size and for highlighting potential factors influencing recruitment. 

However, it was not considered feasible due to the time lines of the project as a 

whole.  
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Based on the results of the 6-month follow-up data, it is acknowledged that the 

TRIMS study may be underpowered to justify using resolution of MetS as the 

primary outcome at 12-months follow-up, and to speculate that a significant 

result will not be seen at 12-months. However, a lack of published data for 

reversal of MetS at multiple time points, including at 6-months and 12-months 

follow-up, hinder comparison and make it difficult to speculate on likely changes 

after 12-months follow-up.   

 

It could also be argued that a longer follow-up period may be needed to see 

significant between group changes for reversal of MetS. Evidence from a sub-

group of participants with MetS in the Diabetes Prevention Programme (DPP) 

indicates that cumulative reversal of MetS was significantly higher (p = 0.002) in 

the lifestyle arm (38%) compared to placebo (18%) after three years of follow-

up.110 In contrast, one year follow-up data showed only small differences 

between reversal of MetS in the three study groups, with lifestyle appearing to 

have a lower reversal rate than both placebo and metformin.110 

 

The TRIMS study excluded people who were unable to understand, speak and 

read English. It is acknowledged that this could potentially have an impact on 

the study findings; health outcomes may differ between English speakers and 

non-English speakers of the same ethnic minority background. This may limit 

the generalisability of study findings. However, our study population includes a 

subset of the SA population in the UK (English speaking people mainly of Indian 

origin), and overall 22% of participants were of SA ethnicity. Additionally, we 

took steps to address cultural needs, for example by including foods commonly 
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eaten in the SA community.  If the education programme is found to be 

successful at 12-months, adapting it for non-English speakers and ethnically 

diverse populations would be considered. A modified version would be needed 

to fully address cultural needs, including language and literacy,177 but this is 

beyond the scope of this thesis. 

 

7.4.4 Implications 

Potential implications for clinical practice and future research are discussed in 

the following chapter (Chapter 8). 

 

7.5 Concluding remarks 

This chapter has reported the 6-month evaluation of the TRIMS study which 

compared the effectiveness of a structured group lifestyle education programme 

with usual care, in people with MetS. The following chapter (Chapter 8), reflects 

on the overall programme of work undertaken. 
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Chapter 8.   Overall discussion: summary, implications 

and recommendations 

 

8.1 Chapter overview 

This chapter summarises the main findings of the programme of work 

undertaken for this thesis. Recommendations for future research and the 

implications for clinical practice are also discussed. Additionally, I review what I 

have learnt whilst completing this PhD and consider how I can build on this 

programme of research. 

 

8.2 Summary 

The overall aim of the programme of work in this thesis was to contribute to the 

body of knowledge relating to self-management lifestyle education for 

management of cardiovascular and diabetes risk in people with metabolic 

syndrome (MetS). An additional aim was to elicit views on waist size 

measurement and strategies to promote use of the measurement for 

assessment of obesity related health risk.  

 

Chapter 1 provided the rationale for this thesis and outlined the aims and 

objectives of the programme of work and provided background on the Medical 

Research Council (MRC) Framework for developing and evaluating complex 

interventions.25 Chapter 2 provided the more detailed background. 
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The qualitative study described in Chapter 3 explored in-depth the knowledge 

and attitudes of both patients and primary care health professionals towards 

measuring waist size in a multi-ethnic setting. Healthcare professionals (HCPs) 

were generally aware of a link between a large waist size and health risks; 

however, the concept of MetS and its association with risk, was not commonly 

raised. For patients, a few people talked about waist size in relation to “healthier 

body shapes” but no one was familiar with the term MetS. Practical barriers to 

using waist circumference measurement raised by HCPs included lack of time, 

extra workload and financial implications. A particularly salient finding was that 

patients generally raised few barriers to waist circumference measurement; 

being given an explanation of the assessment appeared to be what was most 

important to them.  

 

Chapter 4 presented a systematic review (and meta-analysis) consolidating the 

evidence on the effectiveness of interventions for reducing type-2 diabetes 

(T2DM) and cardiovascular disease (CVD) risk in people with MetS. The meta-

analysis indicated the benefits of both lifestyle and pharmacological 

interventions to reverse MetS, with lifestyle interventions appearing to be the 

most effective. In addition to contributing to the growing body of work around 

primary prevention of T2DM and CVD in high risk populations, the meta-

analysis supported the rationale for testing an educational intervention to 

reverse MetS.  

 

The in-depth development of a structured group lifestyle educational 

programme designed to improve management of CVD and T2DM risk factors in 



  Chapter 8.   

Alison Dunkley PhD Thesis, 2011 Page 183 

people with MetS in primary care, was described in Chapter 5. The programme 

was developed to be tested in a randomised controlled trial (RCT): The 

Reversal Intervention for Metabolic Syndrome (TRIMS) study. The detailed 

design and methods used to conduct the TRIMS RCT were described in 

Chapter 6.  

 

The quantitative and qualitative evaluation of the TRIMS study was reported in 

Chapter 7. Analysis of 6-month follow-up data indicated that reversal of MetS 

was not significantly different between the intervention and control groups. 

However, the TRIMS education programme was effective at reducing waist 

size, hip circumference, weight, and body mass index (BMI), and promoting a 

higher intake of unsaturated fat. The qualitative evaluation indicated that, 

overall, the TRIMS programme was well received. After attending the course, 

people generally perceived that they had already, or would be able to, make 

beneficial changes to their lifestyle and so improve their future health. Analysis 

of the 12-month follow-up data will be conducted outside the timescale of this 

thesis as outlined in Chapter 1.  

 

8.3 Recommendations 

8.3.1 Implications for clinical practice 

8.3.1.1 Qualitative findings regarding waist circumference measurement 

Recent guidelines on vascular risk assessment published by the National 

Screening Committee recommend including waist size measurement in risk 

assessment both for population based screening and screening those at risk.12 

The National Institute for Clinical Excellence (NICE) also recommends waist 
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measurement in addition to BMI for obesity management.13 Additionally, recent 

research suggests that people who are overweight are increasingly likely to fail 

to recognise their body size as a cause for concern.178 Waist measurement and 

discussion of associated risks as part of appropriate consultations could provide 

an opportunity to address this issue. This is an area of research focus for some 

current trials looking at primary prevention of diabetes and CVD.179 Despite this, 

waist circumference measurement is not routinely carried out in primary care.  

 

If the use of waist circumference measurement is to be facilitated in routine 

practice, barriers and facilitators highlighted by our patient and HCP interviews 

should be considered. There is a clear need for training in how to carry out 

waist circumference measurement, and if HCPs feel embarrassed or 

uncomfortable about this assessment ways of addressing this should be 

included. Further considerations include adopting a standardised method for 

waist circumference measurement, increasing the length of patient 

appointments, and recognition of workload implications at both practice and 

primary care trust level. Potential facilitators include the use of financial 

incentives and/or possible inclusion in the Quality and Outcomes Framework.180 

Implications for practice that relate directly to patients include the need for 

HCPs to provide patients with an explanation of the importance of waist 

measurement and what it involves. Additional concerns are ensuring that 

patients feel comfortable about being measured, possibly providing them with a 

choice of the gender of HCP, and planning when the measurement is to be 

carried out so that patients can address any barriers related to the 

measurement being unexpected.  
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8.3.1.2 Systematic review evidence regarding the effectiveness of 

interventions for people with metabolic syndrome 

The review (presented in Chapter 4) suggests benefits from interventions aimed 

at promoting lifestyle changes and also those based on pharmacological 

therapies, although lifestyle is superior. However, there may be difficulties 

associated with translating this evidence into practice. MetS is not routinely 

identified in clinical practice.14  Controversy exists regarding the clinical value of 

MetS and whether or not its detection provides incremental benefit beyond 

existing risk algorithms such as the Framingham risk score,59, 60 for identifying 

those at high risk of CVD. Additionally, some HCPs will be hesitant to adopt the 

use of pharmacotherapy for what might be perceived as a lifestyle problem. 

However, they may also be cautious due to the potential for detrimental side 

effects; for example, in a recent study rosiglitazone was found to be effective at 

reducing incident diabetes in people with impaired glucose regulation after three 

years follow-up but also increased the risk of developing heart failure.181 

Furthermore, rosiglitazone and some of the other pharmacological therapies 

identified by the review (rimonabant, sibutramine) are currently suspended from 

use in routine clinical practice following concerns over safety.128-130 

 

The optimal mode of delivering an intervention to promote lifestyle changes in 

people with MetS in practice is unclear. There was considerable variation in the 

design and intensity of lifestyle interventions included in the review. 

Furthermore, despite the recognised clinical value of intensive lifestyle 

programmes such as the US Diabetes Prevention Programme (DPP),110 which 
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was included in the review, subsequent questioning of cost-effectiveness has 

highlighted the need to investigate less expensive pragmatic interventions.182  In 

contrast, it is encouraging that a comparatively less intensive intervention, such 

as that in the study by Bo et al,106 was shown to be effective for both reversing 

MetS and preventing T2DM.   

 

However, the ability to implement these findings in practice may be hampered 

by a lack of service provision. Lifestyle changes (diet and exercise) are currently 

recommended as the initial management approach for people with MetS, with 

the addition of pharmacotherapy if lifestyle alone is ineffective and/or individuals 

are at high CVD risk.7, 8, 76, 77  The importance of structured education for people 

with T2DM is generally recognised183 and programmes in the UK include 

DESMOND184 and X-PERT.185 Currently, no similar programmes are generally 

available in routine primary care for individuals who are at high risk of T2DM, 

including people with MetS. Improving provision of, and access to, interventions 

of known efficacy is important if the benefits of interventions received by trial 

participants are to be extended to population level. 

 

8.3.1.3 Evidence relating to the effectiveness of the TRIMS lifestyle 

education programme  

With rising levels of obesity2 and a predicted increase in the prevalence of 

MetS,10 evidence relating to the effectiveness of the TRIMS education 

programme is potentially highly relevant in terms of public health. This brief (six 

hours contact time, two sessions) relatively low cost intervention was effective 

at promoting a modest reduction in weight, BMI, hip circumference and waist 
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size, and promoting a higher intake of unsaturated fat which could potentially be 

important to future practice. Existing evidence suggests that in terms of 

prevention of T2DM weight loss is of primary importance; secondary analysis of 

data from the intensive lifestyle arm of the DPP, which included people with 

MetS,110 indicated a 16% reduction in risk of developing T2DM for each 

kilogram of weight lost, after adjustment for physical activity and dietary 

changes.186   

 

Additionally, overall, the TRIMS programme was well received and people 

perceived that they were able to make healthy behaviour changes. However, it 

will remain to be seen whether the benefits of the TRIMS intervention are 

sustained at 12-months follow-up or beyond. Findings from studies aimed at 

weight loss, generally suggest that following an intervention participants regain 

between 30 to 50% of the weight that they initially lose, but weight maintenance 

is also important and evidence suggests that at two years follow-up people have 

not gained weight from baseline.187 Evidence from the Finnish Diabetes 

Prevention Study (DPS), which included a sub-group of people (74%) with 

MetS, suggests that a mean weight change of 4.5kg in the intervention group at 

one year follow-up translated into a sustained weight change of -3kg after four 

years.188 Additionally, a recent systematic review considering the long term 

effectiveness of interventions promoting physical activity in healthy adults 

suggests that beneficial behavioural changes can be sustained in the longer 

term. However, reminders (telephone, postal, or internet) may be needed to 

help improve long term effectiveness.189 
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8.3.2 Implications for future research 

8.3.2.1 Qualitative findings regarding waist circumference measurement 

The qualitative study addressed only one aspect of waist measurement. There 

is more scope for future research in this area to consider the views of other 

HCPs involved in obesity management, for example dieticians. Additionally, it 

would be useful to elicit the views of a more diverse range of patient groups; for 

example, people from other ethnic groups and sub-groups.  

 

8.3.2.2 Systematic review evidence regarding the effectiveness of 

interventions for people with metabolic syndrome 

Although the meta-analysis provides evidence of the benefits of interventions 

for reversal of MetS, there is a need for more rigorously designed trials 

providing information on long-term clinical outcomes, including CVD events and 

incidence of T2DM, and data on cost effectiveness. Individuals with MetS could 

perhaps be recruited as pre-planned subgroups of larger trials, to negate the 

present dispute concerning the clinical value of MetS and the cost implications 

of trials involving long-term clinical end-points and associated economic 

evaluations.  

 

8.3.2.3 Evidence relating to the effectiveness of the TRIMS lifestyle 

education programme  

At recruitment 44% of people who were invited to participate in the TRIMS study 

did not reply to their invitation letter. It may be helpful for future research to 

explore the reasons for non-participation in trials involving this type of 
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intervention, for example, using qualitative methods. The usefulness of being 

given the „label‟ MetS was considered in the TRIMS feedback interviews, but 

the exploration was limited to intervention group participants. A possible area of 

interest for future trials would be perceptions about being given the label in the 

context of being assigned to the control group. Gauging HCPs‟ views on the 

usefulness of giving patients the „label‟ MetS may also be of interest.  

 

The TRIMS programme was designed as a pragmatic intervention, delivered in 

community settings and the comparator arm was routine primary healthcare. 

However, we do not have detailed information about the care provided, 

including possible lifestyle advice, given that MetS is not routinely identified in 

practice. At baseline around 50% of people were prescribed a statin and the 

same proportion an antihypertensive, and of those who were followed-up at 6-

months prescribing was virtually unchanged. Future research could incorporate 

a detailed review of GP medical records and/or exploratory interviews with 

HCPs, in order to compare the care provided by primary care health 

professionals to participants in the control and intervention arms.  

 

The TRIMS study involved a subset of people who had already participated in 

diabetes screening and who were not identified as having impaired glucose 

regulation at the time of that screening. Additionally, the TRIMS study 

population were mainly White Europeans (WEs) and South Asians (SAs) of 

Indian origin. There is scope to test the intervention in other patient groups. 

However, in order to include people who are unable to understand, speak and 
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read English, further work would need to be carried out to adapt the TRIMS 

programme and fully address cultural needs, including language and literacy. 

 

8.4 Strengths and limitations of the overall programme of 

work  

The robust programme of work carried out for this PhD thesis involved the use 

of a variety of research methods which included both quantitative and 

qualitative methodologies and a systematic review of the evidence. In addition 

the MRC framework on developing and evaluating complex interventions25 

(outlined in Chapter 1, section 1.2.2) was used to help inform the plan of work 

for this thesis. Figure 8-1 illustrates how the various parts of the programme of 

work relate to the MRC framework, and ultimately contributed to the 

development of a lifestyle education programme for management of CVD and 

diabetes risk in people with MetS. 

 

A further strength is that the programme of work considers areas which are 

under researched. There was a lack of research evidence relating to HCP and 

patient knowledge and attitudes to waist circumference measurement, including 

potential barriers to carrying out this assessment. No previous systematic 

review had been published that consolidated the evidence on interventions for 

reducing T2DM and CVD risk in populations with MetS; and no prior studies had 

been conducted in a multi-ethnic UK population to test the effectiveness of a 

pragmatic lifestyle intervention for reducing T2DM and CVD risk in people with 

MetS.   
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It is acknowledged that both the qualitative study (Chapter 3) and the TRIMS 

RCT (Chapters 6 and 7) were conducted at a single centre comprising a 

specific geographical area (Leicester and Leicestershire) and patient 

participants were mainly WEs and SAs of Indian origin. This may limit the 

generalisability of findings. In addition, it is recognised that the current debate 

about the usefulness of the term MetS,16 among HCPs and researchers, may 

 

Figure 8-1: How the programme of work for this thesis relates to the Medical Research 

Council Framework 
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limit the value of the programme of work. However, qualitative evaluation of the 

TRIMS programme indicated that, in the context of prevention of T2DM and 

CVD, the majority of people interviewed had positive perceptions about their 

ability to make healthy lifestyle changes and influence future health outcomes, 

once they had been made aware of the risks associated with being categorised 

as having MetS. 

 

Adapting an existing educational programme for use as an intervention 

(Chapter 5) could potentially be seen as both a strength and a weakness.  The 

Let‟s Prevent programme,133 which was adapted, was designed for use in a 

different patient group, people with pre-diabetes. However, the programme had 

previously undergone extensive piloting and development work and is based on 

the recognised  DESMOND approach to patient-self management education.134, 

138 Additionally, there is considerable overlap between the nutritional and 

physical activity recommendations for pre-diabetes and MetS. Furthermore, a 

thorough in-depth development phase and feasibility phase was carried out to 

ensure that the TRIMS programme was suitable for people with MetS.  

 

Only 6-month follow-up data and not 12-month were able to be considered in 

this thesis. However, in terms of contributing to the body of knowledge 

pertaining to self-management education for management of cardiovascular 

and diabetes risk in people with MetS, the 6-month data are still valuable, 

particularly when coupled with the detailed qualitative evaluation of the 

programme.  
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8.5 Personal statement 

Undertaking the programme of work for this PhD thesis has enabled me to 

develop immensely as a researcher. I have both acquired new skills and 

improved upon existing experience to develop an extensive portfolio of research 

skills.  

 

General skills developed, that relate to both the quantitative and qualitative 

research conducted, include: writing a study protocol; making submissions for 

NHS ethical and research governance approvals; developing relevant study 

documentation, for example, study information sheets, consent forms, and tools 

for data collection; recruiting general practices; recruiting participants; and 

gaining informed consent. Generic skills that apply to the whole programme of 

work undertaken include: writing a research proposal; searching for evidence; 

critically appraising evidence; recognising when best practice requires 

collaborative working; time management; project management; presentation 

skills; and writing for publication in peer reviewed journals.  

 

Specific qualitative research skills that are associated with the study reported in 

Chapter 3 and the qualitative evaluation reported in Chapter 7 include: 

developing an interview topic guide; conducting in-depth qualitative interviews 

with health care professionals and patients; and analysing qualitative data.  

 

Skills that are specifically linked to the systematic review incorporate: designing 

a search strategy for use with various electronic databases; identifying 
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appropriate papers; contacting authors and experts in the field; extracting data, 

including quality assessment; and collating relevant evidence. 

 

Competencies developed that are associated with the design, conduct and 

evaluation of the TRIMS RCT (Chapters 5 to 7) comprise: developing an 

educational intervention, including adapting/writing a curriculum and developing 

resources; collecting data, including bio-medical data; delivering a structured 

educational intervention; maintaining a study database, including data-entry; 

and analysing baseline and 6-month follow-up data. Additionally, the skills 

developed that relate to curriculum design, and patient education will be 

invaluable if the programme of work is to be taken forward and transferred to 

other patient groups and settings. 

 

A list of publications arising from this programme of work is included after the 

abstract for this thesis (p2), and copies of the relevant published manuscripts 

are included in Appendix 7. 

 

8.6 Next steps 

The immediate task following the PhD is to complete the 12-month evaluation of 

the TRIMS RCT, including the analysis of bio-markers (high-sensitivity C-

reactive protein, adiponectin, and insulin).  The implications of the definitive 

findings of the RCT will then be considered and the way in which the research is 

taken forward will depend on these results.  
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If the TRIMS lifestyle education programme is found to be effective at reducing 

T2DM and CVD risk examples of possible follow-up work would be: 

 Implementation of the intervention into clinical practice outside of the 

research setting with existing staff, such as practice nurses or dieticians, 

facilitating sessions and/or providing supplementary on-going support. 

Work conducted would need to include practical considerations about 

staff availability and training. 

 Longer-term follow-up to confirm whether changes are sustained and 

translate into reduced incidence of T2DM and/or CVD. 

 Cost effectiveness of the intervention in relation to health benefits 

achieved, including longer term cost-effectiveness on major clinical 

outcomes. 

 Transferability to other groups of people such as non-English speakers 

and ethnically diverse populations.  

 

If the intervention is not effective possible additional work might include: 

 Looking for explanations, including exploration of possible barriers and 

enablers to behaviour change. 

 Alternative methods of recruitment. 

 Different methods of delivering the education programme, including the 

number and length of sessions, flexibility, and additional reinforcement of 

behaviour change messages. 

 Involving service users in identifying and developing alternative 

interventions, for example, an internet-based intervention. 
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8.7 Concluding remarks 

This programme of research has made a unique contribution by bridging some 

of the gaps in the previous body of knowledge around management of 

cardiovascular and diabetes risk in people with MetS. More specifically, the 

findings: (1) add to our understanding of HCP and patient views towards waist 

circumference measurement as a way of assessing obesity related health risk, 

including MetS; (2) provide evidence of the effectiveness of lifestyle and 

pharmacological interventions to reverse MetS; and (3) provide evidence on the 

feasibility, acceptability and effectiveness of a pragmatic evidence based 

lifestyle intervention for reducing T2DM and CVD risk in people with MetS, in a 

multi-ethnic UK primary care population. 
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Appendix 1: 

Collaborative work: contributions made by people 

 
 

1) Key to contributors 

 

2) Overall programme of work 

 

3) Qualitative study: Chapter 3 

 

4) Systematic review and meta-analysis: Chapter 4 

 

5) Development of the TRIMS education programme: Chapter 5 

 

6) Conduct and evaluation of the TRIMS study: Chapters 6 and 7 
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1) Key to contributors 

Initials Name Role 

AD Alison Dunkley Author of PhD thesis 

AN Anbar Nazir Clinical Research Assistant 

HF Harriet Fisher Researcher 

JB Jane Brela Clinical Research Assistant 

JCS Janette Camosso-Stefinovic Information Specialist 

JT Jacqui Troughton Dietician (patient educator) 

KC Kathryn Charles Researcher 

KK Kamlesh Khunti PhD Supervisor 

LB Lesley Bryan Clinical Research Assistant 

LG Laura Gray Medical Statistician 

LJ Lesley Julian Transcriber 

MAS Margaret Stone PhD Supervisor 

MJD Melanie Davies PhD Supervisor 

NP Naina Patel Researcher  

NT Nick Taub Medical Statistician 

SC Sandra Campbell Nurse (patient educator) 

TY Tom Yates Researcher (physical activity expert) 
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2) Overall programme of work 

The author of this thesis, Alison Dunkley (AD), designed the research protocol 

for all the studies included in the programme of work in conjunction with her 

PhD supervisors, with additional support for individual studies (KC, TY, JT, NT). 

AD was also responsible for obtaining ethical and other approvals, designing 

study documentation, and recruitment of general practices and participants.  

 

3) Qualitative study: Chapter 3 

AD, NP and MAS developed the interview topic guides. AD conducted the 

healthcare professional interviews. NP conducted interviews with South Asian 

patients and also transcribed the interviews. AD conducted all other patient 

interviews and the interviews with healthcare professionals; LJ transcribed the 

interviews. AD and MAS developed an initial coding frame and AD analysed all 

interview transcripts. 

 

4) Systematic review and meta-analysis: Chapter 4 

AD, KC and JCS developed the search strategy, and JCS ran the searches 

including translating search terms for different databases. AD and KC reviewed 

abstracts, and selected and retrieved relevant papers. AD met with translators, 

and wrote and sent letters to authors/experts. KK, AD and KC made the final 

decisions regarding inclusion/exclusion of all papers. AD and KC designed the 

data extraction tool, and carried out extraction of data and quality assessments. 

AD conducted the qualitative evidence synthesis including tabulating details of 

study populations and interventions. LG conducted the meta-analyses.  
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5) Development of the TRIMS education programme: Chapter 5 

AD, JT, NP, MAS, KK and MJD were involved with developing the initial 

curriculum and resources. AD and JT delivered the pilot education sessions. AD 

and NP developed the interview topic guide used to gauge participant feedback.  

NP evaluated the education sessions (observations of sessions and semi-

structured telephone interviews with participants). AD analysed and collated the 

evaluation data, and AD and JT modified the curriculum and resources following 

the evaluation.  

 

6) Conduct and evaluation of the TRIMS study: Chapters 6 & 7  

AD gained informed consent from participants. AD, AN, and JB collected 

baseline data. MAS randomized participants. AD, JT and SC delivered the 

TRIMS education programme. AD and NP developed the interview topic guide 

used to gauge participant feedback.  HF conducted semi-structured telephone 

interviews with participants and transcribed interview transcripts. AD and MAS 

developed an initial coding frame and AD analysed the interview transcripts. LB 

collected 6-month (and 12-month) follow-up data. AD carried out the analysis of 

baseline and 6-month follow-up data. NT provided statistical advice for the 

TRIMS study. 
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Appendix 2: 

Letters and documents related to the qualitative study 
reported in Chapter 3 

 
 Copy of funding letter from Royal College of General Practitioners  

 Copy of ethics committee approval letter 

 Documents for recruiting practices 

o Letter of invitation  

o Reply slip 

o Information sheet  

 Poster advertising study 

 Documents for recruiting patients 

o Letter of invitation  

o Reply slip 

o Information sheet  

o Consent form 

o Example of translated document: Letter of invitation (Gujarati) 

 Documents for recruiting healthcare professionals 

o Letter of invitation  

o Reply slip 

o Information sheet  

o Consent form 

 Topic guides for initial interviews 

o Healthcare professional interviews 

o Patient interviews 
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Appendix 3: 

Supplementary material related to the systematic review 

and meta-analysis reported in Chapter 4 
 

 

 Data extraction form 

 

 Supplementary information about the quantitative data synthesis (meta-

analysis) 

o Supplementary methods for the meta-analysis 

o Supplementary results from the meta-analysis  
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Supplementary information about the quantitative data synthesis 

(meta-analysis) 

 

Supplementary methods for the meta-analysis 

For the direct pairwise comparisons, random effects models were used to estimate 

the odds ratios for MetS reversal. Heterogeneity was assessed using the I2 

statistic and publication bias using contour enhanced funnel plots and the Peters‟ 

test. The direct pairwise meta-analyses were performed in Stata version 11.1 

(StatCorp, College Station, Texas, US). 

 

To compare all treatments for MetS reversal within a single model, mixed 

treatment comparison methods were used. This allowed both direct and indirect 

comparisons (where no head to head trials were available) to be made. 

Comparisons were checked to make sure they formed closed networks and a 

logistic regression model was used to combine data. In all cases a burn-in of 

10,000 simulations was discarded and the results presented were based on a 

further 50,000 simulations. Convergence was checked visually using the history 

plots and the residual deviance was used to check the goodness of fit. Vague 

priors were used for all parameters. For each treatment type, the percentage of 

times that treatment gained the highest rank across all of the simulations was also 

calculated. All the mixed treatment comparison analysis was conducted using a 

Bayesian Markov chain Monte Carlo method using the Bayesian software, 

WinBUGS version 1.4.3 (Medical Research Council, Cambridge, UK). 

 

 

Supplementary results from the meta-analysis  

The restricted network grouped by treatment category and the full network of trial 

interventions are shown in Figure A and Figure B respectively (following page).  
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Figure F: The restricted (grouped) network of trial interventions 

 

Figure G: The full network of trial interventions 



  Appendix 3 

Alison Dunkley PhD Thesis, 2011 Page 222 

Publication bias was assessed, for the direct pairwise comparison results for the 

grouped data, only for the lifestyle versus control comparison; no significant 

publication bias was seen (p=0.84), see Figure C. 

 

 

Figure H: Contour enhanced funnel plot for the lifestyle versus control direct comparison 

 

When comparing all possible direct comparisons to the full mixed treatment 

comparison results (Table A), the mixed treatment comparison results generally 

agreed with those from the direct analysis but tended to be more conservative. All 

the mixed treatment comparison results except one fell within the 95% confidence 

intervals of the direct estimates, giving a high level of consistency. The two mixed 

treatment comparison models had an acceptable level of fit, with the residual 

deviance being roughly equal to the number of unconstrained data points in both 

cases. 
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Table K: Comparison of the pair-wise and mixed treatment comparison results for the full network 
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Mixed Treatment Comparison Results 

Control 
3.63 

1.28-11.91 

1.74 

0.30-10.47 

1.20 

0.27-5.39 

5.10 

0.59-47.13 

4.64 

1.25-18.52 

2.05 

0.62-7.27 

6.73 

3.05-17.95 

1.03 

0.06-15.71 

0.97 

0.14-6.55 

1.09 

0.07-17.22 

2.56 

1.07-6.13 

Anti-diabetic 

drug 

0.48 

0.08-2.78 

0.33 

0.05-1.89 

1.39 

0.13-14.46 

1.27 

0.22-6.78 

0.56 

0.11-2.70 

1.84 

0.59-6.23 

0.28 

0.01-4.98 

0.27 

0.03-2.26 

0.30 

0.01-5.32 

1.14 

0.48-2.72 

0.39 

0.17-0.87 

Anti-diabetic 

drug & LS 

0.69 

0.07-6.25 

2.94 

0.19-44.45 

2.67 

0.30-22.73 

1.18 

0.14-9.81 

3.85 

0.70-24.03 
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0.55 

0.04-7.10 

0.63 
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Anti-obesity 

drug 

4.24 
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Pairwise comparisons are in bold text; Mixed treatment comparisons are in normal text 
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Appendix 4: 

Supplementary material related to the  

TRIMS education program 

 
 

 Pre-course leaflet 

 

 Examples of parts of the curriculum 

o Overall plan of the curriculum 

o Session C: Metabolic Syndrome and Insulin Resistance 

 

 Examples of parts of the handbook 

o Cover page 

o Contents page 

o Health Profile 

o Action Plan 
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Appendix 5:  

Letters and documents related to the conduct of and 

 recruitment to the TRIMS randomised controlled trial 

 

 
 Copy of ethics committee approval letter 

 

 Clinical trial registration 

 

 Documents for recruiting practices 

o Letter of invitation  

o Reply slip 

o Information sheet  

 

 Documents for recruiting participants 

o Letter of invitation  

o Reply slip 

o Information sheet  

o Consent form 
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Appendix 6: 

Letters and documents related to the evaluation 

of the TRIMS randomised controlled trial 

 

 Example of Case Report Form (CRF): Baseline 

 

 Self-completion questionnaires 

o EQ5D – Health questionnaire and visual analogue scale (VAS) 

o DINE – Eating habits questionnaire 

o GSE – General Self-Efficacy Scale 

o HADS – Hospital Anxiety and Depression Scale 

o IPAQ – International Physical Activity Questionnaire, short version 

 

 Documents for qualitative evaluation 

o Letter of invitation  

o Information sheet  

o Reply slip 

o Consent form 

o Interview topic guide 
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