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Background: Various lipid measurements in monitoring/screening programmes can be used, alone or in
cardiovascular risk scores, to guide treatment for prevention of cardiovascular disease (CVD). Because some
changes in lipids are due to variability rather than true change, the value of lipid-monitoring strategies
needs evaluation.

Objective: To determine clinical value and cost-effectiveness of different monitoring intervals and different
lipid measures for primary and secondary prevention of CVD.

Data sources: We searched databases and clinical trials registers from 2007 (including the Cochrane
Central Register of Controlled Trials, MEDLINE, EMBASE, the Clinical Trials Register, the Current Controlled
Trials register, and the Cumulative Index to Nursing and Allied Health Literature) to update and extend
previous systematic reviews. Patient-level data from the Clinical Practice Research Datalink and St Luke’s
Hospital, Japan, were used in statistical modelling. Utilities and health-care costs were drawn from
the literature.

Methods: In two meta-analyses, we used prospective studies to examine associations of lipids with CVD
and mortality, and randomised controlled trials to estimate lipid-lowering effects of atorvastatin doses.
Patient-level data were used to estimate progression and variability of lipid measurements over time,
and hence to model lipid-monitoring strategies. Results are expressed as rates of true-/false-positive
and true-/false-negative tests for high lipid or high CVD risk. We estimated incremental costs per
quality-adjusted life-year.
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Results: A total of 115 publications reported strength of association between different lipid measures and
CVD events in 138 data sets. The summary adjusted hazard ratio per standard deviation of total cholesterol
(TC) to high-density lipoprotein (HDL) cholesterol ratio was 1.25 (95% confidence interval 1.15 to 1.35) for
CVD in a primary prevention population but heterogeneity was high (I2= 98%); similar results were observed
for non-HDL cholesterol, apolipoprotein B and other ratio measures. Associations were smaller for other
single lipid measures. Across 10 trials, low-dose atorvastatin (10 and 20mg) effects ranged from a TC
reduction of 0.92mmol/l to 2.07mmol/l, and low-density lipoprotein reduction of between 0.88mmol/l and
1.86mmol/l. Effects of 40mg and 80mg were reported by one trial each. For primary prevention, over a
3-year period, we estimate annual monitoring would unnecessarily treat 9 per 1000 more men (28 vs. 19 per
1000) and 5 per 1000 more women (17 vs. 12 per 1000) than monitoring every 3 years. However, annual
monitoring would also undertreat 9 per 1000 fewer men (7 vs. 16 per 1000) and 4 per 1000 fewer women
(7 vs. 11 per 1000) than monitoring at 3-year intervals. For secondary prevention, over a 3-year period,
annual monitoring would increase unnecessary treatment changes by 66 per 1000 men and 31 per
1000 women, and decrease undertreatment by 29 per 1000 men and 28 per 1000 men, compared with
monitoring every 3 years. In cost-effectiveness, strategies with increased screening/monitoring dominate.
Exploratory analyses found that any unknown harms of statins would need utility decrements as large as
0.08 (men) to 0.11 (women) per statin user to reverse this finding in primary prevention.

Limitation: Heterogeneity in meta-analyses.

Conclusions: While acknowledging known and potential unknown harms of statins, we find that
more frequent monitoring strategies are cost-effective compared with others. Regular lipid monitoring in
those with and without CVD is likely to be beneficial to patients and to the health service. Future research
should include trials of the benefits and harms of atorvastatin 40 and 80mg, large-scale surveillance of
statin safety, and investigation of the effect of monitoring on medication adherence.

Study registration: This study is registered as PROSPERO CRD42013003727.

Funding: The National Institute for Health Research Health Technology Assessment programme.

ABSTRACT

NIHR Journals Library www.journalslibrary.nihr.ac.uk

viii



Contents

List of tables xiii

List of figures xix

List of abbreviations xxix

Plain English summary xxxi

Scientific summary xxxiii

Chapter 1 Introduction and rationale 1
Cardiovascular disease: burden, causes and strategies for management 1
Lipid monitoring and statin therapy 2
Choice of lipid measure to monitor 4

Primary prevention 4
Secondary prevention 4

When to monitor 5
Primary and secondary prevention 5

Screening and monitoring as part of primary cardiovascular prevention in the UK 5
Monitoring as part of secondary cardiovascular prevention in the UK 7
Aims and objectives 8
Overview of report structure 8

Chapter 2 Systematic review of association between lipid measures and
cardiovascular events and all-cause mortality 11
Background 11
Methods 17

Search methods for identification of studies 17
Study selection criteria 17
Data extraction and management 18
Data analysis 19

Results 20
Studies based on populations not taking statins 21
Studies based on populations taking statins 43

Discussion 51
Key finding for populations not taking statins 51
Key finding for populations taking statins 53
Strengths and limitations 53

Chapter 3 Meta-analysis of the effect of atorvastatin on serum lipid levels 55
Background 55
Methods 55

Selection of studies 55
Outcome measures and data extraction 56
Data analysis 56

Results 56
Discussion 66

DOI: 10.3310/hta191000 HEALTH TECHNOLOGY ASSESSMENT 2015 VOL. 19 NO. 100

© Queen’s Printer and Controller of HMSO 2015. This work was produced by Perera et al. under the terms of a commissioning contract issued by the Secretary of State for
Health. This issue may be freely reproduced for the purposes of private research and study and extracts (or indeed, the full report) may be included in professional journals
provided that suitable acknowledgement is made and the reproduction is not associated with any form of advertising. Applications for commercial reproduction should be
addressed to: NIHR Journals Library, National Institute for Health Research, Evaluation, Trials and Studies Coordinating Centre, Alpha House, University of Southampton Science
Park, Southampton SO16 7NS, UK.

ix



Chapter 4 Modelling progression of lipid levels 67
Background 67
Methods 67

Data sources 67
Statistical methods 69

Results 70
St Luke’s cohort 70

Discussion 81

Chapter 5 Simulation models for primary and secondary prevention in a
UK population 83
Background 83
Methods 83

Model structure 83
Scenarios based on current guidelines 85
Scenarios based on alternative strategies for monitoring lipids 85

Results 87
Primary prevention not taking statins 87
Primary prevention taking statins 93
Secondary prevention taking statins 93
Alternative strategies for monitoring 103

Discussion 114

Chapter 6 Impact on risk scores of different approaches to lipid measurement 117
Background 117
Methods 117

Alternative lipid measures: non-HDL cholesterol 118
Repeated lipid measures 118

Results 119
Alternative lipid measure: non-HDL cholesterol 119
Repeated lipid measures 123

Discussion 131

Chapter 7 Health-economic simulation model and cost-effectiveness analysis for
monitoring lipids in the general population in the UK 133
Background 133
Methods 133

Simulation models 133
Data sources used in model construction and parametric equations 134
Cost-effectiveness analyses 139
Sensitivity analyses 140
Scenarios 140

Results 142
Monitoring a primary prevention population not taking statins 142
Monitoring a primary prevention population taking statins 144
Monitoring a secondary prevention population taking statins 144
Sensitivity analyses 144

Discussion and interpretation of results 148
Comparison with previous literature 149
Strengths and limitations 150

Conclusion 150

CONTENTS

NIHR Journals Library www.journalslibrary.nihr.ac.uk

x



Chapter 8 Early dissemination meeting of findings 151
Format of meeting and outputs 151

Chapter 9 Patient and public involvement representative comment on
universal treatment 153
Preface 153
To monitor or not to monitor? A patient and public involvement view 154

The question 154
Potential extra costs with ‘fire and forget’ 154
Fear of side effects 155
Media scares 155
Potential new savings for ‘measure and monitor’ 155
Intermediate positions 155
Conclusion 156

Chapter 10 Discussion and conclusions 157
Summary of findings 157
Strengths and limitations 157
Interpretation 158
Future research 159

Gaps in the literature 159
Further areas 159
Beyond our scope 160

Conclusion 160

Acknowledgements 161

References 163

Appendix 1 Excluded references 183

Appendix 2 Modifications to original protocol 193

Appendix 3 Search strategies for populations not taking statins 195

Appendix 4 Search strategies for populations taking statins studies 207

Appendix 5 Methods for indirect data extraction 229

Appendix 6 Populations not taking statins: study names and references 231

Appendix 7 Populations taking statins: study names and references 241

Appendix 8 Extracted data from studies for populations not taking statins 245

Appendix 9 Forest plots for each lipid measure as prognostic markers in
populations not taking statins 277

Appendix 10 Subgroup and sensitivity analyses in populations not taking statins 315

Appendix 11 Extracted data from studies for populations taking statins 337

DOI: 10.3310/hta191000 HEALTH TECHNOLOGY ASSESSMENT 2015 VOL. 19 NO. 100

© Queen’s Printer and Controller of HMSO 2015. This work was produced by Perera et al. under the terms of a commissioning contract issued by the Secretary of State for
Health. This issue may be freely reproduced for the purposes of private research and study and extracts (or indeed, the full report) may be included in professional journals
provided that suitable acknowledgement is made and the reproduction is not associated with any form of advertising. Applications for commercial reproduction should be
addressed to: NIHR Journals Library, National Institute for Health Research, Evaluation, Trials and Studies Coordinating Centre, Alpha House, University of Southampton Science
Park, Southampton SO16 7NS, UK.

xi



Appendix 12 Forest plots for each lipid measure as prognostic markers in
populations taking statins 343

Appendix 13 Sensitivity analyses in populations taking statins 353

Appendix 14 Excluded studies 357

Appendix 15 Meta-regressions: Stata output tables for selected lipid measures
analysing three variables* for cardiovascular events (adjusted estimates) in
populations not taking statins 361

Appendix 16 Meta-analysis of the effect of atorvastatin on serum lipid levels:
sensitivity analysis and results from the network meta-analysis 365

Appendix 17 Rationale for modelling protocol change 379

Appendix 18 Methods for recalibrating St Luke’s cohort to Clinical Practice
Research Datalink 383

Appendix 19 Simulating the unobserved and the slope conditional on
the observed 389

Appendix 20 Figures for alternative monitoring strategies 391

Appendix 21 Methods for the conversion of reported hazard ratios to log-hazard
ratios per millimole per litre 401

CONTENTS

NIHR Journals Library www.journalslibrary.nihr.ac.uk

xii



List of tables

TABLE 1 Phases of monitoring 3

TABLE 2 Comparison of primary prevention monitoring recommendations in
2010 NICE Clinical Guideline 67 and 2014 NICE Clinical Guideline 181 6

TABLE 3 Comparison of secondary prevention monitoring recommendations in
2010 NICE Clinical Guideline 67 and 2014 NICE Clinical Guideline 181 7

TABLE 4 Characteristics of previous reviews: populations not taking statins 12

TABLE 5 Results of previous reviews: populations not taking statins 14

TABLE 6 Characteristics of previous reviews: populations taking statins 16

TABLE 7 Results of previous reviews: populations taking statins 16

TABLE 8 Characteristics of included studies: populations not taking statins 23

TABLE 9 Number of included studies and participants by lipid measure:
populations not taking statins 31

TABLE 10 Characteristics of included studies: population taking statins 44

TABLE 11 Number of included studies and participants by lipid measure:
populations taking statins 47

TABLE 12 Characteristics of included studies 57

TABLE 13 Baseline characteristics of participants in included studies 59

TABLE 14 Risk of bias assessment for included studies (rater 1/rater 2) 59

TABLE 15 Lipid measures in mmol/l [mean (SD)] at baseline and follow-up 60

TABLE 16 Effect sizes and SEs in mmol/l for each lipid measure at follow-up,
for each of the included studies 61

TABLE 17 Baseline characteristics of men and women from the St Luke’s cohort,
Tokyo, Japan 70

TABLE 18 Parameter estimates (95% CIs) in a random-effects model of trend and
variation in lipid levels based on the closed St Luke’s cohort, Tokyo, Japan 71

TABLE 19 Signal–noise ratios over time by lipid type in men and women from
the closed St Luke’s cohort, Tokyo, Japan 72

TABLE 20 Parameter estimates (95% CIs) in a random-effects model of trend and
variation in lipid levels based on the open St Luke’s cohort, Tokyo, Japan 73

DOI: 10.3310/hta191000 HEALTH TECHNOLOGY ASSESSMENT 2015 VOL. 19 NO. 100

© Queen’s Printer and Controller of HMSO 2015. This work was produced by Perera et al. under the terms of a commissioning contract issued by the Secretary of State for
Health. This issue may be freely reproduced for the purposes of private research and study and extracts (or indeed, the full report) may be included in professional journals
provided that suitable acknowledgement is made and the reproduction is not associated with any form of advertising. Applications for commercial reproduction should be
addressed to: NIHR Journals Library, National Institute for Health Research, Evaluation, Trials and Studies Coordinating Centre, Alpha House, University of Southampton Science
Park, Southampton SO16 7NS, UK.

xiii



TABLE 21 Signal–noise ratios over time by lipid type in men and women from
the open St Luke’s cohort, Tokyo, Japan 74

TABLE 22 Baseline characteristics in each prevention group from the CPRD 75

TABLE 23 Parameter estimates (95% CIs) in a random-effects model of trend and
variation in lipid levels based on men in the CPRD 76

TABLE 24 Parameter estimates (95% CIs) in a random-effects model of trend and
variation in lipid levels based on women in the CPRD 77

TABLE 25 Signal–noise ratios over time by lipid type based on men in the CPRD 78

TABLE 26 Signal–noise ratios over time by lipid type based on women in the CPRD 79

TABLE 27 Parameter estimates (95% CIs) in a random-effects model of trend and
variation in lipid levels based on primary prevention men and women not taking
statins from the CPRD, with estimated within-measurement variability (σw)
derived from the St Luke’s cohort, Tokyo, Japan 80

TABLE 28 Signal–noise ratios over time by lipid type based on men and women
in the CPRD 81

TABLE 29 Proportions of tests that are false 84

TABLE 30 Thresholds by lipid measure for secondary prevention patients 86

TABLE 31 Baseline characteristics of the simulated data generated with the
distribution of the CPRD cohorts: N= 100,000 in each group 88

TABLE 32 Primary prevention men not taking statins: TC/HDL cholesterol ratio,
QRisk2 20% 91

TABLE 33 Primary prevention women not taking statins: TC/HDL cholesterol
ratio, QRisk2 20% 92

TABLE 34 Primary prevention men taking statins: TC/HDL cholesterol ratio,
QRisk2 20% 95

TABLE 35 Primary prevention women taking statins: TC/HDL cholesterol ratio,
QRisk2 20% 96

TABLE 36 Secondary prevention men taking statins: TC 4mmol/l 98

TABLE 37 Secondary prevention women taking statins: TC 4mmol/l 99

TABLE 38 Secondary prevention men taking statins: LDL 2mmol/l 101

TABLE 39 Secondary prevention women taking statins: LDL 2mmol/l 102

TABLE 40 Frequency counts of individuals by risk estimate category: comparing
QRisk2 based on single TC/HDL cholesterol measure with QRisk2 based on single
non-HDL cholesterol measure, modified using estimates from EPIC-Norfolk analysis 119

LIST OF TABLES

NIHR Journals Library www.journalslibrary.nihr.ac.uk

xiv



TABLE 41 Frequency counts of individuals by risk estimate category: comparing
QRisk2 based on single TC/HDL cholesterol measure with QRisk2 based on single
non-HDL cholesterol measure, modified using estimates calculated in Chapter 2 121

TABLE 42 Frequency counts of individuals by risk estimate category: comparing
QRisk2 based on single TC/HDL cholesterol measure with QRisk2 based on mean
of three TC/HDL cholesterol measures, without adjusting for regression dilution 123

TABLE 43 Frequency counts of individuals by risk estimate category: comparing
QRisk2 based on single TC/HDL cholesterol measure with QRisk2 based on mean
of five TC/HDL cholesterol measures, without adjusting for regression dilution 125

TABLE 44 Frequency counts of individuals by risk estimate category: comparing
QRisk2 based on single TC/HDL cholesterol measure with QRisk2 based on mean
of three TC/HDL cholesterol measures, adjusted for regression dilution 127

TABLE 45 Frequency counts of individuals by risk estimate category: Comparing
QRisk2 based on single TC/HDL cholesterol measure with QRisk2 based on mean
of five TC/HDL cholesterol measures, adjusted for regression dilution 129

TABLE 46 Baseline characteristics of CPRD patients used in the simulation model 135

TABLE 47 Log-dose–response equations and the risk reduction effects on lipids in
the model 137

TABLE 48 Functional form, beta coefficients and 95% CIs for equations
estimating mortality post cardiovascular event 138

TABLE 49 Costs and utilities (and 95% CIs) involved in the model, and their
associated sources 139

TABLE 50 Scenarios of current guidelines, by gender 142

TABLE 51 Alternative lipid measures 145

TABLE 52 Sensitivity analysis of current guidelines and alternative lipid measures 146

TABLE 53 Sensitivity cost-effectiveness analysis of 10% CVD risk threshold
(TC/HDL) 146

TABLE 54 Sensitivity threshold analysis: primary prevention not taking statins 147

TABLE 55 Sensitivity threshold analysis: secondary prevention taking statins 147

TABLE 56 Sensitivity analysis: estimation based on repeat tests 147

TABLE 57 Comparing cost-effectiveness of lowering the cardiovascular risk
threshold from 20% to 15% 148

TABLE 58 An algorithm for computing the OR for a one-unit increase knowing
baseline parameters 230

DOI: 10.3310/hta191000 HEALTH TECHNOLOGY ASSESSMENT 2015 VOL. 19 NO. 100

© Queen’s Printer and Controller of HMSO 2015. This work was produced by Perera et al. under the terms of a commissioning contract issued by the Secretary of State for
Health. This issue may be freely reproduced for the purposes of private research and study and extracts (or indeed, the full report) may be included in professional journals
provided that suitable acknowledgement is made and the reproduction is not associated with any form of advertising. Applications for commercial reproduction should be
addressed to: NIHR Journals Library, National Institute for Health Research, Evaluation, Trials and Studies Coordinating Centre, Alpha House, University of Southampton Science
Park, Southampton SO16 7NS, UK.

xv



TABLE 59 An algorithm for computing the OR for a one-unit increase when
baseline parameters are not provided 230

TABLE 60 Study names and references of included studies for populations not
taking statins 232

TABLE 61 Study names and references of included studies for populations
taking statins 242

TABLE 62 Extracted data from studies for populations not taking statins 246

TABLE 63 Extracted data from studies for populations taking statins 338

TABLE 64 Excluded studies (see Chapter 2) 357

TABLE 65 Meta-regression for LDL 361

TABLE 66 Meta-regression for TC 361

TABLE 67 Meta-regression for HDL 362

TABLE 68 Meta-regression for TGs 362

TABLE 69 Meta-regression for non-HDL cholesterol 363

TABLE 70 Meta-regression for Apo B 363

TABLE 71 Meta-regression for Apo A-I 363

TABLE 72 Meta-regression for Apo B/Apo A-I 364

TABLE 73 Meta-regression for TC/HDL cholesterol 364

TABLE 74 Characteristics of included studies 366

TABLE 75 Baseline characteristics of participants in included studies 367

TABLE 76 Lipid measures in mmol/l [mean (SD)] at baseline and follow-up 368

TABLE 77 Effect sizes and SEs (mmol/l) for each lipid measure at follow-up,
for each of the included studies 370

TABLE 78 Estimated effect size (SE) (mmol/l), relative to Placebo/Usual Care,
for each lipid measure, for the 10 studies used in Chapter 3 376

TABLE 79 Estimated effect size (SE) (mmol/l), relative to Placebo/Usual Care,
for each lipid measure, for the 23 studies in the expanded network 378

TABLE 80 Regression dilution ratios and approximate 95% CIs estimated from
the parameters of the models in Chapter 4 (columns 3–5) and previously
reported by large studies 380

LIST OF TABLES

NIHR Journals Library www.journalslibrary.nihr.ac.uk

xvi



TABLE 81 Parameter estimates (95% CIs) in a random-effects model of trend and
variation in lipid levels based on primary prevention men and women not taking
statins from the CPRD, with estimated within-measurement variability (σw)
derived from the St Luke’s cohort, Tokyo, Japan 384

TABLE 82 Signal–noise ratios over time by lipid type based on men and women
in the CPRD 385

TABLE 83 Primary prevention men not taking statins: TC/HDL cholesterol QRisk2
20% 386

TABLE 84 Primary prevention women not taking statins: TC/HDL cholesterol
QRisk2 20% 387

TABLE 85 Parameters used to convert HRs presented in EPIC-Norfolk results to
those required to modify the QRisk2 equation to use non-HDL cholesterol
instead of TC/HDL cholesterol 401

DOI: 10.3310/hta191000 HEALTH TECHNOLOGY ASSESSMENT 2015 VOL. 19 NO. 100

© Queen’s Printer and Controller of HMSO 2015. This work was produced by Perera et al. under the terms of a commissioning contract issued by the Secretary of State for
Health. This issue may be freely reproduced for the purposes of private research and study and extracts (or indeed, the full report) may be included in professional journals
provided that suitable acknowledgement is made and the reproduction is not associated with any form of advertising. Applications for commercial reproduction should be
addressed to: NIHR Journals Library, National Institute for Health Research, Evaluation, Trials and Studies Coordinating Centre, Alpha House, University of Southampton Science
Park, Southampton SO16 7NS, UK.

xvii





List of figures

FIGURE 1 Variance of difference among individual cholesterol levels over 4 years 4

FIGURE 2 Dependencies between chapters and the objectives 9

FIGURE 3 Flow chart of study inclusion for populations not taking statins 21

FIGURE 4 Summary results (pooled estimates) by all lipid measures as prognostic
markers for cardiovascular events in populations not taking statins 34

FIGURE 5 Summary results (pooled estimates) by all lipid measures as prognostic
markers for cardiovascular events (after adjustment) in populations not
taking statins 35

FIGURE 6 Summary results (pooled estimates) by all lipid measures as prognostic
markers for cardiovascular mortality in populations not taking statins 36

FIGURE 7 Summary results (pooled estimates) by all lipid measures, as prognostic
markers for cardiovascular mortality (adjusted estimates) in populations not
taking statins 37

FIGURE 8 Summary results (pooled estimates) by all lipid measures as prognostic
markers for all-cause mortality in populations not taking statins 38

FIGURE 9 Summary results (pooled estimates) by all lipid measures as prognostic
markers for all-cause mortality (adjusted estimates) in populations not taking statins 39

FIGURE 10 Flow chart of study inclusion for populations taking statins 43

FIGURE 11 Summary results (pooled estimates) by all lipid measures as
prognostic markers for cardiovascular events in populations taking statins 48

FIGURE 12 Summary results (pooled estimates) by all lipid measures as
prognostic markers for cardiovascular events (adjusted estimates) in populations
taking statins 49

FIGURE 13 Flow chart showing selection of studies for inclusion 57

FIGURE 14 Network representation of the treatments and doses compared in the
included studies 58

FIGURE 15 Network representation of effect sizes (with SEs) for LDL at follow-up
in each study 61

FIGURE 16 Network representation of effect sizes (with SEs) for HDL at follow-up
in each study 62

FIGURE 17 Network representation of effect sizes (with SEs) for TC at follow-up
in each study 62

DOI: 10.3310/hta191000 HEALTH TECHNOLOGY ASSESSMENT 2015 VOL. 19 NO. 100

© Queen’s Printer and Controller of HMSO 2015. This work was produced by Perera et al. under the terms of a commissioning contract issued by the Secretary of State for
Health. This issue may be freely reproduced for the purposes of private research and study and extracts (or indeed, the full report) may be included in professional journals
provided that suitable acknowledgement is made and the reproduction is not associated with any form of advertising. Applications for commercial reproduction should be
addressed to: NIHR Journals Library, National Institute for Health Research, Evaluation, Trials and Studies Coordinating Centre, Alpha House, University of Southampton Science
Park, Southampton SO16 7NS, UK.

xix



FIGURE 18 Network representation of effect sizes (with SEs) for TGs at follow-up
in each study 63

FIGURE 19 Forest plot to show results from four studies that compare
‘Atorva 10–20’ with ‘Placebo/Usual care’ 64

FIGURE 20 Comparison of treatment effects in Cochrane systematic reviews and
Chapter 3 65

FIGURE 21 Men and women, primary prevention not taking statins, QRisk2
(TC/HDL cholesterol) using ≥ 20% as threshold 90

FIGURE 22 Men and women, primary prevention taking statins, QRisk2
(TC/HDL cholesterol) using ≥ 20% as threshold 94

FIGURE 23 Men and women, secondary prevention taking statins, using
TC ≥ 4mmol/l as threshold 97

FIGURE 24 Men and women, secondary prevention taking statins, using
LDL ≥ 2mmol/l as threshold 100

FIGURE 25 Men and women, primary prevention not taking statins, QRisk2
(TC/HDL cholesterol) using ≥ 15% as threshold 104

FIGURE 26 Men and women, primary prevention not taking statins, QRisk2
(TC/HDL cholesterol) using ≥ 10% as threshold 105

FIGURE 27 Men and women, primary prevention not taking statins, QRisk2
(TC/HDL cholesterol) using ≥ 20% as threshold, Recalculating QRisk2 yearly based
on measures every 3 years 106

FIGURE 28 Men and women, primary prevention not taking statins, QRisk2
(TC/HDL cholesterol) using ≥ 20% as threshold, recalculating QRisk2 yearly based
on measures every 5 years 107

FIGURE 29 Men and women, primary prevention taking statins, QRisk2 (TC/HDL
cholesterol) using ≥ 20% as threshold, impact of using the average of
three measurements 108

FIGURE 30 Men and women, primary prevention taking statins, QRisk2 (TC/HDL
cholesterol) using ≥ 20% as threshold, impact of using the average of
five measurements 109

FIGURE 31 Men and women, secondary prevention taking statins using TC
≥ 4mmol/l as threshold, impact of using the average of three measurements 110

FIGURE 32 Men and women, secondary prevention taking statins using TC
≥ 4mmol/l as threshold, impact of using the average of five measurements 111

FIGURE 33 Men and women, secondary prevention taking statins using LDL
≥ 2mmol/l as threshold, impact of using the average of three measurements 112

LIST OF FIGURES

NIHR Journals Library www.journalslibrary.nihr.ac.uk

xx



FIGURE 34 Men and women, secondary prevention taking using LDL ≥ 2mmol/l
as threshold, impact of using the average of five measurements 113

FIGURE 35 Comparison of estimates of 10-year cardiovascular risk calculated
using TC/HDL cholesterol in the original QRisk2 equation or using non-HDL
cholesterol in a modified equation, with the low-/high-risk threshold set at 20% 120

FIGURE 36 Comparison of estimates of 10-year cardiovascular risk calculated
using TC/HDL cholesterol in the original QRisk2 equation or using non-HDL
cholesterol in a modified equation, with the low-/high-risk threshold set at 10% 120

FIGURE 37 Bland–Altman plot of estimates of 10-year cardiovascular risk
calculated using TC/HDL cholesterol in the original QRisk2 equation or using
non-HDL cholesterol in a modified equation 121

FIGURE 38 Comparison of estimates of 10-year cardiovascular risk calculated
using TC/HDL cholesterol in the original QRisk2 equation or using non-HDL
cholesterol in a modified equation (sensitivity analysis), with the low-/high-risk
threshold set at 20% 122

FIGURE 39 Comparison of estimates of 10-year cardiovascular risk calculated
using TC/HDL cholesterol in the original QRisk2 equation or using non-HDL
cholesterol in a modified equation (sensitivity analysis), with the low-/high-risk
threshold set at 10% 122

FIGURE 40 Bland–Altman plot of estimates of 10-year cardiovascular risk
calculated using TC/HDL cholesterol in the original QRisk2 equation or using
non-HDL cholesterol in a modified equation (sensitivity analysis) 123

FIGURE 41 Comparison of estimates of 10-year cardiovascular risk calculated
using a single TC/HDL cholesterol measure or the mean of three TC/HDL
cholesterol measures in the original QRisk2 equation, with the low-/high-risk
threshold set at 20% 124

FIGURE 42 Comparison of estimates of 10-year cardiovascular risk calculated
using a single TC/HDL cholesterol measure or the mean of three TC/HDL
cholesterol measures in the original QRisk2 equation, with the low-/high-risk
threshold set at 10% 124

FIGURE 43 Bland–Altman plot of estimates of 10-year cardiovascular risk
calculated using a single TC/HDL cholesterol measure or the mean of three
TC/HDL cholesterol measures in the original QRisk2 equation 125

FIGURE 44 Comparison of estimates of 10-year cardiovascular risk calculated
using a single TC/HDL cholesterol measure or the mean of five TC/HDL
cholesterol measures in the original QRisk2 equation, with the low-/high-risk
threshold set at 20% 126

FIGURE 45 Comparison of estimates of 10-year cardiovascular risk calculated
using a single TC/HDL cholesterol measure or the mean of five TC/HDL
cholesterol measures in the original QRisk2 equation, with the low-/high-risk
threshold set at 10% 126

DOI: 10.3310/hta191000 HEALTH TECHNOLOGY ASSESSMENT 2015 VOL. 19 NO. 100

© Queen’s Printer and Controller of HMSO 2015. This work was produced by Perera et al. under the terms of a commissioning contract issued by the Secretary of State for
Health. This issue may be freely reproduced for the purposes of private research and study and extracts (or indeed, the full report) may be included in professional journals
provided that suitable acknowledgement is made and the reproduction is not associated with any form of advertising. Applications for commercial reproduction should be
addressed to: NIHR Journals Library, National Institute for Health Research, Evaluation, Trials and Studies Coordinating Centre, Alpha House, University of Southampton Science
Park, Southampton SO16 7NS, UK.

xxi



FIGURE 46 Bland–Altman plot of estimates of 10-year cardiovascular risk
calculated using a single TC/HDL cholesterol measure or the mean of five TC/HDL
cholesterol measures in the original QRisk2 equation 127

FIGURE 47 Comparison of estimates of 10-year cardiovascular risk calculated
using a single TC/HDL cholesterol measure in the original QRisk2 equation or the
mean of three TC/HDL cholesterol measures in a modified equation, with the
low-/high-risk threshold set at 20% 128

FIGURE 48 Comparison of estimates of 10-year cardiovascular risk calculated
using a single TC/HDL cholesterol measure in the original QRisk2 equation or the
mean of three TC/HDL cholesterol measures in a modified equation, with the
low-/high-risk threshold set at 10% 128

FIGURE 49 Bland–Altman plot of estimates of 10-year cardiovascular risk
calculated using a single TC/HDL cholesterol measure in the original QRisk2
equation or the mean of three TC/HDL cholesterol measures in a
modified equation 129

FIGURE 50 Comparison of estimates of 10-year cardiovascular risk calculated
using a single TC/HDL cholesterol measure in the original QRisk2 equation or the
mean of five TC/HDL cholesterol measures in a modified equation, with the
low-/high-risk threshold set at 20% 130

FIGURE 51 Comparison of estimates of 10-year cardiovascular risk calculated
using a single TC/HDL cholesterol measure in the original QRisk2 equation or the
mean of five TC/HDL cholesterol measures in a modified equation, with the
low-/high-risk threshold set at 10% 130

FIGURE 52 Bland–Altman plot of estimates of 10-year cardiovascular risk
calculated using a single TC/HDL cholesterol measure in the original QRisk2
equation or the mean of five TC/HDL cholesterol measures in a modified equation 131

FIGURE 53 Pathway of the simulation model and risk equations involved 134

FIGURE 54 Dosages of statins and methods of titration assumed in
simulation model 136

FIGURE 55 Cost-effectiveness plane graphing differences between annual vs.
triennial monitoring of TC/HDL cholesterol for males after 1000 bootstrap
replications when considering the new treatment threshold guidelines of 10%
in the primary prevention group 143

FIGURE 56 Cost-effectiveness plane showing differences between annual vs.
triennial monitoring of TC/HDL cholesterol for females after 1000 bootstrap
replications when considering the new treatment threshold guidelines of 10%
in the primary prevention group 143

FIGURE 57 Modelled cardiovascular event rates under the assumption of
universal treatment with 80mg of atorvastatin, universal treatment with 40mg
of atorvastatin, or treatment allocated according to current UK guidelines, in a
primary prevention population 153

LIST OF FIGURES

NIHR Journals Library www.journalslibrary.nihr.ac.uk

xxii



FIGURE 58 Low-density lipoprotein as prognostic marker for cardiovascular
events in populations not taking statins 278

FIGURE 59 Low-density lipoprotein as prognostic marker for cardiovascular
events (adjusted estimates) in populations not taking statins 279

FIGURE 60 Low-density lipoprotein as prognostic marker for cardiovascular
mortality (adjusted estimates) in populations not taking statins 280

FIGURE 61 Low-density lipoprotein as prognostic marker for all-cause mortality
in populations not taking statins 281

FIGURE 62 Low-density lipoprotein as prognostic marker for all-cause mortality
(adjusted estimates) in populations not taking statins 282

FIGURE 63 Total cholesterol as prognostic marker for cardiovascular events in
populations not taking statins 283

FIGURE 64 Total cholesterol as prognostic marker for cardiovascular events
(adjusted estimates) in populations not taking statins 284

FIGURE 65 Total cholesterol as prognostic marker for cardiovascular mortality in
populations on statins 285

FIGURE 66 Total cholesterol as prognostic marker for cardiovascular mortality
(adjusted estimates) in populations not taking statins 286

FIGURE 67 Total cholesterol as prognostic marker for all-cause mortality in
populations not taking statins 287

FIGURE 68 Total cholesterol as prognostic marker for all-cause mortality
(adjusted estimates) in populations not taking statins 288

FIGURE 69 High-density lipoprotein cholesterol as prognostic marker for
cardiovascular events in populations not taking statins 289

FIGURE 70 High-density lipoprotein cholesterol as prognostic marker for
cardiovascular events (adjusted estimates) in populations not taking statins 290

FIGURE 71 High-density lipoprotein cholesterol as prognostic marker for
cardiovascular mortality in populations not taking statins 291

FIGURE 72 High-density lipoprotein cholesterol as prognostic marker for
cardiovascular mortality (adjusted estimates) in populations not taking statins 292

FIGURE 73 High-density lipoprotein cholesterol as prognostic marker for
all-cause mortality in populations not taking statins 293

FIGURE 74 High-density lipoprotein cholesterol as prognostic marker for
all-cause mortality (adjusted estimates) in populations not taking statins 294

FIGURE 75 Triglycerides as prognostic marker for cardiovascular events in
populations not taking statins 295

DOI: 10.3310/hta191000 HEALTH TECHNOLOGY ASSESSMENT 2015 VOL. 19 NO. 100

© Queen’s Printer and Controller of HMSO 2015. This work was produced by Perera et al. under the terms of a commissioning contract issued by the Secretary of State for
Health. This issue may be freely reproduced for the purposes of private research and study and extracts (or indeed, the full report) may be included in professional journals
provided that suitable acknowledgement is made and the reproduction is not associated with any form of advertising. Applications for commercial reproduction should be
addressed to: NIHR Journals Library, National Institute for Health Research, Evaluation, Trials and Studies Coordinating Centre, Alpha House, University of Southampton Science
Park, Southampton SO16 7NS, UK.

xxiii



FIGURE 76 Triglycerides as prognostic marker for cardiovascular events
(adjusted estimates) in populations not taking statins 296

FIGURE 77 Triglycerides as prognostic marker for cardiovascular mortality in
populations not taking statins 297

FIGURE 78 Triglycerides as prognostic marker for cardiovascular mortality
(adjusted estimates) in populations not taking statins 298

FIGURE 79 Triglycerides as prognostic marker for all-cause mortality in
populations not taking statins 299

FIGURE 80 Triglycerides as prognostic marker for all-cause mortality (adjusted
estimates) in populations not taking statins 300

FIGURE 81 Non-HDL cholesterol as prognostic marker for cardiovascular events
in populations not taking statins 301

FIGURE 82 Non-HDL cholesterol as prognostic marker for cardiovascular events
(adjusted estimates) in populations not taking statins 302

FIGURE 83 Non-HDL cholesterol as prognostic marker for cardiovascular
mortality (adjusted estimates) in populations not taking statins 303

FIGURE 84 Apolipoprotein B as prognostic marker for cardiovascular events in
populations not taking statins 304

FIGURE 85 Apolipoprotein B as prognostic marker for cardiovascular events
(adjusted estimates) in populations not taking statins 305

FIGURE 86 Apolipoprotein A-I as prognostic marker for cardiovascular events in
populations not taking statins 306

FIGURE 87 Apolipoprotein A-I as prognostic marker for cardiovascular events
(adjusted estimates) in populations not taking statins 307

FIGURE 88 Apolipoprotein B/Apo A-I as prognostic marker for cardiovascular
events in populations not taking statins 308

FIGURE 89 Apolipoprotein B /Apo A-I as prognostic marker for cardiovascular
events (adjusted estimates) in populations not taking statins 309

FIGURE 90 Total cholesterol/HDL cholesterol as prognostic marker for
cardiovascular events in populations not taking statins 310

FIGURE 91 Total cholesterol/HDL cholesterol as prognostic marker for
cardiovascular events (adjusted estimates) in populations not taking statins 311

FIGURE 92 Total cholesterol/HDL cholesterol as prognostic marker for
cardiovascular mortality (adjusted estimates) in populations not taking statins 312

FIGURE 93 Low-density lipoprotein/HDL cholesterol as prognostic marker for
cardiovascular events (adjusted estimates) in populations not taking statins 313

LIST OF FIGURES

NIHR Journals Library www.journalslibrary.nihr.ac.uk

xxiv



FIGURE 94 Summary results (pooled estimates) for cardiovascular events
subgrouped by non-diabetic and diabetic populations for selected lipid measures 316

FIGURE 95 Summary results (pooled estimates) for cardiovascular events by all
lipid measures (adjusted estimates) subgrouped by non-diabetic and
diabetic populations 317

FIGURE 96 Summary results (pooled estimates) for cardiovascular events by all
lipid measures based on removing studies with surrogate definitions of CVD 319

FIGURE 97 Summary results (pooled estimates) for cardiovascular events by all
lipid measures (adjusted estimates) based on removing studies with surrogate
definitions of CVD 320

FIGURE 98 Summary results (pooled estimates) for cardiovascular mortality by all
lipid measures based on removing studies with surrogate definitions of CVD 321

FIGURE 99 Summary results (pooled estimates) for cardiovascular mortality by all
lipid measures (adjusted estimates) based on removing studies with surrogate
definitions of CVD 322

FIGURE 100 Summary results (pooled estimates) for cardiovascular events by all
lipid measures based on removing studies with indirectly extracted data 324

FIGURE 101 Summary results (pooled estimates) for cardiovascular events by all
lipid measures (adjusted estimates) based on removing studies with indirectly
extracted data 325

FIGURE 102 Summary results (pooled estimates) for cardiovascular mortality by
all lipid measures based on removing studies with indirectly extracted data 326

FIGURE 103 Summary results (pooled estimates) for cardiovascular mortality by
all lipid measures (adjusted estimates) based on removing studies with indirectly
extracted data 327

FIGURE 104 Summary results (pooled estimates) for all-cause mortality by all
lipid measures based on removing studies with indirectly extracted data 328

FIGURE 105 Summary results (pooled estimates) for all-cause mortality by all
lipid measures (adjusted estimates) based on removing studies with indirectly
extracted data 329

FIGURE 106 Summary results (pooled estimates) for cardiovascular events by all
lipid measures based on removing studies with reported use of lipid-lowering
medication 330

FIGURE 107 Summary results (pooled estimates) for cardiovascular events by all
lipid measures (adjusted estimates) based on removing studies with reported use
of lipid-lowering medication 331

FIGURE 108 Summary results (pooled estimates) for cardiovascular mortality by
all lipid measures based on removing studies with reported use of lipid-lowering
medication 332

DOI: 10.3310/hta191000 HEALTH TECHNOLOGY ASSESSMENT 2015 VOL. 19 NO. 100

© Queen’s Printer and Controller of HMSO 2015. This work was produced by Perera et al. under the terms of a commissioning contract issued by the Secretary of State for
Health. This issue may be freely reproduced for the purposes of private research and study and extracts (or indeed, the full report) may be included in professional journals
provided that suitable acknowledgement is made and the reproduction is not associated with any form of advertising. Applications for commercial reproduction should be
addressed to: NIHR Journals Library, National Institute for Health Research, Evaluation, Trials and Studies Coordinating Centre, Alpha House, University of Southampton Science
Park, Southampton SO16 7NS, UK.

xxv



FIGURE 109 Summary results (pooled estimates) for cardiovascular mortality by
all lipid measures (adjusted estimates) based on removing studies with reported
use of lipid-lowering medication 333

FIGURE 110 Summary results (pooled estimates) for all-cause mortality by all
lipid measures based on removing studies with reported use of lipid-lowering
medication 334

FIGURE 111 Summary results (pooled estimates) for all-cause mortality by all
lipid measures (adjusted estimates) based on removing studies with reported use
of lipid-lowering medication 335

FIGURE 112 Total cholesterol as prognostic marker for cardiovascular events in
populations on statins 344

FIGURE 113 Total cholesterol as prognostic marker for cardiovascular events
(adjusted estimates) in populations on statins 345

FIGURE 114 Low-density lipoprotein as prognostic marker for cardiovascular
events in populations on statins 346

FIGURE 115 Low-density lipoprotein as prognostic marker for cardiovascular
events (adjusted estimates) in populations on statins 347

FIGURE 116 High-density lipoprotein as prognostic marker for cardiovascular
events in populations on statins 348

FIGURE 117 High-density lipoprotein as prognostic marker for cardiovascular
events (adjusted estimates) in populations on statins 349

FIGURE 118 Triglycerides as prognostic marker for cardiovascular events in
populations on statins 350

FIGURE 119 Non-HDL as prognostic marker for cardiovascular events in
populations on statins 351

FIGURE 120 Apolipoprotein B as prognostic marker for cardiovascular events in
populations on statins 352

FIGURE 121 Summary results (pooled estimates) for cardiovascular events by all
lipid measures based on removing studies with surrogate definitions of CVD 354

FIGURE 122 Summary results (pooled estimates) for cardiovascular events by all
lipid measures based on removing studies with indirectly extracted data 355

FIGURE 123 Summary results (pooled estimates) for cardiovascular events by all
lipid measures (adjusted estimates) based on removing studies with indirectly
extracted data 356

FIGURE 124 Extended network (23 studies): trials of the interventions evaluated 371

FIGURE 125 Extended network (23 studies): LDL differences reported in trials of
the interventions evaluated 372

LIST OF FIGURES

NIHR Journals Library www.journalslibrary.nihr.ac.uk

xxvi



FIGURE 126 Extended network (23 studies): HDL differences reported in trials of
the interventions evaluated 373

FIGURE 127 Extended network (23 studies): TC difference reported in trials of
the interventions evaluated 374

FIGURE 128 Extended network (23 studies): TGs differences reported in trials of
the interventions evaluated 375

FIGURE 129 Men and women, primary prevention not taking statins,
Framingham 1991 using ≥ 20% as threshold 392

FIGURE 130 Men and women, primary prevention not taking statins, modified
QRisk2 (TC) using ≥ 20% as threshold 393

FIGURE 131 Men and women, primary prevention not taking statins, modified
QRisk2 (LDL) using ≥ 20% as threshold 394

FIGURE 132 Men and women, primary prevention not taking statins, modified
QRisk2 (LDL/HDL cholesterol) using ≥ 20% as threshold 395

FIGURE 133 Men and women, secondary prevention taking statins, using TC/HDL
cholesterol ≥ 4 as threshold 396

FIGURE 134 Men and women, secondary prevention taking statins, using
LDL/HDL cholesterol ≥ 2 as threshold 397

FIGURE 135 Men and women, primary prevention taking statins, QRisk2 (TC/HDL
cholesterol) using ≥ 20% as threshold based on average of several measures
using equivalent costs 398

FIGURE 136 Men and women, secondary prevention taking statins, using
TC ≥ 4mmol/l as threshold based on average of several measures using
equivalent costs 399

FIGURE 137 Men and women, secondary prevention taking statins, using LDL
≥ 2mmol/l as threshold based on average of several measures using
equivalent costs 400

DOI: 10.3310/hta191000 HEALTH TECHNOLOGY ASSESSMENT 2015 VOL. 19 NO. 100

© Queen’s Printer and Controller of HMSO 2015. This work was produced by Perera et al. under the terms of a commissioning contract issued by the Secretary of State for
Health. This issue may be freely reproduced for the purposes of private research and study and extracts (or indeed, the full report) may be included in professional journals
provided that suitable acknowledgement is made and the reproduction is not associated with any form of advertising. Applications for commercial reproduction should be
addressed to: NIHR Journals Library, National Institute for Health Research, Evaluation, Trials and Studies Coordinating Centre, Alpha House, University of Southampton Science
Park, Southampton SO16 7NS, UK.

xxvii





List of abbreviations

Apo A-I apolipoprotein A-I

Apo B apolipoprotein B

BMI body mass index

BP blood pressure

CHD coronary heart disease

CI confidence interval

CPRD Clinical Practice Research Datalink

CV coefficient of variation

CVD cardiovascular disease

ERFC Emerging Risk Factors Collaboration

GP general practitioner

HCHS Hospital and Community Health
Services

HDL high-density lipoprotein

HMG-CoA 3-hydroxy-3-methylglutaryl
coenzyme A

HR hazard ratio

HTA Health Technology Assessment

IPD individual patient data

LDL low-density lipoprotein

MI myocardial infarction

NDPCHS Nuffield Department of Primary
Care Health Sciences

NICE National Institute for Health and
Care Excellence

NIHR National Institute for Health
Research

NMA network meta-analysis

OR odds ratio

PPI patient and public involvement

QALY quality-adjusted life-year

QOF Quality Outcomes Framework

RCT randomised controlled trial

RR risk ratio

SD standard deviation

SE standard error

SN signal–noise

TC total cholesterol

TG triglyceride

UKPDS UK Prospective Diabetes Study

DOI: 10.3310/hta191000 HEALTH TECHNOLOGY ASSESSMENT 2015 VOL. 19 NO. 100

© Queen’s Printer and Controller of HMSO 2015. This work was produced by Perera et al. under the terms of a commissioning contract issued by the Secretary of State for
Health. This issue may be freely reproduced for the purposes of private research and study and extracts (or indeed, the full report) may be included in professional journals
provided that suitable acknowledgement is made and the reproduction is not associated with any form of advertising. Applications for commercial reproduction should be
addressed to: NIHR Journals Library, National Institute for Health Research, Evaluation, Trials and Studies Coordinating Centre, Alpha House, University of Southampton Science
Park, Southampton SO16 7NS, UK.

xxix





Plain English summary

There is a clear relationship between cholesterol levels and the risk of heart disease (including heart attack
and stroke). It is common that, together with other factors such as blood pressure, cholesterol levels are

measured at regular intervals to determine a person’s risk of heart disease and hence decide whether or not
cholesterol-lowering drugs (statins) should be prescribed. There are several alternative cholesterol measures
(‘lipids’). Over short time periods, cholesterol measures may vary more by chance than by any real change
in health status. Therefore, we studied which cholesterol measures are most strongly associated with future
heart disease, and the appropriate length of time to leave between one cholesterol test and the next.

First, we compiled information from previous studies and found that, in general, combinations of cholesterol
measures (e.g. the ratio of two types of cholesterol) show stronger associations with heart disease than single
measures. We used similar methods to study the effects of statins on cholesterol. This confirmed that effects
are greater at higher doses. Finally, we used computer models based on routine general practice data to
estimate the levels of treatment, financial costs and rates of outcomes such as heart disease, if cholesterol is
measured every 1, 2, 3 or 5 years. Based on our models, the shorter the interval, the larger the number of
people that will be eligible for treatment.

Within limitations, including the difficulty of fully quantifying harms and benefits of statins in a computer
model, we estimate that this is both beneficial and cost-saving.
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Scientific summary

Introduction

There is good evidence of the predictive nature of lipid measures on cardiovascular disease (CVD) events;
however, uncertainty remains regarding which lipid measure (or combination) is the most useful for prognosis
and monitoring. There is also a growing body of evidence suggesting that, in the absence of treatment or
lifestyle changes, most observed differences in lipid measures within a 3-year period are likely to be due to
biological variability or measurement error (noise).

Combined with their safety profile, the efficacy of statins in reducing lipids [specifically low-density
lipoprotein (LDL) cholesterol], and consequently the risk of CVD events, has meant that their use has
gradually extended to greater numbers of the population. Their use has even been suggested as part of
universally treating individuals aged > 55 years.

Guidelines for the management of individuals at risk of a new (primary prevention) or subsequent (secondary
prevention) CVD event vary regarding choice of lipid measure, CVD risk score, threshold for action (typically
a change in treatment regime), and frequency of visits required for adequate management. This is probably
due to the paucity of evidence for many of these issues, further accentuated by the numerous strategies
potentially available. We therefore combined data from multiple sources to test several of these strategies in
order to make recommendations about the optimal choice of lipid measure and the appropriate interval of
lipid measurement, as well as their impact on both treatment choices and CVD events/mortality.

Objectives

We aimed to determine the clinical value and cost-effectiveness of different lipid measures and monitoring
intervals for managing primary and secondary CVD prevention.

Our specific objectives were to:

1. identify the relative ability of different lipid measures (single or combination) to detect important
changes in lipid status

2. estimate the incremental gains and costs of different strategies (lipid measurements and intervals) for
risk assessment and monitoring of lipid levels in patients at risk of or with CVD

3. develop and populate an economic model of lipid monitoring
4. explore how the choice of lipid measure impacts on risk assessment of CVD compared with original

risk scores
5. disseminate the impact of our findings on CVD risk assessment.

Methods

We carried out a systematic review of prognostic studies to estimate predictive associations, summarised as
adjusted hazard ratios (HRs) per one standard deviation (SD), for lipid markers and ratios, with three
outcomes: CVD events, CVD mortality and all-cause mortality. Study inclusion was restricted to cohorts that
had at least 12 months of follow-up and a minimum of 1000 participants. Results were stratified by
populations taking statins versus not and without (primary prevention) compared with (secondary prevention)
previous CVD. Random-effects summary estimates were obtained for each lipid (or combination) and each
outcome for which at least three studies reported data. Sensitivity analyses examined the impact of definition
of outcome, study quality and the type of summary data available.
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To estimate the dose-related effectiveness of atorvastatin in reducing lipid measures, and hence inform
subsequent economic modelling, we carried out a meta-analysis of randomised controlled trials (RCTs) of
atorvastatin against other statins or placebo. We used trials identified in a recent systematic review and we
included trials with at least 1000 participants and 12 months of follow-up. Two reviewers carried out an
assessment of the risk of bias per included study. Data were extracted for lipid measures at baseline and
12 months (or closest available follow-up). The summary measure of effect calculated was the difference in
mean values between trial arms. Dose-specific estimates were obtained and compared with previously
reported estimates.

Analyses of data from the Clinical Practice Research Datalink (CPRD), an anonymised database of routinely
collected UK medical records, and an independent international cohort (St Luke’s, Japan) were used to
estimate parameters of progression and variability for lipid measures currently used in clinical practice: total
cholesterol (TC), high-density lipoprotein (HDL) cholesterol, LDL cholesterol and their composites including
non-HDL cholesterol and ratios. These parameters include the rate of change in lipid measure over time
(at population and individual level) and the short-term variation (regarded as the noise in the measurement).
We use the signal–noise (SN) ratio to summarise the ability of each lipid measure to distinguish individuals
with true change from those with apparent change due to noise.

We carried out analyses stratified by primary prevention populations (not taking and taking statins) and
secondary populations taking statins, and by gender. Age thresholds for inclusion were 40 years for men,
for consistency with the earliest age at which lipid monitoring starts in programmes such as the UK NHS
Health Check, and 55 years for women, to reduce extra variability associated with the transition from
premenopause to perimenopause to post menopause. Linear random-effects models for each lipid
measure were used to obtain estimates.

Using these parameter estimates, simulation modelling was used to quantify the impact of monitoring
strategies on the proportion of individuals incorrectly identified as above the lipid or risk threshold, who
in reality would be below threshold, and were therefore being unnecessarily identified for treatment,
and the proportion incorrectly identified as below the lipid or risk threshold and therefore potentially
undertreated. Additional analyses explored the impact that different threshold levels, risk scores and lipid
measures would have on these proportions.

The simulation models were extended to an economic model of lipid monitoring in order to obtain
estimates of relative cost-effectiveness of lipid-monitoring strategies. We assumed that lipid monitoring
would lead to initiation or dose increase of atorvastatin: in primary prevention, when 10-year CVD risk
calculated from risk factors including lipid exceeds a threshold, and in secondary prevention, when lipid
exceeds monitoring threshold. Thresholds were based on UK guidelines and sensitivity analyses considered
alternative thresholds. Information from the systematic review provided estimates of effectiveness of
atorvastatin. The model was populated with a cohort of simulated individuals with baseline characteristics
based on those observed in the CPRD, and lipid values over time based on the statistical models described
above. CVD and mortality rates were estimated from the CPRD, from the QRisk2 risk equation, and from
life tables. The main outcome measure for the economic model was the cost per quality-adjusted life-year
(QALY), with QALY values for relevant health states drawn from previous literature and comparisons
reported as the incremental cost per QALY gained between monitoring strategies. The perspective of the
economic evaluation was that of the health-care provider.

We held a dissemination meeting to present early results and obtain feedback on our findings from
clinicians, opinion leaders and stakeholders.
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Results

Our systematic review of the association between lipid measures and CVD events found most evidence for
populations not taking statins (90 publications reporting 110 cohorts, compared with 25 publications
reporting 28 cohorts in populations taking statin therapy). For CVD events in populations not taking statins,
the summary adjusted HR with 95% confidence interval (CI) per SD of non-HDL cholesterol was 1.27
(95% CI 1.14 to 1.41), apolipoprotein B (Apo B) 1.26 (95% CI 1.15 to 1.38) and for the ratios TC/HDL
cholesterol 1.25 (95% CI 1.17 to 1.33), LDL/HDL cholesterol 1.28 (95% CI 1.24 to 1.32) and Apo
B/apolipoprotein A-I (Apo A-I) 1.35 (95% CI 1.22 to 1.50). Associations for other lipid measures were smaller.
Fewer studies gave data for mortality outcomes. In populations not taking statins, TC (HR 1.17, 95% CI 1.10 to
1.24), triglycerides (TGs) (HR 1.17, 95% CI 1.04 to 1.31), HDL cholesterol (HR 1.18, 95% CI 0.08 to 1.28) and
TC/HDL cholesterol ratio (HR 1.14, 95% CI 1.02 to 1.38) were significantly associated with CVD mortality;
LDL and non-HDL cholesterol were not (p> 0.05), and there were insufficient data for other lipid and ratio
measures. For populations taking statins, the adjusted HRs for CVD events were: TC 1.28 (95% CI 1.04 to 1.58);
LDL cholesterol 1.31 (95% CI 0.94 to 1.83); and HDL cholesterol 0.62 (95% CI 0.46 to 0.84). There were not
sufficient data for other lipid measures or for mortality outcomes in populations taking statins.

We identified 10 large RCTs of atorvastatin with at least 12 months’ follow-up, across four RCTs.

Although only 10 studies meeting inclusion criteria were identified, estimates confirmed the effect of
atorvastatin relative to placebo or usual care at low doses [10 and 20mg/day: in four studies, TC reduction
ranged from 0.92mmol/l (95% CI 0.86 to 0.98mmol/l) to 2.07mmol/l (95% CI 1.99 to 2.15mmol/l)
and LDL cholesterol reduction ranged from 0.88mmol/l (95% CI 0.83 to 0.93mmol/l) to 1.86mmol/l
(95% CI 1.80 to 1.92mmol/l)]. Estimates for the effect of atorvastatin 40mg were based on a single study
assessed as having high risk of bias and with results inconsistent with findings from the lower and higher
doses [TC reduction 0.49mmol/l (95% CI 0.40 to 0.58mmol/l), LDL cholesterol reduction 0.38mmol/l
(95% CI 0.32 to 0.44mmol/l)]. At 80mg, in the only eligible study, TC reduction was 1.58mmol/l
(95% CI 1.54 to 1.62mmol/l) and LDL cholesterol reduction 1.44mmol/l (95% CI 1.40 to 1.48mmol/l).
Reductions in TGs were also seen at all doses of atorvastatin, but no clinically important effect on HDL
was observed at any dose.

In statistical models of data from the CPRD and from St Luke’s Hospital, Japan, the SN ratio over 1 year
was < 1 for all lipid measures considered. In the CPRD, in men and women not taking statins, the SN ratio
over 5 years was < 1 for all lipid measures considered; in men and women taking statins the SN ratio over
4 years was < 1 for all lipid measures considered.

For primary prevention, we estimate that annual monitoring (compared with 3-yearly monitoring) using a
QRisk2 threshold of 20%, would unnecessarily identify 9 per 1000 more men (28 vs. 19 per 1000) and 5 per
1000 more women (17 vs. 12 per 1000) for treatment over a 3-year period. However, annual monitoring
under this scenario would also undertreat 9 per 1000 fewer men (7 vs. 16 per 1000) and 4 per 1000 fewer
women (7 vs. 11 per 1000). For secondary prevention, we estimate that annual monitoring (compared with
3-yearly monitoring) using a TC threshold of 4mmol/l unnecessarily identifies 66 per 1000 more men
(224 vs. 157 per 1000) and 31 per 1000 more women (136 vs. 105 per 1000) for increased treatment over a
3-year period, with a decrease in those undertreated of 29 per 1000 men (6 vs. 36 per 1000) and 28 per
1000 men (5 vs. 33 per 1000).

We estimate that the use of non-HDL cholesterol instead of TC/HDL cholesterol ratio in CVD risk
estimation would have found potential for about 1 person in 10 to be classified differently. In contrast,
averaging repeated measures instead of single measures made negligible difference to risk estimation.

In primary prevention populations, annual monitoring using a 20% CVD risk threshold appeared less costly
and more effective than less frequent levels of monitoring. In exploratory sensitivity analyses we found that
any harms of statins not currently included in the model would need an estimated QALY decrement of
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0.11 for women and 0.08 for men for biennial monitoring to be more cost-effective than annual
monitoring. For secondary prevention, annual monitoring using a TC threshold of 4 mmol/l or a LDL
cholesterol threshold of 2 mmol/l appeared less costly and more effective than less frequent monitoring,
and additional statin-related QALY decrements of 0.06 and 0.04 for women and men, respectively, would
be required for biennial monitoring to be more cost-effective than annual monitoring.

Discussion

This work extends a body of knowledge which has identified that many observed changes in lipid
measurements, in the absence of a lipid-lowering treatment change, are due to short-term variability rather
than true change. We have reviewed the literature on predictive power of lipids and effects of atorvastatin,
estimated variability of lipids, and modelled the consequences, including costs and health effects, of a
variety of lipid-monitoring strategies.

Most of the results in this work are based on mathematical models and simulation; nevertheless, we have
used established methods based on summaries from the published literature and routinely collected data in
the UK (CPRD), which are likely to give an approximate representation of current practice.

Conclusions

We consistently found that a lipid-monitoring strategy that places more individuals under treatment is likely
to be cost-effective compared with one that treats fewer. In all comparisons considered in this report, annual
lipid monitoring was cost-saving and effective compared with less frequent monitoring. The implications
of universal treatment without monitoring require further investigation: until then, regular lipid monitoring
in those with and without CVD is likely to be beneficial to patients and to the health service.

Research priorities

Individual patient data from worldwide collaborations should be used to estimate associations for ratios
and other lipid measures, in particular for Apo B and Apo A-I, and report on their relative association for
the different relevant groups (age/condition).

Trials that provide a better quantification of both the benefits and harms of atorvastatin at doses of
40 and 80mg.

Large-scale surveillance studies are needed to determine the safety profile of statins among long-term
users, as well as to obtain estimates of long-term adherence.

Qualitative and quantitative studies to identify and estimate the role that monitoring plays on adherence to
drug regimes and, in particular, statins.

Study registration

This study is registered as PROSPERO CRD42013003727.

Funding

Funding for this study was provided by the Health Technology Assessment programme of the National
Institute for Health Research.
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Chapter 1 Introduction and rationale

Cardiovascular disease: burden, causes and strategies
for management

Cardiovascular disease (CVD) – comprising coronary heart disease (CHD), stroke and peripheral arterial
disease – continues to be a major public health problem: it accounts for almost one-third of deaths in the UK,
making it one of the leading causes of mortality,1–4 and it is responsible for one-fifth of all hospital
admissions.5 The cost implications of CVD are significant, with recent estimates of spending on cardiovascular
care in the UK of approximately £12.5B: £9.6B on direct health-care cost, and £4.2B on informal care.1

Importantly, a high proportion of CVD deaths are identified as premature (before the age of 75 years)1

and most may therefore be preventable.4 Most CVD is caused by atheroma (or atherosclerotic plaques) in
the arterial wall; these plaques develop progressively throughout life, and are often at an advanced stage
before symptoms occur.4,6 Three modifiable risk factors, smoking, blood pressure (BP) and cholesterol,
particularly in combination, are thought to account for the majority of all premature CHD.2,7

The number of deaths caused by CVD has gradually declined since reaching a peak in the 1970s. An
estimated 60% of this decline is due to smoking cessation and reduction of other risk factors, with the
other 40% resulting from improvements in treatment.8 Strategies for CVD prevention therefore aim to
address these risk factors. In the UK, there is currently a three-part strategy: a reduction in average levels
of risk factors in the population; identifying those at a higher risk of CVD events; and reducing risk in
people with established CVD through therapies to lower BP and lipid levels.2,9,10

Lipid measurement and lipid-lowering treatments therefore play a vital role in CVD risk management:
testing lipid levels provides a simple and safe way to identify those at increased risk of CVD, and enables
the initiation and ongoing up-titration of therapies to lower lipid levels. Optimising the clinical strategy to
identify dyslipidaemia for both primary and secondary CVD prevention is therefore of major importance;
however, a number of key questions remain unanswered. There are several different cholesterol measures:
total cholesterol (TC), low-density lipoprotein (LDL) cholesterol, high-density lipoprotein (HDL) cholesterol,
the ratios of these three measures, non-HDL cholesterol and triglycerides (TGs), as well as more recent
alternative measures such as apolipoprotein B (Apo B) and apolipoprotein A-I (Apo A-I). The utility of each
of these measurements, including whether or not any meet the criteria for a screening test, is currently not
known. Ideally, the selection of an optimal monitoring measure should take into account four different
factors: (1) clinical validity, with the most useful tests being those strongly associated with the outcome
and that give results early enough to allow action to be taken; (2) responsiveness to changes in therapy;
(3) the ability to identify real changes from background measurement variability (short-term biological
fluctuations and technical measurement error); and (4) practicalities such as affordability, accessibility, ease
of testing and interpretation.11

After an optimal monitoring test has been identified, translation to a monitoring strategy then requires
further consideration of factors such as the frequency of testing, defining the clinical actions required
if the target is out of range, evaluating the cost-effectiveness of the strategy, and ensuring that those
implementing the strategy have adequate training and a quality assurance scheme is developed.11

Cost-effectiveness is important because screening programmes need to produce a net benefit that should
be achieved at a reasonable cost – accounting for savings from improved outcomes.

The factors for choosing an optimal monitoring measure and defining an optimal monitoring strategy have
not been thoroughly addressed in the current guidelines that aim to help general practitioners (GPs)
manage dyslipidaemia in primary and secondary populations with CVD. A recent systematic review12
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examining the clarity and evidence base for such CVD prevention and treatment guidelines found that, of
those with a section on lipids, only half recommended specific target levels or provided guidance on how
to interpret initial measurements. The majority did not specify how or when to carry out subsequent
monitoring, or provide management guidance when the target is out of range. Largely based upon
consensus and expert opinion, the evidence base for an optimal monitoring interval is particularly weak.

This report forms part of a commissioned stream of work by the National Institute for Health Research
(NIHR) Health Technology Assessment (HTA) programme, and aims to provide evidence for an effective
strategy for monitoring dyslipidaemia in both primary and secondary prevention populations. It has
involved the development and use of new methods to determine an effective strategy for screening and
monitoring of lipid levels in relation to primary and secondary CVD prevention. It includes drawing
together (1) a systematic review of the literature to identify the predictive values of different lipid measures
and help determine the optimal disease parameter for monitoring; (2) a systematic review of the literature
to determine the effectiveness of lipid modification therapies and establish the effect size for treatment in
both primary and secondary prevention populations; (3) individual patient data (IPD) analyses to derive
parameters from repeated measurements to identify biological variability, measurement error and variation
in the rate of change in specific lipid measurements over time; (4) simulation modelling to estimate the
likelihood of false decisions with respect to treatment under different monitoring strategies; (5) IPD
analyses to examine the potential impact of different approaches to lipid measurement have on CVD risk
scores; and (6) health economics modelling, which takes into account individual variability in lipid
progression, as well as the poor precision of tests, to determine the cost-effectiveness of different
monitoring strategies. This introductory chapter reviews the clinical background for this work, summarising
current lipid management guidance, particularly in the UK, and highlighting the key gaps in the evidence
base that this report aims to address.

Lipid monitoring and statin therapy

Cholesterol is a lipid, essential for normal bodily function; however, high levels are associated with several
health problems, in particular CVD. Lipid measurement is important for accurately assessing an individual’s
overall risk of CVD and CHD: high TC and LDL cholesterol, and low HDL cholesterol predict an increased
risk.13 There is a clear log-linear relationship between cholesterol and cardiovascular events, with each
mmol/l rise in TC associated with a 72% risk of a major coronary event.7,14 Management of dyslipidaemia
therefore plays an important role in the prevention of both primary and secondary cardiovascular events.

Statins are a group of medicines that can reduce serum LDL cholesterol through the inhibition of
3-hydroxy-3-methylglutaryl coenzyme A (HMG-CoA) reductase, an enzyme involved in the biosynthesis of
cholesterol, and the subsequent enhanced uptake of LDL from the bloodstream.15,16 Since their introduction
in the 1980s, they have made a dramatic difference in lipid management, with statin use reducing CHD
mortality among those at both moderate and high risk of CHD.17–25 Current guidelines in the UK2,9,10 propose
their use for both primary and secondary prevention of CVD. Accordingly, UK statin expenditure has
increased from approximately £20M in 199322 to £70M in 2004,26 and to > £800M in 2011.27 Mirroring this
treatment cost has been a large increase in lipid measurement. Lipid levels are measured both before and
after the decision to initiate dietary or statin treatment. Our recent Oxfordshire-based study indicated a
≥ 15-fold rise in the overall number of lipid measurements over the past 20 years; although appropriate lipid
testing has increased, and cholesterol levels appear to be lowered, there appears to be considerable, possibly
unnecessary, repeat testing.17
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The objectives of lipid monitoring, which change over the course of treatment, can usefully be divided into
the five phases described in Table 1.11,28 Although individuals taking statins may require some monitoring
of response to treatment or follow-up (phase 2: initial titration), most testing is likely to happen during
screening (phase 1: pre-treatment) or long-term monitoring (phase 3: maintenance). This report focuses on
the monitoring carried out in phases 1 and 3: screening and long-term monitoring.

Screening and long-term monitoring of lipid levels requires interpretation of initial levels and also of the
following sequential levels over time.29 As part of this interpretation, it is necessary to consider both
the short-term within-person variation (‘noise’) and the long-term variability among individuals in the
population (‘signal’), illustrated in Figure 1.30,31 At the time of writing, however, no published guidelines
have considered either within-person or long-term variation in their re-screening strategies.12 Recent
evidence has suggested that, because of the weak signal–noise (SN) ratio of cholesterol level, frequent
screening and/or monitoring – as part of long-term management – more often captures measurement
error rather than true changes.30–32 As clinical decisions on treatment are typically based upon these
measurements, overly frequent monitoring may be detrimental to a patient’s health; therefore, less
frequent testing of cholesterol, such as every 3–5 years, might be more appropriate.

TABLE 1 Phases of monitoring

Phase Monitoring objectives Optimal interval

1. Pre-treatment Check need for treatment

Establish a baseline for
determining response and
change

Short – based on within person variability

2. Initial titration Assess individual response to
treatment

Assess immediate adverse effect

Achieve control

Medium – based on pharmacokinetics (e.g. drug half-life)
and pharmacodynamics (physiological impact time) (wash-in)

3. Maintenance Detect drift from control limits

Detect long-term harms

Long – based on rate of random and systematic ‘drift’

4. Re-establish control Bring level back within control
limits

Medium – see (2)

5. Cessation Check safety of cessation Medium – see (2)
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Choice of lipid measure to monitor

Primary prevention
The seminal statin trials in the 1990s, such as 4S (Scandinavian simvastatin survival study),18 LIPID (The
long-term intervention with pravastatin in ischaemic disease study),33 CARE (Cholesterol and current events
trial)34 and WOSCOPS (West of Scotland coronary prevention study),19 focused on TC as the main lipid
measurement for screening and monitoring. As a result, initial guidelines also focused on TC for screening,
targets, and monitoring.35,36 Although an important CVD risk factor, serum TC on its own is actually a
relatively poor predictor of who will go on to have an event.22,36 In practice, CVD can rarely be attributed to a
single underlying risk factor; more commonly it is the additive and synergistic effect of several risk factors that
lead to the atherosclerotic progression underlying most CVD. Thus, over time, there has been a shift towards
assessment of absolute CVD risk, using CVD risk equations that include a combination of important risk
factors.37 For initial risk measurement, there is evidence from cohort studies38–40 and a meta-analysis41 to
suggest that lipid ratios (TC/HDL cholesterol and LDL/HDL cholesterol) have greater independent predictive
values for CHD than individual lipid levels. The better predictive ability, and ease of measuring TC compared
with LDL, has led to the inclusion of TC/HDL cholesterol in many CVD risk equations,2,42 which, in turn, has
meant a move to measuring and using a combination of TC and HDL for screening in primary prevention
patients. Although TC and HDL, based upon cardiovascular risk, are the most commonly recommended lipids
for screening, it is often suggested that LDL be either calculated using the Friedewald equation43 (requiring a
fasting sample) or measured directly, even when guidelines do not specify what to do with the information.
Additionally, most guidelines also recommend measuring TGs, although TGs play only a minor role in
treatment choices.

Secondary prevention
For people with established CVD, statins reduce total mortality, cardiovascular mortality and morbidity, and
are cost-effective, particularly for those with CHD.16,44 However, substantial variation in the use of statins
for secondary prevention combined with poor adherence to treatment, even in those who have experienced
a CVD event,45–47 mean that in many instances serum cholesterol often remains at unacceptably high levels,48

and can be further improved with advice, support and treatment. Management of statins for the secondary

0.3

0.2

0.1

0
0 1 2 3

V
ar

ia
n

ce
 o

f 
d

if
fe

re
n

ce
 (

m
m

o
l2 /

l2 )

Year

Long-term
variation (TC)

2 × Short-term variation
(TC)

TC

TC/HDL

LDL

LDL/HDL

HDL

FIGURE 1 Variance of difference among individual cholesterol levels over 4 years.

INTRODUCTION AND RATIONALE

NIHR Journals Library www.journalslibrary.nihr.ac.uk

4



prevention of CVD is usually based on controlling cholesterol levels to a target dose,2,49–51 but there is a lack
of published evidence on the cost-effectiveness of treating to target compared with fixed doses of statins,2

and recommendations are based upon either economic simulation models or expert opinion.

When to monitor

Primary and secondary prevention
Information provided on the frequency of lipid monitoring in current CVD prevention guidelines differs
greatly: some guidelines give vague references to testing lipids or assessing CVD risk at ‘regular intervals’,
whereas others give specific intervals for specific groups of people, often with more frequent screening
and measurement for those at higher risk or in secondary prevention groups. Most guidelines do not
reference the evidence or level of evidence on which the recommendation was based, and, of those that
do, most use only weak levels of evidence, consensus or expert opinion.12

Screening and monitoring as part of primary cardiovascular
prevention in the UK

The 2010 UK National Institute for Health and Care Excellence (NICE) lipid modification guidelines2 for the
primary prevention of CVD recommend more active and systematic identification of those at high risk of
CVD, but without full-scale (population wide) screening.2 Based upon an economic analysis, the guidelines
suggest the use of computerised GP records (with data on age, smoking, BP and, sometimes, serum lipids)
to identify people aged between 40 and 74 years who are in need of a full CVD risk assessment. This full
assessment would then include measurement of TC and HDL cholesterol (non-fasting samples would
be adequate) and calculation of the patient’s 10-year risk of CVD using an appropriate CVD risk calculator,
such as the QRisk2 equations from the QRESEARCH database,52 equations from the Framingham Heart
Study,53 or the ASsessing cardiovascular risk using SIGN guidelines (ASSIGN) score.54 Statin therapy is
recommended as part of a management strategy for primary prevention people with a ≥ 20% 10-year risk
of developing CVD. Although the economic analysis on which these guidelines were based allows for
measurement error at a population level (through the incorporation of an error term based on published
values for the coefficient of variation in TC and HDL cholesterol), individual variability in the progression
of dyslipidaemia is not accounted for. Furthermore, only TC and HDL cholesterol measurement are
considered, even although guidelines note that before offering lipid modification therapy, fasting levels of
TC, HDL and TGs should be measured, and LDL should be calculated using the Friedewald equation.43 The
implication is that LDL cholesterol measurement is not required for risk assessment: complicated by the
need for specialised assays to measure LDL cholesterol directly or a fasting sample to allow indirect
calculation of LDL cholesterol.

Although guidelines note that a patient’s CVD risk should be reviewed on an ongoing basis, a specific
interval is not provided. Target lipid levels are not recommended and once a patient has started taking
statins, no further monitoring of lipids is considered necessary: review of drug therapy should be guided by
clinical judgement and patient preference.2 This differs to many guidelines that have suggested close
monitoring of those on treatment, and was suggested because of the lack of clinical trial evidence for
treating to targets, which target to use, and the lack of cost-effectiveness studies on lipid measurement for
risk assessment.2 Although initially proposed over 10 years ago,37 the ‘fire and forget’ approach has been
criticised because of the possibility of failing to identify non-response to treatment, whether or not biological
or through non-adherence.55 Despite the known inaccuracy of lipid measurements, NICE guidelines2 note
that multiple measurements are impractical and risk delay, and thus recommend that treatment should be
generally based on only one or two measurements. Using an average of several repeated measurements is
likely to improve the estimate of an individual’s ‘true’ underlying lipid level but is also likely to have an
impact on CVD risk prediction; this has not yet been investigated.
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Updated guidelines were published by NICE in 2014;56 Table 2 summarises key differences in monitoring
strategies between the 2010 and the 2014 guidelines. Based upon economic analyses, the update
recommends that, although TC and HDL will remain the lipid measurements for screening, the treatment
eligibility threshold for people with no history of CVD will be lowered to a 10-year CVD risk of 10%, and that
this should be calculated using the QRisk252 assessment tool. As QRisk252 has been validated for people aged
up to 85 years of age, people aged 75–84 years will also become eligible for screening. Moreover, a fasting
sample prior to initiating statin therapy is no longer needed; instead TC, HDL cholesterol, and TG
concentrations should be measured and non-HDL cholesterol calculated (through the subtraction of HDL
cholesterol from TC), when a non-fasting sample is considered sufficient. More detailed follow-up monitoring
is suggested, with measurement of TC and HDL cholesterol, and calculation of non-HDL cholesterol at
3 months, with a target reduction of at least 40% in non-HDL cholesterol. This recommendation is based
upon an evidence review of statin efficacy, and it is noted that there are wide confidence intervals (CIs)
around this 40% estimated reduction. It is not clear whether or not further lipid measurements after another
3 months are recommended for those who did not meet these goals. As with previous economic analyses,
individual variability is not accounted for.

TABLE 2 Comparison of primary prevention monitoring recommendations in 2010 NICE Clinical Guideline 672 and
2014 NICE Clinical Guideline 18156

Aspect of guideline

NICE Clinical Guideline

2010: Clinical Guideline 672 2014: Clinical Guideline 18156

Lipid measurements required TC/HDL cholesterol measurements
initially, followed by a full fasting
panel pre treatment

Before starting lipid modification therapy
for the primary prevention of CVD, take at
least one lipid sample to measure a full lipid
profile. This should include measurement of
TC, HDL cholesterol, non-HDL cholesterol,
and TG concentrations. A fasting sample is
not needed

CVD risk score(s) QRisk252

Framingham 199153

ASSIGN54

QRisk252

CVD risk threshold for statin
treatment

20% 10%

Initial statin treatment
recommendation

Simvastatin 40mg Atorvastatin 20mg

Follow-up recommendation Once a person has been started on a
statin . . . repeat lipid measurement
is unnecessary. Clinical judgement
and patient preference should guide
the review of drug therapy and
whether or not to review the lipid
profile

Measure cholesterol, HDL cholesterol and
non-HDL cholesterol in people who have
been started on high-intensity statin
treatment (atorvastatin, any dose) after
3 months of treatment and aim for a
> 40% reduction in non-HDL cholesterol

Follow-up action Target for TC or LDL cholesterol is
not recommended for people who
are treated with a statin for primary
prevention of CVD

If a > 40% reduction in non-HDL
cholesterol is not achieved:

l discuss adherence and timing of dose
(take at night)

l optimise adherence to diet and
lifestyle measures

l consider increasing dose if started on
less than atorvastatin 80mg and person
is judged to be at higher risk because
of comorbidities, risk score or using
clinical judgement

INTRODUCTION AND RATIONALE

NIHR Journals Library www.journalslibrary.nihr.ac.uk

6



Monitoring as part of secondary cardiovascular prevention
in the UK

In 2010, NICE’s lipid modification guidelines for the secondary prevention of CVD2 recommend initiation with
simvastatin 40mg (except if contraindicated), and that if TC levels of < 4mmol/l or LDL cholesterol levels of
< 2mmol/l are not achieved on the initial dose then the dose can be increased to simvastatin 80mg or a statin
of similar potency and acquisition cost. These recommendations were based upon economic analyses, as a
systematic literature search identified no studies on the cost-effectiveness of treating to target compared with a
fixed dose of statin.2 These analyses do not consider individual variability in lipid levels or the frequency at
which to monitor. Since 2010, a drug safety update from the Medicines and Healthcare Products Regulatory
Agency (MHRA),57 based upon results from the SEARCH study (Study of the effectiveness of additional
reductions in cholesterol and homocysteine),58 recommended that simvastatin 80mg should be considered only
in patients with severe hypercholesterolaemia and a high risk of cardiovascular complications; furthermore, the
UK patent for atorvastatin expired in 2012, and now that generic versions are available, this is considered a
preferred choice of statin by some local authorities,59,60 and an updated analysis is clearly needed.

As noted above, these guidelines have been under review since 2011.61,62 Updated recommendations from
201456 are compared with those from 20102 in Table 3, and suggest initiating therapy with a 80-mg dose of
atorvastatin for people with established CVD62 and the replacement of general target levels for TC and LDL
cholesterol with an individual target of a 40% reduction in non-HDL cholesterol after 3 months’ treatment.
Potential actions for those not achieving this target include optimising adherence to statin therapy, diet and
lifestyle measures and the timing of the dose (i.e. taken at night). In addition, people already taking a
different statin/dose could be switched to atorvastatin 80mg. These suggestions are, again, based upon
economic analysis that does not account for individual variability in lipids or the frequency at which to
monitor within a framework including both statins and the prevention of CVD.

TABLE 3 Comparison of secondary prevention monitoring recommendations in 2010 NICE Clinical Guideline 672

and 2014 NICE Clinical Guideline 18156

Aspect of guideline

NICE Clinical Guideline

2010: Clinical Guideline 672 2014: Clinical Guideline 18156

Initial treatment recommendation A drug with a low acquisition cost,
such as simvastatin 40mg

Atorvastatin 80mg

Lipids required for monitoring TC and LDL cholesterol Measure cholesterol, HDL cholesterol and
non-HDL cholesterol in people who have
been started on high-intensity statin
treatment (atorvastatin any dose) after
3 months

Lipid thresholds or follow-up
recommendation

4mmol/l for TC or 2mmol/l for LDL
cholesterol

Aim for a > 40% reduction in non-HDL
cholesterol at 3 months since statin
initiation

Follow-up action Consider increasing to simvastatin
80mg or a drug of similar efficacy
and acquisition cost of TC of
< 4mmol/l or LDL of < 2mmol/l is
not attained

An ‘audit’ level of TC of 5mmol/l
should be used to assess progress in
populations or groups of people
with CVD, in recognition that more
than half of patients will not achieve
a TC of < 4mmol/l or LDL of
< 2mmol/l

If a greater than 40% reduction in non-HDL
cholesterol is not achieved:

l discuss adherence and timing of dose
(take at night)

l optimise adherence to diet and
lifestyle measures

l consider increasing dose if started on
less than atorvastatin 80mg and person
is judged to be at higher risk because
of comorbidities, risk score or using
clinical judgement
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No specific monitoring intervals are given and the frequency of the monitoring is not discussed. In contrast,
until 2014, the Quality Outcomes Framework (QOF),63 a voluntary incentive-based scheme for GP practices in
the UK, effectively recommends annual monitoring of TC levels in secondary prevention patients, as there was
an indicator for the proportion of patients with CHD whose TC level, measured in the preceding 12 months,
was ≤ 5mmol/l. Updates for 2014–15 expect practices to continue to monitor TC/HDL cholesterol but targets
have been removed,64 providing evidence to support that this decision may help to minimise the persistence
of over-monitoring. Previous research has suggested that, as a result of measurement error, such frequent
monitoring is just as likely to mislead when trying to decide whether or not changes in treatment are needed.65

Aims and objectives

As described in this introductory chapter, screening and monitoring of lipid levels to aid treatment decisions
provides a key method for reducing the risk of CVD; however, the optimal lipid measure, monitoring strategy
and interval remain unclear. A large number of guidelines do not include clear information on what, when
and how to monitor lipids, and, of those that do, the evidence base, for monitoring frequency in particular, is
weak; moreover, within-person and long-term variation are not addressed in their re-screening strategies.12

Therefore, the aim of the research reported in this monograph, and set out in the original protocol (see
www.nets.nihr.ac.uk/projects/hta/109701), is to develop a clinical and economic model of dyslipidaemia and
use this to determine an effective strategy for screening and monitoring of lipid levels in relation to primary
and secondary CVD prevention, including current practice.

Our specific objectives are to:

1. identify the relative ability of different lipid measures (single or combination) to detect important
changes in lipid status

2. estimate the incremental gains and costs of different strategies (lipid measurements and intervals)
for risk assessment and monitoring of lipid levels in patients at risk of, or with, CVD

3. develop and populate an economic model of lipid monitoring
4. explore how the choice of lipid measure impacts on risk assessment of CVD compared with original

risk scores
5. disseminate the impact of our findings on CVD risk assessment.

Modifications to the original protocol are listed in Appendix 2.

Overview of report structure

The scientific summary provides a brief overview of our main findings. The subsequent chapters
(see Chapters 2–10) give full details of methods and comprehensive reporting of results. An outline of the
content of each chapter and its relation to the objectives listed above is presented below. The report uses
the following structure: systematic reviews, statistical modelling, health-economic modelling, and other
chapters. Figure 2 shows the dependencies between chapters and the objectives.

In Chapter 2, the predictive ability of different lipid measures for CVD events and all-cause mortality are
compared in the systematic review of prognostic studies, addressing Objective 1 through secondary
analyses of the literature.

In Chapter 3, we review the randomised controlled trial (RCT) evidence for atorvastatin, with particular
emphasis on dose effects, because this is now the recommended statin in UK guidelines and as a
prerequisite for Chapter 7.

INTRODUCTION AND RATIONALE
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In Chapter 4, we quantify the degree of variability (noise) in different lipid measures, and compare this to
the rate of progression (SN ratio), as a measure of the ability of different lipid measures to detect real
versus apparent changes in lipid status, addressing Objective 1 through analyses of patient-level data.

We address Objective 2 by extending the results of Chapter 4 into a computer model of lipid monitoring. In
Chapter 5 this model is used to compare different intervals for lipid-monitoring strategies (Objective 2), and
in Chapter 6 it is used to consider the use of different lipid measures in CVD risk estimation (Objective 4).
In Chapter 7 the computer model is extended into an economic model (Objective 3) of lipid monitoring.

Chapter 8 describes a meeting with key researchers and stakeholders as part of our dissemination strategy
(Objective 5), and Chapter 9 summarises a subsequent consultation with our patient and public
involvement (PPI) representative. The concluding Chapter 10 contains the discussion of our overall findings.

Chapter 1
Introduction and rationale

Chapter 2
Systematic review: predictive
value of different lipid
measures
(Objective 1)

Chapter 3
Systematic review: benefits of
atorvastatin

Chapter 4
Modelling using patient data:
variation and progression in
lipid measures
(Objective 1)

Chapter 5
Simulation modelling:
strategies for monitoring and
risk assessment
(Objective 2)

Chapter 6
Impact of choice of lipids on
risk assessment
(Objective 4)

Chapter 7
Economic modelling of costs 
and benefitsof different 
strategies for monitoring and
risk assessment
(Objective 3)

Chapter 8
Early dissemination meeting
of findings
(Objective 5)

Chapter 9
PPI representative comments
on universal treatment

Chapter 10
Discussion and conclusions

FIGURE 2 Dependencies between chapters and the objectives. PPI, patient and public involvement.
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Chapter 2 Systematic review of association
between lipid measures and cardiovascular events
and all-cause mortality

Background

As noted in Chapter 1, there are a number of different lipids that could be measured as part of a strategy
for the prevention of primary or secondary CVD. However, at the time of writing, there is no consensus on
which lipid is the optimal target for monitoring. One key criterion for a monitoring target is the ability
to predict clinically significant events,11 preferably at a stage early enough to allow preventative action to
be taken.

The Cholesterol Treatment Trialists’ Collaboration66 has extensively examined the safety and efficacy of
statins for lowering LDL cholesterol but, to date, has not compared the predictive ability of different lipid
measures for CVD events or mortality. A number of previous reviews and meta-analyses have compared
the association of different lipid measures with CVD outcomes, all of which have examined subjects
who are not taking statins separately to those who are. The reasons for this are not clear, and are
potentially historical.

To date, five reviews41,67–71 have assessed studies with subjects not taking statins. Their key features and
findings are summarised in Tables 4 and 5, respectively. Three of these studies obtained IPD,41,67,69,70

whereas the other two analysed trial-level data.68,71 All support an association between lipid measures and
the cardiovascular outcomes examined; however, as each focuses on a different subset of lipid measures
and/or a different cardiovascular outcome, their conclusions for the lipid most strongly predictive of CVD
varied, and comparisons are difficult.
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TABLE 4 Characteristics of previous reviews: populations not taking statins

Review name:
number of
studies – type Review characteristics Statistical methods and assumptions

APSC 2005:67 32 studies –
IPD

No searches completed

Studies included by invitation (subject to
certain criteria)

Studies included only if reported results for
TC, HDL cholesterol and TGs at baseline

Studies excluded if no events in follow-up

Some subgroup analysis by gender and
age and comments on heterogeneity of
data because of regional differences, but
essentially no quality assessment

Prevention groups not stated

Outcomes were analysed in equal quartiles
(as assessed at baseline) and summarised
through HRs

Further analysis by use of likelihood ratio
chi-squared statistic to compare models (results
not shown)

Thompson and Danesh
2006:68 23 studies –
published data

Searches up to October 2005

Extensive search, but no strategy provided

Studies only included if reported results for
Apo B, Apo A-I, Apo B/Apo A-I at baseline

No table of excluded studies

No quality assessment of studies, although
subgroup analysis by quality factors;
however, no conclusions drawn from
these results

Grading system for adjustment of data;
however, all date pooled whether
unadjusted or adjusted

Outcome included various definitions of
CHD, subgroup analysis to examine this,
but no conclusions drawn

Mixed primary and secondary populations

Point estimates extracted and standardised

ORs, RRs and HRs were assumed to be an
approximate measure for relative risk

Results displayed as meta-analysis (bottom vs.
top-third baseline values)

PSC 2007:41 not stated –

IPD
Search appears to be comprehensive but
no search strategy available, no reference
to language and search dates not
published

Screening not described

No table of excluded studies

Limited quality assessment

Comprehensive analysis plan

Results calculated only for participants
with complete data for all four measures
(TC, HDL cholesterol, non-HDL cholesterol,
TC/HDL cholesterol)

Primary prevention

Age-specific HRs estimated by Cox regression
(gender specific too in the original review)

Results presented in this review as inverse of
the published results to allow comparison

Unreliable measurements excluded

HRs are presented in unit measures approximately
proportional to 1 SD (0.33mmol/l HDL
cholesterol, 1mmol/l non-HDL cholesterol,
1.33mmol/l TC/HDL cholesterol)

ASSOCIATION BETWEEN LIPID MEASURES, CARDIOVASCULAR EVENTS AND ALL-CAUSE MORTALITY
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TABLE 4 Characteristics of previous reviews: populations not taking statins (continued )

Review name:
number of
studies – type Review characteristics Statistical methods and assumptions

ERFC 2009,69 2012:70

112 – IPD
Extended work by APSC and PSC

Original search up to August 2007,
subsequent search dates not given.
No search strategy provided

Full search completed, except databases
searched not stated, nor language or
publication restrictions

No statement about screening process

Studies only included if reported results for
TC, HDL, TGs, non-HDL cholesterol and
several conventional risk factors at
baseline

Quality assessment was completed
through a variety of subgroup and
sensitivity analyses

Primary prevention

HRs calculated using coproportional regression
models stratified by gender

Four matched nested case–control studies
provided ORs which were considered to
approximate HRs

HRs adjusted for age, gender, systolic BP,
smoking, BMI, history of diabetes

Sniderman et al. 2011:71

107 – published data
Search based on previous reviews and
PubMed search from 2005 until unstated
date. No search strategy provided

Previous reviews and experts contacted
but no reference to publication or
language restrictions

Inclusion/exclusion criteria not stated

Studies included only if reported relative
risks for Apo B, non-HDL cholesterol and
LDL cholesterol

No statement about screening process

No table of excluded studies

Assessment of assay quality and degree of
data adjustment, but no further quality
assessment

Outcome definition varied, sensitivity
analysis completed to account for this

Primary prevention

RRR per 1 SD increment

All ORs and HRs converted to RRRs

Random-effects meta-analysis

APSC, Asia Pacific Studies Collaboration; BMI, body mass index; ERFC, Emerging Risk Factors Collaboration; HR, hazard
ratio; PSC, Prospective Studies Collaboration; RRR, relative risk ratio; SD, standard deviation.
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TABLE 5 Results of previous reviews: populations not taking statins

Review name
[summary measure used]

Number of
studies Outcome Lipid measure Estimate (95% CI)

APSC 200567 [HR per 1 SD
increase]

Note: HDL cholesterol as 1 SD
decrease

17 CVD mortality TC 1.09 (1.05 to 1.14)

TG 1.17 (log) (1.06 to 1.28)

HDL cholesterol 1.16 (1.04 to 1.30)

Non-HDL cholesterol 1.21 (1.11 to 1.32)

TC/HDL cholesterol 1.23 (log) (1.12 to 1.36)

TG/HDL cholesterol 1.21 (log) (1.09 to 1.34)

CHD mortality LDL cholesterol 1.35 (1.13 to 1.61)

Thompson and Danesh
200668 [RR]

Note: Apo A-I reported as
inverse

21 CHD Apo A-I 1.62 (1.43 to 1.83)

Apo B 1.99 (1.65 to 2.39)

Apo B/Apo A-I 1.86 (1.55 to 2.22)

PSC 200741 [age-specific HR] 61 CHD mortality TC 80–89 years 1.18 (1.12 to 122)

TC 70–79 years 1.22 (1.18 to 1.25)

TC 60–69 years 1.39 (1.35 to 1.45)

TC 50–59 years 1.72 (1.64 to 1.76)

TC 40–49 years 2.27 (2.08 to 2.38)

23 HDL cholesterol
70–89 years

0.74 (0.67 to 0.82)

HDL cholesterol
60–69 years

0.55 (0.49 to 0.61)

HDL cholesterol
40–59 years

0.61 (0.54 to 0.69)

Non-HDL cholesterol
70–89 years

1.37 (1.27 to 1.49)

Non-HDL cholesterol
60–69 years

1.52 (1.41 to 1.64)

Non-HDL cholesterol
60–69 years

1.75 (1.61 to 1.92)

TC/HDL cholesterol
70–89 years

1.45 (1.35 to 1.59)

TC/HDL cholesterol
60–69 years

1.67 (1.56 to 1.79)

TC/HDL cholesterol
40–59 years

1.79 (1.67 to 1.96)
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Two recent systematic reviews have considered the predictive value of a limited selection of lipid measures
in people taking statins.72,73 Tables 6 and 7 summarise their characteristics and some key results; however,
as each review used different methodology, and only one reported hazard ratios (HRs), it is hard to make a
direct comparison. There was some indication that non-HDL cholesterol outperformed the other lipids
examined; however, this was outcome dependent and differences were modest. Both reviews72,73

considered only RCTs for inclusion and, other than a sensitivity analyses in one review, examine primary
and secondary prevention groups together, hence making the unverified assumption that lipid measures
are similarly predictive of CVD events in populations both with, and without, a history of CVD.

Thus, although a number of previous reviews have examined the predictive ability of different lipid
measures for cardiovascular events, all have focused on a subset of lipids, a specific population or a specific
cardiovascular outcome. In this chapter we therefore aim to evaluate the available evidence for the
strength of association between each lipid measure and cardiovascular outcomes, including CVD events,
CVD mortality and all-cause mortality, in both primary and secondary prevention populations.

TABLE 5 Results of previous reviews: populations not taking statins (continued )

Review name
[summary measure used]

Number of
studies Outcome Lipid measure Estimate (95% CI)

ERFC 2009,69 201270 [HR per
1 SD increase/decrease]

68 (2009) CHD and
stroke

TG 1.37 (1.31 to 1.42)

HDL cholesterol 0.71 (0.68 to 0.75)

Non-HDL cholesterol 1.56 (1.47 to 1.66)

8 (2009) CHD LDL 1.41 (1.11 to 1.81)

Non-HDL cholesterol 1.49 (1.20 to 1.86)

22 (2009) CHD and
stroke

Non-HDL cholesterol 1.55 (1.34 to 1.80)

Apo B 1.61 (1.44 to 1.80)

HDL cholesterol 0.71 (0.65 to 0.79)

Apo A-I 0.81 (0.74 to 0.88)

Non-HDL
cholesterol/HDL
cholesterol

1.52 (1.37 to 1.68)

Apo B/Apo A-I 1.51 (1.39 to 1.63)

26 (2012) CVD Non-HDL cholesterol 1.27 (1.22 to 1.33)

Apo B 1.24 (1.19 to 1.29)

Apo A-I 0.87 (0.84 to 0.90)

TC/HDL cholesterol 1.32 (1.24 to 1.39)

Apo B/Apo A-I 1.3 (1.24 to 1.36)

Sniderman et al. 201171

[geometric mean RRR]
12 CHD LDL cholesterol 1.25 (1.18 to 1.33)

Non-HDL cholesterol 1.34 (1.24 to 1.44)

Apo B 1.43 (1.35 to 1.51)

APSC, Asia Pacific Studies Collaboration; ERFC, Emerging Risk Factors Collaboration; HR, hazard ratio; PSC, Prospective
Studies Collaboration; RR, risk ratio; RRR, relative risk ratio.
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TABLE 6 Characteristics of previous reviews: populations taking statins

Review name:
number of studies – type Review characteristics Statistical methods and assumptions

Robinson 2012:73

32 studies – Published
articles and data from
Cholesterol Treatment
Trialists’ Collaboration

Search from 1966 to 1 December 2010. No
strategy published. Plus reference lists and
previous reviews. No comment on publication
or language restrictions

Screening process thorough and clearly stated

Clear inclusion/exclusion criteria and
definitions provided

Studies included only if reported results for
Apo B, TC, LDL cholesterol, HDL cholesterol
at baseline and one time point in follow-up

No table of excluded studies

No quality assessment of included studies

Mixed primary and secondary populations

Statin randomised control trials. Control
arms either placebo or lower-dosage statin

Changes in lipid measures were calculated
as the difference between two treatment
groups over the same time period

Study specific crude relative risk and SE
was estimated for each lipid measure for
CVD

Random-effects meta-analysis completed

Results for Apo B presented. No further
information on the impact of reduction of
other lipid measures published

Boekholdt et al. 2012:72

29 studies – IPD
Authors followed PRISMA

Search up to December 2011. No search
strategy provided. Search restricted to PubMed
and English-language publications only. No
comment on grey literature, reference lists, etc.

Studies included only if reported results for TC,
LDL cholesterol, HDL cholesterol, TGs, and
Apo B, Apo A-I at baseline and follow-up over
2 years

No table of excluded studies

Full assessment of quality using Delphi score

A Measurement Tool to Assess Systematic
Reviews (AMSTAR) indicates a high-quality
review, meeting all aspects of the assessment
albeit some areas were not fully met

Mixed primary and secondary populations

HRs calculated using Cox proportional
models

Analyses were adjusted for gender, age,
smoking, DM, systolic BP, and trial

DM, diabetes mellitus; PRISMA, Preferred Reporting items for Systematic Reviews and Meta-Analyses; SE, standard error.

TABLE 7 Results of previous reviews: populations taking statins

Review name
[summary measure used]

Number of
studies Outcome Lipid measure Estimate (95% CI)

Robinson et al. 201273

[percentage relative risk
decrease= 10-mg/dl decrease in
lipid measure]

12 CVD Apo B 11.60 (3.5 to 20.5)

Boekholdt et al. 201272 [HR per
1 SD increase]

8 CVD LDL 1.13 (1.10 to 1.17)

Non-HDL cholesterol 1.16 (1.12 to 1.19)

Apo B 1.14 (1.11 to 1.18)
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Methods

Search methods for identification of studies
We reviewed all published systematic reviews since 2007 using the Montori systematic review filter74 for
MEDLINE and the Wilczynki filter75 for EMBASE (both 75% sensitivity). Based on this overview, we opted to
stratify results by statin use: populations taking statins and populations not taking statins. Consequently,
two separate searches were carried out and two sets of results are presented, although the general
methods remained the same for both groups. Dates for the searches were staggered, as the review was
broken down into manageable tasks based on statin usage and existing reviews.

Searches were conducted in the Cochrane Central Register of Controlled Trials, MEDLINE, EMBASE,
the Clinical Trials Register, the Current Controlled Trials register, and the Cumulative Index to Nursing and
Allied Health Literature (CINAHL) to identify relevant studies.

All trials included in identified reviews were considered for inclusion, along with any trials identified by the
work of the Cholesterol Treatment Trialists’ Collaboration.66

Populations not taking statins A search was conducted (unrestricted for study design) from 1 September
2007 to 18 June 2013. This updated/extended the search carried out by the Emerging Risk Factors
Collaboration (ERFC).76 The search was restricted to English language only and did not include conference
abstracts (see Appendix 3).

Populations taking statins Two strategies were used, based on study design type. For non-randomised
controlled trials (non-RCTs) a search was completed for all publications up to 4 December 2012, with no
restriction on language or publication type. For RCTs, all studies were included from previous reviews,72,73

plus a search was conducted to extend these review’s searches up to 9 April 2013. In line with these
reviews, the strategy was for English language-only publications (both strategies are presented in
Appendix 4). An additional search was conducted within the international Clinical Trials Registry and
ClinicalTrials.gov for any studies in progress from 2010 to April 2013.

The title and abstract of each paper identified in the searches was reviewed by two reviewers to identify
potentially relevant references. The full text of potentially relevant studies was then obtained, and two
reviewers independently selected studies to be included in the review using predetermined inclusion
criteria. In all cases, disagreements about study inclusion were resolved by consensus and a third reviewer
was consulted if disagreements persisted. Flow charts were constructed to show the selection process.

Study selection criteria
We included all prognostic cohort studies of any design (univariable or multivariable) that measured lipids
in humans. Studies from any setting regardless of statin treatment were included. RCTs with adequate
follow-up were treated as cohorts providing evidence to a specific study group [e.g. a statin vs. placebo
RCT would provide evidence for both populations taking statins (statin arm) and not taking statins
(placebo arm) separately].

Consistent with previous reviews in this area, we included studies where at least 1000 relevant participants
were recruited per cohort/intervention arm and a minimum 2-year average follow-up duration.66,72 There
was no restriction on gender. We included studies with only two or more lipid measures assessed at
baseline/relevant time point, as the focus of the review was to compare predictive performance across
different lipid measures.
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Target group in PECO (Population, Exposure, Comparator, Outcome) format:

l P Population with or without existing CVD.
l E Measurement of lipid measures at baseline/relevant time point. Ten lipids measures were studied

including TC, HDL cholesterol, LDL cholesterol, non-HDL cholesterol, TGs, Apo B, Apo A-I, plus
combinations of these measures as ratios TC/HDL cholesterol, LDL/HDL cholesterol and Apo B/Apo A-I.

l C Control or comparator may or may not be present.
l O Outcomes included cardiovascular events, cardiovascular mortality and all-cause mortality. Strokes

were excluded if they were the sole outcome (included if treated as part of composite outcome with
other CVD events).

In addition, we considered all studies from previous reviews for inclusion irrespective of whether or not
they met the 1000-participant, minimum two lipid measures at baseline or 2-year follow-up thresholds to
maximise comparability of our results with those published in previous reviews.

Included studies provided quantitative results for one or more of the following outcomes:

l cardiovascular events [CHD, non-fatal myocardial infarction (MI), stroke, angina attack, other CVD,
coronary bypass]

l cardiovascular mortality (fatal MI, sudden cardiac death, stroke, congestive heart failure, other
fatal CVD)

l all-cause mortality.

Outcome definition was based on that reported in the included studies.

Data extraction and management
For all included studies, two reviewers independently carried out data extraction. Details extracted included
study name and year, cohort numbers, baseline age, gender, prevention group, statin usage and dose if
applicable, follow-up period, blood sample details and lipid data. When several follow-up periods were
reported then data for the longest follow-up were extracted. Disagreements were resolved by consensus
with a third reviewer being consulted when required.

The methodological quality of included studies was assessed using the Quality in Prognostic Studies
(QUIPS) assessment tool.77 Quality of studies with populations taking statins was independently assessed by
two reviewers and the level of agreement tested by the kappa statistic (κ). For studies of populations not
taking statins, quality was assessed by one reviewer. Quality was assessed in six bias domains, with
emphasis placed on prognostic factors and attrition:

l Study participants No quality bias was anticipated in this area, as all populations were included in the
review. Studies were categorised by prevention group, which provided inception cohorts.

l Study attrition There is no clear guidance for the assessment of attrition rates in prognostic studies.
Previous prognostic reviews have considered attrition rates of 10–20% as low risk of quality bias, but
these have been based on small populations with relatively rare conditions and short follow-up
periods.78,79 As the new cohorts in this review have > 1000 participants with long follow-ups, we
anticipated that dropout could be higher. Risk of study attrition bias was considered to be low – if it
was documented – and < 25%, moderate if 25–40% or not reported, and high risk if > 40%.

l Prognostic factor Lipid measures were considered to be at low risk of quality bias if all tests were
processed by a central accredited laboratory and procedures for different measures were described.
Risk was assessed as moderate if a central laboratory was used but no further information given, and
high risk of bias when no information was provided.
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l Outcome measure This dimension was not considered to be significant, as it was a necessary
requirement in the study entry criteria. However, outcome bias could have been introduced owing to
clarity of outcome definitions; this was explicitly addressed in sensitivity analyses.

l Study confounding This too was not considered to be a significant concern, as study confounders were
specially accounted for in the data analysis of each study: studies were divided into unadjusted and
adjusted data.

l Statistical analysis As most of the included studies were not designed to report the outcome data
required for this review, we did not assess the quality of the study in relation to how the study data
were analysed; instead we addressed this issue separately by carrying out a sensitivity analysis
considering the type of analysis used in the original study.

Data analysis
Data were sought from the included studies for predictive outcomes as follows:

1. Direct estimates for one standard deviation (SD) incremental change either as HRs, odds ratios (OR) or
risk ratios (RRs) and their variances. These ratios were assumed to approximate the same measure of
risk. This assumption was tested in a sample of studies with the highest event rates and the ratios
showed little variation.

2. Data in an alternative format to incremental change by one SD were converted where possible.
3. Univariable and multivariable models (unadjusted and adjusted). Multivariable analyses included any

studies with adjustment for one or more of the following covariates: age, gender, body mass index
(BMI), smoking, etc. Where a study produced more than one multivariable model then the most
advanced model was selected for data inclusion. However, we specifically excluded any model that
adjusted for any other lipid measure.

4. IPD were not actively sought, but used when available.
5. When no direct estimates were reported, alternative indirect methods for estimation were used.80,81

Additionally, two further alternative indirect methods for estimation were used based on (1) generalised
least squares for trend82,83 and (2) simulation methods. A brief description of these can be found in
Appendix 5.

The primary analysis estimated the predictive strength (HR) for each lipid measure by each of the three
outcomes. Outcomes are reported separately and stratified by unadjusted/adjusted estimates. Analyses
were subgrouped by prevention group (primary or secondary prevention). Studies were considered to be
only primary or secondary prevention if > 95% of the participants fell in that category; otherwise studies
were considered as mixed. Numbers of studies, participants and study characteristics are presented
in tables.

For each lipid measure, random effect meta-analyses were carried out to obtain summary HRs (by one SD)
using Review Manager (RevMan) 5.2 (The Cochrane Collaboration, The Nordic Cochrane Centre,
Copenhagen, Denmark) and results were displayed as forest plots. A random-effects model was selected
because high heterogeneity was anticipated in both populations. Any risk of small study bias should be
reduced by the majority of included studies having > 1000 participants. Overall summary plots presenting
pooled estimates for all lipid measures (HDL and Apo A-I as inverse associations to allow clear comparisons
with other measures) by outcome and by unadjusted/adjusted models were produced. Although pooling of
data for lipid measures with only three or fewer studies could be potentially misleading, the figures were
included in the summary plots as an indication of potential trends had there been more study data.

Heterogeneity was summarised using the I2 and chi-squared statistics. Potential sources of any heterogeneity
(clinical or statistical) were explored using subgroup and sensitivity analyses.
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Subgroup analyses, where possible, were conducted by:

l pre-existing condition (e.g. diabetes)
l study type [prospective (including RCTs) or retrospective cohorts]
l age (threshold of median 40 years at inception).

Sensitivity analyses were conducted to determine the impact of study quality and data extraction on
outcome. Focus was placed on consistency of overall results with those obtained in better-quality studies.
When sufficient studies were available, sensitivity analyses were carried out by omitting:

l studies in which the predictive outcomes were defined by CHD, a surrogate measure of CVD
l studies assessed to have a higher/moderate risk of quality bias (based on prognostic factors and

attrition quality domains)
l studies in which the majority of the lipid tests were not completed in a central laboratory (yes/no)
l studies in which summary data were extracted indirectly
l within the populations not taking statins, studies that confirmed the use of lipid modification therapy.

The search aimed to be as broad as possible to include as many studies as possible. However, it is
acknowledged that there is considerable publication bias in prognostic studies that is difficult to
characterise;84 therefore we did not carry an analysis for potential publication bias.

A post hoc analysis was conducted as recommended by the external peer reviewer with the aim of
exploring sources of potential heterogeneity. A meta-regression was completed to examine the
associations between variables considered in the subgroup and sensitivity analyses. Meta-regression was
completed, where possible, for those outcomes and variables with sufficient study data.

Amendments to protocol
The original protocol was registered with International Prospective Register of Systematic Reviews
(PROSPERO, 2013: CRD42013003727). A number of changes were made to the protocol. Originally, the
search strategy specified that all studies would be considered for inclusion in this review. However, it
proved necessary to modify the strategy to take into account three reviews published in 2012 and the
scale of the review. All studies from the three existing reviews were included, and the new search strategy
extended the search beyond the search date of these reviews. Exclusion criteria were introduced to reduce
the number of smaller studies (minimum participant numbers, length of follow-up and baseline lipids).

The method for data extraction was amended once the data were examined. Two additional indirect
methods for data extraction were used (see Appendix 5) to ensure that the maximum number of data
could be obtained for analysis. In the analysis, all outcome data for each lipid measure were pooled;
however, it was acknowledged that only those summary estimates including three or more sets of data
would be used to draw conclusions. Quality assessment of included studies was amended from an adapted
Quality Assessment of Diagnostic Accuracy Studies tool (QUADAS2) to a more recent tool77 specifically
designed for prognostic reviews – QUIPS.

Results

We present the results grouped as studies based on populations (1) not taking statins and (2) taking statins.

All study names appear as abbreviations and the full study names are shown in Appendices 6 and 7.
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Studies based on populations not taking statins
Figure 3 summarises the selection process; 3776 publications were screened from the search, with a
further 165 potential studies identified from existing reviews and hand searching. Of these, 90 studies met
the inclusion criteria and provided results (see Appendix 8), with 16 studies providing two or more sets
of data; this resulted in a total of 110 sets of data. Twelve studies divided the data by gender [TLGS,88

Yao City,89 AMORIS,90 CB project,91 Copenhagen City,92 DUBBO,93 Framingham Offspring,40 IKNS (Yao),94

MONICA,95 Northwick Park I,96 Reykjavik,97 Rotterdam98]. Two studies divided the data by gender and then
further by ethnicity (Charleston99) or presence of metabolic syndrome [European Prospective Investigation
of Cancer (EPIC) – Norfolk study (EPIC-Norfolk)100] so providing four data sets each. Puerto Rico101 divided
the data by rural and urban populations, and MRFIT102 by black and white men.

CINAHL, EMBASE, 
MEDLINE, Cochrane 

(n = 3776) 

Title and abstract review
(n = 3888) 

Total 
(n = 3941)

Article review 
(n = 378)

Eligible studies 
(n = 206)

Included studies 
(n = 90)

Hand searched, placebo arms
from statin trials, clinical trial
registers, studies identified
from search for populations

taking statins 
(n = 25)    

Duplicates removed
(n = 53) 

• Not study data, n = 1041
• Not in humans, n = 57
• < 2 years’ follow-up, n = 104
• <1000 participants, n = 226
• No predictive outcome
   (CVD events, CVD or 
   all-cause mortality), n = 1912
• No lipids assessed, n = 170

• Not non-RCT cohort data, 
  n = 61
• < 2 years’ follow-up, n = 7
• < 1000 participants, n = 10
• No predictive outcome
   (CVD events, CVD or 
   all-cause mortality), n = 8
• < 2 lipids assessed, n = 9
• No quantitative result, n = 62
• Publications untraceable, 
  n = 15 

• Multiple publications, n = 9
• Unable to extract data,
   n = 95
• Covariate adjusts for lipid
   measure, n = 4
• Predictive outcome stroke
   only, n = 2
• Population taking statins,
  n = 2

Studies from 
previous reviews 

(n = 140)

Excluded 
(n = 3510)

Excluded 
(n = 172)

Excluded 
(n = 112)

Ongoing studies 
(n = 4)

• HPS2-THRIVE (UK)85

• Polish– Norwegian study
   (PONS)86

• ISRCTNS8988083 (Zhejiang,
   China)
• NCT01271985 (Tehran, using
   Golestan cohort)87

FIGURE 3 Flow chart of study inclusion for populations not taking statins.
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Full details of the characteristics of the 90 included studies are shown in Table 8. Of the included studies
73% were prospective cohorts and 17% were placebo arms of RCTs. The remaining nine studies were two
retrospective cohorts (Swedish NDR;164 Juntendo, Japan134), three RCTs (of non-lipid modifying interventions)
for which both arms were included in this review (SHEP,159 TREAT,167 Women’s Health172) and four nested
case–control studies (BUPA,113 GLOSTRUP Population,124 Nurses’ Health,147 Physicians’ Health150). Studies
provided data for between 1 and 10 lipid measures. Two studies provided data for all of the 10 lipid
measures (FIELD,121 Women’s Health172). Data details for all studies are shown in Appendix 8. Table 9 shows
the number of studies and participants by the 10 lipid measures. Numbers are also shown for three additional
measures (Apo B/HDL cholesterol, TG/HDL cholesterol/HDL cholesterol/TC) that were revealed by the review;
however, data were available from only one study for one outcome for each measure and therefore no
pooled estimates were obtained.

Outcome data were available for CVD events, CVD mortality and all-cause mortality. Data were further
divided into unadjusted (CVD events, CVD mortality, all-cause mortality) and adjusted data [CVD events
(adjusted), CVD mortality (adjusted), all-cause mortality (adjusted)] and then by lipid measure. Meta-analyses
were not possible for all combinations of outcomes and lipid measures. Outcome data for all lipid measures
were pooled for CVD events (except LDL/HDL cholesterol) and CVD events (adjusted). For CVD mortality,
outcome data were available only for nine lipid measures (no studies examined the ratio Apo B/Apo A-I) and
only HDL cholesterol, TGs and TC had sufficient (more than three studies) to pool data. Outcome data were
available for all 10 lipid measures for CVD mortality (adjusted), but Apo A-I, LDL/HDL cholesterol, Apo B and
Apo B/Apo A-I data could not be pooled due to an insufficient number of studies. Data were available for
four lipid measures for all-cause mortality (LDL, HDL, TC, TGs), all of which had sufficient studies to pool data.
Finally, for all lipid measures bar non-HDL cholesterol, outcome data for all-cause mortality (adjusted) were
provided, although only HDL cholesterol, LDL cholesterol, TC and TGs could be pooled as a result of
insufficient studies.

Low-density lipoprotein measurement
Of the 59 studies that provided data for LDL, seven measured it directly [HPS,24 GRIPS,126 Health Professionals
Follow-up Study (HPFS),130 KIHD,135 Nurses’ Health,147 SHS,160 Women’s Health172]; 34 studies (59%) estimated
LDL cholesterol, of which 26 used the Friedewald formula,43 three studies stated that the measure was
estimated but with no further information (SHEP,159 AMORIS,90 LRC prevalence140) and Northwick Park II146

estimated LDL using the Wallduis formula;173 the remaining 17 studies did not report whether or not LDL was
measured or estimated.

Heterogeneity
Heterogeneity was generally high across all prevention groups, outcome data and lipid measures with
few exceptions. For CVD events, both adjusted and unadjusted, the overall heterogeneity was considerable
(I2> 73%) for all lipid measures except Apo A-I in the unadjusted data (56%) and LDL/HDL cholesterol
(55%) in the adjusted data where it was moderate. When further examined, the unadjusted CVD event
data for primary prevention groups is considerably heterogeneous (77–97%) for all lipid measures except
Apo A-I (5% based on five studies) and Apo B/Apo A-I (59% based on three studies). For adjusted CVD
events outcome data in the primary prevention populations the heterogeneity is large (92–98%) for all
lipid measures except LDL/HDL cholesterol were it is low (27%); though this is based on eight data sets,
these were obtained from only three studies. There were insufficient data to examine heterogeneity in any
of the lipid measures in the secondary prevention populations for CVD events adjusted outcome data.
However, for these populations, in the unadjusted CVD events outcome data the heterogeneity was
measurable in five out of the nine lipid measures and varied: LDL cholesterol was considerable (76%), TC,
HDL cholesterol and TGs were moderate (34%, 52% and 63%) and for Apo B and Apo A-I there was no
heterogeneity (0%). This was for the same two studies each (LIPID,138 Thrombo165). Heterogeneity for CVD
mortality outcome data (unadjusted and adjusted) was substantial for all pooled lipid measures (67–91%).
There was no heterogeneity statistic for secondary prevention populations owing to insufficient data.
For the primary prevention groups in these data the heterogeneity ranged from 40% to 89%.
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TABLE 9 Number of included studies and participants by lipid measure: populations not taking statins

Lipid measure Outcome

Number of
primary
prevention
studies

Number of
secondary
prevention
studies

Overall
number
of studies

Number of
participants

LDL CVD events 15 7 28 110,021

CVD events (adjusted) 17 1 22 286,038

CVD mortality 2 0 2 4691

CVD mortality (adjusted) 3 1 6 161,581

All-cause mortality 2 0 7 13,958

All-cause mortality
(adjusted)

0 0 4 32,136

TC CVD events 16 5 27 110,304

CVD events (adjusted) 28 1 39 256,259

CVD mortality 6 0 14 36,514

CVD mortality (adjusted) 9 1 19 234,018

All-cause mortality 3 0 15 25,215

All-cause mortality
(adjusted)

8 0 19 128,446

HDL CVD events 18 7 33 129,205

CVD events (adjusted) 29 1 39 323,111

CVD mortality 4 0 6 19,421

CVD mortality (adjusted) 5 1 10 179,359

All-cause mortality 2 0 9 62,497

All-cause mortality
(adjusted)

1 0 5 29,372

TGs CVD events 13 6 25 100,441

CVD events (adjusted) 9 1 14 128,055

CVD mortality 4 0 5 11,837

CVD mortality (adjusted) 4 1 5 159,421

All-cause mortality 2 0 8 16,168

All-cause mortality
(adjusted)

3 0 5 17,274

Non-HDL CVD events 4 0 6 22,292

CVD events (adjusted) 14 0 19 253,110

CVD mortality 0 0 1 8243

CVD mortality (adjusted) 3 1 4 152,422

All-cause mortality No data

All-cause mortality
(adjusted)

No data

continued
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TABLE 9 Number of included studies and participants by lipid measure: populations not taking statins (continued )

Lipid measure Outcome

Number of
primary
prevention
studies

Number of
secondary
prevention
studies

Overall
number
of studies

Number of
participants

Apo B CVD events 7 2 10 26,528

CVD events (adjusted) 17 1 21 207,994

CVD mortality 0 0 1 1145

CVD mortality (adjusted) 1 0 3 158,280

All-cause mortality No data

All-cause mortality
(adjusted)

0 0 1 7594

Apo A CVD events 5 2 8 23,773

CVD events (adjusted) 15 1 19 204,372

CVD mortality 0 0 1 1145

CVD mortality (adjusted) 1 0 3 158,280

All-cause mortality No data

All-cause mortality
(adjusted)

0 0 1 7594

Apo B/Apo-I CVD events 3 1 4 16,192

CVD events (adjusted) 14 0 16 195,445

CVD mortality No data

CVD mortality (adjusted) 1 0 2 156,715

All-cause mortality No data

All-cause mortality
(adjusted)

0 0 1 7594

TC/HDL cholesterol
and non-HDL/HDL
merged

CVD events 5 1 7 17,659

CVD events (adjusted) 17 1 23 258,011

CVD mortality 1 0 1 3678

CVD mortality (adjusted) 3 0 5 164,197

All-cause mortality No data

All-cause mortality
(adjusted)

0 0 2 12,849

LDL/HDL
cholesterol

CVD events 3 0 3 8499

CVD events (adjusted) 8 0 11 194,177

CVD mortality 1 0 1 3678

CVD mortality (adjusted) 1 1 3 157,789

All-cause mortality No data

All-cause mortality
(adjusted)

0 0 1 7594
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Few lipid measures provided sufficient data for all-cause mortality and therefore assessment of
heterogeneity was limited. For those that did, LDL cholesterol, TC, HDL cholesterol, TGs, heterogeneity for
the summary estimate was moderate to considerable (52–95%), there were insufficient data to assess
secondary prevention groups. All-cause mortality unadjusted data for primary prevention groups varied
between two measures (LDL cholesterol, TC) showing considerable heterogeneity (> 95%) and two
measures (HDL cholesterol and TGs) showing no heterogeneity (0%). Data from only two studies were
available for each of these last two measures: of the two studies reporting HDL data, one study had
44,457 participants (AMORIS90) and the other 1013 (InCHIANTI131); for TGs, the participant numbers were
1013 (InCHIANTI131) and 2086 (Lan 2007136). Forest plots of all of these results appear in Appendix 9.

Figures 4–9 show the summaries of the overall results for all lipid measures for CVD events, CVD events
(adjusted), CVD mortality, CVD mortality (adjusted), all-cause mortality and all-cause mortality
(adjusted), respectively.

TABLE 9 Number of included studies and participants by lipid measure: populations not taking statins (continued )

Lipid measure Outcome

Number of
primary
prevention
studies

Number of
secondary
prevention
studies

Overall
number
of studies

Number of
participants

Additional lipid measures (ratios) revealed in included studies but not included in this review (insufficient data
to analyse)

Apo B/HDL CVD events 1 0 1 683

CVD events (adjusted) 0 0 1 15,632

CVD mortality No data

CVD mortality (adjusted) No data

All-cause mortality No data

All-cause mortality
(adjusted)

No data

TG/HDL CVD events 1 0 1 3678

CVD events (adjusted) No data

CVD mortality No data

CVD mortality (adjusted) No data

All-cause mortality No data

All-cause mortality
(adjusted)

No data

HDL/TC CVD events 1 0 1 710

CVD events (adjusted) No data

CVD mortality No data

CVD mortality (adjusted) No data

All-cause mortality No data

All-cause mortality
(adjusted)

No data

No meta-analysis presented for data in shaded sections (three or fewer included data sets).
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For unadjusted estimates – CVD events:

l When all of the data were combined for all of the lipid measures with more than three data sets,
Apo B/Apo A-I (four studies: HR 1.62, 95% CI 1.07 to 2.45), followed by Apo B (10 studies: HR 1.54,
95% CI 1.31 to 1.81), non-HDL cholesterol (six studies: HR 1.49, 95% CI 1.25 to 1.77) and TC/HDL
cholesterol (seven studies: HR 1.48, 95% CI 1.18 to 1.85) offer the highest predictive value.

l For primary prevention populations, of the single measures Apo B (five studies: HR 1.70, 95% CI 1.48
to 1.96) and non-HDL cholesterol (four studies: HR 1.57, 95% CI 1.33 to 1.85), offer the strongest
predictive value, whereas for the ratios, TC/HDL cholesterol (five studies: HR 1.57, 95% CI 1.18 to
2.08) offered the strongest value.

l In the secondary prevention populations, only TC (five studies: HR 1.08, 95% CI 1.03 to 1.13) offers a
significant association with CVD events.

For adjusted estimates – CVD events:

l All lipid measures have data for this outcome. When all data are combined, Apo B/Apo A-I offers the
strongest predictive value based on 16 sets of data (HR 1.35, 95% CI 1.22 to 1.50). The other two lipid
ratios (TC/HDL cholesterol and LDL/HDL cholesterol), TC, Apo B and non-HDL cholesterol all have
similar predictive values based on similar or more studies (HR range 1.22–1.28).

l For primary prevention groups, the data follows the same pattern with Apo B/Apo A-I as the strongest
predictor (HR 1.36, 95% CI 1.21 to 1.53). Of note in comparison with the unadjusted data, now
Apo B/Apo A-I (14 studies) is the strongest predictor, followed by LDL/HDL cholesterol (eight studies:
HR 1.29, 95% CI 1.27 to 1.32).

l For secondary prevention there were insufficient study data to provide results.

For unadjusted estimates – CVD mortality:

l The amount of evidence for CVD mortality is considerably smaller than for CVD events particularly in
relation to lipid ratios.

l Only three lipid measures had sufficient data to meta-analyse (HDL, TGs, TC).
l HDL cholesterol offered the strongest predictive value for combined data (six studies: HR 1.28, 95% CI

1.11 to 1.48) with TC and TGs providing estimates of similar magnitude (combined: TC HR 1.14,
95% CI 1.14 to 1.42; five studies: TGs HR 1.24, 95% CI 1.08 to 1.42).

l In the primary prevention group, TGs offered the strongest predictive value (four studies: HR 1.30,
95% CI 1.14 to 1.49), but, as with the combined data, TC and HDL cholesterol have estimates of a
similar magnitude (six studies: TC HR 1.27, 95% CI 1.01 to 1.60; four studies: HDL cholesterol HR
1.27, 95% CI 1.06 to 1.51).

l There were no data for secondary prevention populations.

For adjusted estimates – CVD mortality:

l Similar to the unadjusted data, the amount of evidence for CVD mortality (adjusted) is considerably
smaller than for CVD events particularly in relation to lipid ratios.

l For all studies combined HDL (10 studies: HR 1.18, 95% CI 1.08 to 1.28), TC (19 studies: HR 1.17,
95% CI 1.10 to 1.24) and TGs (five studies: HR 1.17, 95% CI 1.04 to 1.31) offered the strongest
predictive values.

l For the primary prevention group only HDL (five studies: HR 1.16, 95% CI 1.01 to 1.34) and TGs
(four studies: HR 1.16, 95% CI 1.01 to 1.34) showed an association with adjusted CVD mortality data.

l Data were available for secondary prevention groups but with insufficient study numbers to obtain
pooled results.
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For unadjusted estimates – all-cause mortality:

l There were data for only four measures (HDL cholesterol, TC, LDL cholesterol, TGs).
l The associations followed a different pattern to that observed for CVD events and mortality (except for

HDL cholesterol and TG).
l For all studies combined, only HDL cholesterol (nine studies: HR 1.25, 95% CI 1.10 to 1.43) and TGs

(eight studies: HR 1.09, 95% CI 1.04 to 1.15) showed an association with all-cause mortality.
l For primary prevention populations there were insufficient data to provide results. There were no data

for secondary prevention populations.

For adjusted estimates – all-cause mortality:

l Lipid measure data were available for all measures, except for non-HDL cholesterol, but in a small
number of studies.

l TC (19 studies) was the only lipid measure reported in more than six studies.
l For all studies combined, only TGs (five studies: HR 1.09, 95% CI 1.06 to 1.13) and TC (19 studies,

HR 1.05, 95% CI 1.02 to 1.09) showed an association with all-cause mortality (adjusted).
l For primary prevention groups there was no evidence of association or insufficient data.
l There were no data for secondary prevention populations.

Subgroup analyses

Pre-existing conditions
Within the 90 included studies (see Appendix 8), 14 studies examined populations with pre-existing
conditions at baseline. Ten studies were on diabetic populations: four of these providing outcome data for
CVD events [CARDS (Collaborative atorvastatin diabetes study);115 ASCOT-LLA (Anglo Scandinavian cardiac
outcomes trial – lipid-lowering arm);109 Ting 2010;166 DAI120)], five of these provided data for CVD events
(adjusted) (HPFS;130 Ting 2010;166 FIELD;121 SHS;160 Swedish NDR164), Casale Monferrato116 provided data for
CVD mortality (adjusted) and MHS143 contributed data to all-cause mortality (adjusted). Subgroup analyses
were completed for CVD events (unadjusted and adjusted), but not for CVD mortality (adjusted) or
all-cause mortality owing to insufficient data.

Subgroup analyses to examine the results for non-diabetic populations compared with diabetic populations
are discussed and presented in Appendix 10. Although, in general, there were insufficient data in the diabetic
population, for either prevention group, to compare results with the non-diabetic population, generally lipids
were less predictive of CVD events in the diabetic populations than non-diabetic populations.

Two studies were either in the latter stages of renal disease (AURORA110) or post renal transplant (ALERT107);
because of lack of study numbers, no subgroup analysis was completed for these baseline comorbidities.

Study design and age
Of the 90 studies included (see Appendix 8), only three studies133,161,163 were retrospective (Swedish NDR;164

Stanek 2007;162 Juntendo, Japan134), which meant that there were insufficient studies to compare study
design, and there were insufficient studies with populations aged < 40 years to compare the effect of
subgroup by age. All studies reported participants as > 40 years except for four studies (CB project,91

Yao City,89 LRC prevalence,140 RIFLE158).
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Sensitivity analyses
A full discussion of the results of the sensitivity analyses and forest plots is presented in Appendix 10.

Surrogate measures for cardiovascular disease
A total of 61% of studies used CHD as a surrogate measure for CVD events (both adjusted and
unadjusted data). Once these were removed, data were no longer sufficient to obtain pooled estimates for
all lipid measures, and for those with sufficient data the results showed the same overall trends. Within the
CVD mortality outcome data, 52% of the studies used a surrogate measure for cardiovascular risk. Similar
to CVD events, this meant that, for most lipid measures, insufficient data were available to obtain pooled
estimates and with little difference in the associations in those with enough data.

Study quality
Study quality was examined by placing emphasis on how the prognostic markers were measured and levels
of attrition. No studies were assessed as being at high risk of attrition bias and 29% of studies were
judged to be at moderate risk. With regard to bias due to prognostic marker measurement 38 studies
were assessed to be at high risk, 21 at moderate risk and 31 at low risk of bias. Removal of all studies at
moderate or high risk in either of these domains left 23 studies with fewer or no data available for pooled
analysis and small changes to the associations observed in those that were obtained.

Laboratory methods
Ideally, blood samples would have been analysed in an accredited central laboratory for each study. In fact,
54% of studies completed the blood analysis in a central laboratory, with 57% of these reporting the
laboratory as accredited; 37 studies did not report where the blood samples were analysed. Only three
studies reported not using a central laboratory (DAI,120 Swedish NDR,164 RIFLE158). Sensitivity analyses were
completed to remove all studies not reporting whether or not a central laboratory was used, and where a
central laboratory was stated as not used. No major differences were observed with the primary analyses
in the reduced lipid measures for which estimates were obtained.

Indirect data extraction
Sensitivity analysis was completed to examine whether or not the method of data extraction had any bearing
on the results. Data were extracted directly from 53% of studies. For the remaining 42 studies, data were
extracted indirectly using simulation or generalised least squares for trend methods. The only observed
difference for the lipid measures for which pooled estimates were obtained was that for CVD events in the
primary prevention group, and the overall group, LDL cholesterol now showed no association.

Use of lipid modification therapy
Finally, sensitivity analyses were completed to assess if contamination of the population by partial use
of lipid-lowering medication would affect the results. Eighteen studies confirmed statin or lipid-lowering
usage either at baseline or during the course of the studies. Usage ranged from 0.5% to 38% (seven
studies < 5% usage and in Framingham Offspring53 the usage level was not confirmed). Removal of these
studies made only marginal differences to the pooled estimates.
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Studies based on populations taking statins
The study selection process is summarised in Figure 10. In total, 2260 publications from the non-RCT search
and 667 publications from the RCT search were screened, reducing to 25 included studies, with
28 sets of data meeting the inclusion criteria and providing results. Three studies (J-LIT,174,175 Phase Z176

and SEARCH58) offered two sets of data; two studies had two intervention arms with different statin doses
(Phase Z176 and SEARCH58). In addition, one study stratified results into separate primary and secondary
prevention groups (J-LIT174,175).

The characteristics of the included studies are shown in Table 10. Of the 25 studies, only three were
non-RCTs (CLIP,177 LIVES Ex,182 J-LIT174,175), one was a nested case control from a RCT (TNT185) and the rest
were RCTs. Studies provided data for between one and seven lipid measures, and no single study
examined all markers. No data were available for LDL/HDL cholesterol. No results were available for
CVD mortality or all-cause mortality. Full details of the data can be seen in Appendix 11. Table 11 shows
the number of studies and participants by lipid measure.

CINAHL, EMBASE, 
MEDLINE, Cochrane

(n = 2927) 

Hand searched, previous
reviews, CTT, clinical trials, 

studies identified from 
search for populations 

not taking statins 
(n = 21)

Total 
(n = 2948)

Eligible studies 
(n = 66)

Included studies 
(n = 25)

Article review 
(n = 366)

Title and abstract review 
(n = 2946)

Duplicates removed 
(n = 2)

Excluded 
(n = 300)

Excluded
(n = 2580)

Excluded 
(n = 37)

Ongoing studies 
(n = 4)

• Not study data, n = 1274
• Not in humans, n = 16
• < 2 years’ follow-up, n = 585
• < 1000 participants, n = 435
• No predictive outcome
   (CVD events, CVD or 
   all-cause mortality), n = 93
• No lipids assessed, n = 177

• Not non-RCT cohort data, 
  n = 178
• < 2 years’ follow-up, n = 31
• < 1000 participants, n = 57
• No predictive outcome
   (CVD events, CVD or 
   all-cause mortality), n = 2
• < 2 lipids assessed, n = 8
• No quantitative result, n = 24

• Multiple publications, n = 27
• Unable to extract data,
   n = 7
• Covariate adjusts for lipid
   measure, n = 1
• Predictive outcome stroke
   only, n = 1
• Population not taking statins,
   n = 1

• HPS2-THRIVE (UK)85

• EUCTR2010021593-11-ES
   (FOCUS) 
• NCT01271985 (Tehran, using
   Golestan cohort)87 
• JPRN-JMIN000004938 (Japan) 

FIGURE 10 Flow chart of study inclusion for populations taking statins. CTT, Cholesterol Treatment
Trialists’ Collaboration.
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Outcome data per lipid measure were separated into unadjusted CVD events (CVD events) and adjusted
CVD events [CVD events (adjusted)]. Only half of the reported combinations of lipid measures and
outcomes could be pooled using meta-analysis. Individual forest plots for these measures are presented
in Appendix 12. The remaining data had fewer studies than our threshold for meta-analysis; however,
a pooled estimate was obtained for all lipid measure summaries, but meta-analyses have not been presented.

Low-density lipoprotein measurement
Only two studies (SEARCH,58 HPS24) measured LDL directly; half of the remaining studies estimated LDL
using the Friedewald equation43 and half did not report the method used.

Heterogeneity
Across both prevention groups, heterogeneity was substantial for all but one lipid measure (non-HDL
cholesterol). Only LDL cholesterol (CVD events) showed moderate heterogeneity for primary prevention
populations and non-HDL cholesterol (CVD events) for secondary prevention populations.

Figure 11 shows a summary of the overall results for all lipid measures for CVD events, whereas Figure 12
shows the same, for adjusted estimates.

TABLE 11 Number of included studies and participants by lipid measure: populations taking statins

Lipid measure Outcome

Number of
primary
prevention
studies

Number of
secondary
prevention
studies

Overall
number
of studies

Number of
participants

LDL CVD events 7 14 25 96,978

CVD events (adjusted) 2 2 5 110,507

TC CVD events 4 6 11 41,620

CVD events (adjusted) 2 2 4 103,925

HDL CVD events 7 10 20 72,126

CVD events (adjusted) 2 2 5 112,577

TGs CVD events 5 5 11 33,328

CVD events (adjusted) 1 2 3 98,119

Non-HDL CVD events 1 4 5 24,990

CVD events (adjusted) 1 0 1 5806

Apo B CVD events 1 5 6 33,752

CVD events (adjusted) 0 1 1 4512

Apo A-I CVD events 0 1 1 4512

CVD events (adjusted) 0 1 1 4512

Apo B/Apo A-I CVD events 0 2 2 6197

CVD events (adjusted) No data

TC/HDL cholesterol and
non-HDL cholesterol/HDL
cholesterol merged

CVD events 0 2 2 8195

CVD events (adjusted) 0 1 1 4512

No meta-analysis presented for data in light green (three or fewer included data sets).

DOI: 10.3310/hta191000 HEALTH TECHNOLOGY ASSESSMENT 2015 VOL. 19 NO. 100

© Queen’s Printer and Controller of HMSO 2015. This work was produced by Perera et al. under the terms of a commissioning contract issued by the Secretary of State for
Health. This issue may be freely reproduced for the purposes of private research and study and extracts (or indeed, the full report) may be included in professional journals
provided that suitable acknowledgement is made and the reproduction is not associated with any form of advertising. Applications for commercial reproduction should be
addressed to: NIHR Journals Library, National Institute for Health Research, Evaluation, Trials and Studies Coordinating Centre, Alpha House, University of Southampton Science
Park, Southampton SO16 7NS, UK.

47



Li
p

id
 m

ea
su

re

H
D

L
TG

s
TC LD

L
<

 3
 d

at
a 

se
ts

A
p

o
 B

N
o

n
-H

D
L

lo
g

-H
R

N
u

m
b

er
 o

f 
d

at
a 

se
ts

SE
Pr

im
ar

y 
p

re
ve

n
ti

o
n

Se
co

n
d

ar
y 

p
re

ve
n

ti
o

n

A
ll 

d
at

a 
se

ts

TG
s

N
o

n
-H

D
L

H
D

L
LD

L
TC A

p
o

 B
<

 3
 d

at
a 

se
ts

A
p

o
 B

/A
p

o
 A

-I
TC

/H
D

L 
an

d
 n

o
n

-H
D

L/
H

D
L

A
p

o
 A

-I

LD
L

TC
/H

D
L 

an
d

 n
o

n
-H

D
L/

H
D

L
TG

s
TC N

o
n

-H
D

L
H

D
L

<
 3

 d
at

a 
se

ts
LD

L/
H

D
L 

A
p

o
 A

-I
A

p
o

 B
A

p
o

 B
/A

p
o

 A
-I

0.
09

43
1

0.
09

53
1

0.
11

33
29

0.
13

10
28

0.
11

33
29

0.
12

22
18

0.
08

86
59

0.
04

86
28

0.
06

35
38

0.
03

79
45

0.
06

61
27

0.
07

66
55

1.
10

 (
0.

92
 t

o
 1

.3
1)

1.
10

 (
1.

00
 t

o
 1

.2
1)

1.
12

 (
0.

99
 t

o
 1

.2
7)

1.
14

 (
1.

06
 t

o
 1

.2
3)

1.
12

 (
0.

98
 t

o
 1

.2
7)

1.
13

 (
1.

13
 t

o
 1

.3
1)

0.
02

95
59

0.
08

61
78

0.
08

33
8

0.
08

61
78

0.
09

53
1

0.
09

53
1

0.
05

82
69

0.
06

76
59

0.
10

53
6

0.
04

69
63

0.
02

11
73

0.
02

77
56

0.
02

81
13

0.
04

86
28

0.
03

93
24

0.
02

63
72

0.
02

86
4

0.
04

80
61

0.
07

69
61

0.
08

61
78

0.
08

61
78

0.
09

53
1

0.
11

33
29

0.
11

65
3

0.
05

82
69

0.
06

76
59

0.
10

53
6

0.
03

31
15

0.
02

34
2

0.
01

87
31

0.
03

46
83

0.
03

40
64

0.
02

90
2

0.
02

63
72

0.
02

86
4

0.
04

80
61

6 5 4 7 1 1 5 4 10 14 6 5 2 2 1 11 25 5 6 11 19 2 2 1

1.
03

 (
0.

94
 t

o
 1

.1
3)

1.
09

 (
1.

05
 t

o
 1

.1
4)

1.
09

 (
1.

03
 t

o
 1

.1
5)

1.
09

 (
1.

03
 t

o
 1

.1
5)

1.
10

 (
1.

00
 t

o
 1

.2
1)

1.
10

 (
1.

02
 t

o
 1

.1
9)

1.
06

 (
1.

01
 t

o
 1

.1
2)

1.
07

 (
1.

01
 t

o
 1

.1
3)

1.
11

 (
1.

01
 t

o
 1

.2
2)

1.
08

 (
1.

01
 t

o
 1

.1
5)

1.
09

 (
1.

04
 t

o
 1

.1
4)

1.
09

 (
1.

05
 t

o
 1

.1
3)

1.
10

 (
1.

03
 t

o
 1

.1
8)

1.
12

 (
1.

05
 t

o
 1

.2
0)

1.
12

 (
1.

06
 t

o
 1

.1
9)

1.
06

 (
1.

01
 t

o
 1

.1
2)

1.
07

 (
1.

01
 t

o
 1

.1
3)

1.
11

 (
1.

01
 t

o
 1

.2
2)

0.
5

0.
7

1
1.

5
2

H
R

(9
5%

 C
I)

H
R

IV
, r

an
d

o
m

, 9
5%

 C
I

H
R

IV
, r

an
d

o
m

, 9
5%

 C
I

FI
G
U
R
E
11

Su
m
m
ar
y
re
su
lt
s
(p
o
o
le
d
es
ti
m
at
es
)
b
y
al
ll
ip
id

m
ea

su
re
s
as

p
ro
g
n
o
st
ic

m
ar
ke

rs
fo
r
ca
rd
io
va

sc
u
la
r
ev

en
ts

in
p
o
p
u
la
ti
o
n
s
ta
ki
n
g
st
at
in
s.
A
ll
d
at
a
se
ts

in
cl
u
d
e
p
ri
m
ar
y

p
re
ve

n
ti
o
n
d
at
a
se
ts
,
se
co

n
d
ar
y
p
re
ve

n
ti
o
n
d
at
a
se
ts
,
an

d
d
at
a
se
ts

w
it
h
m
ix
ed

o
r
u
n
re
p
o
rt
ed

p
re
ve

n
ti
o
n
g
ro
u
p
s.
H
et
er
o
g
en

ei
ty
:
Fo

r
lim

it
ed

m
ea

su
re
s
fo
r
al
ld

at
a
se
ts

I2
as

fo
llo

w
s:
TC

(7
4%

),
LD

L
(8
4%

),
H
D
L
(8
8%

),
TG

s
(8
2%

),
n
o
n
-H

D
L
ch

o
le
st
er
o
l(
34

%
),
A
p
o
B
(8
3%

).
Fo

r
lim

it
ed

m
ea

su
re
s
fo
r
p
ri
m
ar
y
p
re
ve

n
ti
o
n
g
ro
u
p
s
I2
as

fo
llo

w
s:
TC

(6
4%

),
LD

L
(3
3%

),
H
D
L
(8
8%

),
TG

s
(6
0%

).
Fo

r
lim

it
ed

m
ea

su
re
s
fo
r
se
co

n
d
ar
y
p
re
ve

n
ti
o
n
g
ro
u
p
s
I2
as

fo
llo

w
s:
TC

(8
1%

),
LD

L
(8
4%

),
H
D
L
(8
0%

),
TG

s
(8
5%

),
n
o
n
-H

D
L
ch

o
le
st
er
o
l(
49

%
),

A
p
o
B
(8
6%

).
Fu

ll
d
et
ai
ls
ar
e
av

ai
la
b
le

in
A
p
p
en

d
ix

12
.I
V
,
in
ve

rs
e
va

ri
an

ce
.

ASSOCIATION BETWEEN LIPID MEASURES, CARDIOVASCULAR EVENTS AND ALL-CAUSE MORTALITY

NIHR Journals Library www.journalslibrary.nihr.ac.uk

48



Li
p

id
 m

ea
su

re

<
 3

 d
at

a 
se

ts
TC TG

s
N

o
n

-H
D

L
LD

L
H

D
L

lo
g

-H
R

N
u

m
b

er
 o

f 
d

at
a 

se
ts

SE
Pr

im
ar

y 
p

re
ve

n
ti

o
n

Se
co

n
d

ar
y 

p
re

ve
n

ti
o

n

A
ll 

d
at

a 
se

ts

<
 3

 d
at

a 
se

ts
TC

/H
D

L 
an

d
 n

o
n

-H
D

L/
H

D
L

TG
s

A
p

o
 A

-I
A

p
o

 B
TC LD

L
H

D
L

TC LD
L

H
D

L
<

 3
 d

at
a 

se
ts

TC
/H

D
L 

an
d

 n
o

n
-H

D
L/

H
D

L
TG

s
A

p
o

 A
-I

A
p

o
 B

N
o

n
-H

D
L

0.
25

46
42

0.
28

51
79

0.
30

01
05

0.
45

74
25

0.
75

50
2

0.
24

37
53

0.
09

71
74

0.
10

34
35

0.
28

39
69

0.
26

13
53

1.
29

 (
0.

80
 t

o
 2

.0
8)

1.
33

 (
1.

10
 t

o
 1

.6
1)

1.
35

 (
1.

10
 t

o
 1

.6
5)

1.
58

 (
0.

91
 t

o
 2

.7
6)

2.
13

 (
1.

27
 t

o
 3

.5
5)

0.
07

69
61

0.
10

43
6

0.
16

25
2

0.
18

23
22

0.
20

70
14

0.
32

20
83

0.
34

24
9

0.
03

06
02

0.
05

53
74

0.
07

16
59

0.
06

97
18

0.
06

20
22

0.
20

68
7

0.
27

41
11

0.
24

68
6

0.
27

00
27

0.
47

80
4

0.
07

69
61

0.
15

70
04

0.
16

25
2

0.
18

23
22

0.
30

01
05

0.
10

66
85

0.
16

99
47

0.
15

36
16

0.
03

06
02

0.
07

40
19

0.
07

16
59

0.
06

97
18

0.
10

34
35

2 1 1 2 2 1 2 1 1 2 2 2 4 5 5 1 3 1 1 1

1.
08

 (
1.

02
 t

o
 1

.1
5)

1.
11

 (
1.

00
 t

o
 1

.2
4)

1.
18

 (
1.

02
 t

o
 1

.3
5)

1.
20

 (
1.

05
 t

o
 1

.3
8)

1.
23

 (
1.

09
 t

o
 1

.3
9)

1.
38

 (
0.

92
 t

o
 2

.0
7)

1.
41

 (
0.

82
 t

o
 2

.4
1)

1.
28

 (
1.

04
 t

o
 1

.5
8)

1.
31

 (
0.

94
 t

o
 1

.8
3)

1.
61

 (
1.

19
 t

o
 2

.1
8)

1.
08

 (
1.

02
 t

o
 1

.1
5)

1.
17

 (
1.

01
 t

o
 1

.3
5)

1.
18

 (
1.

02
 t

o
 1

.3
5)

1.
20

 (
1.

05
 t

o
 1

.3
8)

1.
35

 (
1.

10
 t

o
 1

.6
5)

0.
5

0.
7

1
1.

5
2

H
R

(9
5%

 C
I)

H
R

IV
, r

an
d

o
m

, 9
5%

 C
I

H
R

IV
, r

an
d

o
m

, 9
5%

 C
I

FI
G
U
R
E
12

Su
m
m
ar
y
re
su
lt
s
(p
o
o
le
d
es
ti
m
at
es
)
b
y
al
ll
ip
id

m
ea

su
re
s
as

p
ro
g
n
o
st
ic

m
ar
ke

rs
fo
r
ca
rd
io
va

sc
u
la
r
ev

en
ts

(a
d
ju
st
ed

es
ti
m
at
es
)
in

p
o
p
u
la
ti
o
n
s
ta
ki
n
g
st
at
in
s.
A
ll
d
at
a

se
ts

in
cl
u
d
e
p
ri
m
ar
y
p
re
ve

n
ti
o
n
d
at
a
se
ts
,s
ec
o
n
d
ar
y
p
re
ve

n
ti
o
n
d
at
a
se
ts
,a

n
d
d
at
a
se
ts

w
it
h
m
ix
ed

o
r
u
n
re
p
o
rt
ed

p
re
ve

n
ti
o
n
g
ro
u
p
s.
H
et
er
o
g
en

ei
ty
:
Fo

r
lim

it
ed

m
ea

su
re
s
fo
r

al
ld

at
a
se
ts

I2
as

fo
llo

w
s:
TC

(7
8%

),
LD

L
(9
4%

),
H
D
L
(8
9%

).
Fo

r
lim

it
ed

m
ea

su
re
s
fo
r
p
ri
m
ar
y
p
re
ve

n
ti
o
n
g
ro
u
p
s
I2
as

fo
llo

w
s:
TC

(9
2%

),
LD

L
(9
5%

),
H
D
L
(8
5%

).
Fo

r
lim

it
ed

m
ea

su
re
s
fo
r
se
co

n
d
ar
y
p
re
ve

n
ti
o
n
g
ro
u
p
s
I2
as

fo
llo

w
s:
TC

(0
%
),
LD

L
(8
1%

),
H
D
L
(8
4%

).
Fu

ll
d
et
ai
ls
ar
e
av

ai
la
b
le

in
A
p
p
en

d
ix

12
.I
V
,i
n
ve

rs
e
va

ri
an

ce
.

DOI: 10.3310/hta191000 HEALTH TECHNOLOGY ASSESSMENT 2015 VOL. 19 NO. 100

© Queen’s Printer and Controller of HMSO 2015. This work was produced by Perera et al. under the terms of a commissioning contract issued by the Secretary of State for
Health. This issue may be freely reproduced for the purposes of private research and study and extracts (or indeed, the full report) may be included in professional journals
provided that suitable acknowledgement is made and the reproduction is not associated with any form of advertising. Applications for commercial reproduction should be
addressed to: NIHR Journals Library, National Institute for Health Research, Evaluation, Trials and Studies Coordinating Centre, Alpha House, University of Southampton Science
Park, Southampton SO16 7NS, UK.

49



For unadjusted estimates – CVD events:

l Overall HDL (19 studies: HR 1.12, CI 1.06 to 1.19) and TC (11 studies: HR 1.12, CI 1.05 to 1.20)
offered the strongest association with CVD events.

l For primary prevention populations, LDL cholesterol (seven studies: HR 1.14, CI 1.06 to 1.23) offered
the strongest predictive value. All other measures have a similar point estimate but are not significant.

l For secondary prevention groups LDL, Apo B, non-HDL cholesterol and HDL offered a similar predictive
value (HR range 1.09–1.10).

For adjusted estimates – CVD events:

l Overall HDL (five studies: HR 1.61, CI 1.19 to 2.18) offered the strongest association with CVD events.
l For both primary and secondary prevention groups there were insufficient data to form conclusions.

Subgroup analyses

Pre-existing conditions
There were four studies whose participants had underlying conditions at baseline: two diabetic populations
(ASCOT-LLA,109 CARDS115) and two studies were either in the latter stages of renal disease (AURORA110)
or post renal transplant (ALERT107). Owing to insufficient data, no subgroup analyses could be completed
either for diabetic populations compared with non-diabetic populations or for renal disease populations
compared with populations not suffering from renal disease. In a sensitivity analysis, removing these
four studies from the analysis had no effect on the predictive value of each lipid measure for CVD events
(unadjusted or adjusted).

Study design and age
No retrospective studies meant that no subgroup comparison was made for study design. All study
populations were aged > 40 years at baseline.

Sensitivity analyses

Surrogate measures for cardiovascular disease
Definitions for cardiovascular events varied considerably; 7 out of 25 studies used CHD as a surrogate
measure for predicting cardiovascular risk. Appendix 13 shows a sensitivity analysis comparing all of the
pooled estimates for lipid measures removing the studies that used a surrogate measure. For the CVD
events the summary measures followed the same trends as the main summaries, except for HDL which
was no longer a strong predictor reducing from HR 1.12 to 1.01. There were no longer sufficient data to
show results for the primary prevention group; in the secondary prevention group the results were the
same. There were data for only HDL cholesterol and LDL cholesterol for CVD events (adjusted) and these
measures had insufficient data.

Study quality
Studies were assessed for quality with emphasis placed on attrition and prognostic markers (lipid
measures). Agreement between the two assessors was good (attrition: κ= 0.76) and very good (prognostic
marker: κ= 0.84). Only two studies were assessed as high risk in either category (CLIP,177 PROVE-IT183).
Removing these two studies from the analysis made no difference to the results. Removing all studies that
were assessed as moderate or high risk in either category left five studies for consideration (CARDS,115

AURORA,110 CORONA,119 PROSPER,155 ALERT107). Again, this made no difference to the results, although
the predictive value for LDL was no longer significant in the primary prevention group or overall.
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Laboratory methods
All studies, bar four, completed the analysis of blood samples in a central laboratory. Two of these did not
report whether or not a central laboratory was used (LIVES Ex,182 TNT183) and two studies did not use a
central laboratory (CLIP,177 J-LIT174,175), although J-LIT174,175 did test for inequalities between laboratories and
found no differences. No sensitivity analyses were completed owing to insufficient data.

Indirect data extraction
Finally, sensitivity analysis was conducted to examine whether or not the method of data extraction had
any bearing on the results (see Appendix 13). Analysis was conducted on nine studies after removing all of
the studies for which the data were extracted indirectly. For CVD events (unadjusted) in the secondary
prevention groups and in all studies, only Apo B and LDL cholesterol continued to have sufficient data to
provide results. The pooled estimate for Apo B was very similar but the estimate for LDL was increased
(secondary prevention: HR increase from 1.09 to 1.17, all studies: HR 1.09 to 1.16). There were insufficient
data to assess the impact of indirect data extraction on adjusted CVD events outcome data.

Excluded studies for both populations are shown in Appendix 14.

Post hoc meta-regression
Meta-regression was completed for CVD events (adjusted estimates) in populations not taking statins; this
was the only outcome with data for all 10 lipid measures. However, none of the 35 studies contributed
data for all lipid measures. Owing to the lack of data for each lipid measure, only three variables were
examined in the meta-regression: diabetic population at baseline, use of a surrogate measure for CVD
events and other baseline underlying conditions, as the interpretation of the effect of these variables could
be of clinical relevance. Results of the meta-regression can be seen in Appendix 15.

Meta-regression was conducted for nine lipid measures as the LDL/HDL cholesterol ratio was reported in
only eight data sets (three studies: AMORIS,90 EPIC-Norfolk100 and Framingham Offspring53). For LDL
cholesterol and TGs, the underlying condition variable was excluded because of collinearity; for Apo A-I
and Apo-B/Apo A-I, the diabetes variable was excluded for the same reason. The meta-regression for LDL
cholesterol, HDL cholesterol, TGs, Apo B and Apo A-I found no effect for any of the three variables. Of the
remaining measures, TC, non-HDL cholesterol, Apo B/Apo A-I, and TC/HDL cholesterol showed stronger
associations with outcome in studies for which we extracted a surrogate, such as CHD events, rather than
CVD events (p= 0.003, p= 0.007, p< 0.001 and p= 0.026, respectively).

Discussion

This is the first review designed to determine the predictive value of a panel of 10 lipid measures for
cardiovascular events, cardiovascular mortality and all-cause mortality. It is the first review to include all
populations taking, and not taking, statins, and to further divide that population into primary and
secondary prevention groups.

Key finding for populations not taking statins
Results from the included studies in this population support Apo B/Apo A-I as the strongest predictor of
CVD events (adjusted and unadjusted). Apo B, non-HDL cholesterol, LDL/HDL cholesterol and TC/HDL
cholesterol offer similar predictive values and only slightly lower point estimates than Apo B/Apo A-I.
However, all of the lipid measures offer positive associations with CVD events and there is considerable
overlap in the CIs. This pattern is repeated when considering only primary prevention populations. There
were insufficient data sets to pool data for Apo B/Apo A-I and LDL/HDL cholesterol for unadjusted data,
but the limited data available do suggest these to be the strongest predictors, and this is reflected in the
adjusted data. Although the number of studies were insufficient to pool data for Apo B/Apo A-I,
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the numbers of participants were comparable to those in the data for TC/HDL cholesterol and non-HDL
cholesterol. Data for the secondary prevention group were very limited, but did appear to follow a similar
trend, except for TGs, which appeared to have no association with CVD events.

The results from this review are in line with the latest research by the ERFC70 and the 2011 review by
Sniderman et al.71 The ERFC70 examined the association among non-HDL cholesterol, Apo B, Apo A-I,
TC/HDL cholesterol and Apo B/Apo A-I and CVD (adjusted outcome data) in 26 studies (primary and
secondary prevention groups). The results in this review are almost identical for non-HDL cholesterol,
Apo B, and Apo A-I, but the CIs are slightly narrower. Both reviews have found that the ratios TC/HDL
cholesterol and Apo B/Apo A-I were more strongly associated with CVD events than other lipid measures.
The ERFC’s final conclusion was that TC/HDL cholesterol offers a stronger association with CVD events
than the individual measures Apo B and Apo A-I; our review agrees with these findings. However, the
ERFC70 did not include LDL/HDL cholesterol in their assessment and our review suggests that this is almost
as predictive as Apo B/Apo A-I. Sniderman et al.71 only considered three lipid measures and their
association with CHD. Although our outcome definition differs, results were similar, suggesting that Apo B
is superior to non-HDL cholesterol and non-HDL cholesterol is superior to LDL in predicting events.
Examination of diabetic populations not taking statins was limited by the lack of data. However, there is
some indication that for CVD events (unadjusted) the lipid measures examined provide lower predictive
values or no association for this population. Within the adjusted data, more lipid measures were
represented, but trends were not clear: most, but not all, lipids were less predictive of CVD events in the
diabetic populations than non-diabetic populations.

For CVD mortality (unadjusted and adjusted), HDL offered the strongest association with CVD mortality, but
the CIs overlapped with those for TC and TGs. In the unadjusted primary prevention group the same three
lipid measures showed an association, with overlapping CIs, but here TGs was the strongest, whereas in the
adjusted primary prevention group TC no longer had an association, and HDL and TGs had exactly the same
results. However, in the adjusted data, five other lipid measures (TC/HDL cholesterol, LDL/HDL cholesterol,
LDL cholesterol, Apo A-I, Apo B) offered an indication that they could provide a similar, or stronger,
predictive value in primary prevention groups and for all participants, if more study data were available.

The Asia Pacific Studies Collaboration (APSC)67 assessed 17 studies, and examined the association between
seven lipid measures (TC, TGs, HDL cholesterol, non-HDL cholesterol, TC/HDL cholesterol, TG/HDL cholesterol)
and CVD mortality, and the association between LDL cholesterol and CHD. For the lipid measures for which
we were able to pool data in our review (TC, TG, HDL), the HRs were only slightly greater than the APSC
results,67 and, similar to our review, the CIs in their data all overlapped. So, although the strength of our
associations was slightly larger, there was similarity in the pattern of results. Results for TG, TC/HDL
cholesterol and TG/HDL cholesterol were presented as log results, and therefore were not comparable, and
we had no results for non-HDL cholesterol and CVD mortality (unadjusted data) in our review.

Post hoc meta-regression showed an association only between CVD events (adjusted) and using a
surrogate measure for CVD events for four lipid measures (TC, non-HDL cholesterol, Apo B/Apo A-I,
TC/HDL cholesterol). The analysis suggests that including the surrogate measure of CHD could potentially
lead to an overestimation of the HR for CVD events (adjusted) by approximately 20%.

From the limited outcome data available for all-cause mortality (unadjusted and adjusted), only two lipid
measures had an association. For unadjusted data, TGs had a stronger association, whereas for adjusted
data, HDL cholesterol was more strongly associated. Although there were insufficient studies to analyse
Apo B, Apo A-I and their ratio, these could potentially offer a stronger predictive value. Unexpectedly,
higher levels of some lipid measures (LDL cholesterol, TC, LDL/HDL cholesterol) were associated with a
lower risk of all-cause mortality. The level of comorbidities in these populations might account for this
result. The IKNS study in Yao City94 concluded that the decreased association with mortality was stronger
in heavy drinkers and more significant in follow-up over 5 years. There is no existing review to compare
results for all-cause mortality.
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Key finding for populations taking statins
For all included studies, HDL and TC offered the strongest association with CVD events (unadjusted) and
HDL cholesterol with adjusted data. For unadjusted data, only LDL cholesterol offered an association for
primary preventions groups, whereas for secondary preventions groups Apo B, TC, LDL cholesterol,
non-HDL cholesterol and HDL cholesterol all had a similar association. For adjusted data, although there
were insufficient studies to produce combined results, there was some indication that HDL cholesterol for
primary prevention groups and TC for secondary prevention groups could offer strong associations with
CVD events.

Boekholdt et al.72 completed an IPD systematic review using adjusted data from eight studies to assess the
association between LDL cholesterol, non-HDL cholesterol, and Apo B and CVD events. In comparison,
although 25 studies contributed data to this review, the maximum numbers of studies contributing data to
any single measure in our comparable analysis was five. Comparison with the work of Boekholdt et al.72

was only partially possible. This review’s LDL cholesterol point estimate was higher than the estimate of
Boekholdt et al.72 and not significant; for both Apo B and HDL cholesterol our point estimates were higher,
with large CIs and based on only one included study. Boekholdt et al.72 concluded that there was a
stronger association for non-HDL cholesterol with CVD events than LDL and Apo B; this review suggests
agreement with this finding but does not have sufficient evidence to confirm it. However, Boekholdt et al.72

did not assess HDL cholesterol in his research, and this review would suggest that HDL cholesterol has a
higher predictive value than non-HDL cholesterol, LDL cholesterol or Apo B for CVD events in populations
taking statins.

No outcome data for CVD mortality or all-cause mortality were available for this group.

The lipid measures with the higher associations with CVD events and CVD mortality are consistent with current
NICE recommendations for monitoring.2,62 Our results suggest that alternative measures such as Apo B or
the ratios LDL/HDL cholesterol and Apo B/Apo A-I, could be given further consideration in the future based on
their clinical validity; however, in 2014 these were unlikely to be affordable or practical.

Strengths and limitations
The main strength of this review is its extensive coverage of all study designs, populations taking and not
taking statins, and the wide panel of 10 lipid measures. The review has subgrouped populations into
primary and prevention groups to seek to understand whether or not the predictive ability of various lipids
varies according to these populations. Previous reviews in this area often look at only a subset of lipid
measures, which complicates comparisons and the development of clinical recommendations. There is a
tendency for reviews to exclude studies if they do not have data for all of the lipids being assessed in the
review. In this review we have included study data even if they contributed to only some of the lipid
measures or outcomes under consideration. We have extracted data from publications using indirect
methods, as well as direct and converted data.

To complete a review of the scale and complexity of this one, it is required to make decisions about the
scope and focus that impact on study identification and selection. Although other lipid-lowering drug
groups could have been included in this review (such as fibrates), together with the advisory board
we decided to focus only on statins. It is possible that by searching from the dates of previous reviews and
modifying the search strategy, studies may have been missed; however, as we have aimed to include all
studies from previous reviews and larger trials of > 1000 participants, we believe it is unlikely that large
relevant studies have been overlooked. From the existing reviews we were unable to trace 15 potential
studies, accounting for 10% of our final sample. This could have been because studies were mentioned as
joining collaborations, but the studies never completed or the findings were not published. Despite the
large number of included studies in this review, the number of studies reporting data for each pooled
estimate is much smaller. This is typical of prognostic reviews in the area; for example, the ERFC used only
68 out of a potential 112 studies.69
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Many included studies did not disclose details such as whether or not the participants had pre-existing
CVD or whether or not the participants were taking statins. Assumptions have been made in the data
analysis to accommodate these studies, and sensitivity analyses were conducted to account for
these assumptions.

No outcome data for CVD mortality or for all-cause mortality were available in populations taking statins,
and data for these outcomes were provided only in a smaller proportion of studies of populations not
taking statins, compared with CVD events. As expected, heterogeneity was high for most analyses, and
contributed to our decision to use a random-effects model for the pooled estimates. The populations
included in the studies were hugely varied, with no specific inclusion criteria relating to baseline
characteristics. Furthermore, it was expected that there would be significant variation in the way the lipid
measures were tested. The strength of predictive value of the lipid measures was largely based on the
point estimates, but it should be noted that the CIs were often overlapping and the degree of difference
between lipid measures was on the whole small. In meta-regression we did not find any measures that
considerably reduced heterogeneity.

All estimates were obtained independently for each lipid measure or ratio. Therefore, comparisons
between these measures are all indirect comparisons. We did not explore the alternative approach based
around network meta-analysis (NMA) of a subset of studies to make direct comparisons, because this
approach would use fewer studies and the methods for NMA are better developed for treatment
comparisons than for prognostic reviews.

Assessment of methodological quality of the individual studies was difficult because included studies were
not designed to address the same objective as this review and, therefore, the information required for
this review to assess quality might not have been a priority for the study authors. Statistical analysis was
rarely in a form that was appropriate for our outcomes. Assessment of attrition quality bias had no
precedent in previous reviews, and setting boundaries for levels of low, moderate and high attrition bias
were proven, subsequently, to be too generous, as no studies had high attrition.

There were a number of changes from the original protocol. The search methods were modified to
accommodate the scale of the review and recognise the publication of three reviews in 2012. Similarly, by
introducing the minimum number of participants, a 2-year follow-up and a minimum two lipid measures at
baseline it was anticipated this would reduce the inclusions of smaller, more-prone-to-bias studies. This
also removed the need for sensitivity analysis for smaller studies. In the analysis, all outcome data for each
lipid measure was pooled. Although acknowledging that conclusions drawn from three or fewer sets of
data could be misleading, it was important to enable an overall comparison between lipid measures and
their trends, and view potentially useful lipid measures for future research. The indirect methods for data
extraction were changed once included studies were examined; the best methods were used to extract the
maximum amount of data. Quality assessment of included studies was instead based on a more recent
tool77 that was specifically designed for prognostic reviews: QUIPS.

This review did not use IPD. It is well acknowledged that this is the ideal data source for these analyses
and this means that a number of the limitations above would have been reduced or removed. Future
research should look to utilise this approach if possible.

Prognostic systematic reviews are still in the early stages of methodological development. Search strategies,
data extraction techniques, quality assessment tools and analysis software are not well established
compared with other types of systematic reviews. This made each stage of the review challenging; as this
area of research develops, it will provide a clearer path for undertaking this type of review.
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Chapter 3 Meta-analysis of the effect of
atorvastatin on serum lipid levels

Background

As discussed in Chapter 1, the value of a clinical monitoring programme partly depends on the existence of
clinical actions to improve or maintain patient health that can be guided by monitoring.11 Monitoring
cholesterol is potentially worthwhile because there is an effective clinical response available to health
practitioners if monitored levels are high: the prescription of a statin. It follows that in order to understand
the value of different approaches to monitoring cholesterol or other available lipid measures, the benefits
of the treatment must first be understood.

Of the statins available in the UK, simvastatin was the most widely prescribed when this project began in
2011. It has been available in generic form since 2003 and is therefore relatively cheap; for example, in
2014 a 28-tab pack cost either just over or just under £1 per pack, depending on dose.186 In contrast,
atorvastatin remained on patent until 2012; while on patent, the price of atorvastatin (Lipitor) was > £28
per pack (28 × 40- or 80-mg tablets)16 compared with prices of < £2 for 10-, 20- and 40-mg doses and just
over £3 for a 80-mg dose of the generic form available since the patent expired.186

Previous studies of the cost-effectiveness of atorvastatin concluded that, given the high cost, there was
insufficient evidence of adequately large benefits to justify switching the majority of patients to atorvastatin.
However, these studies were conducted while atorvastatin was still on patent, and, given the dramatic change
in cost since the patent expired, the question needs to be re-examined. This chapter focuses on estimating the
effect (or benefits) of atorvastatin on lipid measures, compared with the effect of other statins. The reason for
this is twofold: first, trials of atorvastatin have not, in general, been large enough to use heart disease (heart
attack and stroke) or death as their primary outcome measure, and, second, we are particularly interested in the
effect of atorvastatin on the different lipid measures to inform the economic models presented in Chapter 7.

Typically, this would require a systematic search of the literature for RCTs comparing atorvastatin with placebo
or any other statin. However, a number of other systematic reviews addressing this specific research question
were published recently; of particular relevance are a Cochrane review examining the dose-related effect of
atorvastatin on lipid levels in 254 trials187 and a systematic review and network meta-analysis evaluating the
dose-related effects of different statins on lipid levels in 181 RCTs.188 Both of these reviews could provide
the information required to inform economic analyses of the effect of atorvastatin in lipid monitoring;
however, a number of included trials were very small and of short duration, and, if these were excluded,
results may differ. On the advice of the project advisory board, this chapter presents a re-analysis based on the
studies identified in the most recent network meta-analysis, focusing on trials of atorvastatin with a minimum
of 1000 individuals and at least 12-month follow-up, and therefore deemed to have a lower chance of bias.

Methods

Selection of studies
The 181 RCTs reviewed by Naci et al.188 were considered for inclusion, including trials of both primary and
secondary prevention populations. Two authors independently identified relevant publications and extracted
data. Disagreements were resolved by consensus with a third author. Included trials met the following
criteria: (1) at least 1000 individuals were randomised in total; (2) the average follow-up was at least 1 year
(52 weeks); and (3) at least one of the groups was randomised to receive atorvastatin (‘Atorva’), in any dose
(fixed or titrated). Risk of bias was assessed independently by two authors using the risk of bias tool
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provided in the Cochrane Handbook,189 which ascribes subjective ‘low’, ‘high’ or ‘unclear’ risk of bias to
seven domains (two domains relating to blinding were combined into a single category).

Outcome measures and data extraction
Seven lipid measures and ratios (LDL cholesterol, HDL cholesterol, TC, TGs, non-HDL cholesterol, TC/HDL
cholesterol and LDL/HDL cholesterol) were included as outcomes. Results from studies that reported data
for longer periods of follow-up suggest that the most marked change in lipid measures occurs within
the first 12 months, remaining relatively constant or with a moderate drift towards baseline values
thereafter.188 For this reason, lipid measure data were extracted at baseline and at the time point closest
to 12 months (52 weeks) for which data were reported.

Data analysis
For each study, effect sizes [differences between the means in the atorvastatin treatment group and the
comparator group, with standard errors (SEs)] were estimated based on the means, SDs and sample sizes
reported at follow-up. As differences between groups at baseline were small, no adjustment was made for
baseline values in the estimation of the effect size at follow-up. Units for all lipid measures were converted to
millimoles per litre. For studies that did not report numerical data in the form required to make comparisons
between the studies, or to directly estimate the effect size, the following steps were used, as required:

l use the group-specific baseline SD and sample size for the equivalent quantities at follow-up, in the
absence of additional information

l use the median as an estimate of the mean
l estimate within-group SD as SE multiplied by the square root of the sample size
l use 0.75 times the interquartile range as an estimate of the SD.

Network meta-analysis was then used to investigate whether or not it was possible to combine the
estimates of the effect size of atorvastatin in lipid measures across all included studies, taking into account
differences in treatments and doses used in different studies.190 For studies that used dose titration, the
average dose across the study period was recorded as an estimate of the dose used in the study. Analyses
were carried out using Stata 12.1 (StataCorp LP, College Station, TX, USA) and RevMan 5.2.

Amendments to protocol
Our protocol initially specified the estimation of effects of all statins on lipid measures based on all available trials.
In August 2013, a comprehensive network meta-analysis and systematic review including all available statins was
published.188 Given this evidence combined with the particular interest in atorvastatin, reflecting current UK
guidelines, we suggested a protocol modification to extract data only from RCTs that evaluated atorvastatin
and that were large enough (> 1000 participants) with a minimum follow-up of 52 weeks. The study advisory
board acting on behalf of the HTA approved this modification. We have tested through sensitivity analyses if our
choice of threshold for the minimum number of participants had an impact on our findings.

Results

Based on the screening criteria, 171 trials were excluded; 10 studies are therefore included in this
review115,179,184,191–197 (Figure 13). Three of the lipid measures (non-HDL cholesterol, TC/HDL cholesterol and
LDL/HDL cholesterol) were either not reported or reported only in a single study, so only the other four measures
(LDL cholesterol, HDL cholesterol, TC and TGs) are reported here. Nine of the studies115,179,184,191–196 reported each
of these four measures at one or more follow-up times. The other study, PROVE IT-TIMI,195 reported LDL and
HDL at both baseline and follow-up, but reported TC and TGs only at baseline.

Table 12 shows the characteristics of the 10 included studies.113,179,184,191–197 The total number of
participants randomised ranged from 1049 to 10,305, and the dose of atorvastatin used ranged from
10 to 80mg/day. The studies113,179,184,191–195 showed wide variation in both their length of follow-up
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Studies assessed for inclusion 
(n = 181)

Studies included in review
(n = 10)

Studies excluded for failing to
satisfy all of the following 
(n = 171)
1. At least 1000 individuals
    randomised
2. Average follow-up at least
    1 year
3. At least one group
    randomised to receive
    atorvastatin     

FIGURE 13 Flow chart showing selection of studies for inclusion.

TABLE 12 Characteristics of included studies

Study Treatment
Mean dose
(mg/day)

Participants
(by arm) Study follow-up

Follow-up for
data extraction

ALLIANCE194 Atorvastatin Median 40.5 1217 Median 54.3 months Mean 51.5 months

Usual care – 1225

ASCOT-LLA192 Atorvastatin 10 5168 Median 3.3 years 1 years

Placebo – 5137

aASG-I197 Atorvastatin 11 789 52W 52 weeks

Lovastatin 24 260

ASPEN191 Atorvastatin 10 1211 Median 4 years 4 years

Placebo – 1199

CARDS115 Atorvastatin 10 1428 Median 3.9 years 1 years

Placebo – 1410

GREACE196 Atorvastatin 24 800 3 years Mean over whole

Usual care – 800 Follow-up

IDEAL179 Atorvastatin 80 4439 5 years 1 years

Simvastatin 20 4449

PROVE IT-TIMI195 Atorvastatin 80 2009 Mean 24 months 12 months

Pravastatin 40 2063

SPARCL184 Atorvastatin 80 2365 Median 4.9 years Mean over whole

Placebo – 2366 Follow-up

TNT193 Atorvastatin 80 4995 Median 4.9 years 12 months

Atorvastatin 10 5006

a Some of the participants in the ASG-I trial were initially randomised to placebo and subsequently randomised to one of the
active treatments. Some participants were subsequently switched to higher doses (from 10 to 20mg/day for atorvastatin,
and from 20 to 40mg/day for lovastatin). Mean dose was not reported, so the figures given here are estimates of the mean
dose received across the 52-week treatment period. Results at the end of the initial placebo period are not reported.

‘Follow-up for data extraction’ refers to the time point at which data were extracted, usually the closest available time point
to 12 months.
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(with average length of follow-up ranging between 1 and 5 years) and the follow-up times at which
outcomes measures were reported, even though the follow-up time closest to 12 months for which data
were reported was used for data extraction.

Figure 14 shows the pattern of treatments and doses in network form. A line between two treatments
indicates that a direct comparison of those treatments was made in the named study or studies. In this
figure, doses of atorvastatin of < 40mg/day have been combined into a single category (‘Atorva 10–20’),
and ‘Placebo’ and ‘Usual care’ groups are also treated as equivalent. Four trials provide a direct comparison
of ‘Atorva 10–20’ against ‘Placebo/Usual care’. None of the other direct comparisons of treatments was
reported in more than a single study.

Table 13 summarises the baseline characteristics of the participants in each study. The average age in all
studies was approximately 60 years, and the percentage of female participants ranged from 17% to 43%.
Some studies targeted individuals with a history of MI (e.g. IDEAL179), CVD (e.g. ALLIANCE194) or diabetes
(e.g. ASPEN191), whereas others (e.g. SPARCL184) specifically excluded individuals with one or more of
these conditions.

Table 14 shows the risk of bias scores assigned to the studies by the two authors. The majority of the trials
were rated as low risk of bias for most criteria, and there was a high level of agreement between the
authors. Reasons for classifications of high risk of bias included a lack of blinding: one trial used an
‘open-label’ design (IDEAL179) and two used ‘Usual care’ as the comparator, making blinding infeasible
(ALLIANCE194 and GREACE197) – and giving concerns about an unusually high level of dropout of
withdrawal of consent (ALLIANCE194 and ASG-I197).

Table 15 shows average lipid measures for each study at baseline and follow-up. There are noticeable
disparities between studies at baseline: for example, average LDL cholesterol in different studies at baseline
ranges from 2.74mmol/l (TNT193) to 4.97mmol/l (ASG-I197).

Atorva 10−20 mg/day

Lova 20−40 mg/day

Prava 40 mg/day

Simva 20 mg/day

Atorva 40 mg/day

Placebo/usual care

Atorva 80 mg/day

ASCOT-LLA192

ASPEN191

CARDS115

GREACE196

ASG-I197

ALLIANCE194

SPARCL184

PROVE IT-TIMI195

TNT193

IDEAL179

FIGURE 14 Network representation of the treatments and doses compared in the included studies.
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TABLE 13 Baseline characteristics of participants in included studies

Study Treatment
Age, years:
mean (SD) Female % MI % CHD % DM %

BMI (kg/m2):
mean (SD) Smoking %

ALLIANCE194 Atorva 61.1 (9.0) 17.8 60.1 100 23.2 C19.6

Usual care 61.3 (8.6) 17.7 55.5 100 21.2 C19.3

ASCOT-LLA192 Atorva 63.1 (8.5) 18.9 24.3 28.6 (4.7) C33.2

Placebo 63.2 (8.6) 18.7 24.8 28.7 (4.6) C32.2

ASG-I197 Atorva 57 (11) 41 15 27 (2.8)

Lova 58 (11) 43 16 27 (3.2)

ASPEN191 Atorva 61.1 (8.1) 34 17 100 28.9 (3.7) C12

Placebo 61.0 (8.2) 33 16 100 28.8 (3.8) C13

CARDS115 Atorva 61.5 (8.3) 32 0 100 28.7 (3.6) C22, F44

Placebo 61.8 (8.0) 32 0 100 28.8 (3.5) C23, F43

GREACE196 Atorva 58 (12) 22 82 100 20 24.2 (0.8)

Usual care 59 (14) 21 80 100 19 23.9 (0.6)

IDEAL179 Atorva 61.8 (9.5) 19.1 100 12 27.3 (3.9) C20.1, F58.1

Simva 61.6 (9.5) 19.1 100 12.1 27.3 (3.8) C21.2, F58.8

PROVE
IT-TIMI195

Atorva 58.1 (11.2) 22.2 17.8 C36.5

Prava 58.3 (11.3) 21.6 17.5 C37.1

SPARCL184 Atorva 63 39.7 0 16.7 27.5 C19.1, F40.7

Placebo 62.5 41 0 16.9 27.4 C19.3, F38.8

TNT193 Atorva 80 61.2 (8.8) 18.8 59 100 28.4 (4.5) C13.4, F63.2

Atorva 10 60.9 (8.8) 19.2 57.7 100 28.6 (4.7) C13.4, F63.3

C, current smoker; DM, diabetes mellitus; F, former smoker.
Blank cell: information unclear or not reported.

TABLE 14 Risk of bias assessment for included studies (rater 1/rater 2)

Study
Random sequence
generation

Allocation
concealment Blinding

Incomplete
outcome data

Selective
reporting

Other sources
of bias

ALLIANCE194 L/L U/H H/H H/H H/L L/L

ASCOT-LLA192 L/L L/L L/L L/L L/L L/L

ASG-I197 L/L U/L L/L H/H L/U L/L

ASPEN191 L/U U/U L/L U/L L/L L/L

CARDS115 L/L L/L L/L L/L L/L L/L

GREACE196 L/L U/U H/H L/U L/L L/L

IDEAL179 L/L U/U H/H L/L L/L L/L

PROVE IT-TIMI195 L/U L/U U/L L/L L/L L/L

SPARCL184 L/L L/L L/L L/L L/U L/L

TNT193 L/L L/L L/L L/L L/L L/L

H, High; L, Low; U, Unclear.
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Table 16 shows the effect sizes for each lipid measure in each study. Figures 15–18 display this information
in network form, separately for each measure. In these figures, each estimate refers to the effect of the
treatment to the right of the line to which it is attached compared with the treatment to the left of
the line. For example, the results of ALLIANCE194 show a reduction in LDL cholesterol at follow-up of
0.38mmol/l for the atorvastatin treatment group compared with the usual care group.

TABLE 16 Effect sizes and SEs in mmol/l for each lipid measure at follow-up, for each of the included studies

Study Comparison LDL cholesterol HDL cholesterol TC TGs

ALLIANCE194 A40.5 – U –0.38 (0.031) –0.03 (0.014) –0.49 (0.046) –0.15 (0.070)

ASCOT-LLA192 A10 – U –1.20 (0.015) 0.02 (0.007) –1.29 (0.017) –0.28 (0.019)

ASG-I197 A11 – L24 –0.34 (0.042) 0 (0.021) –0.40 (0.060) –0.21 (0.060)

ASPEN191 A10 – U –0.88 (0.027) 0.03 (0.014) –0.92 (0.033) –0.21 (0.038)

CARDS115 A10 – U –1.24 (0.029) 0 (0.014) –1.45 (0.033) –0.38 (0.042)

GREACE196 A24 – U –1.86 (0.029) 0.05 (0.009) –2.07 (0.039) –0.50 (0.029)

IDEAL179 A80 – S20 –0.59 (0.015) –0.04 (0.007) –0.74 (0.018) –0.26 (0.019)

PROVE IT-TIMI195 A20 – P40 –0.85 (0.019) –0.04 (0.008)

SPARCL184 A80 – U –1.44 (0.018) 0.03 (0.011) –1.58 (0.022) –0.38 (0.021)

TNT193 A80 – A10 –0.65 (0.009) 0 (0.006) –0.83 (0.012) –0.29 (0.016)

A, Atorva; L, Lova; P, Prava; S, Simva; U, Usual care/placebo, suffixed by dose (mg/day).
Note
The direction of the effect is for the group written first in the ‘Comparison’ column relative to the group written second
(e.g. the mean LDL cholesterol for CARDS115 at 1 year was 1.24mmol/l lower in the Atorva 10-mg group than in the ‘Usual
care’ group).

Atorva 10−20 mg/day

Lova 20−40 mg/day

Prava 40 mg/day

Simva 20 mg/day

Atorva 40 mg/day

Placebo/usual care

Atorva 80 mg/day

–1.20 (0.015)
–0.88 (0.027)
–1.24 (0.029)
–1.86 (0.029)

–0.38 (0.031)

–0.34 (0.042)

–0.65 (0.009)

–1.44 (0.018)

–0.85 (0.019)
–0.59 (0.015)

FIGURE 15 Network representation of effect sizes (with SEs) for LDL at follow-up in each study. In the ‘Atorva
10–20’ vs. ‘Placebo/Usual care’ comparison, the four studies are presented in the same order as in Figure 14. Each
estimate refers to the effect of the treatment to the right of line to which it is attached, relative to the treatment
to the left of the line (e.g. the mean LDL for CARDS115 at 1 year was 1.24mmol/l lower in the Atorva 10-mg group
than in the ‘Usual care’ group).

DOI: 10.3310/hta191000 HEALTH TECHNOLOGY ASSESSMENT 2015 VOL. 19 NO. 100

© Queen’s Printer and Controller of HMSO 2015. This work was produced by Perera et al. under the terms of a commissioning contract issued by the Secretary of State for
Health. This issue may be freely reproduced for the purposes of private research and study and extracts (or indeed, the full report) may be included in professional journals
provided that suitable acknowledgement is made and the reproduction is not associated with any form of advertising. Applications for commercial reproduction should be
addressed to: NIHR Journals Library, National Institute for Health Research, Evaluation, Trials and Studies Coordinating Centre, Alpha House, University of Southampton Science
Park, Southampton SO16 7NS, UK.

61



Atorva 10−20 mg/day

Lova 20−40 mg/day

Prava 40 mg/day

Simva 20 mg/day

Atorva 40 mg/day

Placebo/usual care

Atorva 80 mg/day

0.02 (0.007)
0.03 (0.014)
0.00 (0.014)
0.05 (0.009)

–0.03 (0.014)

0 (0.021)

0 (0.006)

0.03 (0.011)

–0.04 (0.008)
–0.04 (0.007)

FIGURE 16 Network representation of effect sizes (with SEs) for HDL at follow-up in each study.

Atorva 10−20 mg/day

Lova 20−40 mg/day

Prava 40 mg/day

Simva 20 mg/day

Atorva 40 mg/day

Placebo/usual care

Atorva 80 mg/day

–1.29 (0.017)
–0.92 (0.033)
–1.45 (0.033)
–2.07 (0.039)

–0.49 (0.046)

–0.40 (0.060)

–0.83 (0.012)

–1.58 (0.022)

Not reported
–0.74 (0.018)

FIGURE 17 Network representation of effect sizes (with SEs) for TC at follow-up in each study.
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The results of the four studies that report a comparison of ‘Atorva 10–20’ against ‘Placebo/Usual care’
(ASCOT-LLA,192 ASPEN,191 CARDS115 and GREACE196) at follow-up are also reported in a forest plot in
Figure 19. There is notably large heterogeneity between the studies (I2> 99%), which is amplified by the
small width of the CIs, a consequence of ascribing a minimum sample size as an inclusion criterion. For this
reason we do not provide a pooled estimate of the effect across the four studies.113,189,192,196

The balance of evidence shows a clear reduction in LDL cholesterol, TC and TGs at all doses of atorvastatin
compared with placebo. There appears to be some evidence of a dose-related effect (see Figures 15, 17
and 18; Table 15), but this is difficult to assess definitively given the limited number of studies in this
review that used one of the larger atorvastatin doses (≥ 40mg/day). The studies that used other statins as
treatment arms [ASG-I, which used lovastatin at an average dose of 24mg/day; IDEAL,179 which used
simvastatin 20mg/day; and PROVE IT-TIMI,195 which used pravastatin 40mg/day] also demonstrated
greater reductions in LDL, TC and TGs (where reported) with atorvastatin relative to its comparator. None
of the 10 studies113,179,184,191–197 showed more than a small change in HDL cholesterol between treatments.
There was also consistently little change in HDL cholesterol between baseline and follow-up, irrespective of
the length of the follow-up period. These results were consistent to our choice of a minimum number
of participants in a study (see sensitivity analysis in Appendix 16).

Fitting the network meta-analysis model was computationally feasible despite the sparsity of the network.
However, we considered it inappropriate to report combined summary estimates because of the extremely
high heterogeneity observed in the ‘Atorva 10–20’ and ‘Placebo/Usual care’ treatment comparison. This
was the only pairwise comparison for which there was more than one contributing study. For pairs of
treatment for which there was a single contributing study, the point estimate of the effect size from the
network meta-analysis was similar to the effect size observed in the only study that directly compared
the two treatments. However, we present results from this analysis in Appendix 16.

The Cochrane systematic review examining the lipid-lowering efficacy of atorvastatin187 estimated effects
for different doses and modelled the dose–effect relationship. A comparison between these estimates and
the ones obtained in the present chapter can be seen in Figure 20 for TC and LDL cholesterol.

Atorva 10−20 mg/day

Lova 20−40 mg/day

Prava 40 mg/day

Simva 20 mg/day

Atorva 40 mg/day

Placebo/usual care

Atorva 80 mg/day

–0.28 (0.019)
–0.21 (0.038)
–0.38 (0.042)
–0.50 (0.029)

–0.15 (0.070)

–0.21 (0.060)

–0.29 (0.016)

–0.38 (0.021)

Not reported
–0.26 (0.019)

FIGURE 18 Network representation of effect sizes (with SEs) for TGs at follow-up in each study.
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Mean difference
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ASCOT-LLA192

ASPEN191
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GREACE196
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–1.24 (–1.30 to –1.18)
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HDL

Study or subgroup
Mean difference
IV, fixed, 95% CI

Mean difference
IV, fixed, 95% CI

ASCOT-LLA192

ASPEN191

CARDS115

GREACE196

0.02 (0.01 to 0.04)
0.03 (0.00 to 0.06)

0.00 (–0.03 to 0.03)
0.05 (0.03 to 0.07)

–2 –1 0 1 2
Favours atorvastatinFavours placebo

Triglycerides

Study or subgroup
Mean difference
IV, fixed, 95% CI

Mean difference
IV, fixed, 95% CI
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FIGURE 19 Forest plot to show results from four studies that compare ‘Atorva 10–20’ with ‘Placebo/Usual care’.
IV, inverse variance.
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Discussion

Based on this review of large randomised trials with long periods of follow-up, we have found that,
compared with other statins, placebo or usual care, atorvastatin substantially lowers (improves) TC, LDL
cholesterol and TGs but does not affect HDL cholesterol. This finding was consistently observed across all
included studies, and suggests that atorvastatin may have a greater effect than other statins in reducing
cardiovascular risk.

The number of large studies that have evaluated the effect of atorvastatin at doses of > 20mg/day is very
limited. This raises issues about the scale of the true dose–effect association. There was only one eligible study
(TNT193) that directly compared a higher dose (80mg/day) of atorvastatin with a lower dose (10mg/day). In
that study, there was a clear improvement in TC, LDL cholesterol and TGs in the higher-dose arm, although
the magnitude of the reduction in the two cholesterol measures was somewhat smaller than that observed in
the four studies (ASCOT-LLA,192 ASPEN,191 CARDS115 and GREACE196) that compared the lowest atorvastatin
dose to placebo or usual care. However, on the basis of the limited information available regarding the effect
of higher doses of atorvastatin, our results are broadly similar with the findings of the Cochrane systematic
review published in 2012.187 Having confirmed the Cochrane estimates, we therefore used them for economic
modelling (see Chapter 7).

This study has some limitations. We did not perform a full database search to identify studies to be
included. Instead, the search was based on a list of studies already identified in a wide-ranging review
paper, which was published as recently as 2013.188 As none of the 10 studies115,179,184,191–197 that we
included reported lipid measures as primary outcome measures, relevant data were in many cases limited.
For this reason, we were not able to assess three of the intended lipid measures and ratios. In addition,
extremely high heterogeneity between studies made it inappropriate to pool numerical results.

Although we attempted to use a 12-month period of follow-up in the primary comparison, several studies
did not report lipid measures at this time point, and so in several cases other follow-up periods were used
as an approximation to the effect after 1 year. Furthermore, summary statistics were not reported in a
consistent way across studies, which required several assumptions to be made regarding effect size
estimates and their SEs. We do not believe that these assumptions are likely to have a large impact on our
overall conclusions: the studies included are large, with total sample size of at least 1000 individuals, and
so SEs are likely to be extremely small, even if there is error in the estimate of the SD on which the
calculation is based.
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Chapter 4 Modelling progression of lipid levels

Background

Screening and long-term monitoring of cholesterol levels requires interpretation of initial levels and also of
sequential levels over time.29 When such quantities are measured, we can think of the observed value as a
product of the true underlying value and its variability. Interpretation of observed levels must therefore
consider the short-term within-person variability and the long-term variability among individuals in the
population.11 Previous research examining variation in cholesterol levels in an Australian population and a
Japanese population used statistical models to quantify within-individual changes over time and variations
between individuals, both in the level of cholesterol and in the rate of change.30,31 This methodology has
since been extended to allow for uncertainty in the initial measurement as well as subsequent monitoring
tests.32 In this chapter we model the progression of lipid measures over time using data from individual
patients; we fit models that allow for variation between patients at baseline, change over time, variation
between patients in rate of change (potentially including patients with no change), and combined assay and
biological variability in any given measurement. Parameter estimates from these models form the basis for
examining the impact that different monitoring strategies have on clinical decision-making on eligibility
for statin use, as discussed in Chapter 5, and inform the development of health economics models for the
progression of dyslipidaemia, presented in Chapter 7 of this report.

Methods

We limit our analysis to patients aged ≥ 40 years for consistency with the earliest age at which cholesterol
monitoring starts in programmes such as the NHS Health Check programme.198,199 Because cholesterol
levels in women change throughout the transition from premenopause to perimenopause to post
menopause,200,201 we further restrict our analyses in women to those aged ≥ 55 years.202

Data sources
Parameters for progression and variability of cholesterol were estimated using repeated measures data
from two cohorts of patients: the St Luke’s cohort from Tokyo, Japan, described previously,31 and the UK
general practice-based Clinical Practice Research Datalink (CPRD; formerly General Practice Research
Database).203 The derivation of the analysis cohorts and relevant variables is described below. The rationale
for using the Japanese data set was to take advantage of the rigorous data collection at St Luke’s, with
almost 100% complete data collection at regular intervals. Although some values (e.g. population mean
of TC, HDL cholesterol and LDL cholesterol) would be expected to vary between Japanese and UK
populations, it was hoped that some parameters, in particular, the within-person short-term variability of
each lipid might be unaffected by setting and ethnic group. If so, we could take advantage of the
St Luke’s cohort data to obtain a highly precise estimate of short-term variability. Noting that this variability
is the sum of laboratory or assay variability, and day-to-day variability within individuals, it seemed likely
that at least the first component would be transferable to a UK setting.

St Luke’s cohort, Japan
Variation in cholesterol levels in the St Luke’s cohort has previously been examined using other statistical
methods.31 For comparison with these previous results, we initially fitted models to a closed cohort of
patients with four measurements at regular intervals. We then also fitted models to an open cohort with
varying numbers of measurements per patient at intervals as available, for greater potential relevance to
routine practice. As the proportion of patients using statins and/or with previous CVD in the St Luke’s
cohort is small, we restricted analyses to primary prevention patients not using statins. Lipid measures
available included TC, HDL and TGs; from these, we also calculated LDL using the Friedewald equation,43

non-HDL cholesterol, and the ratios of TC/HDL cholesterol and LDL/HDL cholesterol.
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The closed cohort consisted of men aged ≥ 40 years and women aged ≥ 55 years, whose first health
check was in 2005, and who then had at least one health check per year in 2006, 2007 and 2008.
Only the first measurement was used if patients had more than one measurement per year, so all patients
contributed four measurements at approximately annual intervals to the model. Patients who reported a
CVD event or the use of cholesterol-lowering medication before their first health check or during follow-up
were excluded.

The open cohort consisted of men aged ≥ 40 years and women aged ≥ 55 years, who attended the centre
for a health check at any point after 1 January 2005. Patients who reported a CVD event or cholesterol-lowering
drug use before their first health check were excluded. If a patient reported either a CVD event or statin use
after their first health check, we included lipid readings up to the age they reported the CVD event, or the
health check at which they reported statin use; i.e. we ‘censored’ the data at the last lipid reading before the
change in medication or the CVD event. The latest date of follow-up available was 30 December 2010. Patients
contributed between 1 and 12 lipid measures over a period of up to 6 years.

The following variables were available and used in analyses in St Luke’s data:

l Baseline characteristics Participant identifier, gender, reported age at first health check, dates of first
lipid measurement after 1 January 2005 and lipid readings at this date, reported age of first reported
CVD event and reported statin use at each health check.

l Repeated measures Lipid readings and dates of all lipid measurements between start of follow-up and
30 December 2010.

Analyses were stratified by gender, and each lipid type was considered separately.

Clinical Practice Research Datalink
Patients aged ≥ 40 years (men) or ≥ 55 years (women) with cholesterol measurement(s) on at least one
occasion after 1 January 2005 were identified from the CPRD. As an objective of this research is the
comparison of different lipid measures, patients were required to have had at least three types of lipid
measurement – from TC, HDL cholesterol, LDL cholesterol and TGs – recorded on at least one occasion.
In addition to these four types of lipid measurement, we studied the calculated measurements non-HDL
cholesterol, TC/HDL cholesterol and LDL/HDL cholesterol. Analyses were stratified by gender and by CVD
prevention group, defined as follows.

Primary prevention patients not taking statins were defined as those who had not had a CVD event and
were not taking statin medication at the time of the lipid measurement. For each lipid type, the start of
follow-up for these patients (in the target age groups) was the date of their first measurement of that
lipid. All subsequent lipid measurements were included until the end of follow-up, defined as the earliest
date of CVD event, statin prescription or end of eligible data (death, patient transferred out of the practice,
end of patient registration or end of follow-up on 21 September 2012).

Primary prevention patients taking statins were defined as those who had not had a CVD event and were
taking statin medication at the time of the lipid measurement, and had prescription records for that type
of statin for a minimum of 6 months. The start of follow-up was defined as the date of the first lipid
measurement that was at least 12 weeks after the date the statin was prescribed. Follow-up ended at the
earliest date of CVD event or end of eligible data (as above).

Secondary prevention patients taking statins were defined as those who had had a CVD event prior to the
time of the lipid measurement and who were taking statin medication at this time and had prescription
records for that type of statin for a minimum of 6 months. The start of follow-up was defined as the date of
first lipid measurement that was at least 12 weeks after the date of the CVD event and the date of statin
prescription. Follow-up ended at the end of eligible data (as above). We did not study a group of secondary
prevention patients not taking statins due to small numbers.
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The following variables were defined for use in these analyses:

l Baseline characteristics Participant identifier, gender, year of birth, date of first lipid measurement after
1 January 2005 and lipid readings at this date, earliest date of CVD event, and earliest date of statin
prescription of at least 6 months’ duration.

l Repeated measures Lipid readings and dates of all lipid measurements between start and end of follow-up.

Statistical methods
We study four components of variability and change in lipid measurements:

1. the tendency for lipid levels to differ systematically between patients, described as the between-subject
variation in baseline lipid levels

2. the average rate of change over time in the lipid measure for the whole group
3. the variation in the rate of change between individuals
4. the short-term variability in any single measurement, which is a combination of the analytic variability

in the assay and the short-term biological variability.

From a monitoring perspective, the short-term variability equates to the measurement error or ‘noise’
(component 4 above), whereas the true rate of change in individuals is the ‘signal’.

As both the average baseline lipid levels and trends over time may vary, separate models were fitted for
each lipid measure, for men and for women, and for each prevention group as defined above. Thus in
CPRD data, six separate models (two gender subgroups in each of three prevention groups) were fitted for
each lipid measure, whereas the St Luke’s cohort’s two models (two gender subgroups in a single
prevention group, primary prevention not taking statins) were fitted per lipid measure.

We use the framework introduced by Glasziou et al.30 to represent the components of variability and
change listed above. Age-adjusted linear random-effects models were fitted to each gender subgroup of
each prevention group as follows:

Uij = αi þ βi�time since first measurementþ γ�Ai (1)

Y ij =Uij þ εij (2)

[Note: αi∼N(α, σa
2), βi∼N(β, σb

2), with covariance (αi, βi)= σab; εij∼ N(0, σw
2)]

where Yij is the jth observed lipid measurement in the ith person in the cohort and Ai is the age of the ith
person at baseline. The rationale, interpretation and properties of this model have been discussed in detail
previously:32,204 briefly, α is the average initial value (component 1 above), β is the average annual rate of
change in the cohort (component 2) and σb, the SD of the individual rates of change, represents the
variation of the rate of change between individuals (component 3). The SD σw represents the short-term
variability of a single measurement (component 4 above). Model assumptions used here include
independent normal distributions (denoted N) for α, β and ε. Normal distribution assumptions and model
fit were checked graphically through comparison of the empirical and estimated distributions of the
residuals. Model assumptions were not met for TGs without transformation and, because of the
subsequent difficulties in interpretation, are not presented.

Parameter estimates are presented as mean and SD for each lipid, with 95% CIs. We also report SN ratios
for each lipid, calculated as follows:

SN ratio= σb
2� time2=σw

2. (3)
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Recalibration of Japanese parameters to a UK perspective
The progression of each lipid was modelled through fitting a linear random-effects model, as described
above, to data from primary prevention subjects not taking statins in the CPRD, except that the noise
variable σw

2 was constrained to that estimated from the equivalent St Luke’s data set. This was done using
the runmlwin package in Stata version 12.1.205 Assumptions of normality and model fit were checked
graphically. As above, results are presented as mean and SD for each lipid (in millimoles per litre for single
measures or no units for the ratios), with 95% CIs, and as SN ratios.

All models were fitted in Stata version 12.1.

Amendments to protocol
Our protocol initially specified that we would also model lipid progression in a secondary prevention
population taking statins using data from the Long-Term Intervention with Pravastatin in Ischaemic Disease
(LIPID) trial.33 We were unable to gain direct access to the IPD from this trial; however, we did obtain summary
estimates which corroborate that parameter estimates obtained from the CPRD for secondary prevention
patients taking statins (presented in this chapter) are consistent with those found in the LIPID33 data.

Results

St Luke’s cohort
Baseline characteristics of participants in the St Luke’s closed and open cohorts are shown in Table 17.
From a total of 42,557 subjects of the correct age range in the St Luke’s data, 7694 and 38,388 were
eligible for inclusion in the closed and open cohort analyses, respectively, with some subjects included in
both analyses. The inclusion criteria (at least 40 years of age in men or 55 years in women) are reflected in
a high male–female ratio, and higher average age in women. The mean number of visits and length of
follow-up were similar in men and women in each cohort.

Table 18 shows estimated variability and change parameters in the closed St Luke’s cohort for each lipid
measurement. For TC, the average value at baseline, adjusted to age zero, was 5.22mmol/l (95% CI 5.12
to 5.33mmol/l) in men and 5.99mmol/l (95% CI 5.68 to 6.29mmol/l) in women. Average change per year

TABLE 17 Baseline characteristics of men and women from the St Luke’s cohort, Tokyo, Japan

Variable

Mean (SD)

St Luke’s closed cohort, N= 7694 St Luke’s open cohort, N= 38,388

Men Women Men Women

n 5774 1920 28,670 9718

No. of years’ follow-up 3.04 (0.21) 3.08 (0.21) 2.04 (1.92) 1.99 (1.98)

No. of visits 4.00 (0.00) 4.00 (0.00) 2.90 (1.85) 2.83 (1.89)

Age at baseline, years 54 (10) 62 (6) 52 (10) 62 (6)

TC, mmol/l 5.25 (0.79) 5.81 (0.75) 5.30 (0.83) 5.88 (0.84)

HDL cholesterol, mmol/l 1.45 (0.35) 1.80 (0.39) 1.44 (0.35) 1.77 (0.41)

LDL cholesterol, mmol/l 3.53 (0.75) 3.82 (0.72) 3.18 (0.79) 3.62 (0.78)

TGs, mmol/l 1.38 (0.94) 0.98 (0.53) 1.47 (1.13) 1.05 (0.59)

Non-HDL, mmol/l 3.81 (0.81) 4.02 (0.76) 3.86 (0.86) 4.10 (0.86)

TC/HDL cholesterol 3.82 (0.99) 3.38 (0.82) 3.87 (1.05) 3.47 (0.88)

LDL/HDL cholesterol 2.28 (0.77) 1.98 (0.66) 2.34 (0.80) 2.07 (0.72)
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was 0.00mmol/l (95% CI –0.01 to 0.00mmol/l) in both men and women. However, the variation around
this average was comparatively large, with SD of 0.09mmol/l per year in both men and women: this
corresponds to an estimate that for 95% of men and women, the rate of change lies between a decrease
of 0.18mmol/l and an increase of 0.18mmol/l. The estimated SD of the within-measurement variability
was 0.35 (95% CI 0.35 to 0.36) in men and 0.37 (95% CI 0.37 to 0.38) in women. The estimated SN ratio
at 1 year is therefore 0.092/0.352= 0.06 in men and 0.092/0.372= 0.06 in women. The estimated SN ratios
over longer time periods are shown in Table 19. The SN ratio does not appear to exceed one until
4–5 years. The SN ratios for other lipids showed similar trends, although a stronger SN ratio was seen for
the two lipid ratios (TC/HDL cholesterol and LDL/HDL cholesterol) and for LDL cholesterol.

Parameter estimates and SN ratios from the open St Luke’s cohort are shown in Tables 20 and 21. Mean
age-adjusted lipid levels at first measurement were similar in both the closed and open Japanese cohorts.
The within-measurement variation (noise) for each lipid was greater in the open cohort, and the variance
in the annual change in lipid (signal) was smaller, so that the SN ratio did not exceed one until 6 years
(e.g. lipid ratios) or 8 years (e.g. TC).

TABLE 19 Signal–noise ratios over time by lipid type in men and women from the closed St Luke’s cohort,
Tokyo, Japan

Lipid measure

SN ratio at different periods after baseline (years)

1 2 3 4 5 6 7 8 9 10

Men

TC 0.06 0.24 0.54 0.95 1.49 2.15 2.92 3.82 4.83 5.96

HDL cholesterol 0.06 0.24 0.54 0.96 1.50 2.16 2.94 3.84 4.86 6.00

LDL cholesterol 0.07 0.27 0.61 1.08 1.69 2.43 3.31 4.33 5.48 6.76

Non-HDL cholesterol 0.08 0.32 0.71 1.26 1.97 2.84 3.86 5.04 6.38 7.88

TC/HDL cholesterol 0.10 0.39 0.88 1.56 2.45 3.52 4.79 6.26 7.92 9.78

LDL/HDL cholesterol 0.09 0.37 0.84 1.49 2.32 3.34 4.55 5.94 7.52 9.29

Women

TC 0.06 0.24 0.54 0.95 1.49 2.14 2.92 3.81 4.82 5.96

HDL cholesterol 0.05 0.20 0.46 0.81 1.27 1.82 2.48 3.24 4.10 5.07

LDL cholesterol 0.08 0.30 0.68 1.21 1.89 2.72 3.70 4.83 6.11 7.55

Non-HDL cholesterol 0.08 0.31 0.69 1.23 1.93 2.77 3.77 4.93 6.24 7.70

TC/HDL cholesterol 0.11 0.45 1.02 1.81 2.84 4.08 5.56 7.26 9.19 11.34

LDL/HDL cholesterol 0.13 0.53 1.18 2.10 3.28 4.73 6.44 8.41 10.64 13.13
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Clinical Practice Research Datalink
Baseline characteristics for men and women in each analysis group in CPRD are presented in Table 22. On
average, primary prevention patients not taking statins were younger than primary prevention patients
taking statins, who were younger than secondary prevention patients taking statins. Secondary prevention
patients taking statins had a longer follow-up period and more lipid tests than both primary prevention
groups. On average, lipid levels were lower in those taking statin therapy.

Tables 23 and 24 show the parameters estimates for men and women for each lipid measure in each
prevention group, and Tables 25 and 26 show the SN ratios over follow-up. The mean age-adjusted lipid
levels were higher in the UK patients than in the Japanese patients, although average age at baseline
was higher in the UK (59 and 66 years in UK men and women, respectively, and 52 and 62 years in
Japanese men and women, respectively). Similar trends were seen across all lipid measures, all prevention
groups and in both men and women in the UK data. On average, there was only a small average change
per year in the lipid measure but the variation around this was comparatively large. The estimated
within-measurement variability was large for all lipid measures. The SN ratio exceeds 1 earlier in the
secondary prevention patients taking statins – at approximately 5 years for all lipid measures in both men
and women. For primary prevention patients taking statins, it was between 5 and 6 years after first
measurement before the SN ratio was > 1, and for primary prevention patients not taking statins the time
taken for the signal to exceed the noise was longer, at between 6 and 10 years depending on the lipid
measure. The lipid ratios and HDL cholesterol appeared to have a stronger SN ratio.

TABLE 21 Signal–noise ratios over time by lipid type in men and women from the open St Luke’s cohort,
Tokyo, Japan

Lipid measure

SN ratio at different periods after baseline (years)

1 2 3 4 5 6 7 8 9 10

Men

TC 0.02 0.08 0.18 0.32 0.49 0.71 0.97 1.27 1.60 1.98

HDL cholesterol 0.02 0.08 0.18 0.32 0.51 0.73 0.99 1.29 1.64 2.02

LDL cholesterol 0.02 0.07 0.16 0.29 0.45 0.65 0.88 1.15 1.46 1.80

Non-HDL cholesterol 0.02 0.10 0.22 0.40 0.62 0.90 1.22 1.60 2.02 2.50

TC/HDL cholesterol 0.03 0.11 0.25 0.45 0.70 1.01 1.38 1.80 2.28 2.82

LDL/HDL cholesterol 0.03 0.12 0.27 0.49 0.76 1.10 1.49 1.95 2.47 3.05

Women

TC 0.02 0.09 0.20 0.36 0.56 0.80 1.09 1.42 1.80 2.22

HDL cholesterol 0.02 0.08 0.18 0.32 0.49 0.71 0.97 1.26 1.60 1.98

LDL cholesterol 0.02 0.10 0.22 0.39 0.61 0.88 1.20 1.57 1.99 2.46

Non-HDL cholesterol 0.03 0.11 0.25 0.45 0.71 1.02 1.39 1.81 2.29 2.83

TC/HDL cholesterol 0.03 0.11 0.25 0.44 0.68 0.99 1.34 1.75 2.22 2.74

LDL/HDL cholesterol 0.03 0.11 0.24 0.43 0.67 0.97 1.32 1.72 2.18 2.69
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TABLE 25 Signal–noise ratios over time by lipid type based on men in the CPRD

Lipid measure

SN ratio at different periods after baseline (years)

1 2 3 4 5 6 7 8 9 10

Primary prevention not taking statins

TC 0.01 0.05 0.12 0.21 0.32 0.46 0.63 0.82 1.04 1.28

HDL cholesterol 0.03 0.12 0.27 0.47 0.74 1.07 1.45 1.90 2.40 2.97

LDL cholesterol 0.01 0.05 0.11 0.19 0.30 0.43 0.58 0.76 0.96 1.19

Non-HDL cholesterol 0.01 0.06 0.13 0.24 0.37 0.53 0.73 0.95 1.20 1.48

TC/HDL cholesterol 0.02 0.10 0.22 0.39 0.61 0.88 1.20 1.56 1.98 2.44

LDL/HDL cholesterol 0.02 0.09 0.20 0.35 0.55 0.79 1.08 1.41 1.78 2.20

Primary prevention taking statins

TC 0.04 0.15 0.35 0.62 0.96 1.39 1.89 2.47 3.12 3.85

HDL cholesterol 0.06 0.24 0.54 0.96 1.50 2.16 2.94 3.84 4.85 5.99

LDL cholesterol 0.04 0.15 0.34 0.60 0.94 1.35 1.84 2.41 3.04 3.76

Non-HDL cholesterol 0.04 0.17 0.37 0.67 1.04 1.50 2.04 2.66 3.37 4.16

TC/HDL cholesterol 0.04 0.17 0.39 0.70 1.09 1.57 2.13 2.79 3.53 4.35

LDL/HDL cholesterol 0.04 0.16 0.37 0.65 1.02 1.47 2.00 2.61 3.30 4.08

Secondary prevention taking statins

TC 0.04 0.15 0.35 0.62 0.96 1.39 1.89 2.47 3.13 3.86

HDL cholesterol 0.05 0.20 0.46 0.81 1.27 1.82 2.48 3.24 4.10 5.06

LDL cholesterol 0.04 0.16 0.36 0.64 1.00 1.44 1.96 2.56 3.24 4.00

Non-HDL cholesterol 0.04 0.16 0.37 0.65 1.02 1.46 1.99 2.60 3.30 4.07

TC/HDL cholesterol 0.05 0.18 0.41 0.73 1.13 1.63 2.22 2.90 3.67 4.53

LDL/HDL cholesterol 0.04 0.17 0.38 0.68 1.06 1.52 2.07 2.70 3.42 4.22
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St Luke’s cohort recalibrated to the UK
Table 27 shows estimated variability and change parameters for men and women. The estimated
within-measurement variability from the Japanese data set was smaller than that seen in the UK data:
for example, TC/HDL cholesterol parameter estimates in men were 0.43 (0.43 to 0.44) in the Japanese
data, and 0.62 (0.61 to 0.62) in the UK data. The estimates of the variation in the lipid value and annual
rate of change were correspondingly larger, leading to a stronger SN ratio, as shown in Table 28.

TABLE 26 Signal–noise ratios over time by lipid type based on women in the CPRD

Lipid measure

SN ratio at different periods after baseline (years)

1 2 3 4 5 6 7 8 9 10

Primary prevention not taking statins

TC 0.01 0.05 0.11 0.19 0.30 0.44 0.59 0.78 0.98 1.21

HDL cholesterol 0.04 0.16 0.35 0.63 0.98 1.41 1.92 2.51 3.18 3.92

LDL cholesterol 0.02 0.06 0.14 0.24 0.38 0.55 0.75 0.97 1.23 1.52

Non-HDL cholesterol 0.01 0.06 0.13 0.23 0.35 0.51 0.69 0.91 1.15 1.42

TC/HDL cholesterol 0.03 0.14 0.31 0.56 0.87 1.26 1.71 2.23 2.83 3.49

LDL/HDL cholesterol 0.03 0.13 0.29 0.51 0.80 1.15 1.57 2.04 2.59 3.20

Primary prevention taking statins

TC 0.04 0.15 0.34 0.60 0.94 1.35 1.84 2.40 3.04 3.76

HDL cholesterol 0.05 0.21 0.47 0.84 1.31 1.88 2.56 3.34 4.23 5.22

LDL cholesterol 0.04 0.15 0.34 0.60 0.94 1.36 1.85 2.41 3.05 3.77

Non-HDL cholesterol 0.04 0.15 0.34 0.61 0.96 1.38 1.88 2.45 3.10 3.83

TC/HDL cholesterol 0.05 0.18 0.41 0.73 1.14 1.65 2.24 2.93 3.70 4.57

LDL/HDL cholesterol 0.04 0.16 0.36 0.63 0.99 1.42 1.94 2.53 3.20 3.95

Secondary prevention taking statins

TC 0.04 0.16 0.35 0.63 0.98 1.41 1.92 2.50 3.17 3.91

HDL cholesterol 0.04 0.18 0.40 0.71 1.10 1.59 2.16 2.82 3.57 4.41

LDL cholesterol 0.04 0.16 0.35 0.62 0.97 1.40 1.90 2.49 3.15 3.89

Non-HDL cholesterol 0.04 0.16 0.36 0.64 1.01 1.45 1.97 2.58 3.26 4.02

TC/HDL cholesterol 0.04 0.17 0.38 0.67 1.04 1.50 2.04 2.67 3.38 4.17

LDL/HDL cholesterol 0.04 0.17 0.39 0.69 1.08 1.56 2.12 2.77 3.51 4.33
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Discussion

Recent research has noted that the variability of measures used for monitoring chronic conditions, such as
lipid levels, may limit their usefulness.30,32,206,207 These analyses are consistent with such previous research,
showing that frequent measurement of lipid levels is more likely to identify change owing to biological
variability and inherent measurement error than true changes in an individual’s health status. As clinical
decisions on treatment are based upon these measurements, this may be detrimental to a patient’s health.
Chapter 5 explores the impact of this variability on clinical decisions on statin use under different
monitoring schedules.

The protocol initially specified that the models fitted in the St Luke’s cohort, and then recalibrated using the
UK population using CPRD data, would be used to examine clinical decisions on treatment. However,
the estimates of the within-person short-term variability were unexpectedly smaller in the St Luke’s cohort
than in the UK cohort. Hypotheses to explain this included the following: the CPRD estimate was so inflated
by the nature of routine clinical data (missed appointments varying laboratory methods, etc.) that the
St Luke’s estimate was indeed an improved estimate but to a greater extent than anticipated; or that it is
unsafe to make the modelling assumption that this short-term variability would be transportable between
ethnic groups and settings. Under the former hypothesis it would be highly advisable to combine parameter
estimates from the St Luke’s cohort and CPRD, as specified in the protocol. Under the latter hypothesis it
would be highly inappropriate to do so. Therefore, we sought external data from the literature to inform
the choice between these two interpretations and hence determine whether or not the methods in the
protocol should be modified. The expected amount of short-term biological variability might be described as
either a SD that is directly comparable to estimates from this chapter (σw), or as regression dilution ratios
that can be calculated from estimates from this chapter. More detail is given in Appendix 17. Sparse
literature on SD was found but multiple large studies reported regression dilution ratios of 0.69–0.78 in the
UK for TC (see Appendix 17). For comparison, our models estimate the ratio to be 0.84 from St Luke’s
recalibrated to the UK, or 0.75 from the CPRD. Similar results were found for other cholesterol subfractions.

TABLE 28 Signal–noise ratios over time by lipid type based on men and women in the CPRD

Lipid measure

SN ratio at different periods after baseline (years)

1 2 3 4 5 6 7 8 9 10

Men

TC 0.06 0.24 0.54 0.95 1.49 2.14 2.92 3.81 4.82 5.95

HDL cholesterol 0.06 0.25 0.56 0.99 1.55 2.24 3.04 3.98 5.03 6.21

LDL cholesterol 0.07 0.27 0.61 1.08 1.69 2.43 3.30 4.32 5.46 6.74

Non-HDL cholesterol 0.06 0.25 0.57 1.02 1.59 2.29 3.11 4.06 5.14 6.35

TC/HDL cholesterol 0.17 0.67 1.51 2.68 4.19 6.03 8.21 10.72 13.56 16.74

LDL/HDL cholesterol 0.19 0.78 1.75 3.12 4.87 7.01 9.54 12.46 15.77 19.47

Women

TC 0.05 0.20 0.45 0.80 1.24 1.79 2.44 3.19 4.03 4.98

HDL cholesterol 0.05 0.22 0.49 0.86 1.35 1.94 2.65 3.46 4.38 5.40

LDL cholesterol 0.06 0.25 0.55 0.99 1.54 2.22 3.02 3.95 4.99 6.17

Non-HDL cholesterol 0.06 0.25 0.56 1.00 1.56 2.25 3.06 4.00 5.06 6.25

TC/HDL cholesterol 0.14 0.57 1.28 2.27 3.55 5.11 6.95 9.08 11.49 14.18

LDL/HDL cholesterol 0.15 0.58 1.32 2.34 3.65 5.26 7.16 9.36 11.84 14.62
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Thus the regression dilution ratio results provide support for estimating variability from CPRD alone, and
models in Chapters 5 and 7 are therefore based upon parameters estimated directly to the CPRD data,
rather than to St Luke’s data with recalibration to the UK. For completeness, the latter analyses (methods
and results) are presented in Appendix 18.

We have used established methods to draw conclusions about the variability in the progression of
dyslipidaemia in two strong data sets. Although these models are subject to a number of assumptions and
limitations, such as the difficulty of external validation, the literature comparison of individual parameter
estimates (see Appendix 17) show that individual parts of the model are consistent with other populations.
Both sources of data have strengths and limitations. Data collection in the St Luke’s cohort is extremely
rigorous and all tests were analysed in the same laboratory, limiting assay variation. However, findings may
not be generalisable: the majority of patients have not had a CVD event, are not taking statin therapy, and
are from only one institution in Tokyo. CPRD data are collected during routine practice rather than for
research purposes, and may therefore be more prone to inaccuracies and bias; however, the data used for
these analyses is based upon information such as test results and test dates that are largely uploaded to
the computer system electronically. Moreover, these data are clearly representative of routine general
practice in the UK.
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Chapter 5 Simulation models for primary and
secondary prevention in a UK population

Background

This chapter consists of results from modelling the impact different monitoring strategies might have on
clinical decisions on statin use. Current UK guidelines recommend that primary prevention patients at high
risk of CVD should be prescribed statins.2,56 At the time of writing the project protocol, high CVD risk was
defined as a 10-year CVD risk score of ≥ 20%, and the recommended risk scores, such as QRisk2,52

ASSIGN54 and Framingham 199153 all include the TC/HDL cholesterol ratio as a factor. In 2014, guidelines56

changed the definition of high risk to a 10-year CVD risk score of ≥ 10%, calculated using QRisk2.52 Statin
therapy is recommended for all secondary prevention patients; guidelines published in 2014 recommend
that patients are prescribed 80mg of atorvastatin, whereas earlier guidelines recommended a lower
initiating dose, and that an increased dose should be considered when TC levels of > 4mmol/l and/or LDL
cholesterol levels of > 2mmol/l are measured.2 Thus, UK recommendations for changes to statin treatment
are, at least partially, based upon measured lipid levels. However, as illustrated in Chapter 4, the estimated
variation within each lipid measurement is greater than the likely change over 1 year, thus, monitoring at
short intervals promotes unnecessary pharmacological treatment with high likelihood. Possible implications
are labelling people with ‘normal’ or lower lipid levels as ‘sick’, complacency with regards to lifestyle
changes and self-care, and lower adherence to medication later in life when increased age places patients
at higher CVD risk and medication adherence may be more beneficial. The key concern of false-negative
tests is that patients are receiving lower doses than those recommended, potentially leading to a raised risk
of CVD. We applied established methods206,207 to data from the CPRD to estimate the rates of true and
false test results, and examine the optimal interval for monitoring dyslipidaemia in primary and secondary
prevention patients.

Methods

Model structure
We characterised a population of 100,000 men and 100,000 women for each prevention group (primary,
primary on statins, and secondary on statins) through sampling with replacement from the CPRD. The
populations were generated with the same distribution of observed lipid measures and baseline
cardiovascular risk factors as patients in that prevention group in our CPRD data. Risk factors included
those used to calculate 10-year CVD risk using QRisk252 and Framingham 1991,53 and were based on
individuals without a history of familial hypercholesterolaemia who had any one lipid measurement (TC,
HDL cholesterol, LDL cholesterol or TGs) recorded in 2006, the most recent complete year of data in our
sample, for which the minimum age was 40 years for men and 55 years for women. This patient group
was selected to represent those attending lipid monitoring. Prevention groups were defined as described in
Chapter 4. CVD risk factors were defined in reference to the baseline date, which was the date of the first
lipid measurement in 2006. Lipid measurements recorded on this date were used as the baseline observed
readings. Age at baseline was defined from year of birth and the date of first lipid measurement.
Each condition from diabetes, atrial fibrillation, chronic kidney disease, rheumatoid arthritis, use of BP
medication, a family history of angina or heart attack in a first-degree relative of < 60 years of age or
left-ventricular hypertrophy, was assumed to be present if there was a medical code relating to the
condition in patient medical records up to 1 year after the baseline date. The first measurement recorded
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up to 1 year after baseline was used for baseline smoking status, BMI and systolic BP. Missing data for TC,
HDL, LDL, TGs, BMI, systolic BP and smoking status were imputed using the multivariate chained equations
method; lipid values and BMI were log transformed prior to imputing.208 Models assumed that non-lipid
CVD risk factors remain constant over time. Separate simulation analyses were run for each lipid,
prevention group and gender.

Estimates of lipid variability and the between- and within person trends, derived in UK data in Chapter 4,
were used to simulate lipid progression over time (see Tables 23 and 24). The ‘true’ lipid reading for each
patient at baseline adjusted for age at measurement, assumed to be unobservable to the patient or
clinician, was simulated conditional on the initial observed value, and then an individual annual rate of
change was simulated (see Appendix 19). The simulated true lipid reading for each patient at each year of
follow-up is then calculated using Equation 1 (see Chapter 4). The observed lipid value in any given sample
is simulated from their true value at that time and the model estimate of the within-measurement
variability of the lipid (see Equation 2, Chapter 4). For primary prevention patients, the true and observed
10-year CVD risk scores at each time point were also calculated.

The proportion of recommended treatment changes at each time point that are attributable to dyslipidaemia
(true-positive results) can be estimated through calculating the proportion of changes for which both the
simulated true and observed lipid values in secondary prevention patients, or both true and observed 10-year
CVD risk scores in primary prevention patients, were above threshold; likewise the proportion attributable to
within-person variability (false-positive results) can be estimated from the proportion for which the simulated
observed lipid value/10-year CVD risk on which the decision was based was above threshold, while the true
lipid level/10-year CVD risk was below threshold. Similarly, we can estimate the proportions of patients who
correctly (true-negative) or incorrectly (false-negative) tested negative. The calculation of these proportions
is illustrated in Table 29. For CIs, we repeated the simulations changing the model parameters to plausible
values given the data, obtained through non-parametric bootstrapping. Random samples of 100,000 patients
were drawn with replacement, 100 times from the simulated data set described above; for each, the
simulation was then run 50 times and the average proportions of true-positive, false-positive, true-negative
and false-negative treatment decisions were calculated. The SD across the 100 averages is used to estimate
the SE and calculate CIs.

For each patient group, each lipid and both genders, we carried out simulation modelling for annual
monitoring, biennial monitoring (every 2 years), triennial monitoring (every 3 years) and quinquennial
monitoring (every 5 years). We first consider the proportions of false-positive and false-negative treatment
decisions for strategies based on guidelines current, at the time of analysis,2 for which primary prevention
treatment guidelines use CVD risk thresholds calculated using QRisk252 and secondary prevention uses lipid
thresholds; we then consider how rates might be affected by monitoring using different lipids, different
CVD risk scores and thresholds, and different patterns of measurement frequency.

TABLE 29 Proportions of tests that are false

True lipid level or true 10-year CVD
risk above treatment threshold:
need treatment

Proportions of false
treatment decisions

No Yes

Observed lipid level or observed
10-year CVD risk above treatment
threshold: Prescribed treatment

No True negative [TN] False negative [FN] False negative= FN/(FN+ TN)

Yes False positive [FP] True positive [TP] False positive= FP/(FP+ TP)

SIMULATION MODELS FOR PRIMARY AND SECONDARY PREVENTION IN A UK POPULATION

NIHR Journals Library www.journalslibrary.nihr.ac.uk

84



Scenarios based on current guidelines

Primary prevention patients not taking statins
Our simulation assumed that monitoring would follow NICE guidance2 as follows:

l Lipid screening for primary prevention patients begins at 40 years for men or 55 years for women.
l A 10-year CVD risk score for the observed TC/HDL cholesterol ratio is calculated using the

QRisk252 algorithm.
l An observed risk of ≥ 20% classes a patient as high risk.
l Patients not taking statins are eligible for a statin prescription if high risk.
l Patients not eligible for a treatment change continue to be monitored and can hence be eligible for a

statin prescription in subsequent years.

Therefore, a male aged ≥ 40 years and a female aged ≥ 55 years in the simulated primary prevention
population are assumed to be eligible for a statin prescription if their 10-year CVD risk calculated from
their observed lipid value is above the 20% threshold. We then classify a treatment change as a
‘true-positive’ if the calculated 10-year CVD risk based on the true lipid reading is above threshold, or a
‘false-positive’ if the calculated CVD risk based on true lipid reading is below threshold (as illustrated in
Table 29). Similarly, when a patient is not eligible for a statin prescription because the observed lipid gave
a 10-year CVD risk below threshold, we describe this as a ‘true-negative’ if their CVD risk calculated
from their true lipid value is below threshold, and ‘false-negative’ if the true CVD risk is above threshold.
Patients who are classed as a false-positive can later become true-positives if their ‘true’ CVD risk goes over
the threshold. Patients who are true-positives remain classed as true-positives.

Primary prevention patients taking statins
Although NICE guidance suggests that monitoring in primary prevention patients already taking statins is not
necessary,2 we examined the consequences of monitoring this group as described above, except that patients
whose observed 10-year CVD risk was over threshold were eligible to be prescribed an intensified dose of statin.

Secondary prevention patients taking statins
Total and LDL cholesterol levels rather than CVD risk are used to guide treatment for secondary prevention
patients.2 The progression of TC and LDL were considered separately. Our simulation assumed
that patients:

l were already taking a statin
l are eligible for treatment intensification if the modelled lipid reading was over recommended

thresholds (4 mmol/l for TC, 2mmol/l for LDL)
l not eligible for an up-titration continue to be monitored and can hence be eligible to be prescribed a

higher dose in subsequent years.

Therefore, a patient (male aged ≥ 40 years or female aged ≥ 55 years) in the simulated population is
assumed to be eligible to be prescribed an intensified dose if the simulated observed lipid (either TC or
LDL) was above threshold, (4 or 2mmol/l, respectively). The proportions of true and false treatment
decisions were calculated as previously described using the true and observed lipid values.

Scenarios based on alternative strategies for monitoring lipids

Framingham 1991 as an alternative 10-year cardiovascular risk score
Until 2014, NICE guidelines2 did not name a specific risk score for calculating 10-year CVD risk, allowing
health-care practitioners to use a method best suited to their requirements, such as QRisk2,52 Framingham
199153 or ASSIGN,54 all of which are based upon TC and HDL. Therefore, we carried out simulation
modelling for primary prevention men and women not taking statins using the Framingham 1991 risks
score,53 on which the Joint British Societies risk charts10 are based, to guide treatment decisions.
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Lowering the cardiovascular risk threshold for primary prevention patients
As noted in Chapter 1, NICE guidelines were being reviewed throughout the duration of this project,62 and
it was thought that the risk threshold for primary prevention patients would be lowered. We therefore
carried out simulation modelling using both 15% and 10% CVD risk thresholds, calculated using QRisk2.52

In July 2014, revised guidelines lowered the treatment threshold to 10%.

Alternative lipid measures
We considered how results would vary if different lipid measures were used in monitoring. Based on the
results from Chapter 2, we focused on TC, LDL and HDL only. For primary prevention patients, QRisk252

was edited, to use TC, LDL or LDL/HDL cholesterol instead of TC/HDL cholesterol to calculate a 10-year
CVD risk. Simulation models were then run as described above for each lipid type, using a treatment
eligibility threshold of 20%.

For secondary prevention patients we also examined monitoring using the ratios of TC/HDL cholesterol
and LDL/HDL cholesterol. Thresholds for these lipid measures were selected from existing guidelines as far
as possible: Table 30 summarises the rationale for each selected threshold.

Alternative strategies for lipid measurement
Further simulation modelling was carried out, in which treatment eligibility decisions were based upon the
average of repeated lipid measurements taken over a short time period; this strategy aimed to improve
the accuracy of the lipid measurement on which treatment was based. Such repeated measurements
could either be taken for all patients or limited to those whose first test is ‘near’ the NICE thresholds, for
example ± xmmol/l from threshold; however, given the high variability in lipid levels, as described in
Chapter 4, it was decided to model this repetition for all secondary prevention patients taking statins and
primary prevention patients taking statins. The proportions of true- and false-positive treatment eligibility
decisions under three possible alternative strategies were compared:

l five repeat tests are used to calculate an average lipid level every 5 years
l three repeat tests are averaged every 3 years, and
l three repeat tests are averaged every 5 years.

Repeat tests were modelled at 1-month intervals and the mean observed lipid level was calculated.
Proportions of true and false treatment decisions were then calculated as described above.

A further alternative monitoring strategy might be to update a subject’s risk score annually using a
previous lipid measurement. We therefore also carried out additional simulations in the primary prevention
population not taking statins, where the lipid reading used to calculate the 10-year CVD risk score was
measured (1) once every 3 years, and (2) once every 5 years, but the risk score was calculated annually
using the most recent lipid measure, risk factor data from baseline, and current – i.e. updated – age.

TABLE 30 Thresholds by lipid measure for secondary prevention patients

Lipid measure Threshold Source of threshold

TC 4mmol/l 2010 NICE guidance2

LDL 2mmol/l 2010 NICE guidance2

TC/HDL cholesterol 4 2010 NICE guidance for TC level,2 and a recommended goal
of > 1mmol/l for HDL209,210

LDL/HDL cholesterol 2 2010 NICE guidance for LDL level,2 and a recommended value
of > 1mmol/l for HDL209,210
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Amendments to protocol
The protocol initially specified that the parameters obtained from models fitted in the St Luke’s cohort and
then recalibrated to the UK population using CPRD data would be used to examine clinical decisions on
eligibility for treatment. However, as explained in Chapter 4 (see Discussion) and Appendix 17, estimates of
the within-person short-term variability were unexpectedly smaller in the St Luke’s cohort than in the UK
cohort, and, after comparison with external data from the literature, we proposed to the advisory board a
protocol modification to use the direct CPRD estimates in our simulation models, as this adjustment meant
that our models were more consistent with those reported in previous literature. This chapter therefore
presents results based upon parameters estimated from the CPRD data; however, for completeness,
Appendix 18 presents methods and results according to the original protocol.

Our protocol specified that calculations of 10-year CVD risk would be based upon the Framingham 1991
risk score;53 however; QRisk252 has been increasingly favoured in CVD prevention guidelines as the risk
score of choice. The annual update to QRisk252 in 2012 allowed calculation of risk over periods of
1–10 years, thus facilitating its incorporation into health-economic models (presented in Chapter 7).
Therefore, with the approval of our advisory board, QRisk252 was used as the reference CVD risk score in
Chapters 5 and 7, and in Appendix 18 we also present analyses modelling treatment decisions based upon
the Framingham risk score as originally specified.

Results

The baseline characteristics for the simulated data based on CPRD patients are shown for each gender/
prevention group in Table 31.

Primary prevention not taking statins
Results of modelling the rate of eligibility for statin prescriptions for males and females in this group are
shown in Figure 21 and Tables 32 and 33. Figure 21 shows the percentage of tests that are false-positives
(left) and false-negatives (right) in men and women, for annual, biennial, triennial and quinquennial
monitoring strategies over 15 years of follow-up. More frequent monitoring resulted in a higher proportion
of patients incorrectly recommended for a statin prescription (left). The proportion of patients incorrectly
recommended for a statin prescription decreased over time as patients moved from being classed as
false-positive to true-positive (as their underlying CVD risk increased). The proportion of patients incorrectly
not recommended for a statin was higher when monitoring occurred at longer intervals. Over follow-up,
there was a gradual increase in the proportion of false-negative tests for each monitoring interval. As all
non-lipid risk factors other than age were held constant and, on average, the change in lipid levels was
approximately zero (see Tables 23 and 24), over time, an increasing proportion of the population is classed
as at high CVD risk as a result of population ageing, and therefore an increasing proportion of patients
who should be eligible for treatment are missed.

Tables 32 and 33 show the cumulative number eligible for statin prescriptions, the percentage of those
that are false-positives, and the percentage of those repeatedly testing negative that are false-negative.
Each outcome is shown for annual, biennial, triennial and quinquennial monitoring strategies. Column 1 of
Table 32 shows the modelled rate of eligibility for statin prescriptions per 1000 men in the first year after
monitoring begins, and the cumulative rate of eligibility for statin prescriptions over the subsequent years
assuming 1-, 2-, 3- and 5-yearly monitoring. For example, over the first 6 years of follow-up, annual
monitoring would result in 610 per 1000 men being eligible for a statin prescription, whereas biennial and
triennial monitoring would result in 601 per 1000 men and 597 per 1000 men eligible for prescriptions,
respectively. Over 15 years, annual, triennial and quinquennial monitoring would result in 823, 813 and
811 per 1000 men eligible for prescriptions. Column 2 of Table 32 shows the estimated proportion of
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individuals who are eligible for statin prescriptions that are incorrectly treated (false-positives), as a
percentage of the total number of men who are eligible for a statin prescription, if monitoring is
conducted every 1, 2, 3 and 5 years. The percentage of true-positives can be obtained by subtracting the
false-positives from 100%. At the first monitoring test, 3.5% of recommended treatment changes can
be attributed to variability in the TC/HDL cholesterol measurements (false-positive), whereas 96.5% of
recommended statin prescriptions would be attributable to dyslipidaemia (true-positives). This corresponds
to about 15 per 1000 men (422 per 1000 prescriptions × 3.5% false) recommended for treatment
unnecessarily. At 6 years after first measurement, we estimate that the proportion of false-positive
prescriptions under annual, biennial and triennial monitoring would be 4.5%, 3.5% and 3.0%,
respectively (corresponding to about 27, 21 and 18 per 1000 men being over-treated), and by 15 years,
under annual, triennial and quinquennial monitoring, 2.5%, 1.7% and 1.5% respectively (corresponding
to about 21, 14 and 12 men per 1000). The estimated proportion of patients who were incorrectly
not recommended for a statin (false-negatives) over follow-up under annual, biennial, triennial and
quinquennial monitoring is shown in column 3. At first test 3% of men are incorrectly not recommended
for a statin, corresponding to 17 men per 1000 (578 men are not treated × 3.0% false). At 6 years,
the proportions of men incorrectly not recommended for a statin are 1.6%, 3.0% or 3.7% when
monitoring intervals of 1, 2 or 3 years, respectively. These proportions correspond to 6, 12 or 15 men per
1000. Similar results for women are shown in Tables 33.

Primary prevention taking statins
Corresponding estimates for modelling the rate of eligibility for an intensified dose of statin under different
monitoring schedules in primary prevention patients taking statins are shown in Figure 22 and Tables 34
(men) and 35 (women). Similar trends were seen to primary prevention patients not taking statins.

Secondary prevention taking statins
Figure 23 and Tables 36 and 37 show corresponding estimates in secondary prevention patients taking statins
when eligibility for treatment change to an intensified dose of statin was based upon a TC threshold.
Estimates based upon LDL measurements are presented in Figure 24 and Tables 38 and 39. The proportions of
both false-positive and false-negative decisions with regards to eligibility for treatment were relatively large.
The proportion of patients recommended for up-titration unnecessarily (false-positives) was greater when the
monitoring interval was shorter. After 3 years of follow-up, 27.1% of men recommended for a higher statin
dose were up-titrated unnecessarily when monitoring every year using a TC threshold of 4mmol/l compared
with 21.9% when monitoring at 3-year intervals. This corresponds to 224 per 1000 men and 157 per
1000 men, respectively (825 per 1000 up-titrations × 27.1% false and 718 per 1000 men × 21.9% false).
In women, using a TC threshold of 4mmol/l, the equivalent proportions recommended for unnecessary
up-titration were 14.6% and 12.2%, corresponding to 136 per 1000 women and 105 per 1000 women
recommended for unnecessary treatment under annual and triennial monitoring, respectively. In contrast,
more frequent monitoring resulted in a lower proportion of patients eligible for treatment being missed. At
3 years since first test, the proportion of under-treated men was 3.7% under annual monitoring using a TC
threshold of 4mmol/l, and 12.7% under triennial monitoring, corresponding to 6 per 1000 men and 36 per
1000 men, respectively. The equivalent proportions in women were 7.9% and 24.0% or 5 per 1000 women
and 33 per 1000 women under annual and triennial monitoring, respectively. When each of TC and LDL levels
in secondary prevention patients were first measured, approximately one-quarter to one-third of men and
almost half of women were estimated to be recommended too low a dose of statin; the proportion of patients
recommended too low a treatment dose decreased over follow-up. However, the high numbers of patients
who test over threshold, and are therefore eligible for an up-titration, mean this corresponds to between
111 per 1000 (men, TC 4mmol/l) and 134 per 1000 (women, LDL 2mmol/l) patients being under-treated at
first test, dropping to between 35 to 36 per 1000 (men, TC 4mmol/l) and 38 and 42 per 1000 (women, LDL
2mmol/l) at second test (depending on the monitoring interval).
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Alternative strategies for monitoring

Lowering the CVD risk threshold for primary prevention patients
We evaluated the impact of a reduction on the CVD risk threshold to 15% and 10%. Prescription eligibility
rates and estimates of the proportion of these that are unnecessary (false-positives) for monitoring in primary
prevention men and women not currently taking statins and based on a CVD risk threshold of 15% and
10% are shown in Figures 25 and 26. Trends were similar to those seen with a 20% CVD risk threshold,
with higher proportion of false-positive eligibility decisions and lower proportions of false-negative eligibility
decisions when monitoring is more frequent, although the proportion of false-positive eligibility decisions
decreased as the threshold lowered, whereas the proportion of false-negative treatment eligibility
decisions was higher.

Alternative cardiovascular risk measures
Corresponding figures for the following alternative monitoring strategies listed below are presented in
Appendix 20:

l Primary prevention not taking statins using Framingham 1991 as risk score.
l Primary prevention not taking statins using modified QRisk252 based on TC, LDL and LDL/HDL

cholesterol instead of TC/HDL cholesterol.
l Secondary prevention using the ratio of TC/HDL cholesterol instead of TC, and LDL/HDL cholesterol

instead of LDL.

Similar trends as described above were seen in all the alternative scenarios.

Alternative strategies for lipid measurement: updating on single or
multiple measures
In our primary analysis (above) we assumed that, in primary prevention, if lipids are measured less than
annually then CVD risk would also be estimated less than annually (at each lipid measurement). For
completeness we now consider strategies in which lipids are measured every 3 or 5 years, but CVD risk is
nonetheless recalculated annually, using the most recent available lipid measurement and current age.
Figures 27 and 28 compare these strategies with our primary analysis (CVD risk estimated only when lipid is
measured). Periodic measurement with annual calculation of CVD risk has led to a non-monotonic trend in
estimates of the patients both over- and under-treated, although this is likely an artefact of the simulation,
as in practice subjects would not be measured at the same time point. Proportions of false-positives
(unnecessary changes to treatment) were higher when the alternative strategy guided treatment than when
monitoring occurred at longer intervals but were lower than under annual monitoring. Higher proportions
of false-negative tests (undertreatment) were seen when monitoring at longer intervals than when using the
alternative strategy; annual monitoring gave the lowest proportion of false-negatives.

We explored how using the average of multiple lipid measures could impact on the proportions of
incorrect eligibility decisions amongst both primary and secondary prevention populations taking statins.
Estimates comparing this alternative monitoring strategy with annual measurement are presented in
Figures 29–34. Similar trends were seen in both prevention groups. The proportion of incorrect treatment
eligibility decisions was smaller when decisions were based upon the average of a larger number of repeat
measurements, with a lower proportion of both false-positive and false-negative decisions when the
average of five repeated measurements was used to guide treatment, although annual monitoring with
only one measurement still gave a lower proportion of under-treated patients. When strategies with
assumed similar total cost were compared (see Appendix 20, Figures 135–137) for primary and secondary
patients on statins, respectively, more repeated measurements with a longer interval gave a lower
proportion of false-positive eligibility decisions, and estimates of the proportion of false-negative eligibility
decisions were similar.
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Discussion

Using parameters presented in Chapter 4, we modelled the rate of eligibility for statin prescriptions,
quantifying the proportions of incorrect treatment eligibility decisions when monitoring at intervals of 1, 2,
3 and 5 years. The high variability in each lipid measurement resulted in recommendations for unnecessary
initiation or up-titration (false-positive ) and undertreatment (false-negative) in all patient groups and
under all scenarios considered. Consistent with previous research on long-term chronic conditions such
as hypertension, renal function and hypercholesterolaemia,30,204,206,207 we found that more frequent
monitoring resulted in a higher proportion of false-positive tests, which, in these analyses, corresponds to a
higher proportion of patients incorrectly recommended for a statin prescription or an up-titration. This is
attributable to the low true rate of change over time. Conversely, the proportion of patients incorrectly not
recommended for a statin or an increased dose (false-negative results) was lower when monitoring at
shorter intervals. However, given the comparatively high numbers of patients over threshold and hence
recommended for treatment (in both primary and secondary prevention groups), fewer absolute numbers
of patients were undertreated as opposed to unnecessarily recommended for an up-titration.

Given that such lipid measurements guide clinical decisions, this may be detrimental to a patient’s health,
and alternative monitoring strategies that aim to estimate the underlying lipid levels more accurately may
be preferable. Previous research examining optimal screening intervals for cholesterol has not examined
the proportion of under-treated patients.30,31 As statin treatment has been shown to reduce CVD risk,
even when patients have low lipid levels, whether or not potential overtreatment in these patients is
detrimental requires a full health economics analysis that can account for the potential harms of over and
undertreatment; this is the focus of Chapter 7.

Updated guidelines recommended lowering the CVD risk threshold for initiation of statin treatment in
primary prevention patients to 10%. As we lower the treatment threshold, a greater proportion of the
population will have a true CVD risk that is over the threshold, and this means that more negative test
results are likely to be false. However, as the proportion of patients testing positive will increase, fewer
patients will therefore test negative. For example, when monitoring every year or 3 years, a threshold of
20% led to 1.6% or 3.7% of men incorrectly not recommended for treatment at 6 years since first test,
whereas a threshold of 10% led to 3.1% and 5.4%, respectively. These proportions correspond to 6 per
1000 and 15 per 1000 men incorrectly not recommended for treatment with a 20% threshold, and
5 per 1000 and 8 per 1000 men at a 10% threshold. The proportion of patients incorrectly not
recommended for treatment increases with age under both thresholds, however as the proportion of
patients recommended for treatment also increases with age, when the threshold is lowered, the absolute
number of patients affected is lower.

An alternative to reduce the measurement variability would be the use of the average of a number of
measures (e.g. three TC measures taken over time). However, QRisk252 was developed based upon risk
factors measured in a primary care database (QResearch), where single measurements of TC and HDL were
used to estimate CVD risk. Any change in the variability of a factor included in a risk score (such as systolic
BP or TC) would impact on the performance of the score. Therefore, a limitation of these additional
analyses is that we did not modify the regression coefficients in the risk equation to account for the
potential regression dilution effect. In Chapter 6 we discuss the expected impact of these monitoring
alternatives on QRisk2.52

We have used modelling techniques rather than primary data (such as that obtained from a randomised
clinical trial design); however, the feasibility of collecting data in the scale required for an experimental
design testing diagnostic or monitoring strategies is unlikely, and therefore we have used established
methods to quantify the long-term implications of monitoring in data representative of routine general
practice in the UK.
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One limitation of these analyses is the (unlikely) assumption that CVD risk factors other than age and lipid
level remain constant over time; however, this project focuses on lipid levels as a risk factor for CVD, and
accurately modelling the changes in each risk factor in QRisk252 was beyond the scope of this project
(requiring alternative modelling as seen in Chapter 4 for each of the factors included in the risk score).

In May 2012, the UK patent for atorvastatin expired and this may affect statin prescribing. We found that a
high proportion of secondary prevention patients who should have been in the control phase of monitoring
(i.e. they should already have been recommended for an up-titration to a therapeutic dose) were prescribed
too low a dose of statin according to current guidelines. One possible explanation for this might be
availability of appropriate statins. These simulations are based upon patient characteristics from 2006.
In 2006, guidance for these patients recommended initial treatment with simvastatin 40mg, and the
higher-intensity statin choices were limited to simvastatin 80mg,2 a dose of simvastatin that further
guidance57,211 suggests limiting to only those patients who have severe hypercholesterolaemia and a high
risk of cardiovascular complications. Updated local guidelines59 recommend initial use of atorvastatin 40mg,
with the option of potential up-titration to atorvastatin 80mg. Thus, patients whose lipid levels are not
controlled by simvastatin 40mg might now be prescribed atorvastatin 40mg, which is associated with a
higher percentage reduction in LDL.59 We were not able to investigate the effects recent potential changes
to statin prescribing might have on the proportions of false-positive and false-negative treatment eligibility
decisions with the available data. CPRD data was available for the period of May to 21 September 2012;
however, the proportion of patients prescribed atorvastatin and simvastatin among secondary prevention
patients who were prescribed statins, was similar to that seen in 2006 (atorvastatin: 30% in 2012, 34% in
2006) and it may take time before prescription patterns change.

The threshold for guiding treatment in primary prevention patients was lowered from 20% to 10% in July
2014;56 sensitivity analyses using thresholds of both 15% and 10% showed similar patterns, although the
estimated proportion of under-treated patients increased as the threshold decreased. In addition, there is
some variation in the interpretation of the 2010 NICE guidelines for secondary prevention; specifically
whether both or only one of TC and LDL is over threshold for up-titration to be considered.2,59 Our models
do not enable us to examine the progression of both TC and LDL simultaneously so we have instead
examined monitoring schedules for each lipid individually. A joint model to guide treatment changes could
be part of future research, although the updated guidelines recommend that secondary prevention
patients are prescribed 80mg of atorvastatin,56 and, as such, there is no higher dose for which subjects
would need to be monitored for up-titration.

Analyses are restricted to a population attending monitoring. We have not attempted to model the
complexity of individual treatment decision-making; however, the analyses presented here aim to form the
basis for evaluation of national monitoring strategies. Neither have we attempted to quantify the relative
harms of false-positive and false-negative treatment eligibility decisions; this is addressed in Chapter 7,
where we extend the work presented here to a full health-economic model that estimates the relative
cost-effectiveness of different monitoring strategies.
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Chapter 6 Impact on risk scores of different
approaches to lipid measurement

Background

The risk of CVD can be assessed using tools such as QRisk2,52 ASSIGN54 and Framingham 1991,53 all of
which include the TC/HDL cholesterol ratio. As noted previously (see Chapters 1 and 5), the latest NICE
guidance on lipid monitoring for primary prevention populations2 recommends using such risk scores to
estimate 10-year risk of developing CVD to identify patients at ‘high risk’ and hence guide treatment
decisions, such as the prescription of statins. The 2010 high-risk threshold was a 10-year risk of ≥ 20%,
with the choice of risk calculator left to the GP. Updated guidance in 2014 recommended lowering the
treatment threshold to 10% and the use of QRisk252 to calculate risk.56 The methods in this chapter
therefore focus on 10-year CVD risk calculation using QRisk2,52 and include both 10% and 20%
risk thresholds.

Although findings in Chapter 2 suggest that there is unlikely to be much improvement in risk calculators
if other common lipids (TC, HDL, LDL cholesterol as single measurements or ratios) were used in place of
TC/HDL cholesterol, there was some indication that alternative measures such as non-HDL cholesterol or
Apo B may be more predictive in some population subgroups. If risk scores were recalculated to use
different lipid measurements, such as non-HDL cholesterol or Apo B, some patients, currently classified as
low risk, would be reclassified as high CVD risk, and vice versa; we examine the effect that modifying
QRisk252 in this way would have on the proportions of patients in different risk categories, and whether
or not reclassified subjects are predominantly those close to the risk threshold. As Apo B is not widely
available in general practice, analyses presented in this chapter therefore focus on modification of risk
scores to use non-HDL cholesterol, which can be calculated from TC and HDL measurements and does not
need fasting blood samples.

There is also potential to refine cardiovascular risk estimation within a lipid monitoring programme by
taking the average of lipid measurements on two or more separate occasions; as shown in Chapter 4, the
high level of within-person variability means that using the average of a number of measurements, taken
over a short time period, might better represent the true underlying lipid level for that patient at that time
point. This would reduce the within-measurement variability (see Table 23, column 4) of the resulting
estimate. Regression dilution theory shows that coefficients in a generalised linear model, such as a risk
score, are affected by within-person variability.212 Specifically, they are attenuated (closer to 0) with
increased variability. It follows that if the variability of the measure is to be reduced, for example by taking
an average, the coefficient in the risk score must be increased.213 Here we use the results of Chapter 2
to estimate the modifications necessary to use CVD risk calculators with the mean of three and five
lipid measurements.

Methods

Open source C code to calculate QRisk252 is available online,214 and version QRisk2–2012 (Q68_QRisk2_2012,
created on 3 January 2012) was downloaded. QRisk252 is updated approximately annually; we did not
update to the QRisk2–2013, as the latest date in CPRD data available in this project was 21 September 2012.
The C code was compiled for use with both Windows and Linux machines using Microsoft Visual C++ 2010
Express (Microsoft Corporation, Redmond, WA, USA) and the GNU Compiler Collection (GCC) compiler,
respectively. A plug-in was then created using Stata, version 12.1, to calculate QRisk252 directly from the
C code.215
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Alternative lipid measures: non-HDL cholesterol
Risk estimates calculated using a single measurement of TC/HDL cholesterol in the original QRisk252

equation were compared with those calculated using a modified risk equation utilising a single
measurement of non-HDL cholesterol. The modified equation was created by substituting – for the
centring constant and beta coefficients (log-HRs) for TC/HDL cholesterol in the original C code – values
relevant to non-HDL cholesterol, derived as follows.

For each gender, new centring values (means) were taken from the CPRD primary prevention subjects not
taking statins, having excluded individuals with measurements outside the allowed ranges for the QRisk252

variables.214 New beta coefficients were taken from the EPIC-Norfolk study,216 as this was the largest study in
our systematic review (see Chapter 2) to investigate the prognostic significance of non-HDL cholesterol in a UK
primary prevention population who were not taking statins. This study reports HRs per 1 SD increase in
non-HDL cholesterol separately for men and women, and for both genders combined, and reported the SD
for non-HDL cholesterol by gender and the occurrence of a CVD event. The SDs across the CVD and non-CVD
event groups for men and women can be combined to obtain the overall SD of non-HDL cholesterol for men
and women, as shown in Appendix 21.

A sensitivity analysis was carried out using the overall HR per SD increase in non-HDL cholesterol for the
primary prevention group not taking statins calculated in the systematic review (see Chapter 2). To convert
to a HR per millimole/litre increase, we raised the overall HR per SD to the power of 1/SD, with the SD
calculated from the primary prevention off-statin group in the CPRD data (having excluded individuals with
measurements outside the allowed ranges for the QRisk252 variables and different lipid measures).
Centring values were also taken from this data set, as in the primary analysis.

Predicted risk using non-HDL cholesterol in the modified score was compared with predicted risk using
TC/HDL cholesterol ratio in the original QRisk252 score, in primary prevention patients in CPRD. Results are
presented as scatterplots and Bland–Altman plots.217 We also grouped CVD risk into 10-year risk categories
in 5% increments from 0% to ≥ 25%, and used tables to compare the numbers of subjects reclassified.

Repeated lipid measures
We estimate the regression dilution ratios for a single measure of any lipid fraction as:

1 þ σw
2

σa
2

(4)

where σw
2 and σa

2 are the within-measurement and between-measurement variability. The values of σw
2

and σa
2 for TC and the TC/HDL cholesterol have been estimated in Chapter 4.

The regression dilution ratio for the mean of k measures is:

1 þ σw
2 =k
σa
2

(5)

and hence the coefficient of a single measurement can be converted to the coefficient of the mean by
multiplying by:

1 þ σw
2 =σa

2

1 þ σ 2
w=kσ2

a

(6)

as has been reported previously.213 The regression dilution ratio method is exact for linear models and has
been shown to apply approximately to other generalised linear models.212 It can be shown that it applies
approximately in the case of univariate survival models with censoring.218 We conducted further
simulations to confirm the approximation also holds for multivariate (multiple covariate) survival models
(details available on request).
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For consistency with the simulation models examining alternative lipid-monitoring strategies, presented in
Chapter 5, we initially compare risk estimates from the original QRisk252 equation (that uses a single
measurement of TC/HDL cholesterol) with estimates calculated using the mean of three and the mean of
five TC/HDL cholesterol measurements in the original QRisk252 equation. We then compare estimates from
the original QRisk252 equation, using one measurement of TC/HDL cholesterol with the equations modified
to adjust for regression dilution using the mean of three and the mean of five repeated TC/HDL cholesterol
measurements. Analyses were carried out using Stata 12.1 and R 3.0.1 (The R Foundation for Statistical
Computing, Vienna, Austria).219

Results

Alternative lipid measure: non-HDL cholesterol
Table 40 presents frequency counts of subjects in each of six categories of risk estimated using the original
QRisk252 score, calculated using a single measure of TC/HDL cholesterol, compared with risk estimated
using QRisk252 modified for use with a single measurement of non-HDL cholesterol, using estimates from
EPIC-Norfolk.216 A large proportion of patients have very high risk (> 25%) according to the original
QRisk252 score. These high-risk individuals are primarily aged ≥ 70 years and have at least one of the
following conditions: atrial fibrillation, diabetes, treated hypertension. Figures 35 and 36 show scatterplots
comparing the two QRisk252 scores, with the number of subjects reclassified at 20% and 10% CVD risk
thresholds, respectively. Approximately 5% of subjects are reclassified from low to high risk, and 5% from
high to low risk using a threshold of 20%; smaller proportions are reclassified when the threshold is
lowered to 10%. Figure 37 shows a Bland–Altman plot comparing the QRisk252 estimates using TC/HDL
cholesterol and non-HDL cholesterol; absolute differences in the risk estimates are less than approximately
10% for 95% of subjects. Absolute differences of > 10% were generally observed in people over the
20% risk threshold. Of the 1757 people with risk differences outside the normal range, 80.9% had risk
estimates of > 20% according to both the original and modified equations. Similar results were obtained
when the systematic review results from Chapter 2 were used to modify the risk equation (Table 41 and
Figures 38–40).

TABLE 40 Frequency counts of individuals by risk estimate category: comparing QRisk252 based on single TC/HDL
cholesterol measure with QRisk252 based on single non-HDL cholesterol measure, modified using estimates
from EPIC-Norfolk analysis88

QRisk2 estimate of 10-year
CVD risk calculated using
single TC/HDL cholesterol
measure (%)

QRisk2 estimate of 10-year CVD risk calculated using single non-HDL
cholesterol measure (%)

Total< 5 5–10 10–15 15–20 20–25 25+

< 5 2055 365 4 1 0 0 2425

5–10 640 3,756 958 76 8 4 5442

10–15 0 1025 2659 1066 214 52 5016

15–20 0 63 1012 1719 911 391 4096

20–25 0 6 157 886 1123 1015 3187

25+ 0 0 18 287 1022 6892 8219

Total 2695 5215 4808 4035 3278 8354 28,385
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Reclassified
low to high risk:

n = 1580

Reclassified
high to low risk:
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FIGURE 35 Comparison of estimates of 10-year cardiovascular risk calculated using TC/HDL cholesterol in the
original QRisk252 equation or using non-HDL cholesterol in a modified equation, with the low-/high-risk threshold
set at 20%.
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FIGURE 36 Comparison of estimates of 10-year cardiovascular risk calculated using TC/HDL cholesterol in the
original QRisk252 equation or using non-HDL cholesterol in a modified equation, with the low-/high-risk threshold
set at 10%.
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FIGURE 37 Bland–Altman plot of estimates of 10-year cardiovascular risk calculated using TC/HDL cholesterol in the
original QRisk252 equation or using non-HDL cholesterol in a modified equation.

TABLE 41 Frequency counts of individuals by risk estimate category: comparing QRisk252 based on single TC/HDL
cholesterol measure with QRisk252 based on single non-HDL cholesterol measure, modified using estimates
calculated in Chapter 2

QRisk2 estimate of 10-year
CVD risk calculated using
single TC/HDL cholesterol
measure (%)

QRisk2 estimate of 10-year CVD risk calculated using single non-HDL
cholesterol measure (%)

Total< 5 5–10 10–15 15–20 20–25 25+

< 5 2148 276 1 0 0 0 2425

5–10 316 4446 670 9 1 0 5442

10–15 0 611 3520 833 48 4 5016

15–20 0 3 720 2417 853 103 4096

20–25 0 0 24 745 1659 759 3187

25+ 0 0 0 41 755 7423 8219

Total 2464 5336 4935 4045 3316 8289 28,385
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FIGURE 38 Comparison of estimates of 10-year cardiovascular risk calculated using TC/HDL cholesterol in the
original QRisk252 equation or using non-HDL cholesterol in a modified equation (sensitivity analysis), with
the low-/high-risk threshold set at 20%.
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FIGURE 39 Comparison of estimates of 10-year cardiovascular risk calculated using TC/HDL cholesterol in the
original QRisk252 equation or using non-HDL cholesterol in a modified equation (sensitivity analysis), with
the low-/high-risk threshold set at 10%.
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Repeated lipid measures

Before adjusting for regression dilution
Table 42 and Figures 41 and 42 show the numbers of subjects reclassified between risk categories when
CVD risk is calculated from one measurement or the mean of three measurements using the original
QRisk252 equation, with no adjustment for regression dilution. Only a very small number of subjects are
reclassified between risk categories, and for 95% of subjects any absolute change in calculated risk is
< 3% (Figure 43). Similar results were seen when CVD risk estimated using one measurement was
compared with that calculated using the mean of five measurements in the original QRisk252 equation
without adjusting for regression dilution; corresponding estimates are shown in Table 43 and
Figures 44–46.
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FIGURE 40 Bland–Altman plot of estimates of 10-year cardiovascular risk calculated using TC/HDL cholesterol in the
original QRisk252 equation or using non-HDL cholesterol in a modified equation (sensitivity analysis).

TABLE 42 Frequency counts of individuals by risk estimate category: comparing QRisk252 based on single TC/HDL
cholesterol measure with QRisk252 based on mean of three TC/HDL cholesterol measures, without adjusting for
regression dilution

QRisk2 estimate of 10-year
CVD risk calculated using
single TC/HDL cholesterol
measure (%)

QRisk2 estimate of 10-year CVD risk calculated using mean of three
TC/HDL cholesterol measures (%)

Total< 5 5–10 10–15 15–20 20–25 25+

< 5 1284 87 0 0 0 0 1371

5–10 53 3397 164 0 0 0 3614

10–15 0 125 3108 189 0 0 3422

15–20 0 0 160 2423 186 2 2771

20–25 0 0 1 169 1726 152 2048

25+ 0 0 0 1 165 4751 4917

Total 1337 3609 3433 2782 2077 4905 18,143
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FIGURE 41 Comparison of estimates of 10-year cardiovascular risk calculated using a single TC/HDL cholesterol
measure or the mean of three TC/HDL cholesterol measures in the original QRisk252 equation, with the
low-/high-risk threshold set at 20%.
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FIGURE 42 Comparison of estimates of 10-year cardiovascular risk calculated using a single TC/HDL cholesterol
measure or the mean of three TC/HDL cholesterol measures in the original QRisk252 equation, with the
low-/high-risk threshold set at 10%.
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FIGURE 43 Bland–Altman plot of estimates of 10-year cardiovascular risk calculated using a single TC/HDL
cholesterol measure or the mean of three TC/HDL cholesterol measures in the original QRisk252 equation.

TABLE 43 Frequency counts of individuals by risk estimate category: comparing QRisk252 based on single TC/HDL
cholesterol measure with QRisk252 based on mean of five TC/HDL cholesterol measures, without adjusting for
regression dilution

QRisk2 estimate of 10-year
CVD risk calculated using
single TC/HDL cholesterol
measure (%)

QRisk2 estimate of 10-year CVD risk calculated using mean of five
TC/HDL cholesterol measures (%)

Total< 5 5–10 10–15 15–20 20–25 25+

< 5 1282 89 0 0 0 0 1371

5–10 57 3,383 174 0 0 0 3614

10–15 0 132 3091 199 0 0 3422

15–20 0 0 168 2391 210 2 2771

20–25 0 0 1 184 1690 173 2048

25+ 0 0 0 1 181 4735 4917

Total 1339 3604 3434 2775 2081 4910 18,143
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Reclassified
low to high risk:

n = 212

Reclassified
high to low risk:
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10

20

50

100

R
is

k 
(l

o
g

 s
ca

le
) 

ca
lc

u
la

te
d

 u
si

n
g

m
ea

n
 o

f 
m

u
lt

ip
le

 m
ea

su
re

s

10 20 50 100
Risk (log scale) calculated using single measure

FIGURE 44 Comparison of estimates of 10-year cardiovascular risk calculated using a single TC/HDL cholesterol
measure or the mean of five TC/HDL cholesterol measures in the original QRisk252 equation, with the low-/high-risk
threshold set at 20%.

Reclassified
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n = 174

Reclassified
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FIGURE 45 Comparison of estimates of 10-year cardiovascular risk calculated using a single TC/HDL cholesterol
measure or the mean of five TC/HDL cholesterol measures in the original QRisk252 equation, with the low-/high-risk
threshold set at 10%.
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After adjusting for regression dilution
The estimates of parameters σw and σa in Table 23 give a regression dilution ratio of 1.281 for the TC/HDL
cholesterol ratio in men. Coefficients for TC/HDL cholesterol should be therefore multiplied by 1.281/
(1+ 0.281/3)= 1.171 for the mean of three measurements, and by 1.213 for the mean of five measurements.
We therefore increased the log-HR in the QRisk252 equation from 0.17 to 0.199 (corresponding to HR 1.22)
for three measurements and to 0.206 (HR 1.23) for five measurements. In women, the regression dilution ratio
from Table 24 is 1.213 and the QRisk252 log-HR is 0.16, giving rise to log-HRs (and HRs) of 0.181 (1.20) for the
mean of three measurements and 0.186 (1.20 to two decimal places) for the mean of five measurements.

Table 44 and Figures 47–49, and Table 45 and Figures 50–52, show the effect of these changes on risk
classification. Differences in the estimated risk were small, and few subjects were reclassified between
risk categories.
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FIGURE 46 Bland–Altman plot of estimates of 10-year cardiovascular risk calculated using a single TC/HDL
cholesterol measure or the mean of five TC/HDL cholesterol measures in the original QRisk252 equation.

TABLE 44 Frequency counts of individuals by risk estimate category: comparing QRisk252 based on single TC/HDL
cholesterol measure with QRisk252 based on mean of three TC/HDL cholesterol measures, adjusted for
regression dilution

QRisk2 estimate of 10-year CVD
risk calculated using single TC/HDL
cholesterol measure (%)

QRisk2 estimate of 10-year CVD risk calculated using LIPID
measures (%)

Total< 5 5–10 10–15 15–20 20–25 25+

< 5 1280 91 0 0 0 0 1371

5–10 59 3374 181 0 0 0 3614

10–15 0 132 3084 206 0 0 3422

15–20 0 0 188 2365 217 1 2771

20–25 0 0 1 189 1,685 173 2048

25+ 0 0 0 1 192 4724 4917

Total 1339 3597 3454 2761 2094 4898 18,143
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Reclassified
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Reclassified
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FIGURE 47 Comparison of estimates of 10-year cardiovascular risk calculated using a single TC/HDL cholesterol
measure in the original QRisk252 equation or the mean of three TC/HDL cholesterol measures in a modified
equation, with the low-/high-risk threshold set at 20%.

Reclassified
low to high risk:

n = 181

Reclassified
high to low risk:

n = 132

10

20

50

100

R
is

k 
(l

o
g

 s
ca

le
) 

ca
lc

u
la

te
d

 u
si

n
g

 a
 m

o
d

ifi
ed

eq
u

at
io

n
 w

it
h

 t
h

e 
m

ea
n

 o
f 

m
u

lt
ip

le
 m

ea
su

re
s

10 20 50 100
Risk (log scale) calculated using single measure

FIGURE 48 Comparison of estimates of 10-year cardiovascular risk calculated using a single TC/HDL cholesterol
measure in the original QRisk252 equation or the mean of three TC/HDL cholesterol measures in a modified
equation, with the low-/high-risk threshold set at 10%.
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FIGURE 49 Bland–Altman plot of estimates of 10-year cardiovascular risk calculated using a single TC/HDL
cholesterol measure in the original QRisk252 equation or the mean of three TC/HDL cholesterol measures in a
modified equation.

TABLE 45 Frequency counts of individuals by risk estimate category: Comparing QRisk252 based on single TC/HDL
cholesterol measure with QRisk252 based on mean of five TC/HDL cholesterol measures, adjusted for
regression dilution

QRisk2 estimate of 10-year CVD
risk calculated using single TC/HDL
cholesterol measure (%)

QRisk2 estimate of 10-year CVD risk calculated using LIPID
measures (%)

Total< 5 5–10 10–15 15–20 20–25 25+

< 5 1282 89 0 0 0 0 1371

5–10 68 3354 192 0 0 0 3614

10–15 0 145 3050 227 0 0 3422

15–20 0 0 201 2324 243 3 2771

20–25 0 0 1 210 1641 196 2048

25+ 0 0 0 1 222 4694 4917

Total 1350 3588 3444 2762 2106 4893 18,143
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Reclassified
low to high risk:
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Reclassified
high to low risk:
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FIGURE 50 Comparison of estimates of 10-year cardiovascular risk calculated using a single TC/HDL cholesterol
measure in the original QRisk252 equation or the mean of five TC/HDL cholesterol measures in a modified equation,
with the low-/high-risk threshold set at 20%.
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Reclassified
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FIGURE 51 Comparison of estimates of 10-year cardiovascular risk calculated using a single TC/HDL cholesterol
measure in the original QRisk252 equation or the mean of five TC/HDL cholesterol measures in a modified equation,
with the low-/high-risk threshold set at 10%.

IMPACT ON RISK SCORES OF DIFFERENT APPROACHES TO LIPID MEASUREMENT

NIHR Journals Library www.journalslibrary.nihr.ac.uk

130



Discussion

We have considered two possible strategies for improving the lipid measurement within a single
cardiovascular risk estimate. We first considered whether or not risk estimates could be improved by an
alternative lipid measurement. Motivated by Chapter 2, we posited a risk equation based on non-HDL
cholesterol, and found potential for about 1 person in 10 to be classified differently (high vs. low risk and
vice versa) compared with a risk calculator based on TC/HDL cholesterol ratio. These results are only
illustrative but at least demonstrate the potential for a change. This contrasts with our second analysis, in
which we considered whether or not risk estimates could be improved by taking multiple blood samples
and using the average of a lipid measure. This appears to make negligible difference to risk estimation,
probably because the within-measurement variability of TC/HDL cholesterol, although not negligible, is not
large compared with other sources of variation.

We did not have primary data on which to build a risk equation with non-HDL cholesterol. A further, and
major, limitation of these analyses is that we can estimate the degree of reclassification but not the extent
to which our modifications represent an improvement to risk estimation. To quantify this would require a
large cohort with cardiovascular risk factors including both lipid measurements, hard outcome measures
and sufficient follow-up, and without treatment changes during follow-up.220,221 Databases of routine
clinical data, such as the CPRD,222 can provide cohorts of sufficient size, coverage and follow-up; however,
they will be subject to a large amount of treatment initiation or change during follow-up, especially in
those, or those estimated to be, at high risk of CVD. Particularly problematic for a comparison of TC/HDL
cholesterol to another lipid is that under current practice much of such treatment change will have been
triggered by high risk according to TC/HDL cholesterol. Therefore, we can estimate that using non-HDL
cholesterol could produce appreciably different risk estimates but cannot determine whether or not these
would be more predictive of future CVD. Other limitations of our analyses include the use of an
approximate risk equation for non-HDL cholesterol, and an approximate though well-established method
for adjusting for regression dilution.218,223,224
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FIGURE 52 Bland–Altman plot of estimates of 10-year cardiovascular risk calculated using a single TC/HDL
cholesterol measure in the original QRisk252 equation or the mean of five TC/HDL cholesterol measures in a
modified equation.
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Taking multiple blood samples in order to average a lipid measurement such as TC/HDL cholesterol ratio
would increase financial and practical costs but is unlikely to appreciably improve cardiovascular risk
estimation. Improvements to cardiovascular risk estimates, within a lipid monitoring programme, could
instead be sought through alternative choices of lipid measure. Our illustrative results, using non-HDL
cholesterol in a modified cardiovascular risk equation, show that this has potential to appreciably alter risk
estimates. However, at present the data do not exist to definitively determine whether or not the estimates
based on non-HDL cholesterol or the estimates based on the ratio are more useful in clinical practice.
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Chapter 7 Health-economic simulation model and
cost-effectiveness analysis for monitoring lipids in the
general population in the UK

Background

Chapter 5 showed the variability in lipid measurements leading to ‘false-positive’ and ‘false-negative’
monitoring tests, but did not attempt to weigh the costs of unnecessary treatment changes arising from
the former against the health and other costs resulting from the missed treatment opportunities of the
latter. Here we extend the models of Chapter 5 to full patient-level simulation models incorporating
modelling assumptions about cost and quality of life.

Patient-level simulation models are a valuable tool to model the progression of clinical outcomes for an
individual patient over a long period of time. The inherent difficulties and expense of collecting data in the
scale required to evaluate a monitoring strategy using an experimental design means that these simulation
models are increasingly used to estimate the lifetime costs and benefits of different disease management
strategies. Outcomes are usually quantified in terms of mean life expectancy or mean quality-adjusted
life expectancy.225

Importantly, the economic simulations explicitly account for the high levels of variability in lipids (see
Chapter 4), which is of particular relevance for an economic evaluation of optimal lipid-monitoring
strategies. Moreover, as economic analysis can be sensitive to changes in the price of treatments, the
recent expiry of the patent for atorvastatin and the subsequent dramatic price reduction, mean that an
updated economic analysis is clearly required. This chapter therefore outlines the methods, underlying
assumptions and subsequent economic evaluation of a patient-level simulation model for CVD, which
considers variability in lipid levels and the frequency at which to monitor. This model was developed to
integrate the information reported in the preceding chapters and hence examine optimal lipid-monitoring
strategies in the UK.

Methods

Simulation models

Model structure
We developed a simulation model to predict the occurrence of cardiovascular events (grouped into MI,
stroke or other CVD) in order to estimate lifetime outcomes and quality-adjusted life expectancy. For primary
prevention patients we explicitly model the first occurrence of an event, whereas for secondary prevention
patients we model the first event subsequent to joining the monitoring programme. The model is built
around a series of key health states through which patients can progress over their lifetime. Figure 53
illustrates the sequence of steps within annual cycles of the model. Patients enter the model in one of the
three prevention groups described in Chapter 4:

i. primary prevention patients not taking statins
ii. primary prevention patients taking statins
iii. secondary prevention patients taking statins.
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As in Chapters 4 and 5, we assume monitoring begins at 40 years for men and 55 years for women.
The model is described in detail below: briefly, it runs in annual cycles and calculates cardiovascular risk
using QRisk252 (for people in the primary prevention group) and monitors patients’ lipid levels (for patients
in the secondary prevention group). Changes in treatment are dependent on these two things and are
explained in detail further below. Different lipid monitoring scenarios (annual, 3-yearly, 5-yearly, etc.) are
modelled and compared to determine the most optimal lipid monitoring interval that reduces costs and
maximises benefits. The model is applied to a simulated population of men and women with baseline
characteristics as presented in Table 46.

Data sources used in model construction and parametric equations

Lipid progression and treatment thresholds
In the UK, guidelines for prescribing statins are based upon estimated CVD risk (primary) or lipid levels
(secondary), as described earlier (see Chapters 1 and 5). The model used to simulate the progression of lipids
over time, described in Chapter 5, has therefore been integrated into this simulation model. The progression
of each lipid measure is considered separately, so separate simulation modelling was carried out for TC and
for LDL. As in Chapter 5, the simulation model presented in this chapter assumes that decisions in primary
prevention are guided by CVD risk estimated by QRisk252 and that decisions in secondary prevention
populations are guided by lipid targets of 4mmol/l for TC and 2mmol/l for LDL. For primary prevention, in our
primary analysis we assumed a 10-year CVD risk threshold of 20%, based on guidelines current at time of
analysis. In sensitivity analyses we consider how our conclusions would differ under risk thresholds of 15%
or 10%.

Enter cohort of UK based general population patients
(CPRD)

Monitoring simulation model
• Observe changes in lipid profile
Estimate cardiovascular risk using QRisk2
Administer treatment (primary prevention) – decrease in CVD risk
• Statins – titrate up/switch treatment
Administer treatment (secondary prevention) – lipid thresholds
• Statins – titrate up/switch treatment
Measure costs
• Monitoring
• Treatment

Risk equations
• Risk of CVD
• CVD mortality
• Risk of myopathy
• Myopathy mortality
• Non-CVD related death
Measure costs
• Hospital costs associated with a CVD
   event – collected from the literature

Commence model cycle

Calculate QALYs

Death

Yes No

• Primary prevention not taking statins
• Primary prevention taking statins
• Secondary prevention taking statins

• Age
• Treatment effect on lipid

Update patient risk factors

• History of CVD
• History of myopathy

Update history of events

FIGURE 53 Pathway of the simulation model and risk equations involved. QALY, quality-adjusted life-year.
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Statin dose and type
As noted in Chapter 1, the atorvastatin patent expired in 2010.59,62 We therefore assumed that monitoring
would be based upon strategies recommended in the NICE guidelines that were current at time of the
analysis,226 but that atorvastatin, instead of simvastatin, would be recommended for both primary and
secondary prevention populations. We assumed a recommended initial dose of 10mg (for comparability of
LDL-lowering effect with the then-recommended simvastatin 40mg) in primary prevention and 40mg in
secondary prevention populations. As illustrated in Figure 54, we assumed that treatment regimens would
be changed as follows:

Primary prevention not taking statins

l Patients would be prescribed 10mg of atorvastatin if their estimated 10-year risk of CVD was
above threshold.

Primary prevention taking statins

l Patients taking statins other than atorvastatin would be prescribed 10mg of atorvastatin if their
10-year CVD risk was above threshold.

l Patients taking 10mg of atorvastatin would be prescribed 40mg of atorvastatin if their 10-year CVD
risk was above threshold.

l Patients taking 40mg of atorvastatin would be prescribed atorvastatin 80mg, the highest treatment
available, if their 10-year risk of CVD was above threshold.

Secondary prevention taking statins

l Patients taking statins other than atorvastatin would be prescribed 40mg of atorvastatin if their
measured lipid level was above threshold.

l Secondary prevention patients taking atorvastatin 40mg would be up-titrated to 80mg of atorvastatin
if their measured lipid level was above threshold.

TABLE 46 Baseline characteristics of CPRD patients used in the simulation model

Variable

Male Female

Primary
Primary on
statins Secondary Primary

Primary on
statins Secondary

n 17,434 7714 8803 14,438 7016 5660

Age (years): mean (SD) 60.3 (11.8) 64.1 (10.3) 69.7 (9.9) 68.5 (9.5) 69.9 (8.2) 74.7 (8.6)

History of diabetes (%) 13.4 44.7 24.1 9.8 38.4 24.6

History of atrial
fibrillation (%)

4.1 5.7 12.7 4.1 5.1 12.8

History of chronic kidney
disease (%)

0.7 2 2.5 0.6 1.5 2.5

Systolic BP (mmHg):
mean (SD)

139.3 (17.7) 139.4 (16.7) 134.9 (17.5) 141.5 (18.9) 140.7 (17.5) 138.3 (19.2)

BMI (kg/m2): mean (SD) 28.2 (5.1) 29.0 (5.1) 28.0 (4.7) 27.7 (5.6) 28.8 (5.8) 27.7 (5.6)

TC (mmol/l): mean (SD) 5.4 (1.1) 4.5 (1.0) 4.2 (0.9) 5.9 (1.1) 4.8 (1.1) 4.5 (0.9)

HDL (mmol/l): mean (SD) 1.3 (0.4) 1.2 (0.4) 1.2 (0.3) 1.7 (0.4) 1.6 (0.4) 1.5 (0.4)

LDL (mmol/l): mean (SD) 3.4 (0.9) 2.5 (0.9) 2.2 (0.8) 3.6 (0.9) 2.6 (0.9) 2.3 (0.8)

TGs (mmol/l): mean (SD) 1.7 (1.2) 1.8 (1.2) 1.5 (0.9) 1.5 (0.8) 1.6 (0.9) 1.5 (0.8)
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Treatment effects of statins
As reported in Chapter 3, few RCTs have examined the lipid-lowering effects of atorvastatin with doses
higher than 20mg/day. However, the findings in Chapter 3 are broadly consistent with the dose–response
equations reported in the 2012 Cochrane Systematic Review.187 We therefore model the statin effects in
our model on these (see equations 7–9, below), obtaining the percentage reductions in TC and LDL shown
in Table 47.

TC : y = −12:75�log(x)−14:42 (7)

LDL : y = −18:13�log(x)−19:03 (8)

HDL : no significant effect, (9)

where y is percentage, x is the statin dosage in mg and log is logarithm to base 10.

In our main analyses we assumed 80% adherence (20% non-adherence) to statin medication when
calculating costs and effects. Non-adherence was modelled as statin cessation in the first year of
commencing treatment.

Cardiovascular disease incidence and cardiovascular disease-related mortality
Our model simulates the first CVD event after model entry, but takes into account subsequent costs,
mortality and impact on quality of life associated with this event over the patients’ remaining lifetime.
We used QRisk2,52 as described in Chapter 6, to estimate the incidence of CVD. Chapter 6 also describes
the methods used to modify the risk equation to use different lipids instead of TC/HDL cholesterol or to
use the mean value of a number of repeated measures. The treatment effect of statins in reducing lipids
will be reflected in a reduced CVD incidence through using the modified QRisk252 equations in Chapter 6.

Gender-specific mortality rates following the occurrence of CVD events were estimated from CPRD data.
To estimate mortality in the first month following a CVD event, we used a logistic regression, and for
mortality > 1 month post CVD event we used a Gompertz proportional hazards model. Coefficients of age
and gender were included in both models. Parameter estimates are shown in Table 48. The probability
that a CVD event was a MI, stroke or other type of event was also estimated using the CPRD data:
patients experiencing an event were assigned a 36% probability that the event was a MI, 20% that it was
a stroke, and 44% it was another CVD event.

TABLE 47 Log-dose–response equations and the risk reduction effects on lipids in the model

Current
treatment (mg) Reason for change Treatment change (mg) TC (%) LDL (%)

No treatment QRisk252 estimate> threshold Atorvastatin 10 73 63

Atorvastatin 10 QRisk252 estimate> threshold Atorvastatin 40 8 11

No treatment CVD event but were not on statins originally Atorvastatin 40 65 52

Atorvastatin 40 QRisk252 estimate> threshold Atorvastatin 80 4 5

Lipid> threshold
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Mortality from other causes
Age-specific risk of non-CVD-related death was estimated from life tables by subtracting CVD cause-
specific mortality rates from all-cause mortality rates. In the absence of cause-specific life tables for the UK,
we used US cause-specific life tables for the general population.227

Quality of life
Estimates of the utilities associated with different health states (No complications, MI, Stroke, Other CVD,
Statin medication) were drawn from previous studies, predominantly using time trade-off methods, listed
in Table 49. Utility values are expressed as quality-adjusted life-years (QALYs). This measure captures both
increases in life expectancy, and improved quality of life resulting from prevention of complications,
providing a composite outcome measure of fatal and non-fatal events that permits comparisons between a
wide range of interventions. A utility value of ‘1’ on the QALY scale is equivalent to full health and ‘0’ is
equivalent to death. Patients were assumed to have a utility of ‘1’ before CVD. MI patients were assumed
to have a utility of 0.88 in the first year post MI, and 0.9 in subsequent years.229 Stroke and other CVD
patients were assumed to have utilities of 0.58 and 0.73, respectively. Patients with non-fatal myopathy
had a utility of 0.97.

Outcome measure
Our prespecified main outcome measure was the cost per QALY gained. For each lipid-monitoring strategy
that we examined, the incremental cost per QALY gained was estimated by calculating the difference
between the cost of the strategy of interest and the cost of another strategy, which was then divided by
the differences in QALYs between each strategy. In comparisons in which one scenario is both cost-saving
and more effective than another, the ratio measure cost per QALY is uninterpretable, and we report
instead that one scenario ‘dominates’ the other.

Model testing and validation
Validity of the model estimates were tested by comparing life expectancy estimates of the model to the UK
life table 2009–11.231

TABLE 48 Functional form, beta coefficients and 95% CIs for equations estimating mortality post cardiovascular event

Parameter or
model structure Equation 1 Equation 2 Equation 3 Equation 4

Model section CVD death 1 month
post event (males)

CVD death 1 month
post event (females)

History of CVD (males) History of CVD
(females)

Functional form
coefficients

Logistic Logistic Gompertz Gompertz

γ/ρ (shape
parameter of
model)

0.00032 (0.00030 to
0.00034)

0.0003 (0.0002 to
0.0004)

Constant –7.72 (–7.16 to –8.28) –9.19 (–9.88 to –8.49) –12.84 (–13.16 to
–12.58)

–11.35 (–11.59 to
–11.12)

Age at event 0.07 (0.06 to 0.08) 0.09 (0.08 to 0.10) 0.058 (0.054 to 0.062) 0.04 (0.038 to 0.044)

Stroke –0.59 (–0.78 to –0.41) –0.38 (–0.49 to –0.27) 0.23 (0.17 to 0.28) 0.17 (0.11 to 0.23)

Other CVD –1.39 (–1.61 to –1.16) –1.89 (–2.15 to –1.64)
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Cost-effectiveness analyses

Economic evaluation
Incremental cost-effectiveness analyses were carried out for several monitoring strategies outlined below
and in line with those presented in Chapter 5. The perspective of the economic evaluation was of the
health-care provider and so only the following direct health service costs were included in the analysis:
costs of monitoring; costs of treatment; and costs of hospitalised cardiovascular events. Both costs and
effects were discounted at 3.5% per year for the first 30 years, and, subsequently, 3% in line with
current guidelines.232

Results are presented as mean values and SDs, or mean differences, and as ‘cost-to-clinical-effectiveness’
ratios. The effects of uncertainty surrounding costs and the utility values used in the study were examined
using sensitivity analyses.

Model simulations
Using the methods outlined above, simulations were undertaken at the patient level. The results presented
are the mean of 1000 simulations, to stabilise the expectation of different individual Monte
Carlo simulations.

Resource data and costs
We use annual monitoring as our reference strategy except where otherwise indicated. All costs included
were obtained from published sources and the values and sources of cost data are described in Table 49.
Costs are expressed in 2013 pounds sterling, and data from previous years have been adjusted to 2013
values using the Hospital and Community Health Services (HCHS) pay and price index.233

TABLE 49 Costs and utilities (and 95% CIs) involved in the model, and their associated sources

Model component Source Description Annual costs (£)

Monitoring HTA commissioned report (2004)a First year of monitoringb 195.80

Subsequent yearsc 52.77

Treatment Category M prices second quarter
July 2013228

Atorvastatin 10mg 10.80

Atorvastatin 20mg 15.48

Atorvastatin 40mg 22.68

Atorvastatin 80mg 37.56

Hospital costs from a
cardiovascular event

UKPDS hospital costs (2003)a Fatal MI 1819 (1486 to 2204)

Fatal stroke 5342 (3055 to 8576)

Non-fatal MI 6427 (5653 to 7456)

Non-fatal stroke 3737 (2525 to 5170)

Utilities Greving et al. 2011229 Post MI first year 0.88 (0.80 to 0.96)

Subsequent years post MI 0.90 (0.80 to 0.95)

Post stroke 0.50 (0.00 to 0.75)

Pignone et al. 2006230 Myopathy 0.97 (0.94 to 1.00)

UKPDS, UK Prospective Diabetes Study.
a Costs inflated to 2013 prices using the UK Hospital and Community Health Services (HCHS) index.
b Cholesterol measurement, liver function test, renal function test and creatinine kinase test (conducted by GP).
c Liver function test, cholesterol test (conducted by general practice nurse).
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The cost of lipid monitoring in primary care is estimated at £195.80 for the first year of monitoring, and
£52.77 for each subsequent year, according to the HTA report in 2004234 and adjusted for inflation.

Annual costs for treatment of atorvastatin 10, 20 and 40 and 80mg are listed as £10.80, £15.48, £22.68
and £37.56, respectively, according to the Category M prices in the second quarter of July 2013.228

Similarly, we used hospital costs for a CVD event from the UK Prospective Diabetes Study (UKPDS)235

hospital costs of 2003 and inflated up to 2013 prices.

Sensitivity analyses
Sensitivity analyses were conducted on major assumptions. We considered how comparisons between
monitoring strategies might vary under alternative risk thresholds in primary prevention (15% or 10%,
instead of 20%); if using alternative lipid measures (in a modified QRisk252 score in primary prevention or
directly in secondary prevention); and the effect of averaging lipid measurements over values from multiple
blood tests. Sensitivity analyses to address increased incidence of diabetes in statin users and a quality-of-life
decrement in diabetes were carried out by increasing these parameters and re-running the model until a
value was found at which annual monitoring was no longer cost-effective compared with less frequent
monitoring. For these analyses we took ‘less frequent’ monitoring to be biennial lipid monitoring.
We examined sensitivity to assumptions about medication adherence similarly.

We used a sensitivity analysis approach to consider whether or not our results are robust against hypothetical,
currently unreported or unquantified adverse effects of statins. That is, we posited a hypothetical utility
decrement associated with statin usage itself, and re-ran the model gradually increasing this from zero until a
utility decrement was found at which annual monitoring was no longer cost-effective. We used bootstrapping
methods to draw 1000 samples of the same size as the original sample for the primary prevention group with
replacement to account for sampling variability. Point estimates of mean total costs and mean total QALYs
were reported comparing annual monitoring with triennial monitoring in the primary prevention group when
the risk threshold was lowered to 10%, for both males and females, using TC/HDL cholesterol as the lipid
being monitored.

Scenarios
In the main analyses, we compare monitoring intervals of between 1 and 5 years. Incorporating the
primary analysis, and the sensitivity analyses listed above, the following scenarios were considered:

1. Current guidelines:

i. primary – TC/HDL cholesterol ratio in QRisk2 – threshold of 20%
ii. primary on statins – TC/HDL cholesterol ratio in QRisk2 – threshold of 20%
iii. secondary on statins – TC – threshold of 4mmol/l
iv. secondary on statins – LDL – threshold of 2mmol/l

2. Alternative lipid measures:

i. primary – LDL/HDL cholesterol ratio in modified QRisk2 score – 20%
ii. primary on statins – LDL/HDL cholesterol ratio in modified QRisk2 score – 20%
iii. secondary on statins – TC/HDL cholesterol ratio – threshold of 4mmol/l
iv. secondary on statins – LDL/HDL cholesterol ratio – threshold of 2mmol/l
v. primary – LDL – 20%
vi. primary – TC – 20%
vii. primary on statins – LDL – 20%
viii. primary on statins – TC – 20%
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3. Sensitivity analysis of current guidelines and alternative lipid measures:

i. lower CVD threshold to 15%
ii. adjust treatment effects to upper and lower 95% CIs
iii. adjusting the incidence rate of diabetes from statin usage
iv. a quality of life decrement for males and females who have diabetes
v. a quality of life decrement for males and females who use statins
vi. adjusting the adherence rate for people on statins

4. Primary prevention taking statins – TC/HDL cholesterol – threshold of 20%:

i. average of five repeat tests, then monitor at 5-year intervals
ii. average of three repeat tests, then monitor at 3-year intervals
iii. average of three repeat tests, then monitor at 5-year intervals

5. Secondary prevention taking statins – TC – threshold 4mmol/l:

i. average of five repeat tests, then monitor at 5-year intervals
ii. average of three repeat tests, then monitor at 3-year intervals
iii. average of five repeat tests, then monitor at 3-year intervals

6. Primary prevention (including primary prevention not taking statins and primary prevention taking
statins) – TC/HDL cholesterol:

i. 10% CVD risk threshold (in the context of the new NICE guidelines56 for CVD prevention)
ii. the effect of implementing a utility decrement for patients who have diabetes
iii. the effect of implementing a utility decrement for patients on statins
iv. the effect of an increased incidence of diabetes for patients on statins
v. the effect of reduced adherence for patients on statins
vi. cost-effectiveness of lowering the risk threshold from 20% to 15%.

Major amendments to protocol
Our main analyses assumed that a 10-year CVD risk threshold of 20% would be used to guide treatment
decisions in primary prevention, based on guidelines at time of protocol development. In sensitivity
analyses described above, we also considered the use of a 15% risk threshold. Subsequent to completion
of the analyses, new NICE guidelines56 were published recommending that treatment decisions should be
based on a 10% risk threshold. We therefore conducted a further, post hoc, sensitivity analysis comparing
annual to triennial monitoring under a 10% risk threshold.

The original protocol specified that, in anticipation of difficulties using QRisk252 algorithms, we would use
Framingham53 for CVD risk estimation, recalibrated to QRisk252 if possible. In the event, we were able to
obtain open-source software implementing the QRisk252 algorithm from the developers and have therefore
used QRisk252 throughout. This change is in line with the most recent UK guidelines, which give emphasis
to QRisk252 over Framingham methods53 for risk estimation.

The protocol specified that in addition to the above scenarios we would evaluate a strategy mentioned in
the 2008 NICE guideline2 in which ‘once a person has been started on a statin for primary therapy, repeat
lipid measurement is unnecessary’. Because of constraints of computational time we were not able to
include this analysis.
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In the event of substantial uncertainty in model results, the protocol specified that we would evaluate the
costs and benefits to the NHS of further research to reduce this uncertainty. Following the results of our
main and sensitivity analyses, in which one monitoring strategy dominated, there was not sufficient
uncertainty to justify such an analysis.

Results

Monitoring a primary prevention population not taking statins
Table 50 compares annual monitoring to triennial and quinquennial monitoring of lipids. Under 2010
guidelines using a 20% CVD risk threshold, annual monitoring appears to be less costly and more effective
than less frequent levels of monitoring with all lipid measures: annual intervals dominate over less frequent
intervals of monitoring. Under a CVD risk threshold of 15%, again annual monitoring appears to be less
costly and more effective than less frequent levels of monitoring.

Figures 55 and 56 report a post hoc sensitivity analysis, comparing annual monitoring with triennial
monitoring under a CVD risk threshold of 10%, as bootstrapped estimates for mean costs and QALYs on a
cost-effectiveness plane. For males, the discounted cost of annual monitoring was, on average, £465
(95% CI –£124 to –£806) less than triennial monitoring, with a discounted incremental QALY gain of 0.31
(95% CI 0.11 to 0.51). For females, the discounted cost of annual monitoring was, on average, £387
(95% CI –£8 to –£766) less than triennial monitoring, with a discounted incremental QALY gain of 0.29
(95% CI 0.12 to 0.47). Annual monitoring dominates (achieving lower incremental costs and higher
incremental QALYs) triennial monitoring in 98% and 99% of all replications for males and
females, respectively.

TABLE 50 Scenarios of current guidelines, by gender

Gender Treatment group
Risk
threshold 3 year vs. 1 year 5 year vs. 3 year 10 year vs. 5 year

Female Primary not taking statins
(TC/HDL cholesterol)

20% Annual monitoring
dominates

Annual monitoring
dominates

Annual monitoring
dominates

Primary taking statins
(TC/HDL cholesterol)

20% Annual monitoring
dominates

Annual monitoring
dominates

Annual monitoring
dominates

Secondary taking statins
(TC)

TC 4mmol/l Annual monitoring
dominates

Annual monitoring
dominates

Annual monitoring
dominates

Secondary taking statins
(LDL)

LDL 2mmol/l Annual monitoring
dominates

Annual monitoring
dominates

Annual monitoring
dominates

Male Primary not taking statins
(TC/HDL cholesterol)

20% Annual monitoring
dominates

Annual monitoring
dominates

Annual monitoring
dominates

Primary taking statins
(TC/HDL cholesterol)

20% Annual monitoring
dominates

Annual monitoring
dominates

Annual monitoring
dominates

Secondary taking statins
(TC)

TC 4mmol/l Annual monitoring
dominates

Annual monitoring
dominates

Annual monitoring
dominates

Secondary taking statins
(LDL)

LDL 2mmol/l Annual monitoring
dominates

Annual monitoring
dominates

Annual monitoring
dominates
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FIGURE 55 Cost-effectiveness plane graphing differences between annual vs. triennial monitoring of TC/HDL
cholesterol for males after 1000 bootstrap replications when considering the new treatment threshold guidelines
of 10% in the primary prevention group. Vertical axis shows differences in mean total costs, horizontal axis shows
differences in mean QALYs. Annual monitoring generated lower costs and more QALYs than the control treatment
in 98% of all replications.
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FIGURE 56 Cost-effectiveness plane showing differences between annual vs. triennial monitoring of TC/HDL
cholesterol for females after 1000 bootstrap replications when considering the new treatment threshold guidelines
of 10% in the primary prevention group. Vertical axis shows differences in mean total costs, horizontal axis shows
differences in mean QALYs. Annual monitoring generated lower costs and more QALYs than the control treatment
in 99% of all replications.
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Monitoring a primary prevention population taking statins
Results in a primary prevention population taking statins based on current guidelines (see Table 50) are
similar, in that annual monitoring appears to be less costly and more effective than less frequent levels of
monitoring with all lipid measures. This applies under both 20% and 15% risk thresholds.

Monitoring a secondary prevention population taking statins
Results for a secondary prevention population based on current guidelines are shown above (see Table 50).
In this population who have already experienced a CVD event, changes in costs and QALYs with different
monitoring intervals are smaller than in primary prevention, but annual monitoring still appears to be less
costly and more effective than less frequent levels of monitoring with all lipid measures.

Sensitivity analyses
A summary of analyses based on alternative lipid measures, alternative treatment thresholds, and other
sensitivity analyses conducted can be found in Tables 51–56.

Diabetes
In sensitivity analyses applying a utility decrement for patients with diabetes, in primary prevention using a
20% CVD risk threshold, for any decrement up to 0.03 for females and 0.02 for males, annual monitoring
remains cost-effective compared with less frequent monitoring. Similar results, 0.02 and 0.01 for females
and males, respectively, were obtained in secondary prevention. For reference, a decrement of 0.05 is
equivalent to a patient with type 2 diabetes who has experienced a stroke (transient ischaemic attack)
compared with the overall study population in a study that measured health–utility scores from a
multicentre, prospective observational study of 7327 patients with type 2 diabetes.236 In sensitivity analyses
exploring the effect of increased incidence of diabetes in patients taking statins, for any incidence rate up
to 14% per year in males and 12% per year in females, annual monitoring remained cost-effective
compared with less frequent monitoring in primary prevention. Results of 8% and 6% for females and
males, respectively, were obtained for secondary prevention.

Other adverse effects
In sensitivity analyses applying a hypothetical utility (QALY) decrement to all patients on statins, it was
found that, for any utility decrement up to 0.11 for females and 0.08 for males, annual monitoring in
primary prevention remains cost-effective compared with less frequent monitoring. Results of 0.06 and
0.04 for females and males, respectively, were obtained for secondary prevention.

Adherence
In sensitivity analyses exploring the effect of reduced adherence for patients on statins, for any adherence rate
> 35% (non-adherence up to 65%) in male patients and for any adherence rate > 50% (non-adherence up to
50%) in female patients, annual monitoring remained cost-effective compared with less frequent monitoring.
The corresponding lower limits of adherence (upper limits of non-adherence) are 17% (83%) in males and
30% (70%) in females in secondary prevention.

Comparison of risk thresholds
A comparison of the cost-effectiveness of annual monitoring with a 10-year cardiovascular risk threshold of
20% or 15% in primary prevention is presented in Table 57. The additional costs of treating more
patients, when using a threshold of 15%, are offset by the decrease in CVD events, resulting in higher
utilities and lower costs for all lipid groups in the primary prevention group and primary prevention with
statins group.
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TABLE 51 Alternative lipid measures

Gender Treatment group Risk threshold 3 year vs. 1 year 5 year vs. 3 year 10 year vs. 5 year

Female Primary not taking statins
(LDL/HDL cholesterol)

20% Annual monitoring
dominates

Annual monitoring
dominates

Annual monitoring
dominates

Primary taking statins
(LDL/HDL cholesterol)

20% Annual monitoring
dominates

Annual monitoring
dominates

Annual monitoring
dominates

Secondary taking statins
(TC/HDL cholesterol)

TC/HDL
cholesterol
4mmol/l

Annual monitoring
dominates

Annual monitoring
dominates

Annual monitoring
dominates

Secondary taking statins
(LDL/HDL cholesterol)

LDL/HDL
cholesterol
2mmol/l

Annual monitoring
dominates

Annual monitoring
dominates

Annual monitoring
dominates

Primary not taking statins
(LDL)

20% Annual monitoring
dominates

Annual monitoring
dominates

Annual monitoring
dominates

Primary not taking statins
(TC)

20% Annual monitoring
dominates

Annual monitoring
dominates

Annual monitoring
dominates

Primary taking statins (LDL) 20% Annual monitoring
dominates

Annual monitoring
dominates

Annual monitoring
dominates

Primary taking statins (TC) 20% Annual monitoring
dominates

Annual monitoring
dominates

Annual monitoring
dominates

Male Primary not taking statins
(LDL/HDL cholesterol)

20% Annual monitoring
dominates

Annual monitoring
dominates

Annual monitoring
dominates

Primary taking statins
(LDL/HDL cholesterol)

20% Annual monitoring
dominates

Annual monitoring
dominates

Annual monitoring
dominates

Secondary taking statins
(TC/HDL cholesterol)

TC/HDL
cholesterol 4

Annual monitoring
dominates

Annual monitoring
dominates

Annual monitoring
dominates

Secondary taking statins
(LDL/HDL cholesterol)

LDL/HDL
cholesterol 2

Annual monitoring
dominates

Annual monitoring
dominates

Annual monitoring
dominates

Primary not taking statins
(LDL)

20% Annual monitoring
dominates

Annual monitoring
dominates

Annual monitoring
dominates

Primary not taking statins
(TC)

20% Annual monitoring
dominates

Annual monitoring
dominates

Annual monitoring
dominates

Primary taking statins (LDL) 20% Annual monitoring
dominates

Annual monitoring
dominates

Annual monitoring
dominates

Primary taking statins (TC) 20% Annual monitoring
dominates

Annual monitoring
dominates

Annual monitoring
dominates
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TABLE 52 Sensitivity analysis of current guidelines and alternative lipid measures

Gender Treatment group Risk threshold 3 year vs. 1 year 5 year vs. 3 year 10 year vs. 5 year

Female Primary not taking statins
(TC/HDL cholesterol)

15% Annual monitoring
dominates

Annual monitoring
dominates

Annual monitoring
dominates

Primary not taking statins
(LDL/HDL cholesterol)

15% Annual monitoring
dominates

Annual monitoring
dominates

Annual monitoring
dominates

Primary not taking statins
(TC)

15% Annual monitoring
dominates

Annual monitoring
dominates

Annual monitoring
dominates

Primary taking statins
(TC/HDL cholesterol)

15% Annual monitoring
dominates

Annual monitoring
dominates

Annual monitoring
dominates

Primary taking statins
(LDL/HDL cholesterol)

15% Annual monitoring
dominates

Annual monitoring
dominates

Annual monitoring
dominates

Primary taking statins (TC) 15% Annual monitoring
dominates

Annual monitoring
dominates

Annual monitoring
dominates

Male Primary not taking statins
(TC/HDL cholesterol)

15% Annual monitoring
dominates

Annual monitoring
dominates

Annual monitoring
dominates

Primary not taking statins
(LDL/HDL cholesterol)

15% Annual monitoring
dominates

Annual monitoring
dominates

Annual monitoring
dominates

Primary not taking statins
(TC)

15% Annual monitoring
dominates

Annual monitoring
dominates

Annual monitoring
dominates

Primary taking statins
(TC/HDL cholesterol)

15% Annual monitoring
dominates

Annual monitoring
dominates

Annual monitoring
dominates

Primary taking statins
(LDL/HDL cholesterol)

15% Annual monitoring
dominates

Annual monitoring
dominates

Annual monitoring
dominates

Primary taking statins (TC) 15% Annual monitoring
dominates

Annual monitoring
dominates

Annual monitoring
dominates

TABLE 53 Sensitivity cost-effectiveness analysis of 10% CVD risk threshold (TC/HDL)

TC/HDL cholesterol

Gender Treatment group Risk threshold 3 year vs. 1 year

Female Primary not taking statins 10% Annual monitoring dominates

Male

MONITORING LIPIDS IN THE GENERAL POPULATION IN THE UK

NIHR Journals Library www.journalslibrary.nihr.ac.uk

146



TABLE 54 Sensitivity threshold analysis: primary prevention not taking statinsa

Sensitivity analysis (20% CVD risk threshold) Results

Incidence of diabetes per year for patients while on statins for males 14% (10–18%)

Incidence of diabetes per year for patients while on statins for females 12% (7–17%)

A utility decrement associated for patients with diabetes for males 0.03 (0.02–0.04)

A utility decrement associated for patients with diabetes for females 0.02 (0.01–0.03)

A utility decrement associated with statins for females 0.11 (0.09–0.13)

A utility decrement associated with statins for males 0.08 (0.07–0.09)

Adherence to statins for females 50% (39–61%)

Adherence to statins for males 65% (56–74%)

a How large the impact the specific adverse events would have to be when comparing biennial to annual monitoring to
reverse the decision to favour biennial monitoring.

TABLE 55 Sensitivity threshold analysis: secondary prevention taking statinsa

Sensitivity analysis (20% CVD risk threshold) Results

Incidence of diabetes per year for patients while on statins for males 8% (4–12%)

Incidence of diabetes per year for patients while on statins for females 6% (4–8%)

A utility decrement associated for patients with diabetes for males 0.02 (0.01–0.03)

A utility decrement associated for patients with diabetes for females 0.01 (0.005–0.015)

A utility decrement associated with statins for females 0.06 (0.03–0.09)

A utility decrement associated with statins for males 0.04 (0.02–0.06)

Adherence to statins for females 70% (55–85%)

Adherence to statins for males 83% (72–94%)

a How large the impact the specific adverse events would have to be when comparing biennial to annual monitoring to
reverse the decision to favour biennial monitoring.

TABLE 56 Sensitivity analysis: estimation based on repeat tests

Gender Treatment group Threshold

Five repeat tests, monitor
5-year intervals vs. three
repeat tests, 3-year intervals

Three repeat tests, monitor
5-year intervals vs. three
repeat tests, 3-year intervals

Female Primary taking statins
(TC/HDL cholesterol)

QRisk252> 20% Three repeat tests, 3-year
intervals dominates

Three repeat tests, 3-year
intervals dominates

Male Primary taking statins
(TC/HDL cholesterol)

QRisk252> 20% Three repeat tests, 3-year
intervals dominates

Three repeat tests, 3-year
intervals dominates

Female Secondary taking
statins

TC 4mmol/l Three repeat tests, 3-year
intervals dominates

Three repeat tests, 3-year
intervals dominates

Male Secondary taking
statins

TC 4mmol/l 7.6 –1.92 £0.24M three repeat
tests, 3-year intervals dominates

5.3–1.56 £0.29M three repeat
tests, 3-year intervals dominates
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Discussion and interpretation of results

Following patent expiration in the UK, statins at different dosages have now become very affordable.
The low costs associated with lipid monitoring and assessing cardiovascular risk mean that monitoring lipid
levels more frequently would identify patients who are at high cardiovascular risk (or above lipid threshold)
who would then need to be given statin treatment. The increased costs of more frequent monitoring and
treatment are offset by the number of potential cardiovascular events prevented. As the hospital costs
associated with a cardiovascular event are quite large in comparison with the cost of statins, this means
that more frequent monitoring is more cost-effective. This was found whether or not cardiovascular risk
thresholds of 20%, 15% or 10% are assumed to guide primary prevention treatment decisions.

Although there are associated negative effects of taking statins (fibromyalgia, fatigue, muscle soreness),
our sensitivity analysis model results have shown that the negative effects need to be substantially greater
(i.e. a utility decrement for all patients associated with the usage of statins) than recorded in the literature
in order to change the decision to more frequently monitor lipids at current cardiovascular risk thresholds.
This is consistent with the latest published research.237,238

Another issue that we considered was adherence to statin medication. Uptake and adherence of statin
medication in real clinical practice may not be the same as in the RCTs from which our effect estimates
derive. Chowdhury et al.’s 2013 meta-analysis239 of 12 prospective studies found that the prevalence of
good adherence to statins was suboptimal at 60% (95% CI 52% to 68%). We have not attempted to
model a distinction between non-adherence and discontinuation: none of the studies in the Chowdhury
review was > 10 years, and we do not know how discontinuation rates may behave in the longer term. In
sensitivity analyses we found that annual monitoring remained cost-effective compared with less frequent
monitoring, even if adherence is substantially lower than in trials. As in Chapter 5, our simulations are

TABLE 57 Comparing cost-effectiveness of lowering the cardiovascular risk threshold from 20% to 15%

Lipid Prevention group Gender Costs (£) Utilities ICERS

TC/HDL cholesterol Primary not taking statins Female –3,200,000 430.85 15% threshold dominates

TC/HDL cholesterol Primary not taking statins Male –6,200,000 930.54

LDL/HDL cholesterol Primary not taking statins Female –4,700,000 522.92

LDL/HDL cholesterol Primary not taking statins Male –7,200,000 835.61

TC Primary not taking statins Female –16,300,000 1706.93

TC Primary not taking statins Male –14,000,000 1753.13

LDL Primary not taking statins Female –13,500,000 1409.04

LDL Primary not taking statins Male –11,100,000 1388.72

TC/HDL cholesterol Primary taking statins Female –4,300,000 450.16

TC/HDL cholesterol Primary taking statins Male –7,200,000 710.29

LDL/HDL cholesterol Primary taking statins Female –5,800,000 517.78

LDL/HDL cholesterol Primary taking statins Male –6,900,000 878.92

TC Primary taking statins Female –21,100,000 2171.44

TC Primary taking statins Male –16,100,000 1956.33

LDL Primary taking statins Female –16,100,000 1693.78

LDL Primary taking statins Male –12,700,000 1661.96

ICER, incremental cost-effectiveness ratio.
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based on a CPRD population with at least one lipid measurement present in the year before baseline.
Our results therefore will not apply to patients who decline invitations to attend lipid screening.
Such patients will accrue no costs and receive neither harms nor benefits from lipid screening.

The 15% risk threshold for treatment decisions in monitoring primary prevention patients dominates the
20% risk threshold, which suggests that the risk threshold could be further reduced and still be
cost-effective according to NICE’s £30,000 per QALY threshold. Since this work was conducted, NICE
has published new guidelines for cardiovascular risk assessment in the UK, suggesting the lowering of the
10-year cardiovascular risk from 20% to 10%.56 Recently, the American Heart Association (AHA) also
lowered the suggested threshold for 10-year cardiovascular risk to 7.5%,240 again suggesting an increase
in uptake of statins. These new guidelines would substantially increase the number of patients undertaking
statin medication. Our analyses, carried out before the guidance was published, do not directly compare
the 10% to the 15% or 20% threshold. However, we did compare monitoring intervals at various
thresholds including, in a sensitivity analysis, 10%: we found that annual monitoring is more cost-effective
than less frequent monitoring at all of the risk thresholds that we considered.

Comparison with previous literature
Previous HTA-commissioned research234 in 2007 conducted a systematic review and meta-analysis of economic
evaluations of statins for the primary prevention of coronary events. The study234 concluded that statin therapy
in secondary prevention was cost-effective compared with other treatments; the cost-effectiveness ratio
results were mixed in the primary prevention group. However, the analyses did not take into account costs of
identifying and screening the relevant population at risk, which this current study does. A key difference
between the current study and previous studies is the expiration of patents on statins in the UK. The previous
HTA report suggested that ‘the analyses are sensitive to the cost of statins . . . the cost-effectiveness results
will need to be reviewed in the light of any significant changes in the price of statins’. The changes in the price
of statins has resulted in a major shift towards the cost-effectiveness of more frequent monitoring of lipids
and encouraging an increase in the uptake of statins.

The 2013 Cochrane review of primary prevention with statins concluded that statins reduce all-cause
mortality and cardiovascular events without increasing the risk of adverse events among people at low risk
of CVD (< 10% over 10 years).237 Previous reviews of RCTs have investigated adverse effects of statins.
The Cholesterol Treatment Trialists collaboration found no increased risk of cancer associated with statin
use.241 Sattar et al.242 found a 9% increase in the odds of developing diabetes in those randomised to
statins and further this is most apparent at high doses.243 Increased risk of intra cerebral haemorrhage has
been reported but was not confirmed, in populations without previous stroke, by two systematic reviews
of RCTs.244,245 A Cochrane review did not find increased risk of rhabdomyolysis in statin users.237 Recent
systematic reviews238,246 found no increase in muscle problems in statin groups compared with placebo
groups across randomised trials; however, two trials not included in those reviews did find such
effects.247,248 A recent overview commented that there were other possible effects of statins that did not
have strong RCT evidence, such as the possible increase of cataracts.249

An extreme scenario to consider would be to suggest universal treatment at highest tolerated dose, as the
associated costs of overtreatment are very small in relation to the costs of undertreatment. However, it is
difficult to draw firm policy conclusions regarding the merits of universal treatment because of the limited
number of studies reporting continued long-term statin usage. Therefore, it is necessary to collect more
evidence surrounding the benefits and adherence for patients with statins in a much longer time period.
This should be examined in future work before universal treatment can be considered a viable
policy option.
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Strengths and limitations
Our results were robust when challenged in sensitivity analyses (especially for females, in whom monitoring
is assumed to begin later in life). There are a number of limitations that require acknowledgement in our
model. Multiple CVD events are not explicitly included in the model as the QRisk252 equation, but the
impact of these events on costs and mortality is taken into account for those with a history of the event.
Second, our analysis is over a lifetime, whereas the data we have from the CPRD is limited to only 7 years
and so we have had to make a ‘life table’ assumption that the current risk in the UK population can
represent risks over a lifetime. When accounting for uncertainty in our model, we assumed independence
between (1) variables in the same risk equations and (2) different risk equations. The level of uncertainty
could potentially be impacted upon if the covariance between parameters is significant.

The choice of starting dose of atorvastatin at 10mg was based on available information at the time the
protocol was written, being similar in LDL reduction to the simvastatin dose (40mg) in recommendations
at that time.2,59 After the analyses were carried out, the 2014 NICE guidance recommended atorvastatin
20mg as the starting dose in primary prevention.56 Given the small difference between 10mg and 20mg
found in the review conducted in Chapter 3, this discrepancy would have only modest impact on specific
cost–utility estimates and will not affect our overall conclusion that annual monitoring dominates.

Our model captures the cardiovascular benefits, potential increase in myopathy, and, in a sensitivity
analysis, increased incidence of diabetes, of statins, but, as discussed above, there are other potential
effects of statins for which definitive RCT evidence is not currently available. To address this, a sensitivity
analysis explored the potential impact of any currently unquantified harms of statin prescription, and found
that unless such harms had QALY decrements as high as 0.04 to 0.11 then our overall conclusions, in
favour of annual monitoring, remain justified. This analysis addresses concerns about both clinical adverse
effects of statins and psychological effects of labelling such as those reported for hypertension.250

Conclusion

We estimate that annual monitoring is not only more effective, but also cost-saving (dominates) compared
with less frequent monitoring strategies. This finding appears robust under a variety of assumptions,
including varying risk thresholds used to guide decision-making in primary prevention.
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Chapter 8 Early dissemination meeting of findings

Format of meeting and outputs

As part of our dissemination strategy, and in order to be able to incorporate comments from key
researchers and stakeholders in the scientific community, we held an early meeting at which provisional
results were presented, followed by a group discussion. The meeting was held on Wednesday
18 September 2013 from 13.00 to 17.00 at St Hugh’s College, Oxford, with lunch provided beforehand
to allow the group to network and get to know each other.

In total, 57 guests were invited, made up from the 18 people involved in the project, seven internal staff
members from the Nuffield Department of Primary Care Health Sciences (NDPCHS) and 32 external
academics who have published key papers on lipids or CVD in relevant fields. A personal letter of invitation
was sent to all of those invited, via post and through e-mail 3 months prior to the meeting on behalf of
Professor Richard Hobbs, Director of NDPCHS and Dr Rafael Perera (Principal Investigator), Director
of Medical Statistics, NDPCHS. In total, 33 people responded, wishing to attend the meeting, and
19 responded to say that they had prior arrangements.

Those who attended the meeting were considered to be largely representative of those invited, and
included both UK and international opinion leads in the field of lipid and cardiovascular research, a
representative from NICE, and various relevant researchers who have collaborated with members of
the NDPCHS.

The meeting began with Professor Richard Hobbs welcoming the group to Oxford and an overview of the
NDPCHS. Dr Rafael Perera then gave the group an overview of lipid monitoring and a brief summary
of the main aims of the project. This was followed by three separate presentations, one from each of the
section leads, which focused on the choice of lipid measurements for monitoring and possible monitoring
strategies for both primary and secondary prevention population groups. The presentations were
as follows:

1. Julie McLellan gave an overview of findings from Chapter 2 on the predictive value of different lipid
measures for CVD and mortality in primary and secondary populations. Ms Julie McLellan explained the
background of this work, summarised the methods used, and presented early results.

2. Dr Emily McFadden gave a presentation on the work completed for the statistical modelling section,
presented in this report in Chapters 4 and 5. Dr Emily McFadden summarised the data sources and
statistical methods used, before describing results on lipid variability and the corresponding estimates of
false treatment decisions under different monitoring scenarios.

3. Dr Philip Clarke and Thomas Lung then presented an overview and explained provisional results from
the economic model used to estimate the cost-effectiveness of different monitoring scenarios seen in
Chapter 7.

A question and answer session followed, which developed into a lively debate on the clinical implications
of the work presented and some suggestions for further analyses for potential inclusion into this report
(HTA monograph).
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The whole of the dissemination meeting, including both presentations and the discussion, were filmed to
enable us to disseminate the findings from the meeting as quickly as possible. Two films have now
been produced:

1. Optimal Lipid Monitoring dissemination meeting: study findings
2. The role of early dissemination meetings in the research process

The first film included interviews from Dr Rafael Perera, Professor Richard Hobbs, Dr Emily McFadden,
Dr Richard Stevens, Dr Rubin Minhas, Professor Carl Heneghan and Dr Gautam Deshpande, and lasts
7 minutes 29 seconds. This film gives a general overview on how a long-term condition might impact on
people’s health, and concentrates on the main results at the time of the meeting, with information about
the models used and how the findings would impact on the general public.

The second film included interviews with Dr Rafael Perera, Professor Richard Hobbs, Dr Richard Stevens,
Dr Rubin Minhas and Dr Gautam Deshpande, and lasts 2 minutes 35 seconds. This film concentrates on
the outcome of the meeting, and gives the different groups a chance to discuss how this project will have
an impact on people’s health. The dissemination meeting helped us to identify opinions from different
experts in the field, and enabled debate on potential monitoring strategies and their clinical impact. It was
a successful way to disseminate our provisional findings quickly, enabling us to incorporate valuable
feedback into the final report, and will help us to deliver the evidence as fast as possible into the
general public.

These films will be available at the NDPCHS, University of Oxford website: http://youtu.be/Hhv87ocvH6Q.
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Chapter 9 Patient and public involvement
representative comment on universal treatment

Preface

The results of Chapter 7 show that annual monitoring is more cost-effective than less frequent monitoring
strategies, even though (see Chapter 5) annual monitoring carries the highest rate of statin prescriptions
that are ‘unnecessary’: that is, prescription of statins to people whose underlying cholesterol value
(or cardiovascular risk) is below a treatment threshold, but whose cholesterol value (and hence apparent
cardiovascular risk) measures high on a particular occasion due to within-measurement variability
(see Chapter 4).

This cost-effectiveness, despite over-prescription, arises because statins are cheap, so that the main
deterrent to their wide use is possible harms, and, because they are well-tolerated, with few side-effects
compared to their cardiovascular benefits, in almost all populations the cardiovascular benefits outweigh
the few known health risks. Further, as a result of the expiry of atorvastatin patent status in 2012, the
costs associated with prescribing statins are lower than the cost of a monitoring programme to allocate
(‘ration’) them. Thus, frequent monitoring programmes, with a relatively high false-positive rate and
relatively low false-negative rate (see Chapters 5 and 7) are more cost-effective than less frequent
monitoring programmes with a lower false-positive rate but higher false-negative rate.

At the early dissemination meeting (see Chapter 7) this interpretation of the cost-effectiveness results was
discussed. It was observed that, taken to the extreme, this line of argument would advocate universal
statin treatment (in some age-defined population) rather than a monitoring programme. Provisional results
from the simulation model of Chapter 5 were presented showing the modelled cardiovascular benefit of
universal treatment compared with treatment based on a monitoring programme (Figure 57).

The PPI member of the project steering committee was therefore invited to consider, from a patient
perspective, the potential implications of replacing cholesterol monitoring with universal treatment in an
age-defined population. The PPI member reviewed drafts of Chapters 2–7, met with the project team for
discussion, and prepared a written commentary, which follows below.
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FIGURE 57 Modelled cardiovascular event rates under the assumption of universal treatment with 80mg of
atorvastatin, universal treatment with 40mg of atorvastatin, or treatment allocated according to current UK
guidelines, in a primary prevention population.
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To monitor or not to monitor? A patient and public
involvement view

Summary As the PPI representative, I was asked to consider the proposition that universal prescription of
statins could sensibly be adopted for everyone over a certain age without prior measuring or subsequent
monitoring of cholesterol or lipids. My personal conclusion, which I would guess would be the view of
many patients and members of the public, is that such a change of practice might turn out, on closer
inspection, to be a very finely balanced question and one to be treated with great caution. I suggest a list
of factors that should be considered and, if possible, quantified. And – if the balance of advantage still
appears to lie with universal prescription – some thoughts on a cautious step-by-step introduction.

The question

1. Now that atorvastatin has come off patent it would cost less to prescribe statins to everyone over a
given age than to conduct tests. The known side effects are thought to be slight and the benefits great.
We had to consider whether or not this was a safe option with great benefits to health as well as to
expenditure. Speaking personally, I find it exciting when a new insight rearranges all the furniture and
one knows that the room will never look the same again. But new insights generally arrive with the
beauty of simplicity, uncluttered by caveats and conditions. They need to be interrogated.

2. In the present case the insight hangs on a direct comparison of the net costs of two options. In
discussion we came to call these ‘measure and monitor’ compared with ‘fire and forget’. The former
included the costs of initial measurement and subsequent monitoring, selective prescription and known
side effects, and the benefits of reduced cardiovascular incidents. The latter included the costs of
universal prescription and known side effects, and the benefits of reduced cardiovascular incidents.

3. As a patient on statins and a lay member of the public, I wanted to know whether or not those costs
and benefits painted the full picture. If there were additional costs or drawbacks to ‘fire and forget’ or
potential savings and improvements in ‘measure and monitor’ then the gap between the two options
might close or the balance of advantage reverse. I suggested a list of potential costs and savings that
patients or members of the public might wish to be considered (many of these having been already
identified in team discussion).

Potential extra costs with ‘fire and forget’

4. Unknown side effects These might arise either as (a) a result of new medical research or (b) new
evidence accruing with the passage of years (to date it has not been possible to study the side effects
of taking statins over long periods of time but a universal prescription could place hundreds of
thousands of people on statins for 30, 40 or 50 years).

5. Over- or under-prescription Statins prescribed without measuring the patient’s condition would necessarily
mean a standard dosage. A low dose would fail to achieve the protection needed by high-risk people,
with consequent costs from cardiovascular incidents. A high dose would imply additional costs from side
effects, both known and (if any) unknown.

6. Non-adherence I learnt that occasional lapses by a patient in taking statins are generally unimportant.
But there are those who discontinue their treatment for long periods or completely, for a variety of
personal reasons ranging from anxiety about side effects to over-optimism about their health.
Non-adherence brings costs to health. We should expect non-adherence to be greater once statins
are prescribed without any prior measurement because many people would doubt that they have any
need for them.

7. Labelling Would being told that they need statins lead to more people labelling themselves as having
a medical condition to worry about? This might increase costs due to (a) more visits to their GP
(see discussion of GP costs below) and (b) an increase in sick leave from work.

PATIENT AND PUBLIC INVOLVEMENT REPRESENTATIVE COMMENT ON UNIVERSAL TREATMENT
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Fear of side effects

8. People vary. Some are keen to take prescriptions, alternative medicines, dietary supplements, etc.
Others are reluctant to muck around with their body or are even fearful of side effects. With a
universal, unmonitored ‘fire and forget’ policy, this latter group might become significant. One person
talks to another. Resistance to taking the prescription would probably spread, non-adherence rates
would rise among those who start the regime, and the costs from unprevented cardiovascular
incidents would rise.

Media scares

9. Investigative journalism and marketing managers, in newspapers and TV alike, love a good scare story
about health. Media stories are magnified by Twitter and YouTube. People do not trust scientists,
pharmaceutical companies or governments. There must be a risk of a scare about the side effects of
long-term use of statins by people who do not need them. Perhaps the probability of a scare is no
higher than moderate, but the consequences could be highly costly: potentially not only a collapse of
faith in universal prescription, but also of growing distrust of statins themselves, leading to more
cardiovascular incidents in the population than at present. And perhaps a good scare about statins
would smooth the path to a new scare about some other science-based proposal.

Potential new savings for ‘measure and monitor’

10. GPs’ time The main costs of measurement are in staff time, and the GPs’ time is the most costly. Visits
to the doctor are triggered by the patients themselves. I question whether or not GPs’ time might be
overstated in the present analysis of ‘measure and monitor’: (1) some of the present GP visits should
be discounted from the equation (because the patient wants a visit for other reasons); (2) general
practices could promote widespread cholesterol monitoring without a prior consultation with the GP –

just going straight to blood sampling; and (3) as a minor point, I wonder why the first-year monitoring
costs in the model are assumed to be three to four times greater than those for subsequent years – is
this dependent on assumptions about GP time?

11. Lower cost measures The study is looking at the effectiveness of different measures in predicting
health problems. If (without choosing less effective tools) measures can be adopted that would require
fewer GP consultations or fewer visits to the clinic for blood sampling then costs would reduce.

12. Longer intervals between monitoring Given the observation that statins are so cheap and relatively
harmless that you might as well do away with measurement altogether, there is at least an argument
for extending the periods between taking measurements in a regime of monitoring. Ten-year intervals,
rather than five-year intervals, would halve the monitoring costs.

Intermediate positions

13. If, after exploring these possible costs and savings, the balance of advantage still appears to lie with a
‘fire and forget’ regime then it might be prudent to consider partial or incremental implementation.

14. For example, as a first step, universal prescription without measurement might be brought in for those
aged > 70 years. The threshold might be reduced progressively to ≤ 60 years. This would seem
particularly attractive if the balance of advantage seemed to favour ‘fire and forget’ on those costs
that are readily quantifiable, but there were to remain great doubts about the hard-to-quantify factors.
These might include, especially, widespread public doubts about the long-term side effects of taking
statins and the risk of a media scare story. A cautious first step to those aged > 70 years old would
allow time for the public to accept a new approach, time for the public reaction to be assessed, and
time for medical research into long-term effects of statins.
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Conclusion

15. I hope these thoughts are helpful. I cannot judge how far these factors are amenable to
quantification, or even how far the arguments are valid. They are a lay person’s perception, but I think
it is reasonable to emphasise that I suspect ‘fire and forget’ would be very exposed to repercussions
from public doubts and anxieties, and vulnerable to media scare.

John Stevens
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Chapter 10 Discussion and conclusions

This work extends a body of knowledge that has identified that many observed changes in lipid
measurements, in the absence of a lipid-lowering treatment change, are due to short-term variability

rather than true change. We have reviewed the literature on predictive power of lipids and effects of
atorvastatin, estimated variability of lipids, and modelled the consequences, including costs and health
effects, of a variety of lipid-monitoring strategies.

Summary of findings

Our systematic review results point to apolipoproteins and composite lipid measures, such as ratios and
non-HDL cholesterol, as the strongest predictors of CVD risk and mortality. In particular, the ratio of Apo B
to Apo A-I shows a strong association with future CVD events, although few studies evaluated its
association with all-cause mortality. In general, associations with all-cause mortality were weaker than
associations with CVD events and CVD mortality. Our re-analysis of RCTs of atorvastatin confirmed
its effectiveness for lowering LDL and TC at low and high doses. Our analyses of large databases from the
UK and Japan show that biological variability and measurement error make up about one-quarter of the
total variation in lipid measures. As a result, we estimate that many observed changes in lipid monitoring
are due to measurement error and biological variability instead of true change; findings were consistent for
all studied lipid measures, single or composite. The relative frequency of incorrectly detecting individuals as
above threshold when they are below, and vice versa, is dependent on the interval between measurements
in a monitoring strategy. In general, more frequent measurements will lead to an increase in the number
of both true-positives and false-positives above threshold classifications. Cost-effectiveness modelling
allowed us to incorporate the costs and health consequences of monitoring, treatment and long-term
health outcomes in a lipid monitoring programme. Based on these models, we find that any regime that
places more individuals on treatment is likely to be cost-effective compared with one that treats less. These
results held for both primary and secondary prevention of CVD, and whether or not a 10-year CVD risk
threshold of 20%, 15% or 10% is used to guide primary prevention.

Strengths and limitations

We have carried out the most complete review to date of prospective studies reporting on the predictive
value of single and composite lipid measures for CVD events, CVD mortality and all-cause mortality.
Limitations, such as the relatively small number of studies addressing all of the lipid measures of interest
and the use of indirect comparisons, are discussed in Chapter 2. Despite large statistical heterogeneity,
strengths include the consistency of many findings across different outcome measures, populations and
treatment groups.

Our meta-analysis to determine the efficacy of atorvastatin in reducing lipid levels (increasing in the case of
HDL) was based on studies identified in a recently published systematic review of lipid-lowering across
statins.188 We did not carry out a new search for trials to avoid duplication of effort. We independently
filtered the studies, extracted data, and quality assessed the 10 included studies115,179,184,191–197 in order to
produce estimates of lipid-lowering effects of atorvastatin at different doses. Our estimates were consistent
with dose–response equations reported in a Cochrane review,187 except at doses of 40mg, for which we
had only one study.194

Our statistical analyses of variability and long-term change in lipids were based on data from high-quality
data sources. In particular, data from the CPRD are likely to be representative of contemporary clinical
practice in the UK and therefore not include those not accepting invitation to participate in CVD risk
assessment or taking over-the-counter statin treatment – currently less than 1% of the eligible

DOI: 10.3310/hta191000 HEALTH TECHNOLOGY ASSESSMENT 2015 VOL. 19 NO. 100

© Queen’s Printer and Controller of HMSO 2015. This work was produced by Perera et al. under the terms of a commissioning contract issued by the Secretary of State for
Health. This issue may be freely reproduced for the purposes of private research and study and extracts (or indeed, the full report) may be included in professional journals
provided that suitable acknowledgement is made and the reproduction is not associated with any form of advertising. Applications for commercial reproduction should be
addressed to: NIHR Journals Library, National Institute for Health Research, Evaluation, Trials and Studies Coordinating Centre, Alpha House, University of Southampton Science
Park, Southampton SO16 7NS, UK.

157



population.251 We were also able to show that our estimates are broadly consistent with published data
on lipid variability in similar populations (see Appendix 17). Our estimates of rates of false-positive and
false-negative tests for lipid or CVD risk above treatment threshold are based on statistical modelling
and not a trial comparing different monitoring strategies. Full randomised trials of diagnostic or monitoring
strategies require, in general, unfeasibly large sample sizes.252 Given the complexity and number of
monitoring strategies that we have studied, it is hard to conceive of a feasible trial addressing the same
research questions.

Our simulations in Chapters 5 and 7 necessarily make simplifying assumptions: for example, that risk
factors besides lipid levels and age remain constant for the period under study. BP may remain constant in
the short term204 but in the longer term both systolic and diastolic BP are likely to rise over time,253 and
even weight is unlikely to remain constant over a 10-year period.254 However, modelling changes in all risk
factors is outside the remit of this report, which focuses specifically on lipid measures in the management
of CVD risk. Another necessary simplifying assumption is that treatment decisions follow guidelines,
whereas in practice treatment decisions are multifactorial. However, for the purposes of evaluating
monitoring strategies we consider it reasonable to model TC and LDL in secondary prevention, and CVD
risk in primary prevention, as the driving factors in statin prescribing decisions. Our results were robust in
sensitivity analyses to alternate treatment pathways including the use of a 10% threshold of CVD risk
for decisions in primary prevention, as recently proposed.62 Our analyses were also robust under a variety
of assumptions about adherence to medication and about known and unknown adverse effects.

The value of lipid monitoring and our conclusions that annual monitoring is cost-effective are dependent on
the value of lipid-lowering therapies, including cost, benefits and harms. We have considered only statins,
and in particular atorvastatin (as currently recommended by NICE guidelines56) at low, medium and high
dose; other lipid-lowering agents, such as proprotein convertase subtilisin-kexin type 9 (PCSK9) inhibitors,255

are not currently recommended by guidelines. In Chapter 3 we reviewed the dose-dependent effects of
atorvastatin to complement the many previous reviews of statin benefits and harms. Our cost-effectiveness
analyses incorporate cardiovascular benefits of statins and, as discussed in Chapter 7, known and (in
sensitivity analyses) potential unknown harms of statins. The latter could include psychological and other
effects of ‘labelling’ or medicalisation of those monitored. Nor have we included potential additional
benefits of statins, such as possible anti-inflammatory effects256 and non-cardiovascular benefits;249 in this
respect, our estimates of benefits of monitoring are likely to be conservative. A further limitation is that we
have not considered how risk of adverse events may vary with other patient characteristics.

We used an early dissemination meeting to give stakeholders and experts in the field the opportunity to
comment and critique our primary results, their interpretation and implications, and invited our PPI
representative (involved since the project was designed) to comment on the discussion. These inputs
informed and improved the content of this final report as well as its tone and focus.

Interpretation

The falling costs of statins combined with the current estimates of efficacy and safety indicate that any
regime that places more individuals under treatment is likely to be more cost-effective compared with one
that treats less. An example of this would be using a 10% threshold of 10-year CVD risk to guide primary
prevention, as recommended in the 2014 revisions to NICE clinical guidelines for CVD prevention.56

Another example in these revised guidelines56 is the move to wider use of maximum dose in secondary
prevention. Composites of total and HDL cholesterol are also emphasised, rather than measurement or
estimation of LDL cholesterol. Our review of prognostic studies supports this. Although apolipoprotein
measurements may have still greater prognostic power, at present they are not generally available in
primary care.
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Strategies with more frequent lipid monitoring reduce the number of undertreated individuals at the cost
of increased treatment in people who do not require it under current guidelines. However, the health
and economic costs of undertreatment are much higher than those of unnecessary treatment. As the
consequences of failing to treat individuals who later experience a CVD event are overwhelmingly more
severe than those of unnecessary treatment, any strategy that treats more individuals is cost-effective. In
the extreme, this leads to an argument for universal treatment with statins to the highest tolerated dose,
or at least support for a move towards population-based rather than risk-based treatment.257,258 Some of
the concerns about universal or population-based strategies for treatment with lipid-lowering drugs have
been alluded to in Chapter 9; full evaluation of such strategies is beyond the scope of this report but could
be a priority for future research.

Future research

Gaps in the existing literature that we encountered include (1) confirming the strength of the associations
between lipid measures and CVD events, CVD mortality and all-cause mortality; (2) long-term (surveillance)
studies to quantify safety profiles of atorvastatin; and (3) better estimation of the benefits and harms of
atorvastatin at high doses. Of these, our research would most benefit from further information on effects,
and especially safety profiles, of statins at high doses and over the longer term.

Further areas of research could include the potential for other markers in monitoring, beginning with
(1) obtaining estimates of short- and long-term variability for apolipoproteins and (2) the role of other
associated markers on CVD risk estimation potentially including genetic markers.

Beyond the scope of this project, future research should address whether or not (1) monitoring has an
alternative role to improve compliance/adherence and uptake of treatment; and (2) there are interventions
that can improve uptake of lipid monitoring.

Gaps in the literature
The evidence we found of association was strongest for CVD events and most sparse for all-cause
mortality. Recent systematic reviews of trials237,238,259 have confirmed the perceived safety profile of statins.
However, none of these studies provides evidence of long-term adherence or of safety after long-term
exposure to these treatments. With individuals likely to be on these medications for longer than 40 years,
this evidence is therefore needed.

We found most of the trial evidence about the effects of atorvastatin was for 10 or 20mg. Given that
current recommended treatment strategies emphasise higher doses, further evidence from RCTs of
medium (40mg) or high (80mg) dose are required. Related to this, as atorvastatin (or any other statin)
does not impact on HDL levels, alternative treatment regimes that might increase HDL could be of benefit.

Further areas
Most lipid measures show similar estimates of association with CVD events. Alternative markers such as
Apo B and Apo A-I and in particular their ratio (Apo B/Apo A-I) might be better predictors, although not
widely available at present. It is plausible that data already exist (as part of international IPD collaborations)
to get better estimates of association. If studies confirm Apo B and Apo A-I (or their ratio) as the most
relevant markers for CVD risk, evaluation of short-term variability (noise) and average change over time
would be required to study monitoring with these markers. We did not have access to data sets with
repeated measures of apolipoproteins.

DOI: 10.3310/hta191000 HEALTH TECHNOLOGY ASSESSMENT 2015 VOL. 19 NO. 100

© Queen’s Printer and Controller of HMSO 2015. This work was produced by Perera et al. under the terms of a commissioning contract issued by the Secretary of State for
Health. This issue may be freely reproduced for the purposes of private research and study and extracts (or indeed, the full report) may be included in professional journals
provided that suitable acknowledgement is made and the reproduction is not associated with any form of advertising. Applications for commercial reproduction should be
addressed to: NIHR Journals Library, National Institute for Health Research, Evaluation, Trials and Studies Coordinating Centre, Alpha House, University of Southampton Science
Park, Southampton SO16 7NS, UK.

159



We identified more potential to improve CVD risk scores through use of alternative lipid measurements
than through averaging the measures currently used. Whether or not the reclassifications seen are genuine
improvements in risk prediction should be assessed in a cohort with follow-up for CVD outcomes and a
design or analysis that addresses treatment change. We were unable to assess how inflammatory or
genetic markers might further improve risk estimation.

Beyond our scope
Although the focus of this report is on numerical quantification of predictive association, efficacy, rates
of change, variability, and costs; we have not evaluated the role of monitoring as a tool to increase
compliance or adherence to treatment. Hypercholesterolaemia is asymptomatic, and it is possible that
regular visits to a GP or nurse practitioner could serve as reminders to carry on taking medications.
Qualitative and quantitative studies exploring and quantifying the role of monitoring in adherence would
help in determining its potential benefits.

Not everyone invited to lipid monitoring will take part. Given the potential benefit of monitoring, research
into interventions demonstrating improved uptake would be highly relevant.

An extreme scenario to consider would be to suggest universal treatment at highest tolerated dose, as the
associated costs of overtreatment are very small in relation to the costs of undertreatment. However, it is
difficult to draw firm policy conclusions regarding the merits of universal treatment because of the limited
number of studies reporting continued long-term statin usage. Therefore, it is necessary to collect more
evidence surrounding the benefits and adherence for patients with statins in a much longer time period.
This should be examined in future work before universal treatment can be considered a viable
policy option.

Conclusion

We find that any monitoring strategy that places more individuals under treatment is likely to be more
cost-effective compared with one that treats fewer. Our findings provide support for the proposal –
currently under consideration by NICE62 – that the CVD risk threshold for primary prevention with statins
be lowered from 20% to 10%. In all comparisons considered in this report, annual monitoring was
cost saving and effective. The implications of universal treatment without monitoring require further
investigation: until then, regular lipid monitoring in those with and without CVD is likely to be beneficial to
patients and to the health service.
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Appendix 2 Modifications to original protocol

This monograph was commissioned by the NIHR Health Technology Programme to provide an evidence
base for decisions about the best measure and optimal re-testing interval for lipid levels in patients at

risk of, or with, CVD. The research proposal submitted to the HTA was converted into a basic protocol
registered in PROSPERO (PROSPERO 2011: CRD42011001753). A more detailed protocol (also submitted
to PROSPERO) was created for the systematic review to determine the predictive value of lipid measures for
CVD (PROSPERO 2013: CRD42013003727). This appendix presents the original proposal submitted to the
HTA, as well as the protocol submitted to Prospero for reference. During the course of the work a number
of amendments or modifications to these protocols were proposed and agreed by the advisory group.

Amendments and modifications included

Minor amendments to the systematic review of predictive value of lipid measures (see Chapter 2). The
search methods were modified to accommodate the scale of the review and recognise the publication
of three reviews in 2012. All outcome data for each lipid measure were pooled regardless of level of
heterogeneity, as the primary objective was to enable an overall comparison between lipid measures,
their trends and view potentially useful lipid measures for future research. The indirect methods for data
extraction were changed once included studies were examined to allow maximum amount of data to be
included. Quality assessment of included studies was based on a more recent tool specifically designed for
prognostic reviews called QUIPS.

Changes to the focus of the Systematic Review of Efficacy into a Meta-analysis of identified studies
(see Chapter 3). In our protocol we set to carry out a systematic review to identify RCTs of lipid-lowering
therapy. However, a number of other systematic reviews addressing this specific research question were
published recently. These reviews could provide the information required to inform economic analyses
of the effect of atorvastatin in lipid monitoring; however, a number of included trials were very small and
of short duration, and, if these were excluded, results may differ. On the advice of the project advisory
board, Chapter 3 was modified to a re-analysis based on the studies identified in the most recent network
meta-analysis, focusing on trials of atorvastatin with a minimum of 1000 individuals and at least 12-month
follow-up, and therefore deemed to have a lower chance of bias.

Statistical and economic simulation models based on estimates of noise from CPRD rather than St Luke’s
cohort (see Chapters 5 and 7, full discussion in Appendix 17). The protocol initially specified the use of
estimates of noise from the St Luke’s cohort adjusted to the UK population (CPRD) to examine impact on
clinical decisions for treatment. However, these estimates were considerably smaller when compared with
the UK cohort. Based on external data from the literature, we proposed to the advisory board a protocol
modification to use the direct CPRD estimates in our simulation models, as this adjustment meant that our
models were more consistent with those reported in previous literature.

Lack of IPD analysis for LIPID trial 33 data. We were unable to gain direct access to the IPD for the LIPID trial33

data. We did obtain summary estimates that corroborated that those obtained from CPRD for secondary
prevention were consistent with those found in LIPID.33 As we had decided to use only CPRD estimates for
the models used for primary prevention, a similar strategy was used for secondary prevention.
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Use of QRisk253 as reference CVD risk score instead of Framingham (see Chapters 4–7). Since the protocol
was written in 2010, QRisk253 has been increasingly favoured in CVD prevention guidelines as the risk
score of choice. The annual update to QRisk253 in 2012 allowed calculation of risk over periods of
1–10 years, thus facilitating its incorporation into health-economic models. Therefore, with the approval
of our advisory board, QRisk253 was used as the reference CVD risk score in the statistical modelling
and the health economics modelling chapters.

Specific changes to protocol are further described within each chapter.
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Appendix 3 Search strategies for populations not
taking statins

Search report

The search was conducted on 18 June 2013. The subject search terms were developed through an
iterative process testing against known studies. Methodological filters for RCTs were applied; studies were
limited to papers published in English from 2007 onwards.

Search numbers

Database Interface Observational studies RCTs

CENTRAL The Cochrane Library, Wiley [Issue 3, 2013] 699

CINAHL EBSCOhost [1980 – present] 322 133

EMBASE OvidSP [1974 – present] 1422 1513

MEDLINE OvidSP [1946 – present, In process] 688 1692

Total: 2432 4037

Duplicates removed: 2162

Total: 1604 2703

Duplicates from ON STATIN removed

Final total: 1410 2366

Search strategies

CINAHL

S83 S82 NOT S78

S82 S70 AND S81

S81 S79 OR S80

S80 (MH ‘Treatment Outcomes+’)

S79 TI (random* OR experimental studies) OR AB (random* OR experimental studies) OR MW (random* OR
experimental studies)

S78 (S70 AND S77)

S77 S71 OR S72 OR S73 OR S74 OR S75 OR S76

S76 TI ((observational n1 (study or studies))) OR AB ((observational n1 (study or studies)))

S75 TI ((cohort n1 (study or studies))) OR AB ((cohort n1 (study or studies)))

S74 (MH ‘Nonconcurrent Prospective Studies’)

S73 (MH ‘Correlational Studies’)

S72 (MH ‘Case Control Studies+’)

S71 (MH ‘Prospective Studies’)

S70 S29 AND S69
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S69 S60 OR S61 OR S62 OR S63 OR S64 OR S65 OR S66 OR S67 OR S68

S68 TI (vascular and (mortality or death#))

S67 TI (stroke and (mortality or death#))

S66 TI ((coronary or heart or cardiac or myocardial or chd) and (mortality or death#))

S65 TI ((cardiovascular or cardio-vascular or cvd) and (mortality or death#))

S64 (MH ‘Stroke/MO/PR’)

S63 (MH ‘Vascular Diseases/MO/PR’)

S62 (MH ‘Myocardial Ischemia/MO/PR’) OR (MH ‘Coronary Disease+/MO/PR’) OR (MH ‘Myocardial Infarction+/MO/PR’)

S61 (MH ‘Cardiovascular Diseases/MO/PR’)

S60 S51 AND S59

S59 S52 OR S53 OR S54 OR S55 OR S56 OR S57 OR S58

S58 TI life expectancy OR AB life expectancy

S57 TI ((mortality or death# or survival)) OR AB ((mortality or death# or survival))

S56 TI (prognosis or prognostic) OR AB (prognosis or prognostic)

S55 TI ((predict or predictor# or prediction#)) OR AB ((predict or predictor# or prediction#))

S54 (MH ‘Survival’) OR (MH ‘Survival Analysis’)

S53 (MH ‘Cause of Death’)

S52 (MH ‘Prognosis’)

S51 S30 OR S31 OR S32 OR S33 OR S34 OR S35 OR S36 OR S37 OR S38 OR S39 OR S40 OR S41 OR S42 OR S43 OR
S44 OR S45 OR S46 OR S47 OR S48 OR S49 OR S50

S50 TI (((all cause or total) n3 (mortality or death#))) OR AB (((all cause or total) n3 (mortality or death#)))

S49 TI mortality or death# or life expectancy

S48 TI Stroke OR AB stroke

S47 TI atherosclerosis OR AB atherosclerosis

S46 TI ((vascular n3 (event# or outcome#))) OR AB ((vascular n3 (event# or outcome#)))

S45 TI (vascular n3 disease#) OR AB (vascular n3 disease#)

S44 TI myocardial infarct* OR AB myocardial infarct*

S43 TI (((ischaemic or ischemic or ischaemia or ischemia) n3 (event# or outcome#))) OR AB (((ischaemic or ischemic or
ischaemia or ischemia) n3 (event# or outcome#)))

S42 TI (((ischaemic or ischemic or ischaemia or ischemia) n3 disease#)) OR AB (((ischaemic or ischemic or ischaemia or
ischemia) n3 disease#))

S41 TI ischaemic or ischemic or ischaemia or ischemia

S40 TI (((coronary or heart) n3 (event# or outcome#))) OR AB (((coronary or heart) n3 (event# or outcome#)))

S39 TI (((coronary or heart) n3 disease#)) OR AB (((coronary or heart) n3 disease#))

S38 TI coronary or heart or chd

S37 TI (((cardiovascular or cardio-vascular) n3 (event# or outcome#))) OR AB (((cardiovascular or cardio-vascular) n3
(event# or outcome#)))

S36 TI (((cardiovascular or cardio-vascular) n3 disease#)) OR AB (((cardiovascular or cardio-vascular) n3 disease#))

S35 TI cardiovascular or cardio-vascular or cvd

S34 (MM ‘Mortality’)

S33 (MM ‘Stroke’)

S32 (MM ‘Peripheral Vascular Diseases’)
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S31 (MM ‘Myocardial Ischemia’) OR (MM ‘Coronary Disease+’) OR (MM ‘Myocardial Infarction+’)

S30 (MM ‘Cardiovascular Diseases’)

S29 S28 NOT S11

S28 S12 OR S13 OR S14 OR S15 OR S16 OR S17 OR S18 OR S19 OR S20 OR S21 OR S22 OR S23 OR S24 OR S25 OR
S26 OR S27

S27 TI ((cholesterol n2 (profile# or ratio#))) OR AB ((cholesterol n2 (profile# or ratio#)))

S26 TI ((lipid# n2 (profile# or ratio#))) OR AB ((lipid# n2 (profile# or ratio#)))

S25 TI triglyceride* OR AB triglyceride*

S24 TI (apoa or Apo B or apo-a or apo-b) OR AB (apoa or Apo B or apo-a or apo-b)

S23 TI apolipoprotein* OR AB apolipoprotein*

S22 TI ldlc OR AB ldlc

S21 TI ldl-c OR AB ldl-c

S20 TI hdlc OR AB hdlc

S19 TI hdl-c OR AB hdl-c

S18 TI ((ldl or low density lipoprotein#) n1 cholesterol) OR AB ((ldl or low density lipoprotein#) n1 cholesterol)

S17 TI (((hdl or high density lipoprotein#) n1 cholesterol)) OR AB (((hdl or high density lipoprotein#) n1 cholesterol))

S16 TI ((total n1 cholesterol)) OR AB ((total n1 cholesterol))

S15 TI ((total n1 lipid#)) OR AB ((total n1 lipid#))

S14 (MM ‘Triglycerides’)

S13 (MM ‘Apolipoproteins’)

S12 (MM ‘Lipoproteins, HDL Cholesterol’) OR (MM ‘Lipoproteins, LDL Cholesterol’)

S11 S1 OR S2 OR S3 OR S4 OR S5 OR S6 OR S7 OR S8 OR S9 OR S10

S10 TI (simvastatin or Zocor or Lipex) OR AB (simvastatin or Zocor or Lipex)

S9 TI (rosuvastatin or Crestor) OR AB (rosuvastatin or Crestor)

S8 TI (pravastatin or Pravachol or Selektine or Lipostat) OR AB (pravastatin or Pravachol or Selektine or Lipostat)

S7 TI (pitavastatin or Livalo or Pitava) OR AB (pitavastatin or Livalo or Pitava)

S6 TI (lovastatin or Mevacor or Altocor or Altoprev) OR AB (lovastatin or Mevacor or Altocor or Altoprev)

S5 TI (fluvastatin or Lescol) OR AB (fluvastatin or Lescol)

S4 TI (atorvastatin or Lipitor or Torvast) OR AB (atorvastatin or Lipitor or Torvast)

S3 TI ((HMG-CoA reductase inhibitor# or 3-hydroxy-3-methyl-glutaryl-CoA reductase inhibitor# or 3-hydroxy-3-
methylglutaryl coenzyme A reductase inhibitor# or HMGCR inhibitor# or Hydroxymethylglutaryl-CoA Reductase
Inhibitor#)) OR AB ((HMG-CoA reductase inhibitor# or 3-hydroxy-3-methyl-glutaryl-CoA reductase inhibitor# or
3-hydroxy-3-methylglutaryl coenzyme A reductase inhibitor# or HMGCR inhibitor# or Hydroxymethylglutaryl-CoA
Reductase Inhibitor#))

S2 TI statin# OR AB statin#

S1 (MH ‘Statins+’)
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Cochrane Central Register of Controlled Trials

#1 MeSH descriptor: [Hydroxymethylglutaryl-CoA Reductase Inhibitors] explode all trees

#2 statin*:ti,ab,kw (Word variations have been searched)

#3 HMG-CoA reductase inhibitor* or 3-hydroxy-3-methyl-glutaryl-CoA reductase inhibitor* or 3-hydroxy-3-
methylglutaryl coenzyme A reductase inhibitor* or HMGCR inhibitor* or Hydroxymethylglutaryl-CoA
Reductase Inhibitor*:ti,ab,kw (Word variations have been searched)

#4 atorvastatin or Lipitor or Torvast:ti,ab,kw (Word variations have been searched)

#5 fluvastatin or Lescol:ti,ab,kw (Word variations have been searched)

#6 lovastatin or Mevacor or Altocor or Altoprev:ti,ab,kw (Word variations have been searched)

#7 pitavastatin or Livalo or Pitava:ti,ab,kw (Word variations have been searched)

#8 pravastatin or Pravachol or Selektine or Lipostat:ti,ab,kw (Word variations have been searched)

#9 rosuvastatin or Crestor:ti,ab,kw (Word variations have been searched)

#10 simvastatin or Zocor or Lipex:ti,ab,kw (Word variations have been searched)

#11 #1 or #2 or #3 or #4 or #5 or #6 or #7 or #8 or #9 or #10

#12 MeSH descriptor: [Lipoproteins, HDL] explode all trees

#13 MeSH descriptor: [Lipoproteins, LDL] explode all trees

#14 MeSH descriptor: [Apolipoproteins] explode all trees

#15 MeSH descriptor: [Triglycerides] explode all trees

#16 ((lipid* or cholesterol) near (profile* or ratio*)):ti,ab,kw (Word variations have been searched)

#17 (total next cholesterol):ti,ab,kw (Word variations have been searched)

#18 ((hdl or high density lipoprotein*) next cholesterol):ti,ab,kw (Word variations have been searched)

#19 ((ldl or low density lipoprotein*) next cholesterol):ti,ab,kw (Word variations have been searched)

#20 apolipoprotein* or apoa or Apo B or apo-a or apo-b:ti,ab,kw (Word variations have been searched)

#21 triglyceride*:ti,ab,kw (Word variations have been searched)

#22 #12 or #13 or #14 or #15 or #16 or #17 or #18 or #19 or #20 or #21

#23 #22 not #11

#24 cardiovascular or cardio-vascular or cvd or coronary or heart or ischaem* or ischem* or myocardial
or angina or chd or vascular or stroke or atheroclero* or arteriosclero*:ti,ab,kw from 2007 to 2013
(Word variations have been searched)

#25 #23 and #24
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EMBASE: observational

1. statin?.ti.
2. (HMG-CoA reductase inhibitor? or 3-hydroxy-3-methyl-glutaryl-CoA reductase inhibitor? or 3-hydroxy-

3-methylglutaryl coenzyme A reductase inhibitor? or HMGCR inhibitor? or Hydroxymethylglutaryl-CoA
Reductase Inhibitor?).ti.

3. (atorvastatin or Lipitor or Torvast).ti.
4. (fluvastatin or Lescol).ti.
5. (lovastatin or Mevacor or Altocor or Altoprev).ti.
6. (pitavastatin or Livalo or Pitava).ti.
7. (pravastatin or Pravachol or Selektine or Lipostat).ti.
8. (rosuvastatin or Crestor).ti.
9. (simvastatin or Zocor or Lipex).ti.

10. exp *hydroxymethylglutaryl coenzyme A reductase inhibitor/
11. 1 or 2 or 3 or 4 or 5 or 6 or 7 or 8 or 9 or 10
12. *high density lipoprotein/
13. *low density lipoprotein/
14. low density lipoprotein cholesterol/
15. *apolipoprotein/or *apolipoprotein a/or *apolipoprotein a1/or *apolipoprotein b/
16. *triacylglycerol/or *triacylglycerol blood level/
17. ((lipid? or cholesterol?) adj2 (profile? or ratio?)).ti,ab.
18. (total adj2 (lipid? or cholesterol)).ti,ab.
19. ((hdl or high density lipoprotein?) adj cholesterol).ti,ab.
20. ((ldl or low density lipoprotein?) adj cholesterol).ti,ab.
21. hdl-c.ti,ab.
22. hdlc.ti,ab.
23. ldl-c.ti,ab.
24. ldlc.ti,ab.
25. apolipoprotein*.ti,ab.
26. (apoa or Apo B or apo-a or apo-b).ti,ab.
27. triglyceride*.ti,ab.
28. 12 or 13 or 14 or 15 or 16 or 17 or 18 or 19 or 20 or 21 or 22 or 23 or 24 or 25 or 26 or 27
29. *cardiovascular disease/
30. *coronary artery disease/
31. *ischemic heart disease/
32. *heart muscle ischemia/
33. *heart infarction/
34. exp *angina pectoris/
35. *sudden death/
36. *vascular disease/
37. *Stroke/
38. *atherosclerosis/or *arteriosclerosis/
39. *Mortality/
40. (cardiovascular or cardio-vascular or cvd).ti.
41. ((cardiovascular or cardio-vascular) adj3 disease?).ti,ab.
42. ((cardiovascular or cardio-vascular) adj3 (event? or outcome?)).ti,ab.
43. (coronary or heart or chd).ti.
44. ((coronary or heart) adj3 disease?).ti,ab.
45. ((coronary or heart) adj3 (event? or outcome?)).ti,ab.
46. (ischaemic or ischemic or ischaemia or ischemia).ti.
47. ((ischaemic or ischemic or ischaemia or ischemia) adj3 disease?).ti,ab.
48. ((ischaemic or ischemic or ischaemia or ischemia) adj3 (event? or outcome?)).ti,ab.
49. myocardial infarct*.ti,ab.
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50. (vascular adj3 disease?).ti,ab.
51. (vascular adj3 (event? or outcome?)).ti,ab.
52. atherosclerosis.ti,ab.
53. stroke.ti,ab.
54. (mortality or death? or life expectancy).ti.
55. ((all cause or total) adj3 (mortality or death?)).ti,ab.
56. or/29–55
57. *Prognosis/
58. *’Cause of Death’/
59. *survival/or *survival rate/or *life expectancy/
60. proportional hazards model/
61. *Mortality/
62. (predict or predictor? or prediction?).ti,ab.
63. (prognosis or prognostic).ti,ab.
64. (mortality or death? or survival).ti,ab.
65. life expectancy.ti,ab.
66. 57 or 58 or 59 or 60 or 61 or 62 or 63 or 64 or 65
67. 28 and 56 and 66
68. ((cardiovascular or cardio-vascular or cvd) and (risk? or mortality or death?)).ti.
69. ((coronary or heart or cardiac or myocardial or chd) and (risk? or mortality or death?)).ti.
70. (stroke and (risk? or mortality or death?)).ti.
71. (vascular and (risk? or mortality or death?)).ti.
72. 68 or 69 or 70 or 71
73. 28 and 72
74. 67 or 73
75. 74 not 11
76. Clinical study/
77. Family study/
78. Longitudinal study/
79. (Cohort adj (study or studies)).mp.
80. (Case control adj (study or studies)).tw.
81. (follow up adj (study or studies)).tw.
82. (observational adj (study or studies)).tw.
83. (epidemiologic$adj (study or studies)).tw.
84. 76 or 77 or 78 or 79 or 80 or 81 or 82 or 83
85. 75 and 84
86. limit 85 to (conference abstract or conference paper or conference proceeding or ‘conference review’)
87. 85 not 86

EMBASE: RCT

1. statin?.ti.
2. (HMG-CoA reductase inhibitor? or 3-hydroxy-3-methyl-glutaryl-CoA reductase inhibitor? or 3-hydroxy-

3-methylglutaryl coenzyme A reductase inhibitor? or HMGCR inhibitor? or Hydroxymethylglutaryl-CoA
Reductase Inhibitor?).ti.

3. (atorvastatin or Lipitor or Torvast).ti.
4. (fluvastatin or Lescol).ti.
5. (lovastatin or Mevacor or Altocor or Altoprev).ti.
6. (pitavastatin or Livalo or Pitava).ti.
7. (pravastatin or Pravachol or Selektine or Lipostat).ti.
8. (rosuvastatin or Crestor).ti.
9. (simvastatin or Zocor or Lipex).ti.

10. exp *hydroxymethylglutaryl coenzyme A reductase inhibitor/
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11. 1 or 2 or 3 or 4 or 5 or 6 or 7 or 8 or 9 or 10
12. *high density lipoprotein/
13. *low density lipoprotein/
14. low density lipoprotein cholesterol/
15. *apolipoprotein/or *apolipoprotein a/or *apolipoprotein a1/or *apolipoprotein b/
16. *triacylglycerol/or *triacylglycerol blood level/
17. ((lipid? or cholesterol?) adj2 (profile? or ratio?)).ti,ab.
18. (total adj2 (lipid? or cholesterol)).ti,ab.
19. ((hdl or high density lipoprotein?) adj cholesterol).ti,ab.
20. ((ldl or low density lipoprotein?) adj cholesterol).ti,ab.
21. hdl-c.ti,ab.
22. hdlc.ti,ab.
23. ldl-c.ti,ab.
24. ldlc.ti,ab.
25. apolipoprotein*.ti,ab.
26. (apoa or Apo B or apo-a or apo-b).ti,ab.
27. triglyceride*.ti,ab.
28. 12 or 13 or 14 or 15 or 16 or 17 or 18 or 19 or 20 or 21 or 22 or 23 or 24 or 25 or 26 or 27
29. *cardiovascular disease/
30. *coronary artery disease/
31. *ischemic heart disease/
32. *heart muscle ischemia/
33. *heart infarction/
34. exp *angina pectoris/
35. *sudden death/
36. *vascular disease/
37. *Stroke/
38. *atherosclerosis/or *arteriosclerosis/
39. *Mortality/
40. (cardiovascular or cardio-vascular or cvd).ti.
41. ((cardiovascular or cardio-vascular) adj3 disease?).ti,ab.
42. ((cardiovascular or cardio-vascular) adj3 (event? or outcome?)).ti,ab.
43. (coronary or heart or chd).ti.
44. ((coronary or heart) adj3 disease?).ti,ab.
45. ((coronary or heart) adj3 (event? or outcome?)).ti,ab.
46. (ischaemic or ischemic or ischaemia or ischemia).ti.
47. ((ischaemic or ischemic or ischaemia or ischemia) adj3 disease?).ti,ab.
48. ((ischaemic or ischemic or ischaemia or ischemia) adj3 (event? or outcome?)).ti,ab.
49. myocardial infarct*.ti,ab.
50. (vascular adj3 disease?).ti,ab.
51. (vascular adj3 (event? or outcome?)).ti,ab.
52. atherosclerosis.ti,ab.
53. stroke.ti,ab.
54. (mortality or death? or life expectancy).ti.
55. ((all cause or total) adj3 (mortality or death?)).ti,ab.
56. or/29–55
57. *Prognosis/
58. *’Cause of Death’/
59. *survival/or *survival rate/or *life expectancy/
60. proportional hazards model/
61. *Mortality/
62. (predict or predictor? or prediction?).ti,ab.
63. (prognosis or prognostic).ti,ab.
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64. (mortality or death? or survival).ti,ab.
65. life expectancy.ti,ab.
66. 57 or 58 or 59 or 60 or 61 or 62 or 63 or 64 or 65
67. 28 and 56 and 66
68. ((cardiovascular or cardio-vascular or cvd) and (risk? or mortality or death?)).ti.
69. ((coronary or heart or cardiac or myocardial or chd) and (risk? or mortality or death?)).ti.
70. (stroke and (risk? or mortality or death?)).ti.
71. (vascular and (risk? or mortality or death?)).ti.
72. 68 or 69 or 70 or 71
73. 28 and 72
74. 67 or 73
75. 74 not 11
76. random*.tw. or placebo*.mp. or double blind*.tw.
77. 75 and 76
78. limit 77 to (conference abstract or conference paper or conference proceeding or ‘conference review’)
79. 77 not 78

MEDLINE: observational

1. exp Hydroxymethylglutaryl-CoA Reductase Inhibitors/
2. statin?.ti.
3. (HMG-CoA reductase inhibitor? or 3-hydroxy-3-methyl-glutaryl-CoA reductase inhibitor? or 3-hydroxy-

3-methylglutaryl coenzyme A reductase inhibitor? or HMGCR inhibitor? or Hydroxymethylglutaryl-CoA
Reductase Inhibitor?).ti.

4. (atorvastatin or Lipitor or Torvast).ti.
5. (fluvastatin or Lescol).ti.
6. (lovastatin or Mevacor or Altocor or Altoprev).ti.
7. (pitavastatin or Livalo or Pitava).ti.
8. (pravastatin or Pravachol or Selektine or Lipostat).ti.
9. (rosuvastatin or Crestor).ti.

10. (simvastatin or Zocor or Lipex).ti.
11. 1 or 2 or 3 or 4 or 5 or 6 or 7 or 8 or 9 or 10
12. exp Lipoproteins, LDL/an, bl [Analysis, Blood]
13. exp Lipoproteins, HDL/an, bl [Analysis, Blood]
14. exp Apolipoproteins/an, bl [Analysis, Blood]
15. Triglycerides/an, bl [Analysis, Blood]
16. exp *Lipoproteins, LDL/
17. exp *Lipoproteins, HDL/
18. exp *Apolipoproteins/
19. *Triglycerides/
20. (total adj2 (lipid* or cholesterol)).ti,ab.
21. ((lipid? or cholesterol*) adj2 (profile? or ratio?)).ti,ab.
22. ((hdl or high density lipoprotein?) adj cholesterol).ti,ab.
23. ((ldl or low density lipoprotein?) adj cholesterol).ti,ab.
24. hdl-c.ti,ab.
25. hdlc.ti,ab.
26. ldl-c.ti,ab.
27. ldlc.ti,ab.
28. apolipoprotein*.ti,ab.
29. (apoa or Apo B or apo-a or apo-b).ti,ab.
30. triglyceride*.ti,ab.
31. 12 or 13 or 14 or 15 or 16 or 17 or 18 or 19 or 20 or 21 or 22 or 23 or 24 or 25 or 26 or 27 or 28 or

29 or 30
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32. *Cardiovascular Diseases/
33. *Coronary Disease/
34. *Myocardial Ischemia/
35. exp *Myocardial Infarction/
36. exp *Angina Pectoris/
37. *Coronary Artery Disease/
38. *Death, Sudden, Cardiac/
39. *Vascular Diseases/
40. *Stroke/
41. *Arteriosclerosis/
42. *Mortality/
43. (cardiovascular or cardio-vascular or cvd).ti.
44. ((cardiovascular or cardio-vascular) adj3 disease?).ti,ab.
45. ((cardiovascular or cardio-vascular) adj3 (event? or outcome?)).ti,ab.
46. (coronary or heart or chd).ti.
47. ((coronary or heart) adj3 disease?).ti,ab.
48. ((coronary or heart) adj3 (event? or outcome?)).ti,ab.
49. (ischaemic or ischemic or ischaemia or ischemia).ti.
50. ((ischaemic or ischemic or ischaemia or ischemia) adj3 disease?).ti,ab.
51. ((ischaemic or ischemic or ischaemia or ischemia) adj3 (event? or outcome?)).ti,ab.
52. myocardial infarct*.ti,ab.
53. (vascular adj3 disease?).ti,ab.
54. (vascular adj3 (event? or outcome?)).ti,ab.
55. atherosclerosis.ti,ab.
56. stroke.ti,ab.
57. (mortality or death? or life expectancy).ti.
58. ((all cause or total) adj3 (mortality or death?)).ti,ab.
59. or/32–58
60. Prognosis/
61. ‘Cause of Death’/
62. Survival Analysis/or Survival Rate/or Life Expectancy/
63. proportional hazards models/
64. Mortality/
65. (predict or predictor? or prediction?).ti,ab.
66. (prognosis or prognostic).ti,ab.
67. (mortality or death? or survival).ti,ab.
68. life expectancy.ti,ab.
69. 60 or 61 or 62 or 63 or 64 or 65 or 66 or 67 or 68
70. 31 and 59 and 69
71. Cardiovascular Diseases/mo [Mortality]
72. Coronary Disease/mo [Mortality]
73. Myocardial Ischemia/mo [Mortality]
74. exp Myocardial Infarction/mo [Mortality]
75. Angina Pectoris/mo [Mortality]
76. Coronary Artery Disease/mo [Mortality]
77. Death, Sudden, Cardiac/mo [Mortality]
78. Vascular Diseases/mo [Mortality]
79. Arteriosclerosis/mo [Mortality]
80. Stroke/mo [Mortality]
81. ((cardiovascular or cardio-vascular or cvd) and (mortality or death?)).ti.
82. ((coronary or heart or cardiac or myocardial or chd) and (mortality or death?)).ti.
83. (stroke and (mortality or death?)).ti.
84. (vascular and (mortality or death?)).ti.
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85. 71 or 72 or 73 or 74 or 75 or 76 or 77 or 78 or 80 or 81 or 82 or 83 or 84
86. 31 and 85
87. 70 or 86
88. 87 not 11
89. Epidemiologic studies/
90. Case control.tw.
91. (cohort adj (study or studies)).tw.
92. Cohort analy$.tw.
93. (Follow up adj (study or studies)).tw.
94. (observational adj (study or studies)).tw.
95. 89 or 90 or 91 or 92 or 93 or 94
96. 88 and 95

MEDLINE: randomised controlled trial

1. exp Hydroxymethylglutaryl-CoA Reductase Inhibitors/
2. statin?.ti.
3. (HMG-CoA reductase inhibitor? or 3-hydroxy-3-methyl-glutaryl-CoA reductase inhibitor? or 3-hydroxy-

3-methylglutaryl coenzyme A reductase inhibitor? or HMGCR inhibitor? or Hydroxymethylglutaryl-CoA
Reductase Inhibitor?).ti.

4. (atorvastatin or Lipitor or Torvast).ti.
5. (fluvastatin or Lescol).ti.
6. (lovastatin or Mevacor or Altocor or Altoprev).ti.
7. (pitavastatin or Livalo or Pitava).ti.
8. (pravastatin or Pravachol or Selektine or Lipostat).ti.
9. (rosuvastatin or Crestor).ti.

10. (simvastatin or Zocor or Lipex).ti.
11. 1 or 2 or 3 or 4 or 5 or 6 or 7 or 8 or 9 or 10
12. exp Lipoproteins, LDL/an, bl [Analysis, Blood]
13. exp Lipoproteins, HDL/an, bl [Analysis, Blood]
14. exp Apolipoproteins/an, bl [Analysis, Blood]
15. Triglycerides/an, bl [Analysis, Blood]
16. exp *Lipoproteins, LDL/
17. exp *Lipoproteins, HDL/
18. exp *Apolipoproteins/
19. *Triglycerides/
20. (total adj2 (lipid* or cholesterol)).ti,ab.
21. ((lipid? or cholesterol*) adj2 (profile? or ratio?)).ti,ab.
22. ((hdl or high density lipoprotein?) adj cholesterol).ti,ab.
23. ((ldl or low density lipoprotein?) adj cholesterol).ti,ab.
24. hdl-c.ti,ab.
25. hdlc.ti,ab.
26. ldl-c.ti,ab.
27. ldlc.ti,ab.
28. apolipoprotein*.ti,ab.
29. (apoa or Apo B or apo-a or apo-b).ti,ab.
30. triglyceride*.ti,ab.
31. 12 or 13 or 14 or 15 or 16 or 17 or 18 or 19 or 20 or 21 or 22 or 23 or 24 or 25 or 26 or 27 or 28 or

29 or 30
32. *Cardiovascular Diseases/
33. *Coronary Disease/
34. *Myocardial Ischemia/
35. exp *Myocardial Infarction/
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36. exp *Angina Pectoris/
37. *Coronary Artery Disease/
38. *Death, Sudden, Cardiac/
39. *Vascular Diseases/
40. *Stroke/
41. *Arteriosclerosis/
42. *Mortality/
43. (cardiovascular or cardio-vascular or cvd).ti.
44. ((cardiovascular or cardio-vascular) adj3 disease?).ti,ab.
45. ((cardiovascular or cardio-vascular) adj3 (event? or outcome?)).ti,ab.
46. (coronary or heart or chd).ti.
47. ((coronary or heart) adj3 disease?).ti,ab.
48. ((coronary or heart) adj3 (event? or outcome?)).ti,ab.
49. (ischaemic or ischemic or ischaemia or ischemia).ti.
50. ((ischaemic or ischemic or ischaemia or ischemia) adj3 disease?).ti,ab.
51. ((ischaemic or ischemic or ischaemia or ischemia) adj3 (event? or outcome?)).ti,ab.
52. myocardial infarct*.ti,ab.
53. (vascular adj3 disease?).ti,ab.
54. (vascular adj3 (event? or outcome?)).ti,ab.
55. atherosclerosis.ti,ab.
56. stroke.ti,ab.
57. (mortality or death? or life expectancy).ti.
58. ((all cause or total) adj3 (mortality or death?)).ti,ab.
59. or/32–58
60. Prognosis/
61. ‘Cause of Death’/
62. Survival Analysis/or Survival Rate/or Life Expectancy/
63. proportional hazards models/
64. Mortality/
65. (predict or predictor? or prediction?).ti,ab.
66. (prognosis or prognostic).ti,ab.
67. (mortality or death? or survival).ti,ab.
68. life expectancy.ti,ab.
69. 60 or 61 or 62 or 63 or 64 or 65 or 66 or 67 or 68
70. 31 and 59 and 69
71. Cardiovascular Diseases/mo [Mortality]
72. Coronary Disease/mo [Mortality]
73. Myocardial Ischemia/mo [Mortality]
74. exp Myocardial Infarction/mo [Mortality]
75. Angina Pectoris/mo [Mortality]
76. Coronary Artery Disease/mo [Mortality]
77. Death, Sudden, Cardiac/mo [Mortality]
78. Vascular Diseases/mo [Mortality]
79. Arteriosclerosis/mo [Mortality]
80. Stroke/mo [Mortality]
81. ((cardiovascular or cardio-vascular or cvd) and (mortality or death?)).ti.
82. ((coronary or heart or cardiac or myocardial or chd) and (mortality or death?)).ti.
83. (stroke and (mortality or death?)).ti.
84. (vascular and (mortality or death?)).ti.
85. 71 or 72 or 73 or 74 or 75 or 76 or 77 or 78 or 80 or 81 or 82 or 83 or 84
86. 31 and 85
87. 70 or 86
88. 87 not 11
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89. randomized controlled trial.pt.
90. controlled clinical trial.pt.
91. randomized.ab.
92. placebo.ab.
93. drug therapy.fs.
94. randomly.ab.
95. trial.ab.
96. groups.ab.
97. 89 or 90 or 91 or 92 or 93 or 94 or 95 or 96
98. exp animals/not humans.sh.
99. 97 not 98

100. 88 and 99
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Appendix 4 Search strategies for populations
taking statins studies

Search report: non-randomised control trials

The search was conducted on 4 December 2012. The subject search terms were developed through an
iterative process testing against known studies. The search filter for observational studies was adapted
from that presented on the SIGN website: www.sign.ac.uk/methodology/filters.html#obs.

Search numbers

Database Interface Results

CINAHL EBSCOhost [1980 – present] 204

EMBASE OvidSP [1974 – present] 1438

MEDLINE OvidSP [1946 – present, In process] 1431

Total 3073

Duplicates removed 813

Final total 2260

Search strategies

CINAHL: (EBSCOhost) [1980 – present]

S100 S92 AND S99 (204)

S99 S93 OR S94 OR S95 OR S96 OR S97 OR S98 (182,420)

S98 TI ((observational n1 (study or studies))) OR AB ((observational n1 (study or studies))) (9500)

S97 TI ((cohort n1 (study or studies)))OR AB ((cohort n1 (study or studies))) (18,393)

S96 (MH ‘Nonconcurrent Prospective Studies’) (115)

S95 (MH ‘Correlational Studies’) (13,984)

S94 (MH ‘Case Control Studies+’) (27,507)

S93 (MH ‘Prospective Studies’) (137,519)

S92 S80 OR S91 (1214)

S91 S11 AND S40 AND S90 (807)

S90 S81 OR S82 OR S83 OR S84 OR S85 OR S86 OR S87 OR S88 OR S89 (41,254)

S89 TI (vascular and (risk# or mortality or death#)) (599)

S88 TI (stroke and (risk# or mortality or death#)) (2383)

S87 TI ((coronary or heart or cardiac or myocardial or chd) and (risk# or mortality or death#)) (8755)

S86 TI ((cardiovascular or cardio-vascular or cvd) and (risk# or mortality or death#)) (5558)

S85 (MH ‘Stroke/EP/ET/MO/RF/PR’) (6930)
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S84 (MH ‘Vascular Diseases/EP/ET/MO/PR/RF’) (482)

S83 (MH ‘Myocardial Ischemia/EP/ET/MO/PR/RF’) OR (MH ‘Coronary Disease+/EP/ET/MO/PR/RF’) OR
(MH ‘Myocardial Infarction+/EP/ET/MO/PR/RF’)

(13,088)

S82 (MH ‘Cardiovascular Diseases/EP/ET/RF/MO/PR’) (7030)

S81 (MH ‘Cardiovascular Risk Factors’) (10,752)

S80 S11 AND S40 AND S62 AND S79 (899)

S79 S63 OR S64 OR S65 OR S66 OR S67 OR S68 OR S69 OR S70 OR S71 OR S72 OR S73 OR S74 OR S75
OR S76 OR S77 OR S78

(358,882)

S78 TI life expectancy OR AB life expectancy (2536)

S77 TI ((mortality or death# or survival)) OR AB ((mortality or death# or survival)) (113,181)

S76 TI (prognosis or prognostic) OR AB (prognosis or prognostic) (20,299)

S75 TI prevalence OR AB prevalence (46,120)

S74 TI incidence OR AB incidence (43,281)

S73 TI ((predict or predictor# or prediction#)) OR AB ((predict or predictor# or prediction#)) (57,994)

S72 TI (risk n1 scor*) OR AB (risk n1 scor*) (1662)

S71 TI (risk* n1 marker#) OR AB (risk* n1 marker#) (646)

S70 TI (risk* n1 assessment) OR AB (risk* n1 assessment) (5322)

S69 TI (risk* n1 factor#) OR AB (risk* n1 factor#) (47,311)

S68 TI risk* (71,245)

S67 (MH ‘Survival’) OR (MH ‘Survival Analysis’) (25,261)

S66 (MH ‘Cause of Death’) (4529)

S65 (MH ‘Prognosis’) (17,288)

S64 (MH ‘Incidence’) OR (MH ‘Prevalence’) (41,706)

S63 (MH ‘Risk Factors’) (54,554)

S62 S41 OR S42 OR S43 OR S44 OR S45 OR S46 OR S47 OR S48 OR S49 OR S50 OR S51 OR S52 OR S53
OR S54 OR S55 OR S56 OR S57 OR S58 OR S59 OR S60 OR S61

(157,684)

S61 TI (((all cause or total) n3 (mortality or death#))) OR AB (((all cause or total) n3 (mortality or death#))) (4490)

S60 TI mortality or death# or life expectancy (30,739)

S59 TI Stroke OR AB stroke (29,634)

S58 TI atherosclerosis OR AB atherosclerosis (4890)

S57 TI ((vascular n3 (event# or outcome#))) OR AB ((vascular n3 (event# or outcome#))) (752)

S56 TI (vascular n3 disease#) OR AB (vascular n3 disease#) (3335)

S55 TI myocardial infarct* OR AB myocardial infarct* (14,093)

S54 TI (((ischaemic or ischemic or ischaemia or ischemia) n3 (event# or outcome#))) OR AB (((ischaemic or
ischemic or ischaemia or ischemia) n3 (event# or outcome#)))

(1217)

S53 TI (((ischaemic or ischemic or ischaemia or ischemia) n3 disease#)) OR AB (((ischaemic or ischemic or
ischaemia or ischemia) n3 disease#))

(2416)

S52 TI ischaemic or ischemic or ischaemia or ischemia (8018)

S51 TI (((coronary or heart) n3 (event# or outcome#))) OR AB (((coronary or heart) n3 (event# or
outcome#)))

(2921)

S50 TI (((coronary or heart) n3 disease#)) OR AB (((coronary or heart) n3 disease#)) (22,302)

S49 TI coronary or heart or chd (45,444)
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S48 TI (((cardiovascular or cardio-vascular) n3 (event# or outcome#))) OR AB (((cardiovascular or
cardio-vascular) n3 (event# or outcome#)))

(4266)

S47 TI (((cardiovascular or cardio-vascular) n3 disease#)) OR AB (((cardiovascular or cardio-vascular) n3
disease#))

(14,076)

S46 TI cardiovascular or cardio-vascular or cvd (14,758)

S45 (MM ‘Mortality’) (4750)

S44 (MM ‘Stroke’) (20,130)

S43 (MM ‘Peripheral Vascular Diseases’) (1511)

S42 (MM ‘Myocardial Ischemia’) OR (MM ‘Coronary Disease+’) OR (MM ‘Myocardial Infarction+’) (32,434)

S41 (MM ‘Cardiovascular Diseases’) (11,744)

S40 S12 OR S13 OR S14 OR S15 OR S16 OR S17 OR S18 OR S19 OR S20 OR S21 OR S22 OR S23 OR S24
OR S25 OR S26 OR S27 OR S28 OR S29 OR S30 OR S31 OR S32 OR S33 OR S34 OR S35 OR S36 OR
S37 OR S38 OR S39

(22,753)

S39 TI triglyceride* OR AB triglyceride* (4211)

S38 TI (apoa or Apo B or apo-a or apo-b) OR AB (apoa or Apo B or apo-a or apo-b) (404)

S37 TI apolipoprotein* OR AB apolipoprotein* (1581)

S36 TI ldlc OR AB ldlc (30)

S35 TI ldl-c OR AB ldl-c (820)

S34 TI hdlc OR AB hdlc (43)

S33 TI hdl-c OR AB hdl-c (741)

S32 TI ((lipoprotein# n2 (factor# or marker))) OR AB ((lipoprotein# n2 (factor# or marker))) (44)

S31 TI lipoprotein# (1778)

S30 TI ((ldl or low density lipoprotein#) n1 cholesterol) OR AB ((ldl or low density lipoprotein#) n1
cholesterol)

(3638)

S29 TI (((hdl or high density lipoprotein#) n1 cholesterol)) OR AB (((hdl or high density lipoprotein#) n1
cholesterol))

(3766)

S28 TI (((serum or blood or total) n1 cholesterol)) OR AB (((serum or blood or total) n1 cholesterol)) (4240)

S27 TI ((cholesterol n2 (marker# or parameter# or profile# or measure* or level# or management or
ratio#))) OR AB ((cholesterol n2 (marker# or parameter# or profile# or measure* or level# or
management or ratio#)))

(3417)

S26 TI cholesterol (3745)

S25 TI (((serum or blood or total) n1 lipid#)) OR AB (((serum or blood or total) n1 lipid#)) (1997)

S24 TI ((lipid# n2 (marker# or parameter# or profile# or measure* or level# or management or ratio#))) OR
AB ((lipid# n2 (marker# or parameter# or profile# or measure* or level# or management or ratio#)))

(3546)

S23 TI lipid# (3676)

S22 (MM ‘Triglycerides’) (876)

S21 (MM ‘Apolipoproteins’) (897)

S20 (MM ‘Lipoproteins, HDL Cholesterol’) OR (MM ‘Lipoproteins, LDL Cholesterol’) (1468)

S19 (MM ‘Cholesterol’) (2055)

S18 (MM ‘Lipids’) (1724)

S17 (MH ‘Triglycerides/AN/BL’) (3146)

S16 (MH ‘Apolipoproteins/AN/BL’) (676)

S15 (MH ‘Lipoproteins, LDL+/BL/AN’) (3618)

S14 (MH ‘Lipoproteins, HDL+/BL/AN’) (2935)
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S13 (MH ‘Cholesterol/AN/BL’) (4853)

S12 (MH ‘Lipids/AN/BL’) (2578)

S11 S1 OR S2 OR S3 OR S4 OR S5 OR S6 OR S7 OR S8 OR S9 OR S10 (8108)

S10 TI (simvastatin or Zocor or Lipex) OR AB (simvastatin or Zocor or Lipex) (733)

S9 TI (rosuvastatin or Crestor) OR AB (rosuvastatin or Crestor) (359)

S8 TI (pravastatin or Pravachol or Selektine or Lipostat) OR AB (pravastatin or Pravachol or Selektine or
Lipostat)

(328)

S7 TI (pitavastatin or Livalo or Pitava) OR AB (pitavastatin or Livalo or Pitava) (32)

S6 TI (lovastatin or Mevacor or Altocor or Altoprev) OR AB (lovastatin or Mevacor or Altocor or Altoprev) (159)

S5 TI (fluvastatin or Lescol) OR AB (fluvastatin or Lescol) (128)

S4 TI (atorvastatin or Lipitor or Torvast) OR AB (atorvastatin or Lipitor or Torvast) (759)

S3 TI ((HMG-CoA reductase inhibitor# or 3-hydroxy-3-methyl-glutaryl-CoA reductase inhibitor# or
3-hydroxy-3-methylglutaryl coenzyme A reductase inhibitor# or HMGCR inhibitor# or
Hydroxymethylglutaryl-CoA Reductase Inhibitor#)) OR AB ((HMG-CoA reductase inhibitor# or
3-hydroxy-3-methyl-glutaryl-CoA reductase inhibitor# or 3-hydroxy-3-methylglutaryl coenzyme A
reductase inhibitor# or HMGCR inhibitor# or Hydroxymethylglutaryl-CoA Reductase Inhibitor#))

(392)

S2 TI statin# OR AB statin# (4416)

S1 (MH ‘Statins+’) (5689)

EMBASE: (OvidSP) [1974 – present]

1 statin?.ti,ab. 33,754

2 (HMG-CoA reductase inhibitor? or 3-hydroxy-3-methyl-glutaryl-CoA reductase inhibitor? or 3-hydroxy-
3-methylglutaryl coenzyme A reductase inhibitor? or HMGCR inhibitor? or Hydroxymethylglutaryl-CoA
Reductase Inhibitor?).ti,ab.

5712

3 (atorvastatin or Lipitor or Torvast).ti,ab. 7356

4 (fluvastatin or Lescol).ti,ab. 1960

5 (lovastatin or Mevacor or Altocor or Altoprev).ti,ab. 3777

6 (pitavastatin or Livalo or Pitava).ti,ab. 745

7 (pravastatin or Pravachol or Selektine or Lipostat).ti,ab. 4342

8 (rosuvastatin or Crestor).ti,ab. 2566

9 (simvastatin or Zocor or Lipex).ti,ab. 8543

10 exp hydroxymethylglutaryl coenzyme A reductase inhibitor/ 82,256

11 1 or 2 or 3 or 4 or 5 or 6 or 7 or 8 or 9 or 10 91,408

12 *lipid/ 50,861

13 *cholesterol/ 52,784

14 *lipid blood level/ 7515

15 *cholesterol blood level/ 8372

16 *lipoprotein blood level/ 2957

17 *high density lipoprotein/ 11,159

18 *Lipids/ 50,861
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19 *Cholesterol/ 52,784

20 *low density lipoprotein/ 16,012

21 low density lipoprotein cholesterol/ 49,163

22 *apolipoprotein/or *apolipoprotein a/or *apolipoprotein a1/or *apolipoprotein b/ 13,420

23 *triacylglycerol/or *triacylglycerol blood level/ 22,138

24 lipid?.ti. 118,213

25 (lipid? adj2 (marker? or parameter? or profile? or measure* or level? or management or ratio?)).ti,ab. 52,686

26 ((serum or blood or total) adj lipid?).ti,ab. 32,371

27 cholesterol.ti. 52,808

28 (cholesterol adj2 (marker? or parameter? or profile? or measure* or level? or management or
ratio?)).ti,ab.

43,275

29 ((serum or blood or total) adj cholesterol).ti,ab. 60,269

30 ((hdl or high density lipoprotein?) adj cholesterol).ti,ab. 44,423

31 ((ldl or low density lipoprotein?) adj cholesterol).ti,ab. 37,563

32 lipoprotein?.ti. 47,631

33 (lipoprotein? adj2 (factor? or marker)).ti,ab. 492

34 hdl-c.ti,ab. 13,054

35 hdlc.ti,ab. 1136

36 ldl-c.ti,ab. 12,035

37 ldlc.ti,ab. 845

38 apolipoprotein*.ti,ab. 41,079

39 (apoa or Apo B or apo-a or apo-b).ti,ab. 18,448

40 triglyceride*.ti,ab. 93,821

41 12 or 13 or 14 or 15 or 16 or 17 or 18 or 19 or 20 or 21 or 22 or 23 or 24 or 25 or 26 or 27 or 28 or
29 or 30 or 31 or 32 or 33 or 34 or 35 or 36 or 37 or 38 or 39 or 40

397,436

42 *cardiovascular disease/ 67,011

43 *coronary artery disease/ 80,847

44 *ischaemic heart disease/ 46,497

45 *heart muscle ischaemia/ 38,628

46 *heart infarction/ 103,076

47 exp *angina pectoris/ 36,292

48 *sudden death/ 15,059

49 *vascular disease/ 18,884

50 *Stroke/ 60,507

51 *atherosclerosis/or *arteriosclerosis/ 70,685

52 *Mortality/ 45,556

53 (cardiovascular or cardio-vascular or cvd).ti. 103,060

54 ((cardiovascular or cardio-vascular) adj3 disease?).ti,ab. 120,912

55 ((cardiovascular or cardio-vascular) adj3 (event? or outcome?)).ti,ab. 32,483

56 (coronary or heart or chd).ti. 432,889

57 ((coronary or heart) adj3 disease?).ti,ab. 238,264
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58 ((coronary or heart) adj3 (event? or outcome?)).ti,ab. 18,145

59 (ischaemic or ischaemic or ischaemia or ischaemia).ti. 135,324

60 ((ischaemic or ischaemic or ischaemia or ischaemia) adj3 disease?).ti,ab. 43,343

61 ((ischaemic or ischaemic or ischaemia or ischaemia) adj3 (event? or outcome?)).ti,ab. 11,894

62 myocardial infarct*.ti,ab. 178,477

63 (vascular adj3 disease?).ti,ab. 46,062

64 (vascular adj3 (event? or outcome?)).ti,ab. 6668

65 atherosclerosis.ti,ab. 97,460

66 stroke.ti,ab. 176,865

67 (mortality or death? or life expectancy).ti. 190,936

68 ((all cause or total) adj3 (mortality or death?)).ti,ab. 30,910

69 or/42–68 1,423,865

70 *risk factor/ 21,991

71 *risk/ 22,848

72 *risk assessment/ 23,481

73 *Incidence/ 2966

74 *Prevalence/ 13,500

75 *Prognosis/ 18,310

76 *’Cause of Death’/ 7616

77 *survival/or *survival rate/or *life expectancy/ 23,542

78 proportional hazards model/ 30,921

79 *Mortality/ 45,556

80 risk*.ti. 333,931

81 (risk* adj factor?).ti,ab. 400,378

82 (risk* adj assessment).ti,ab. 35,216

83 (risk* adj marker?).ti,ab. 4207

84 (risk adj scor*).ti,ab. 9918

85 (predict or predictor? or prediction?).ti,ab. 568,686

86 incidence.ti,ab. 599,364

87 prevalence.ti,ab. 424,983

88 (prognosis or prognostic).ti,ab. 435,850

89 (mortality or death? or survival).ti,ab. 1,528,922

90 life expectancy.ti,ab. 21,753

91 70 or 71 or 72 or 73 or 74 or 75 or 76 or 77 or 78 or 79 or 80 or 81 or 82 or 83 or 84 or 85 or 86 or
87 or 88 or 89 or 90

3,346,042

92 41 and 69 and 91 54,828

93 cardiovascular disease/ep, et [Epidemiology, Etiology] 33,679

94 *coronary artery disease/ep, et [Epidemiology, Etiology] 13,871

95 *ischemic heart disease/ep, et [Epidemiology, Etiology] 7547

96 *heart muscle ischemia/ep, et [Epidemiology, Etiology] 4539

97 *heart infarction/ep, et [Epidemiology, Etiology] 9955
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98 exp *angina pectoris/ep, et [Epidemiology, Etiology] 3741

99 *stroke/ep, et [Epidemiology, Etiology] 9113

100 *sudden death/ep, et [Epidemiology, Etiology] 2512

101 *atherosclerosis/ep, et [Epidemiology, Etiology] 12,183

102 *arteriosclerosis/ep, et [Epidemiology, Etiology] 4638

103 ((cardiovascular or cardio-vascular or cvd) and (risk? or mortality or death?)).ti. 27,267

104 ((coronary or heart or cardiac or myocardial or chd) and (risk? or mortality or death?)).ti. 46,583

105 (stroke and (risk? or mortality or death?)).ti. 7837

106 (vascular and (risk? or mortality or death?)).ti. 3923

107 93 or 94 or 95 or 96 or 97 or 98 or 99 or 100 or 102 or 103 or 104 or 105 or 106 148,565

108 41 and 107 260,76

109 92 or 108 59,534

110 11 and 109 9938

111 Clinical study/ 88,187

112 Case control study/ 72,450

113 Family study/ 9792

114 Longitudinal study/ 56,995

115 Retrospective study/ 300,771

116 Prospective study/ 220,347

117 Randomized controlled trials/ 23,300

118 116 not 117 219,709

119 Cohort analysis/ 135,849

120 (Cohort adj (study or studies)).mp. 91,599

121 (Case control adj (study or studies)).tw. 65,387

122 (follow up adj (study or studies)).tw. 43,276

123 (observational adj (study or studies)).tw. 49,482

124 (epidemiologic$adj (study or studies)).tw. 69,401

125 111 or 112 or 113 or 114 or 115 or 118 or 119 or 120 or 121 or 122 or 123 or 124 988,392

126 110 and 125 1438

MEDLINE: (OvidSP) [1946 – present, In process]

1 exp Hydroxymethylglutaryl-CoA Reductase Inhibitors/ 24,278

2 statin?.ti,ab. 23,004

3 (HMG-CoA reductase inhibitor? or 3-hydroxy-3-methyl-glutaryl-CoA reductase inhibitor? or 3-hydroxy-
3-methylglutaryl coenzyme A reductase inhibitor? or HMGCR inhibitor? or Hydroxymethylglutaryl-CoA
Reductase Inhibitor?).ti,ab.

4436

4 (atorvastatin or Lipitor or Torvast).ti,ab. 4830

5 (fluvastatin or Lescol).ti,ab. 1429
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6 (lovastatin or Mevacor or Altocor or Altoprev).ti,ab. 3030

7 (pitavastatin or Livalo or Pitava).ti,ab. 437

8 (pravastatin or Pravachol or Selektine or Lipostat).ti,ab. 3222

9 (rosuvastatin or Crestor).ti,ab. 1561

10 (simvastatin or Zocor or Lipex).ti,ab. 5937

11 1 or 2 or 3 or 4 or 5 or 6 or 7 or 8 or 9 or 10 37,929

12 Lipids/an, bl [Analysis, Blood] 57,106

13 Cholesterol/an, bl [Analysis, Blood] 63,056

14 exp Lipoproteins, LDL/an, bl [Analysis, Blood] 26,465

15 exp Lipoproteins, HDL/an, bl [Analysis, Blood] 26,534

16 exp Apolipoproteins/an, bl [Analysis, Blood] 12,093

17 Triglycerides/an, bl [Analysis, Blood] 42,674

18 *Lipids/ 40,555

19 *Cholesterol/ 39,731

20 exp *Lipoproteins, LDL/ 16,587

21 exp *Lipoproteins, HDL/ 12,054

22 exp *Apolipoproteins/ 21,958

23 *Triglycerides/ 13,599

24 lipid?.ti. 98,748

25 (lipid? adj2 (marker? or parameter? or profile? or measure* or level? or management or ratio?)).ti,ab. 39,597

26 ((serum or blood or total) adj lipid?).ti,ab. 25,730

27 cholesterol.ti. 44,602

28 (cholesterol adj2 (marker? or parameter? or profile? or measure* or level? or management or
ratio?)).ti,ab.

34,267

29 ((serum or blood or total) adj cholesterol).ti,ab. 46,159

30 ((hdl or high density lipoprotein?) adj cholesterol).ti,ab. 35,055

31 ((ldl or low density lipoprotein?) adj cholesterol).ti,ab. 29,173

32 lipoprotein?.ti. 41,003

33 (lipoprotein? adj2 (factor? or marker)).ti,ab. 423

34 hdl-c.ti,ab. 8820

35 hdlc.ti,ab. 759

36 ldl-c.ti,ab. 7857

37 ldlc.ti,ab. 499

38 apolipoprotein*.ti,ab. 34,858

39 (apoa or Apo B or apo-a or apo-b).ti,ab. 15,088

40 triglyceride*.ti,ab. 72,013

41 12 or 13 or 14 or 15 or 16 or 17 or 18 or 19 or 20 or 21 or 22 or 23 or 24 or 25 or 26 or 27 or 28 or
29 or 30 or 31 or 32 or 33 or 34 or 35 or 36 or 37 or 38 or 39 or 40

345,025

42 *Cardiovascular Diseases/ 60,067

43 *Coronary Disease/ 91,567

44 *Myocardial Ischemia/ 21,803
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45 exp *Myocardial Infarction/ 102,612

46 exp *Angina Pectoris/ 29,049

47 *Coronary Artery Disease/ 26,315

48 *Death, Sudden, Cardiac/ 5967

49 *Vascular Diseases/ 16,392

50 *Stroke/ 38,506

51 *Arteriosclerosis/ 35,801

52 *Mortality/ 16,781

53 (cardiovascular or cardio-vascular or cvd).ti. 80,244

54 ((cardiovascular or cardio-vascular) adj3 disease?).ti,ab. 91,447

55 ((cardiovascular or cardio-vascular) adj3 (event? or outcome?)).ti,ab. 22,346

56 (coronary or heart or chd).ti. 346,977

57 ((coronary or heart) adj3 disease?).ti,ab. 181,015

58 ((coronary or heart) adj3 (event? or outcome?)).ti,ab. 12,806

59 (ischaemic or ischemic or ischaemia or ischemia).ti. 105,797

60 ((ischaemic or ischemic or ischaemia or ischemia) adj3 disease?).ti,ab. 33,058

61 ((ischaemic or ischemic or ischaemia or ischemia) adj3 (event? or outcome?)).ti,ab. 8691

62 myocardial infarct*.ti,ab. 135,442

63 (vascular adj3 disease?).ti,ab. 35,913

64 (vascular adj3 (event? or outcome?)).ti,ab. 4810

65 atherosclerosis.ti,ab. 75,237

66 stroke.ti,ab. 128,143

67 (mortality or death? or life expectancy).ti. 163,977

68 ((all cause or total) adj3 (mortality or death?)).ti,ab. 22,550

69 or/42–68 1,114,257

70 risk factors/ 509,984

71 risk/ 91,663

72 risk assessment/ 157,422

73 Incidence/ 159,745

74 Prevalence/ 168,888

75 Prognosis/ 332,051

76 ‘Cause of Death’/ 32,936

77 Survival Analysis/or Survival Rate/or Life Expectancy/ 214,774

78 proportional hazards models/ 37,408

79 Mortality/ 32,876

80 risk*.ti. 260,605

81 (risk* adj factor?).ti,ab. 306,925

82 (risk* adj assessment).ti,ab. 27,441

83 (risk* adj marker?).ti,ab. 3098

84 (risk adj scor*).ti,ab. 6483
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85 (predict or predictor? or prediction?).ti,ab. 458,060

86 incidence.ti,ab. 469,242

87 prevalence.ti,ab. 336,308

88 (prognosis or prognostic).ti,ab. 322,645

89 (mortality or death? or survival).ti,ab. 1,216,008

90 life expectancy.ti,ab. 17,244

91 70 or 71 or 72 or 73 or 74 or 75 or 76 or 77 or 78 or 79 or 80 or 81 or 82 or 83 or 84 or 85 or 86 or
87 or 88 or 89 or 90

3,114,367

92 41 and 69 and 91 46,530

93 Cardiovascular Diseases/ep, et, mo [Epidemiology, Etiology, Mortality] 44,498

94 Coronary Disease/ep, et, mo [Epidemiology, Etiology, Mortality] 32,798

95 Myocardial Ischemia/ep, et, mo [Epidemiology, Etiology, Mortality] 7049

96 exp Myocardial Infarction/ep, et, mo [Epidemiology, Etiology, Mortality] 38,747

97 Angina Pectoris/ep, et, mo [Epidemiology, Etiology, Mortality] 6036

98 Coronary Artery Disease/ep, et, mo [Epidemiology, Etiology, Mortality] 9256

99 Death, Sudden, Cardiac/ep, et [Epidemiology, Etiology] 6470

100 Vascular Diseases/ep, et, mo [Epidemiology, Etiology, Mortality] 6261

101 Arteriosclerosis/ep, et, mo [Epidemiology, Etiology, Mortality] 14,000

102 Stroke/ep, et, mo [Epidemiology, Etiology, Mortality] 19,782

103 ((cardiovascular or cardio-vascular or cvd) and (risk? or mortality or death?)).ti. 20,145

104 ((coronary or heart or cardiac or myocardial or chd) and (risk? or mortality or death?)).ti. 35,276

105 (stroke and (risk? or mortality or death?)).ti. 5592

106 (vascular and (risk? or mortality or death?)).ti. 2961

107 93 or 94 or 95 or 96 or 97 or 98 or 99 or 100 or 102 or 103 or 104 or 105 or 106 182,179

108 41 and 107 26,904

109 92 or 108 50,683

110 11 and 109 5835

111 Epidemiologic studies/ 5579

112 exp case control studies/ 586,246

113 exp cohort studies/ 1,234,178

114 Case control.tw. 67,718

115 (cohort adj (study or studies)).tw. 70,719

116 Cohort analy$.tw. 3087

117 (Follow up adj (study or studies)).tw. 35,103

118 (observational adj (study or studies)).tw. 36,618

119 Longitudinal.tw. 124,262

120 Retrospective.tw. 238,637

121 111 or 112 or 113 or 114 or 115 or 116 or 117 or 118 or 119 or 120 1,542,206

122 110 and 121 1431
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Search report: randomised control trials

The search was conducted on 9 April 2013. The subject search terms were developed through an iterative
process testing against known studies. Methodological filters for RCTs were applied; studies were limited
to papers published in English from 2012 onwards.

Search numbers

Database Interface 2011 onwards

Cochrane Central Register of Controlled Trials The Cochrane Library, Wiley [Issue 3, 2013] 36

CINAHL EBSCOhost [1980 – present] 64

EMBASE OvidSP [1974 – present] 354

MEDLINE OvidSP [1946 – present, In process] 429

Total 883

Duplicates removed 216

Final total 667

Search strategies

CENTRAL

1. #1 MeSH descriptor: [Hydroxymethylglutaryl-CoA Reductase Inhibitors] explode all trees
2. #2 statin*:ti,ab,kw
3. #3 HMG-CoA reductase inhibitor* or 3-hydroxy-3-methyl-glutaryl-CoA reductase inhibitor* or

3-hydroxy-3-methylglutaryl coenzyme A reductase inhibitor* or HMGCR inhibitor* or
Hydroxymethylglutaryl-CoA Reductase Inhibitor*:ti,ab,kw (Word variations have been searched)

4. #4 atorvastatin or Lipitor or Torvast:ti,ab,kw (Word variations have been searched)
5. #5 fluvastatin or Lescol:ti,ab,kw (Word variations have been searched)
6. #6 lovastatin or Mevacor or Altocor or Altoprev:ti,ab,kw (Word variations have been searched)
7. #7 pitavastatin or Livalo or Pitava:ti,ab,kw (Word variations have been searched)
8. #8 pravastatin or Pravachol or Selektine or Lipostat:ti,ab,kw (Word variations have been searched)
9. #9 rosuvastatin or Crestor:ti,ab,kw (Word variations have been searched)

10. #10 simvastatin or Zocor or Lipex:ti,ab,kw (Word variations have been searched)
11. #11 #1 or #2 or #3 or #4 or #5 or #6 or #7 or #8 or #9 or #10
12. #12 MeSH descriptor: [Lipids] explode all trees and with qualifiers: [Analysis – AN, Blood – BL]
13. #13 MeSH descriptor: [Cholesterol] explode all trees and with qualifiers: [Analysis – AN, Blood – BL]
14. #14 MeSH descriptor: [Lipoproteins, LDL] explode all trees
15. #15 MeSH descriptor: [Lipoproteins, HDL] explode all trees
16. #16 MeSH descriptor: [Apolipoproteins] explode all trees
17. #17 MeSH descriptor: [Triglycerides] explode all trees
18. #18 lipid*:ti (Word variations have been searched)
19. #19 (lipid* near (marker* or parameter* or profile* or measure* or level* or management or ratio*)):

ti,ab,kw (Word variations have been searched)
20. #20 ((serum or blood or total) next lipid*):ti,ab,kw (Word variations have been searched)
21. #21 cholesterol:ti (Word variations have been searched)
22. #22 (cholesterol near (marker* or parameter* or profile* or measure* or level* or management or

ratio*)):ti,ab,kw (Word variations have been searched)
23. #23 ((serum or blood or total) next cholesterol):ti,ab,kw (Word variations have been searched)
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24. #24 ((hdl or high density lipoprotein*) next cholesterol):ti,ab,kw (Word variations have been searched)
25. #25 ((ldl or low density lipoprotein*) next cholesterol):ti,ab,kw (Word variations have been searched)
26. #26 lipoprotein*:ti (Word variations have been searched)
27. #27 (lipoprotein* near (factor* or marker*)):ti,ab,kw (Word variations have been searched)
28. #28 hdl-c or hdlc or ldl-c or ldlc:ti,ab,kw (Word variations have been searched)
29. #29 apolipoprotein* or apoa or Apo B or apo-a or apo-b:ti,ab,kw (Word variations have

been searched)
30. #30 triglyceride*:ti,ab,kw (Word variations have been searched)
31. #31 #12 or #13 or #14 or #15 or #16 or #17 or #18 or #19 or #20 or #21 or #22 or #23 or #24 or

#25 or #26 or #27 or #28 or #29 or #30
32. #32 #11 and #31

CINAHL: (EBSCOhost) [1980 – present]

S96 (S92 AND S95) Published date from: 20120101–20130431; English language (36)

S95 S93 OR S94 (229,883)

S94 (MH ‘Treatment Outcomes+’) (108,846)

S93 TI (random* OR experimental studies) OR AB (random* OR experimental studies) OR MW (random* OR
experimental studies)

(145,214)

S92 S80 OR S91 (1240)

S91 S11 AND S40 AND S90 (829)

S90 S81 OR S82 OR S83 OR S84 OR S85 OR S86 OR S87 OR S88 OR S89 (42,613)

S89 TI (vascular and (risk# or mortality or death#)) (609)

S88 TI (stroke and (risk# or mortality or death#)) (2457)

S87 TI ((coronary or heart or cardiac or myocardial or chd) and (risk# or mortality or death#)) (9000)

S86 TI ((cardiovascular or cardio-vascular or cvd) and (risk# or mortality or death#)) (5756)

S85 (MH ‘Stroke/EP/ET/MO/RF/PR’) (7292)

S84 (MH ‘Vascular Diseases/EP/ET/MO/PR/RF’) (493)

S83 (MH ‘Myocardial Ischemia/EP/ET/MO/PR/RF’) OR (MH ‘Coronary Disease+/EP/ET/MO/PR/RF’) OR
(MH ‘Myocardial Infarction+/EP/ET/MO/PR/RF’)

(13,465)

S82 (MH ‘Cardiovascular Diseases/EP/ET/RF/MO/PR’) (7276)

S81 (MH ‘Cardiovascular Risk Factors’) (10,997)

S80 S11 AND S40 AND S62 AND S79 (917)

S79 S63 OR S64 OR S65 OR S66 OR S67 OR S68 OR S69 OR S70 OR S71 OR S72 OR S73 OR S74 OR S75
OR S76 OR S77 OR S78

(369,748)

S78 TI life expectancy OR AB life expectancy (2599)

S77 TI ((mortality or death# or survival)) OR AB ((mortality or death# or survival)) (116,627)

S76 TI (prognosis or prognostic) OR AB (prognosis or prognostic) (21,070)

S75 TI prevalence OR AB prevalence (47,512)

S74 TI incidence OR AB incidence (44,421)

S73 TI ((predict or predictor# or prediction#)) OR AB ((predict or predictor# or prediction#)) (59,834)

S72 TI (risk n1 scor*) OR AB (risk n1 scor*) (1758)

S71 TI (risk* n1 marker#) OR AB (risk* n1 marker#) (672)

S70 TI (risk* n1 assessment) OR AB (risk* n1 assessment) (5462)
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S69 TI (risk* n1 factor#) OR AB (risk* n1 factor#) (48,604)

S68 TI risk* (73,568)

S67 (MH ‘Survival’) OR (MH ‘Survival Analysis’) (26,178)

S66 (MH ‘Cause of Death’) (4734)

S65 (MH ‘Prognosis’) (18,064)

S64 (MH ‘Incidence’) OR (MH ‘Prevalence’) (43,388)

S63 (MH ‘Risk Factors’) (56,113)

S62 S41 OR S42 OR S43 OR S44 OR S45 OR S46 OR S47 OR S48 OR S49 OR S50 OR S51 OR S52 OR S53
OR S54 OR S55 OR S56 OR S57 OR S58 OR S59 OR S60 OR S61

(161,926)

S61 TI (((all cause or total) n3 (mortality or death#))) OR AB (((all cause or total) n3 (mortality or death#))) (4688)

S60 TI mortality or death# or life expectancy (31,676)

S59 TI Stroke OR AB stroke (30,475)

S58 TI atherosclerosis OR AB atherosclerosis (5018)

S57 TI ((vascular n3 (event# or outcome#))) OR AB ((vascular n3 (event# or outcome#))) (777)

S56 TI (vascular n3 disease#) OR AB (vascular n3 disease#) (3420)

S55 TI myocardial infarct* OR AB myocardial infarct* (14,418)

S54 TI (((ischaemic or ischemic or ischaemia or ischemia) n3 (event# or outcome#))) OR AB (((ischaemic or
ischemic or ischaemia or ischemia) n3 (event# or outcome#)))

(1245)

S53 TI (((ischaemic or ischemic or ischaemia or ischemia) n3 disease#)) OR AB (((ischaemic or ischemic or
ischaemia or ischemia) n3 disease#))

(2486)

S52 TI ischaemic or ischemic or ischaemia or ischemia (8282)

S51 TI (((coronary or heart) n3 (event# or outcome#))) OR AB (((coronary or heart) n3 (event# or outcome#))) (2992)

S50 TI (((coronary or heart) n3 disease#)) OR AB (((coronary or heart) n3 disease#)) (22,761)

S49 TI coronary or heart or chd (46,572)

S48 TI (((cardiovascular or cardio-vascular) n3 (event# or outcome#))) OR AB (((cardiovascular or
cardio-vascular) n3 (event# or outcome#)))

(4403)

S47 TI (((cardiovascular or cardio-vascular) n3 disease#)) OR AB (((cardiovascular or cardio-vascular) n3
disease#))

(14,481)

S46 TI cardiovascular or cardio-vascular or cvd (15,189)

S45 (MM ‘Mortality’) (4894)

S44 (MM ‘Stroke’) (21,024)

S43 (MM ‘Peripheral Vascular Diseases’) (1554)

S42 (MM ‘Myocardial Ischemia’) OR (MM ‘Coronary Disease+’) OR (MM ‘Myocardial Infarction+’) (33,158)

S41 (MM ‘Cardiovascular Diseases’) (12,144)

S40 S12 OR S13 OR S14 OR S15 OR S16 OR S17 OR S18 OR S19 OR S20 OR S21 OR S22 OR S23 OR S24
OR S25 OR S26 OR S27 OR S28 OR S29 OR S30 OR S31 OR S32 OR S33 OR S34 OR S35 OR S36 OR
S37 OR S38 OR S39

(23,307)

S39 TI triglyceride* OR AB triglyceride* (4330)

S38 TI (apoa or Apo B or apo-a or apo-b) OR AB (apoa or Apo B or apo-a or apo-b) (417)

S37 TI apolipoprotein* OR AB apolipoprotein* (1615)

S36 TI ldlc OR AB ldlc (30)

S35 TI ldl-c OR AB ldl-c (837)

S34 TI hdlc OR AB hdlc (43)
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S33 TI hdl-c OR AB hdl-c (761)

S32 TI ((lipoprotein# n2 (factor# or marker))) OR AB ((lipoprotein# n2 (factor# or marker))) (44)

S31 TI lipoprotein# (1808)

S30 TI ((ldl or low density lipoprotein#) n1 cholesterol) OR AB ((ldl or low density lipoprotein#) n1
cholesterol)

(3694)

S29 TI (((hdl or high density lipoprotein#) n1 cholesterol)) OR AB (((hdl or high density lipoprotein#) n1
cholesterol))

(3849)

S28 TI (((serum or blood or total) n1 cholesterol)) OR AB (((serum or blood or total) n1 cholesterol)) (4314)

S27 TI ((cholesterol n2 (marker# or parameter# or profile# or measure* or level# or management or ratio#)))
OR AB ((cholesterol n2 (marker# or parameter# or profile# or measure* or level# or management or
ratio#)))

(3469)

S26 TI cholesterol (3791)

S25 TI (((serum or blood or total) n1 lipid#)) OR AB (((serum or blood or total) n1 lipid#)) (2033)

S24 TI ((lipid# n2 (marker# or parameter# or profile# or measure* or level# or management or ratio#))) OR
AB ((lipid# n2 (marker# or parameter# or profile# or measure* or level# or management or ratio#)))

(3644)

S23 TI lipid# (3761)

S22 (MM ‘Triglycerides’) (905)

S21 (MM ‘Apolipoproteins’) (916)

S20 (MM ‘Lipoproteins, HDL Cholesterol’) OR (MM ‘Lipoproteins, LDL Cholesterol’) (1516)

S19 (MM ‘Cholesterol’) (2080)

S18 (MM ‘Lipids’) (1787)

S17 (MH ‘Triglycerides/AN/BL’) (3238)

S16 (MH ‘Apolipoproteins/AN/BL’) (689)

S15 (MH ‘Lipoproteins, LDL+/BL/AN’) (3711)

S14 (MH ‘Lipoproteins, HDL+/BL/AN’) (3009)

S13 (MH ‘Cholesterol/AN/BL’) (4945)

S12 (MH ‘Lipids/AN/BL’) (2666)

S11 S1 OR S2 OR S3 OR S4 OR S5 OR S6 OR S7 OR S8 OR S9 OR S10 (8296)

S10 TI (simvastatin or Zocor or Lipex) OR AB (simvastatin or Zocor or Lipex) (740)

S9 TI (rosuvastatin or Crestor) OR AB (rosuvastatin or Crestor) (364)

S8 TI (pravastatin or Pravachol or Selektine or Lipostat) OR AB (pravastatin or Pravachol or Selektine or
Lipostat)

(329)

S7 TI (pitavastatin or Livalo or Pitava) OR AB (pitavastatin or Livalo or Pitava) (34)

S6 TI (lovastatin or Mevacor or Altocor or Altoprev) OR AB (lovastatin or Mevacor or Altocor or Altoprev) (163)

S5 TI (fluvastatin or Lescol) OR AB (fluvastatin or Lescol) (129)

S4 TI (atorvastatin or Lipitor or Torvast) OR AB (atorvastatin or Lipitor or Torvast) (771)

S3 TI ((HMG-CoA reductase inhibitor# or 3-hydroxy-3-methyl-glutaryl-CoA reductase inhibitor# or
3-hydroxy-3-methylglutaryl coenzyme A reductase inhibitor# or HMGCR inhibitor# or
Hydroxymethylglutaryl-CoA Reductase Inhibitor#)) OR AB ((HMG-CoA reductase inhibitor# or
3-hydroxy-3-methyl-glutaryl-CoA reductase inhibitor# or 3-hydroxy-3-methylglutaryl coenzyme A
reductase inhibitor# or HMGCR inhibitor# or Hydroxymethylglutaryl-CoA Reductase Inhibitor#))

(396)

S2 TI statin# OR AB statin# (4549)

S1 (MH ‘Statins+’) (5771)
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EMBASE: (OvidSP) [1974 – present]

1 statin?.ti,ab. 35,110

2 (HMG-CoA reductase inhibitor? or 3-hydroxy-3-methyl-glutaryl-CoA reductase inhibitor? or 3-hydroxy-
3-methylglutaryl coenzyme A reductase inhibitor? or HMGCR inhibitor? or Hydroxymethylglutaryl-CoA
Reductase Inhibitor?).ti,ab.

5779

3 (atorvastatin or Lipitor or Torvast).ti,ab. 7638

4 (fluvastatin or Lescol).ti,ab. 1988

5 (lovastatin or Mevacor or Altocor or Altoprev).ti,ab. 3834

6 (pitavastatin or Livalo or Pitava).ti,ab. 783

7 (pravastatin or Pravachol or Selektine or Lipostat).ti,ab. 4424

8 (rosuvastatin or Crestor).ti,ab. 2722

9 (simvastatin or Zocor or Lipex).ti,ab. 8816

10 exp hydroxymethylglutaryl coenzyme A reductase inhibitor/ 84,991

11 1 or 2 or 3 or 4 or 5 or 6 or 7 or 8 or 9 or 10 94,445

12 *lipid/ 51,572

13 *cholesterol/ 53,094

14 *lipid blood level/ 7590

15 *cholesterol blood level/ 8428

16 *lipoprotein blood level/ 2975

17 *high density lipoprotein/ 11,339

18 *Lipids/ 51,572

19 *Cholesterol/ 53,094

20 *low density lipoprotein/ 16,187

21 low density lipoprotein cholesterol/ 50,952

22 *apolipoprotein/or *apolipoprotein a/or *apolipoprotein a1/or *apolipoprotein b/ 13,564

23 *triacylglycerol/or *triacylglycerol blood level/ 22,349

24 lipid?.ti. 119,981

25 (lipid? adj2 (marker? or parameter? or profile? or measure* or level? or management or ratio?)).ti,ab. 54,454

26 ((serum or blood or total) adj lipid?).ti,ab. 32,964

27 cholesterol.ti. 53,397

28 (cholesterol adj2 (marker? or parameter? or profile? or measure* or level? or management or
ratio?)).ti,ab.

44,200

29 ((serum or blood or total) adj cholesterol).ti,ab. 61,697

30 ((hdl or high density lipoprotein?) adj cholesterol).ti,ab. 45,565

31 ((ldl or low density lipoprotein?) adj cholesterol).ti,ab. 38,567

32 lipoprotein?.ti. 48,091

33 (lipoprotein? adj2 (factor? or marker)).ti,ab. 499

34 hdl-c.ti,ab. 13,597

35 hdlc.ti,ab. 1171

36 ldl-c.ti,ab. 12,555
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37 ldlc.ti,ab. 866

38 apolipoprotein*.ti,ab. 41,864

39 (apoa or Apo B or apo-a or apo-b).ti,ab. 18,789

40 triglyceride*.ti,ab. 962,65

41 12 or 13 or 14 or 15 or 16 or 17 or 18 or 19 or 20 or 21 or 22 or 23 or 24 or 25 or 26 or 27 or 28 or
29 or 30 or 31 or 32 or 33 or 34 or 35 or 36 or 37 or 38 or 39 or 40

405,351

42 *cardiovascular disease/ 68,577

43 *coronary artery disease/ 82,044

44 *ischemic heart disease/ 47,091

45 *heart muscle ischemia/ 38,965

46 *heart infarction/ 104,156

47 exp *angina pectoris/ 36,503

48 *sudden death/ 15,399

49 *vascular disease/ 19,219

50 *Stroke/ 60,494

51 *atherosclerosis/or *arteriosclerosis/ 71,618

52 *Mortality/ 47,119

53 (cardiovascular or cardio-vascular or cvd).ti. 105,762

54 ((cardiovascular or cardio-vascular) adj3 disease?).ti,ab. 125,607

55 ((cardiovascular or cardio-vascular) adj3 (event? or outcome?)).ti,ab. 34,144

56 (coronary or heart or chd).ti. 440,855

57 ((coronary or heart) adj3 disease?).ti,ab. 244,310

58 ((coronary or heart) adj3 (event? or outcome?)).ti,ab. 18,791

59 (ischaemic or ischemic or ischaemia or ischemia).ti. 138,122

60 ((ischaemic or ischemic or ischaemia or ischemia) adj3 disease?).ti,ab. 44,242

61 ((ischaemic or ischemic or ischaemia or ischemia) adj3 (event? or outcome?)).ti,ab. 12,312

62 myocardial infarct*.ti,ab. 182,681

63 (vascular adj3 disease?).ti,ab. 47,150

64 (vascular adj3 (event? or outcome?)).ti,ab. 6902

65 atherosclerosis.ti,ab. 100,304

66 stroke.ti,ab. 182,779

67 (mortality or death? or life expectancy).ti. 195,213

68 ((all cause or total) adj3 (mortality or death?)).ti,ab. 32,462

69 or/42–68 1,455,239

70 *risk factor/ 23,278

71 *risk/ 25,190

72 *risk assessment/ 24,094

73 *Incidence/ 3043

74 *Prevalence/ 14,523

75 *Prognosis/ 19,239

76 *’Cause of Death’/ 7746
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77 *survival/or *survival rate/or *life expectancy/ 24,935

78 proportional hazards model/ 33,386

79 *Mortality/ 47,119

80 risk*.ti. 344,746

81 (risk* adj factor?).ti,ab. 414,844

82 (risk* adj assessment).ti,ab. 36,425

83 (risk* adj marker?).ti,ab. 4391

84 (risk adj scor*).ti,ab. 10,650

85 (predict or predictor? or prediction?).ti,ab. 590,407

86 incidence.ti,ab. 615,050

87 prevalence.ti,ab. 439,526

88 (prognosis or prognostic).ti,ab. 451,161

89 (mortality or death? or survival).ti,ab. 1,578,413

90 life expectancy.ti,ab. 22,482

91 70 or 71 or 72 or 73 or 74 or 75 or 76 or 77 or 78 or 79 or 80 or 81 or 82 or 83 or 84 or 85 or 86 or
87 or 88 or 89 or 90

3,447,985

92 41 and 69 and 91 56,517

93 cardiovascular disease/ep, et [Epidemiology, Etiology] 34,030

94 *coronary artery disease/ep, et [Epidemiology, Etiology] 13,941

95 *ischaemic heart disease/ep, et [Epidemiology, Etiology] 7583

96 *heart muscle ischaemia/ep, et [Epidemiology, Etiology] 4560

97 *heart infarction/ep, et [Epidemiology, Etiology] 10,011

98 exp *angina pectoris/ep, et [Epidemiology, Etiology] 3752

99 *stroke/ep, et [Epidemiology, Etiology] 9112

100 *sudden death/ep, et [Epidemiology, Etiology] 2530

101 *atherosclerosis/ep, et [Epidemiology, Etiology] 12,290

102 *arteriosclerosis/ep, et [Epidemiology, Aetiology] 4643

103 ((cardiovascular or cardio-vascular or cvd) and (risk? or mortality or death?)).ti. 28,367

104 ((coronary or heart or cardiac or myocardial or chd) and (risk? or mortality or death?)).ti. 48,008

105 (stroke and (risk? or mortality or death?)).ti. 8114

106 (vascular and (risk? or mortality or death?)).ti. 4052

107 93 or 94 or 95 or 96 or 97 or 98 or 99 or 100 or 102 or 103 or 104 or 105 or 106 151,699

108 41 and 107 26,633

109 92 or 108 61,246

110 11 and 109 10,232

111 random*.tw. or placebo*.mp. or double-blind*.mp. 1,024,177

112 110 and 111 3324

113 (2012* or 2013*).dp,em,yr. 1,633,588

114 112 and 113 364

115 limit 114 to english language 354
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MEDLINE: (OvidSP) [1946 – present, In process]

1 exp Hydroxymethylglutaryl-CoA Reductase Inhibitors/ 24,343

2 statin?.ti,ab. 23,244

3 (HMG-CoA reductase inhibitor? or 3-hydroxy-3-methyl-glutaryl-CoA reductase inhibitor? or 3-hydroxy-
3-methylglutaryl coenzyme A reductase inhibitor? or HMGCR inhibitor? or Hydroxymethylglutaryl-CoA
Reductase Inhibitor?).ti,ab.

4409

4 (atorvastatin or Lipitor or Torvast).ti,ab. 4890

5 (fluvastatin or Lescol).ti,ab. 1431

6 (lovastatin or Mevacor or Altocor or Altoprev).ti,ab. 3033

7 (pitavastatin or Livalo or Pitava).ti,ab. 442

8 (pravastatin or Pravachol or Selektine or Lipostat).ti,ab. 3203

9 (rosuvastatin or Crestor).ti,ab. 1604

10 (simvastatin or Zocor or Lipex).ti,ab. 6004

11 1 or 2 or 3 or 4 or 5 or 6 or 7 or 8 or 9 or 10 38,247

12 Lipids/an, bl [Analysis, Blood] 57,228

13 Cholesterol/an, bl [Analysis, Blood] 63,013

14 exp Lipoproteins, LDL/an, bl [Analysis, Blood] 26,654

15 exp Lipoproteins, HDL/an, bl [Analysis, Blood] 26,703

16 exp Apolipoproteins/an, bl [Analysis, Blood] 12,146

17 Triglycerides/an, bl [Analysis, Blood] 42,791

18 *Lipids/ 40,728

19 *Cholesterol/ 39,607

20 exp *Lipoproteins, LDL/ 16,603

21 exp *Lipoproteins, HDL/ 12,117

22 exp *Apolipoproteins/ 22,002

23 *Triglycerides/ 13,640

24 lipid?.ti. 99,201

25 (lipid? adj2 (marker? or parameter? or profile? or measure* or level? or management or ratio?)).ti,ab. 40,360

26 ((serum or blood or total) adj lipid?).ti,ab. 25,973

27 cholesterol.ti. 44,546

28 (cholesterol adj2 (marker? or parameter? or profile? or measure* or level? or management or
ratio?)).ti,ab.

34,466

29 ((serum or blood or total) adj cholesterol).ti,ab. 46,672

30 ((hdl or high density lipoprotein?) adj cholesterol).ti,ab. 35,492

31 ((ldl or low density lipoprotein?) adj cholesterol).ti,ab. 29,598

32 lipoprotein?.ti. 41,066

33 (lipoprotein? adj2 (factor? or marker)).ti,ab. 429

34 hdl-c.ti,ab. 9038

35 hdlc.ti,ab. 768

36 ldl-c.ti,ab. 8087

37 ldlc.ti,ab. 504
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38 apolipoprotein*.ti,ab. 35,086

39 (apoa or Apo B or apo-a or apo-b).ti,ab. 15,162

40 triglyceride*.ti,ab. 72,822

41 12 or 13 or 14 or 15 or 16 or 17 or 18 or 19 or 20 or 21 or 22 or 23 or 24 or 25 or 26 or 27 or 28 or
29 or 30 or 31 or 32 or 33 or 34 or 35 or 36 or 37 or 38 or 39 or 40

346,985

42 *Cardiovascular Diseases/ 60,721

43 *Coronary Disease/ 91,391

44 *Myocardial Ischemia/ 21,903

45 exp *Myocardial Infarction/ 102,883

46 exp *Angina Pectoris/ 29,260

47 *Coronary Artery Disease/ 26,769

48 *Death, Sudden, Cardiac/ 6067

49 *Vascular Diseases/ 16,191

50 *Stroke/ 39,462

51 *Arteriosclerosis/ 35,324

52 *Mortality/ 16,834

53 (cardiovascular or cardio-vascular or cvd).ti. 80,998

54 ((cardiovascular or cardio-vascular) adj3 disease?).ti,ab. 93,108

55 ((cardiovascular or cardio-vascular) adj3 (event? or outcome?)).ti,ab. 22,838

56 (coronary or heart or chd).ti. 348,302

57 ((coronary or heart) adj3 disease?).ti,ab. 182,181

58 ((coronary or heart) adj3 (event? or outcome?)).ti,ab. 12967

59 (ischaemic or ischemic or ischaemia or ischemia).ti. 105,964

60 ((ischaemic or ischemic or ischaemia or ischemia) adj3 disease?).ti,ab. 33,230

61 ((ischaemic or ischemic or ischaemia or ischemia) adj3 (event? or outcome?)).ti,ab. 8773

62 myocardial infarct*.ti,ab. 136,018

63 (vascular adj3 disease?).ti,ab. 35,712

64 (vascular adj3 (event? or outcome?)).ti,ab. 4792

65 atherosclerosis.ti,ab. 75,403

66 stroke.ti,ab. 129,881

67 (mortality or death? or life expectancy).ti. 164,583

68 ((all cause or total) adj3 (mortality or death?)).ti,ab. 22,991

69 or/42–68 1,119,270

70 risk factors/ 514,238

71 risk/ 92,327

72 risk assessment/ 158,812

73 Incidence/ 161,604

74 Prevalence/ 172,295

75 Prognosis/ 334,751

76 ‘Cause of Death’/ 33,236

77 Survival Analysis/or Survival Rate/or Life Expectancy/ 216,536
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78 proportional hazards models/ 38,202

79 Mortality/ 32,916

80 risk*.ti. 265,235

81 (risk* adj factor?).ti,ab. 312,588

82 (risk* adj assessment).ti,ab. 28,150

83 (risk* adj marker?).ti,ab. 3199

84 (risk adj scor*).ti,ab. 6759

85 (predict or predictor? or prediction?).ti,ab. 468,529

86 incidence.ti,ab. 473,279

87 prevalence.ti,ab. 343,423

88 (prognosis or prognostic).ti,ab. 327,990

89 (mortality or death? or survival).ti,ab. 1,226,745

90 life expectancy.ti,ab. 17,457

91 70 or 71 or 72 or 73 or 74 or 75 or 76 or 77 or 78 or 79 or 80 or 81 or 82 or 83 or 84 or 85 or 86 or
87 or 88 or 89 or 90

3,149,540

92 41 and 69 and 91 47,011

93 Cardiovascular Diseases/ep, et, mo [Epidemiology, Etiology, Mortality] 45,011

94 Coronary Disease/ep, et, mo [Epidemiology, Etiology, Mortality] 32,734

95 Myocardial Ischaemia/ep, et, mo [Epidemiology, Etiology, Mortality] 7100

96 exp Myocardial Infarction/ep, et, mo [Epidemiology, Etiology, Mortality] 38,794

97 Angina Pectoris/ep, et, mo [Epidemiology, Etiology, Mortality] 6018

98 Coronary Artery Disease/ep, et, mo [Epidemiology, Aetiology, Mortality] 9415

99 Death, Sudden, Cardiac/ep, et [Epidemiology, Etiology] 6561

100 Vascular Diseases/ep, et, mo [Epidemiology, Etiology, Mortality] 6204

101 Arteriosclerosis/ep, et, mo [Epidemiology, Etiology, Mortality] 13,850

102 Stroke/ep, et, mo [Epidemiology, Aetiology, Mortality] 20,132

103 ((cardiovascular or cardio-vascular or cvd) and (risk? or mortality or death?)).ti. 20,619

104 ((coronary or heart or cardiac or myocardial or chd) and (risk? or mortality or death?)).ti. 35,680

105 (stroke and (risk? or mortality or death?)).ti. 5689

106 (vascular and (risk? or mortality or death?)).ti. 2959

107 93 or 94 or 95 or 96 or 97 or 98 or 99 or 100 or 102 or 103 or 104 or 105 or 106 183,700

108 41 and 107 27,139

109 92 or 108 51,158

110 11 and 109 5899

111 randomized controlled trial.pt. 346,302

112 controlled clinical trial.pt. 85,685

113 randomized.ab. 264,313

114 placebo.ab. 143,132

115 drug therapy.fs. 1,598,414

116 randomly.ab. 192,458

117 trial.ab. 272,911
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118 groups.ab. 1,242,034

119 111 or 112 or 113 or 114 or 115 or 116 or 117 or 118 3,096,302

120 exp animals/not humans.sh. 3,798,097

121 119 not 120 2,648,242

122 110 and 121 4288

123 (2012* or 2013*).dp,ed,yr. 1,685,294

124 122 and 123 451

125 limit 124 to english language 429
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Appendix 5 Methods for indirect data extraction

Meta-analysis was performed for 10 different lipid measurements (TC, HDL, LDL, non-HDL cholesterol,
triglycerides and Apo B, Apo A-I, plus combinations of these measures and ratios TC/HDL cholesterol,

LDL/HDL cholesterol and Apo B/Apo A-I).

For the meta-analysis of prognostic data, estimates of the natural log of the HR (log(HR)) and its variance
were sought. When direct estimates were not reported, indirect estimations were used to obtain
unadjusted or adjusted estimates.80,81

Summary measures sought included:

l HR and 95% CI
l loge HR and p-value
l HR and p-value
l HR, group numbers and total events
l C2, group numbers and total events
l p-value from chi-square test, group numbers and total events.

If none of these was available, relative risk or ORs with CIs were sought.

Two additional alternatives of data extraction were considered.

Method 1

In 16% of the studies, instead of global size effect, the information provided was the risk of event across
different levels of the lipid measurement, with one category serving as the reference group. In these cases,
generalised least squares for trend estimation were used.83

Method 2

In 32% of the studies, data were obtained by simulating IPD. We distinguished two different cases:

First case. Baseline parameters, within each group (mean and SD for patients with event and patients
without event) for each lipid measurement were extracted. Then an algorithm for computing the risk of
event for a one-unit increase was followed (Table 58).

Second case. In some studies, baseline parameters for each lipid measurement were available for only the
whole sample and not by groups (events/non-events). In these cases, simulation methods could be applied
when the number of events and no events by levels of the lipid measurements were provided, i.e. lipid
measurement was divided into two or three categories and the number of events/non-events, of each
category, were reported. A different algorithm for computing the risk of an event was used (Table 59).
This method was used to estimate ORs by treatment for all randomised studies involving simulated IPD.
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TABLE 58 An algorithm for computing the OR for a one-unit increase knowing baseline parameters

Step Procedure

1 Simulate two random samples of sizes n1= number of patients with event and n2= number of patients without
event, from normal distributions, using baseline parameters

2 Join both samples in a new variable

3 Create an indicator variable that takes on the value ‘1’ for data from the first sample and the value ‘0’ other case

4 Fit a logistic regression model considering variables obtained on step 2 and step 3, keeping the corresponding OR

5 Repeat steps (1)–(4), 103 times

6 Calculate the average of the ORs: this value is the estimate of the OR and the 2.5th and 97.5th percentiles are the
estimates of the lower and upper confidence limits, respectively

TABLE 59 An algorithm for computing the OR for a one-unit increase when baseline parameters are not provided

Step Procedure

1 Simulate a random sample of size n= number total of patients, from a normal distribution, considering the overall
baseline mean and SD as the parameters of the global distribution

2 Sort this sample according to predetermined categories

3 Determinate the observed frequency in the sample that belongs to each category

4 Calculate the expected number of events of each category so that the probability of event matches with
information reported in the article

5 Define a dummy variable (‘1’ means event, ‘0’ means no event) that accurately represents the information obtained
in step 4

6 Fit a logistic regression model considering variables obtained on step 2 and step 5, keeping the corresponding OR

7 Repeat steps (1)–(5), 103 times

8 Calculate the average of the ORs: this value is the estimate of the OR and the 2.5th and 97.5th percentiles are the
estimates of the lower and upper confidence limits, respectively
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Appendix 6 Populations not taking statins:
study names and references

DOI: 10.3310/hta191000 HEALTH TECHNOLOGY ASSESSMENT 2015 VOL. 19 NO. 100

© Queen’s Printer and Controller of HMSO 2015. This work was produced by Perera et al. under the terms of a commissioning contract issued by the Secretary of State for
Health. This issue may be freely reproduced for the purposes of private research and study and extracts (or indeed, the full report) may be included in professional journals
provided that suitable acknowledgement is made and the reproduction is not associated with any form of advertising. Applications for commercial reproduction should be
addressed to: NIHR Journals Library, National Institute for Health Research, Evaluation, Trials and Studies Coordinating Centre, Alpha House, University of Southampton Science
Park, Southampton SO16 7NS, UK.

231



TA
B
LE

60
St
u
d
y
n
am

es
an

d
re
fe
re
n
ce
s
o
f
in
cl
u
d
ed

st
u
d
ie
s
fo
r
p
o
p
u
la
ti
o
n
s
n
o
t
ta
ki
n
g
st
at
in
s

A
b
b
re
vi
at
ed

st
u
d
y
n
am

e
Fu

ll
st
u
d
y
n
am

e
Pu

b
lic
at
io
n
au

th
o
r

Ti
tl
e

R
ef
er
en

ce

7
C
ou

nt
rie

s
(It
al
y
an

d
G
re
ec
e)

10
3

Se
ve
n
C
ou

nt
rie

s
st
ud

y
(It
al
y
an

d
G
re
ec
e)

D
on

ta
s
A
S
et

al
.

C
om

pa
ra
tiv
e
to
ta
lm

or
ta
lit
y
in

25
ye
ar
s
in

Ita
lia
n
an

d
G
re
ek

m
id
dl
e
ag

ed
ru
ra
lm

en
J
Ep

id
em

io
lC

om
m
un

ity
H
ea
lth

19
98

;5
2:
63

8–
44

7
C
ou

nt
rie

s
(N
et
he

rla
nd

s)
10

4
Se
ve
n
C
ou

nt
rie

s
st
ud

y
(N
et
he

rla
nd

s)
;
al
so

kn
ow

n
as

Zu
tp
he

n
El
de

rly
st
ud

y
W
ei
je
nb

er
g
M
P
et

al
.

To
ta
la

nd
hi
gh

de
ns
ity

lip
op

ro
te
in

ch
ol
es
te
ro
la

s
ris
k
fa
ct
or
s

fo
r
co
ro
na

ry
he

ar
t
di
se
as
e
in

el
de

rly
m
en

du
rin

g
5
ye
ar
s
of

fo
llo
w
-u
p.

Th
e
Zu

tp
he

n
El
de

rly
St
ud

y

A
m

J
Ep

id
em

io
l

19
96

;1
43

:1
51

–
8

7
C
ou

nt
rie

s
(S
er
bi
a)

10
5

Se
ve
n
C
ou

nt
rie

s
st
ud

y
(S
er
bi
a)

N
ed

el
jk
ov
ic
S
et

al
.

C
or
on

ar
y
he

ar
t
di
se
as
e
in

25
ye
ar
s.
Th

e
ex
pe

rie
nc
e
in

th
e

th
re
e
Se
rb
ia
n
co
ho

rt
s
of

th
e
Se
ve
n
C
ou

nt
rie

s
St
ud

y
A
ct
a
C
ar
di
ol

19
93

;1
:1
1–

24

A
F/
Te
xC

A
PS

10
6

A
ir
Fo
rc
e/
Te
xa
s
C
or
on

ar
y
A
th
er
os
cl
er
os
is

Pr
ev
en

tio
n
St
ud

y
D
ow

ns
JR

et
al
.

Pr
im

ar
y
pr
ev
en

tio
n
of

ac
ut
e
co
ro
na

ry
ev
en

ts
w
ith

lo
va
st
at
in

in
m
en

an
d
w
om

en
w
ith

av
er
ag

e
ch
ol
es
te
ro
ll
ev
el
s

JA
M
A
19

98
;2
79

:1
61

5–
22

A
LE
RT

10
7

A
ss
es
sm

en
t
of

LE
sc
ol

in
Re

na
l

Tr
an

sp
la
nt
at
io
n
tr
ia
l

Ja
rd
in
e
A
G

et
al
.

Fl
uv
as
ta
tin

pr
ev
en

ts
ca
rd
ia
c
de

at
h
an

d
m
yo
ca
rd
ia
li
nf
ra
ct
io
n
in

re
na

lt
ra
ns
pl
an

t
re
ci
pi
en

ts
:
po

st
-h
oc

su
bg

ro
up

an
al
ys
es

of
th
e

A
LE
RT

st
ud

y

A
m

J
Tr
an

sp
la
nt

20
04

;4
:9
88

–
95

A
M
O
RI
S9

0
A
po

lip
op

ro
te
in

M
or
ta
lit
y
Ri
sk

st
ud

y
H
ol
m
e
Ie

t
al
.

Re
la
tio

ns
hi
ps

be
tw

ee
n
lip
op

ro
te
in

co
m
po

ne
nt
s
an

d
ris
k
of

m
yo
ca
rd
ia
li
nf
ar
ct
io
n:

ag
e,

ge
nd

er
an

d
sh
or
t
vs
.
lo
ng

er
fo
llo
w
-u
p
pe

rio
ds

in
th
e
A
po

lip
op

ro
te
in

M
O
rt
al
ity

RI
Sk

st
ud

y
(A
M
O
RI
S)

J
In
te
rn

M
ed

20
08

;2
64

:3
0–

8

A
N
H
F1

08
A
us
tr
al
ia
n
N
at
io
na

lH
ea
rt
Fo
un

da
tio

n
D
ha

liw
al

SS
,

W
el
bo

rn
TA

C
en

tr
al

ob
es
ity

an
d
ci
ga

re
tt
e
sm

ok
in
g
ar
e
ke
y
de

te
rm

in
an

ts
of

C
V
D
de

at
hs

in
A
us
tr
al
ia
:
a
pu

bl
ic
he

al
th

pe
rs
pe

ct
iv
e

Pr
ev

M
ed

20
09

;4
9:
15

3–
7

A
SC

O
T-
LL
A

10
9

A
ng

lo
Sc
an

di
na

vi
an

C
ar
di
ac

O
ut
co
m
es

Tr
ia
l–

Li
pi
d-
Lo
w
er
in
g
A
rm

Se
ve
r
PS

et
al
.

Re
du

ct
io
n
in

ca
rd
io
va
sc
ul
ar

ev
en

ts
w
ith

at
or
va
st
at
in

in
2,
53

2
pa

tie
nt
s
w
ith

ty
pe

2
di
ab

et
es

D
ia
be

te
s
C
ar
e

29
;2
8:
11

51
–
7

A
U
RO

RA
11

0
A
st
ud

y
to

ev
al
ua

te
th
e
us
e
of

ro
su
va
st
at
in

in
su
bj
ec
ts

on
re
gu

la
r
ha

em
od

ia
ly
si
s:
an

as
se
ss
m
en

t
of

su
rv
iv
al

an
d
ca
rd
io
va
sc
ul
ar

ev
en

ts

Fe
lls
tr
om

BC
et

al
.

Ro
su
va
st
at
in

an
d
ca
rd
io
va
sc
ul
ar

ev
en

ts
in

pa
tie

nt
s

un
de

rg
oi
ng

he
m
od

ia
ly
si
s

N
En

gl
J
M
ed

20
09

;3
60

:1
39

5–
40

7

BR
H
S1

11
Br
iti
sh

Re
gi
on

al
H
ea
rt
St
ud

y
Po

co
ck

J
et

al
.

C
on

ce
nt
ra
tio

ns
of

hi
gh

de
ns
ity

lip
op

ro
te
in

ch
ol
es
te
ro
l,

tr
ig
ly
ce
rid

es
,
an

d
to
ta
lc
ho

le
st
er
ol

in
is
ch
ae
m
ic
he

ar
t
di
se
as
e

BM
J
19

89
;2
98

:9
98

–
10

02

Br
un

ec
k1

12
Br
un

ec
k
St
ud

y
K
ie
ch
lS

et
al
.

O
xi
di
ze
d
ph

os
ph

ol
ip
id
s,
lip
op

ro
te
in
(a
),
lip
op

ro
te
in
-a
ss
oc
ia
te
d

ph
os
ph

ol
ip
as
e
A
2
ac
tiv
ity
,
an

d
10

-y
ea
r
ca
rd
io
va
sc
ul
ar

ou
tc
om

e:
pr
os
pe

ct
iv
e
re
su
lts

fr
om

th
e
Br
un

ec
k
st
ud

y

A
rt
er
io
sc
le
r
Th

ro
m
b
V
as
c

Bi
ol

20
07

;2
7:
17

88
–
95

BU
PA

11
3

Br
iti
sh

U
ni
te
d
Pr
ov
id
en

t
A
ss
oc
ia
tio

n
st
ud

y
W
al
d
N
J
et

al
.

A
po

lip
op

ro
te
in
s
an

d
is
ch
ae
m
ic
he

ar
t
di
se
as
e:

im
pl
ic
at
io
ns

fo
r

sc
re
en

in
g

La
nc
et

19
94

;3
43

:7
5–

9

APPENDIX 6

NIHR Journals Library www.journalslibrary.nihr.ac.uk

232



A
b
b
re
vi
at
ed

st
u
d
y
n
am

e
Fu

ll
st
u
d
y
n
am

e
Pu

b
lic
at
io
n
au

th
o
r

Ti
tl
e

R
ef
er
en

ce

C
ae
rp
hi
lly

11
4

C
ae
rp
hi
lly

St
ud

y
Sw

ee
tm

an
P
et

al
.

A
po

lip
op

ro
te
in
s
A
±
I,
A
±
II
an

d
B,

lip
op

ro
te
in
(a
)
an

d
th
e
ris
k
of

is
ch
ae
m
ic
he

ar
t
di
se
as
e:

th
e
C
ae
rp
hi
lly

St
ud

y
Eu

r
J
C
lin

In
ve
st

20
00

;3
0:
94

7–
56

C
A
RD

S1
15

C
ol
la
bo

ra
tiv
e
A
to
rv
as
ta
tin

D
ia
be

te
s
St
ud

y
C
ol
ho

un
H
M

et
al
.

Pr
im

ar
y
pr
ev
en

tio
n
of

C
V
D
w
ith

at
or
va
st
at
in

in
ty
pe

2
di
ab

et
es

in
th
e
C
ol
la
bo

ra
tiv
e
A
to
rv
as
ta
tin

D
ia
be

te
s
St
ud

y
(C
A
RD

S)
:
m
ul
tic
en

tr
e
ra
nd

om
is
ed

pl
ac
eb

o-
co
nt
ro
lle
d
tr
ia
l

La
nc
et

20
04

;3
64

:6
85

–
96

C
A
RE

34
C
ho

le
st
er
ol

an
d
Re

cu
rr
en

t
Ev
en

ts
Tr
ia
l

Sa
ck
s
FM

et
al
.

Th
e
ef
fe
ct

of
pr
av
as
ta
tin

on
co
ro
na

ry
ev
en

ts
af
te
r
m
yo
ca
rd
ia
l

in
fa
rc
tio

n
in

pa
tie

nt
s
w
ith

av
er
ag

e
ch
ol
es
te
ro
ll
ev
el
s

N
En

gl
J
M
ed

19
96

;3
35

:1
00

1–
9

C
as
al
e
M
on

fe
rr
at
o1

16
C
as
al
e
M
on

fe
rr
at
o
St
ud

y
Br
un

o
G

et
al
.

Ef
fe
ct

of
ag

e
on

th
e
as
so
ci
at
io
n
of

no
n-
hi
gh

-d
en

si
ty
-

lip
op

ro
te
in

ch
ol
es
te
ro
la

nd
ap

ol
ip
op

ro
te
in

B
w
ith

ca
rd
io
va
sc
ul
ar

m
or
ta
lit
y
in

a
M
ed

ite
rr
an

ea
n
po

pu
la
tio

n
w
ith

ty
pe

2
di
ab

et
es
:
th
e
C
as
al
e
M
on

fe
rr
at
o
st
ud

y

D
ia
be

to
lo
gi
a

20
06

;4
9:
93

7–
44

C
B
pr
oj
ec
t9

1
C
on

su
lta

tio
n
Bu

re
au

Pr
oj
ec
t

V
er
sc
hu

re
n
W
M
M
,

K
ro
m
ho

ut
D

To
ta
lc
ho

le
st
er
ol

co
nc
en

tr
at
io
n
an

d
m
or
ta
lit
y
at

a
re
la
tiv
el
y

yo
un

g
ag

e:
do

m
en

an
d
w
om

en
di
ff
er
?

BM
J
19

95
;3
11

:7
79

–
83

C
ha

rle
st
on

99
C
ha

rle
st
on

H
ea
rt
St
ud

y
K
ei
lJ
E
et

al
.

M
or
ta
lit
y
ra
te
s
an

d
ris
k
fa
ct
or
s
fo
r
co
ro
na

ry
di
se
as
e
in

bl
ac
k

as
co
m
pa

re
d
w
ith

w
hi
te

m
en

an
d
w
om

en
N
En

gl
J
M
ed

19
93

;3
29

:7
3–

8

C
hi
ne

se
ve
te
ra
ns

11
7

N
/A

Sa
iX

et
al
.

A
ll-
ca
us
e
m
or
ta
lit
y
an

d
ris
k
fa
ct
or
s
in

a
co
ho

rt
of

re
tir
ed

m
ili
ta
ry

m
al
e
ve
te
ra
ns
,
X
i’a
n,

C
hi
na

:
an

18
-y
ea
r
fo
llo
w

up
st
ud

y

BM
C
Pu

bl
ic
H
ea
lth

20
07

;7
:2
90

C
H
S1

18
C
ar
di
ov
as
cu
la
r
H
ea
lth

St
ud

y
Ps
at
y
BM

et
al
.

Th
e
as
so
ci
at
io
n
be

tw
ee
n
lip
id

le
ve
ls
an

d
th
e
ris
ks

of
in
ci
de

nt
m
yo
ca
rd
ia
li
nf
ar
ct
io
n,

st
ro
ke
,
an

d
to
ta
lm

or
ta
lit
y:

Th
e
C
ar
di
ov
as
cu
la
r
H
ea
lth

St
ud

y

J
A
m

G
er
ia
tr
So

c
20

04
;5
2:
16

39
–
47

C
op

en
ha

ge
n
C
ity

92
C
op

en
ha

ge
n
C
ity

H
ea
rt
St
ud

y
La
ng

st
ed

A
et

al
.

Fa
st
in
g
an

d
no

nf
as
tin

g
lip
id

le
ve
ls
:
in
flu

en
ce

of
no

rm
al

fo
od

in
ta
ke

on
lip
id
s,
lip
op

ro
te
in
s,
ap

ol
ip
op

ro
te
in
s,
an

d
ca
rd
io
va
sc
ul
ar

ris
k
pr
ed

ic
tio

n

C
irc
ul
at
io
n

20
08

;1
18

:2
04

7–
56

C
O
RO

N
A

11
9

C
on

tr
ol
le
d
Ro

su
va
st
at
in

M
ul
tin

at
io
na

lT
ria

l
in

H
ea
rt
Fa
ilu
re

K
je
ks
hu

s
J
et

al
.

Ro
su
va
st
at
in

in
ol
de

r
pa

tie
nt
s
w
ith

sy
st
ol
ic
he

ar
t
fa
ilu
re

N
En

gl
J
M
ed

20
07

;3
57

:2
24

8–
61

D
A
I12

0
D
ia
be

te
s
an

d
In
fo
rm

at
ic
s
St
ud

y
G
io
rd
a
C
B
et

al
.

Re
cu
rr
en

ce
of

ca
rd
io
va
sc
ul
ar

ev
en

ts
in

pa
tie

nt
s
w
ith

ty
pe

2
di
ab

et
es

D
ia
be

te
s
C
ar
e

20
08

;3
1:
21

54
–
9

D
U
BB

O
93

D
ub

bo
St
ud

y
Si
m
on

s
LA

Pr
ed

ic
to
rs

of
m
or
ta
lit
y
in

th
e
pr
os
pe

ct
iv
e
D
ub

bo
st
ud

y
of

A
us
tr
al
ia
n
el
de

rly
A
us
t
N
Z
J
M
ed

19
96

;2
6:
40

–
8

EP
IC
-N
or
fo
lk

10
0

Eu
ro
pe

an
Pr
os
pe

ct
iv
e
In
ve
st
ig
at
io
n
in
to

C
an

ce
r
an

d
N
ut
rit
io
n-
N
or
fo
lk

st
ud

y
A
rs
en

au
lt
BJ

et
al
.

Li
pi
d
as
se
ss
m
en

t,
m
et
ab

ol
ic
sy
nd

ro
m
e
an

d
co
ro
na

ry
he

ar
t

di
se
as
e
ris
k

Eu
r
J
C
lin

In
ve
st

20
10

;4
0:
10

81
–
93

co
nt
in
ue
d

DOI: 10.3310/hta191000 HEALTH TECHNOLOGY ASSESSMENT 2015 VOL. 19 NO. 100

© Queen’s Printer and Controller of HMSO 2015. This work was produced by Perera et al. under the terms of a commissioning contract issued by the Secretary of State for
Health. This issue may be freely reproduced for the purposes of private research and study and extracts (or indeed, the full report) may be included in professional journals
provided that suitable acknowledgement is made and the reproduction is not associated with any form of advertising. Applications for commercial reproduction should be
addressed to: NIHR Journals Library, National Institute for Health Research, Evaluation, Trials and Studies Coordinating Centre, Alpha House, University of Southampton Science
Park, Southampton SO16 7NS, UK.

233



TA
B
LE

60
St
u
d
y
n
am

es
an

d
re
fe
re
n
ce
s
o
f
in
cl
u
d
ed

st
u
d
ie
s
fo
r
p
o
p
u
la
ti
o
n
s
n
o
t
ta
ki
n
g
st
at
in
s
(c
o
n
ti
n
u
ed

)

A
b
b
re
vi
at
ed

st
u
d
y
n
am

e
Fu

ll
st
u
d
y
n
am

e
Pu

b
lic
at
io
n
au

th
o
r

Ti
tl
e

R
ef
er
en

ce

FI
EL
D

12
1

Fe
no

fib
ra
te

In
te
rv
en

tio
n
an

d
Ev
en

t
Lo
w
er
in
g
in

D
ia
be

te
s
st
ud

y
Ta
sk
in
en

M
R
et

al
.

A
bi
lit
y
of

tr
ad

iti
on

al
lip
id

ra
tio

s
an

d
ap

ol
ip
op

ro
te
in

ra
tio

s
to

pr
ed

ic
t
ca
rd
io
va
sc
ul
ar

ris
k
in

pe
op

le
w
ith

ty
pe

2
di
ab

et
es

D
ia
be

to
lo
gi
a

20
10

;5
3:
18

46
–
55

FI
N
RI
SK

‘9
21

22
FI
N
RI
SK

‘9
2
H
em

os
ta
si
s
St
ud

y
Sa
lo
m
aa

V
et

al
.

H
em

os
ta
tic

fa
ct
or
s
as

pr
ed

ic
to
rs

of
co
ro
na

ry
ev
en

ts
an

d
to
ta
l

m
or
ta
lit
y:

Th
e
FI
N
RI
SK

‘9
2
H
em

os
ta
si
s
St
ud

y
A
rt
er
io
sc
le
r
Th

ro
m
b
V
as
c

Bi
ol

20
02

;2
2:
35

3–
8

Fr
am

in
gh

am
O
ff
sp
rin

g5
3

Fr
am

in
gh

am
O
ff
sp
rin

g
St
ud

y
In
ge

ls
so
n
E
et

al
.

C
lin
ic
al

ut
ili
ty

of
di
ff
er
en

t
lip
id

m
ea
su
re
s
fo
r
pr
ed

ic
tio

n
of

co
ro
na

ry
he

ar
t
di
se
as
e
in

m
en

an
d
w
om

en
JA
M
A
20

07
;2
98

:7
76

–
85

G
IS
SI

12
3

G
IS
SI

Pr
ev
en

zi
on

e
Tr
ia
l

G
IS
SI

Pr
ev
en

zi
on

e
In
ve
st
ig
at
or
s

Re
su
lts

of
th
e
lo
w
-d
os
e
(2
0
m
g)

pr
av
as
ta
tin

G
IS
SI

Pr
ev
en

zi
on

e
tr
ia
li
n
42

71
pa

tie
nt
s
w
ith

re
ce
nt

m
yo
ca
rd
ia
li
nf
ar
ct
io
n:

do
st
op

pe
d
tr
ia
ls
co
nt
rib

ut
e
to

ov
er
al
lk

no
w
le
dg

e?

Ita
lH

ea
rt
J
20

00
;1
:8
10

–
20

G
lo
st
ru
p
Po

pu
la
tio

n1
24

Th
e
G
lo
st
ru
p
Po

pu
la
tio

n
St
ud

ie
s

K
la
us
en

IC
et

al
.

A
po

lip
op

ro
te
in
(a
)
is
of
or
m
s
an

d
co
ro
na

ry
he

ar
t
di
se
as
e
in

m
en

A
ne

st
ed

ca
se
–
co
nt
ro
ls
tu
dy

A
th
er
os
cl
er
os
is

19
97

;1
32

:7
7–

84

G
O
H

12
5

G
lu
co
se

In
to
le
ra
nc
e,

O
be

si
ty

an
d

H
yp
er
te
ns
io
n
St
ud

y
G
er
be

r
Y
et

al
.

Th
e
ro
le

of
ris
k
fa
ct
or

tim
e
tr
en

ds
in

th
e
st
ee
p
de

cl
in
e
of

C
H
D

m
or
ta
lit
y
be

tw
ee
n
tw

o
Is
ra
el
ic
oh

or
t
st
ud

ie
s

Pr
ev

M
ed

20
05

;4
1:
85

–
91

G
RI
PS

12
6

G
oe

tt
in
ge

n
Ri
sk
,
In
ci
de

nc
e
an

d
Pr
ev
al
en

ce
St
ud

y
C
re
m
er

P
et

al
.

Te
n-
ye
ar

fo
llo
w
-u
p
re
su
lts

fr
om

th
e
G
oe

tt
in
ge

n
Ri
sk
,

In
ci
de

nc
e
an

d
Pr
ev
al
en

ce
St
ud

y
(G
RI
PS
).
I.
Ri
sk

fa
ct
or
s
fo
r

m
yo
ca
rd
ia
li
nf
ar
ct
io
n
in

a
co
ho

rt
of

57
90

m
en

A
th
er
os
cl
er
os
is

19
97

;1
29

:2
21

–
30

H
am

ag
uc
hi

20
07

12
7

N
/A

H
am

ag
uc
hi

M
et

al
.

N
on

-a
lc
oh

ol
ic
fa
tt
y
liv
er

di
se
as
e
is
a
no

ve
lp

re
di
ct
or

of
C
V
D

W
or
ld

J
G
as
tr
oe

nt
er
ol

20
07

;1
3:
15

79
–
84

H
on

ol
ul
u
H
ea
rt

12
8

H
on

ol
ul
u
H
ea
r
Pr
og

ra
m

Sc
ha

tz
IJ
et

al
.

C
ho

le
st
er
ol

an
d
al
l-c
au

se
m
or
ta
lit
y
in

el
de

rly
pe

op
le

fr
om

th
e

H
on

ol
ul
u
H
ea
rt
Pr
og

ra
m
:
a
co
ho

rt
st
ud

y
La
nc
et

20
01

;3
58

:3
51

–
5

H
oo

rn
12

9
H
oo

rn
St
ud

y
Bo

s
G

et
al
.

A
co
m
bi
na

tio
n
of

hi
gh

co
nc
en

tr
at
io
ns

of
se
ru
m

tr
ig
ly
ce
rid

e
an

d
no

n-
hi
gh

-d
en

si
ty
-li
po

pr
ot
ei
n-
ch
ol
es
te
ro
li
s
a
ris
k
fa
ct
or

fo
r
C
V
D
in

su
bj
ec
ts

w
ith

ab
no

rm
al

gl
uc
os
e
m
et
ab

ol
is
m
:

Th
e
H
oo

rn
St
ud

y

D
ia
be

to
lo
gi
a

20
03

;4
6:
91

0–
16

H
PF
S1

30
H
ea
lth

Pr
of
es
si
on

al
s
Fo
llo
w
-u
p
St
ud

y
Jia

ng
R
et

al
.

N
on

-H
D
L
ch
ol
es
te
ro
la

nd
ap

ol
ip
op

ro
te
in

B
pr
ed

ic
t

ca
rd
io
va
sc
ul
ar

di
se
as
e
ev
en

ts
am

on
g
m
en

w
ith

ty
pe

2
di
ab

et
es

D
ia
be

te
s
C
ar
e

20
04

;2
7:
19

91
–
7

H
PS

24
H
ea
rt
Pr
ot
ec
tio

n
St
ud

y
H
ea
rt
Pr
ot
ec
tio

n
St
ud

y
C
ol
la
bo

ra
tiv
e

G
ro
up

M
RC

/B
H
F
H
ea
rt
pr
ot
ec
tio

n
st
ud

y
of

ch
ol
es
te
ro
ll
ow

er
in
g
w
ith

si
m
va
st
at
in

in
20

,5
36

hi
gh

-r
is
k
in
di
vi
du

al
s:
a
ra
nd

om
is
ed

pl
ac
eb

o-
co
nt
ro
lle
d
tr
ia
l

La
nc
et

20
02

;3
60

:7
–
22

APPENDIX 6

NIHR Journals Library www.journalslibrary.nihr.ac.uk

234



A
b
b
re
vi
at
ed

st
u
d
y
n
am

e
Fu

ll
st
u
d
y
n
am

e
Pu

b
lic
at
io
n
au

th
o
r

Ti
tl
e

R
ef
er
en

ce

IK
N
S
(Y
ao

)9
4

Ik
aw

a,
K
yo
w
a
an

d
N
oi
ch
ia

nd
Y
ao

St
ud

y
Is
o
H
et

al
.

Se
ru
m

to
ta
lc
ho

le
st
er
ol

an
d
m
or
ta
lit
y
in

a
Ja
pa

ne
se

po
pu

la
tio

n
J
C
lin

Ep
id
em

io
l

19
94

;4
7:
96

1–
9

In
C
H
IA
N
TI

13
1

A
gi
ng

in
C
hi
an

ti
A
re
a
St
ud

y
Se
m
ba

RD
et

al
.

Pl
as
m
a
ca
rb
ox
ym

et
hy
l-l
ys
in
e,

an
ad

va
nc
ed

gl
yc
at
io
n
en

d
pr
od

uc
t,
an

d
al
l-c
au

se
an

d
ca
rd
io
va
sc
ul
ar

di
se
as
e
m
or
ta
lit
y
in

ol
de

r
co
m
m
un

ity
-d
w
el
lin
g
ad

ul
ts

J
A
m

G
er
ia
tr
So

c
20

09
;5
7:
18

74
–
80

Is
ra
el
iI
sc
ha

em
ic

H
ea
rt

13
2

Is
ra
el
iI
sc
ha

em
ic
H
ea
rt
D
is
ea
se

St
ud

y
G
ol
db

ou
rt
U
et

al
.

Fa
ct
or
s
pr
ed

ic
tiv
e
of

lo
ng

-t
er
m

co
ro
na

ry
he

ar
t
di
se
as
e

m
or
ta
lit
y
am

on
g
10

,0
59

m
al
e
Is
ra
el
ic
iv
il
se
rv
an

ts
an

d
m
un

ic
ip
al

em
pl
oy
ee
s

C
ar
di
ol
og

y
19

93
;8
:1
00

–
21

Iw
at
eK

EN
C
O

13
3

Iw
at
e
K
en

po
ku

C
oh

or
t
St
ud

y
Y
ok

ok
aw

a
H
et

al
.

Se
ru
m

lo
w
-d
en

si
ty

lip
op

ro
te
in

to
hi
gh

de
ns
ity

lip
op

ro
te
in

ra
tio

as
a
pr
ed

ic
to
r
of

fu
tu
re

ac
ut
e
m
yo
ca
rd
ia
li
nf
ar
ct
io
n
am

on
g

m
en

in
a
2.
7-
ye
ar

co
ho

rt
st
ud

y
of

a
Ja
pa

ne
se

no
rt
he

rn
ru
ra
l

po
pu

la
tio

n

J
A
th
er
os
cl
er

Th
ro
m
b

20
11

;1
8:
89

–
98

Ju
nt
en

do
,
Ja
pa

n1
34

N
/A

Fu
ku

sh
im

a
Y
et

al
.

N
on

-h
ig
h-
de

ns
ity

lip
op

ro
te
in

ch
ol
es
te
ro
li
s
a
pr
ac
tic
al

pr
ed

ic
to
r
of

lo
ng

-t
er
m

ca
rd
ia
c
de

at
h
af
te
r
co
ro
na

ry
ar
te
ry

by
pa

ss
gr
af
tin

g

A
th
er
os
cl
er
os
is

20
12

;2
21

:2
06

–
11

K
IH
D

13
5

K
uo

pi
o
Is
ch
ae
m
ic
H
ea
rt
D
is
ea
se

Ri
sk

Fa
ct
or

St
ud

y
La
kk
a
H
et

al
.

H
yp
er
in
su
lin
em

ia
an

d
th
e
ris
k
of

ca
rd
io
va
sc
ul
ar

de
at
h
an

d
ac
ut
e
co
ro
na

ry
an

d
ce
re
br
ov
as
cu
la
r
ev
en

ts
in

m
en

A
rc
h
In
te
rn

M
ed

20
00

;1
60

:1
16

0–
8

La
n
20

07
13

6
N
/A

La
n
TY

et
al
.

C
lin
ic
al

an
d
la
bo

ra
to
ry

pr
ed

ic
to
rs

of
al
l-c
au

se
m
or
ta
lit
y
in

ol
de

r
po

pu
la
tio

n
A
rc
h
G
er
on

to
lG

er
ia
tr

20
07

;4
5:
32

7–
34

LI
FE

(s
ub

an
al
ys
is
)1

37
Lo
sa
rt
an

In
te
rv
en

tio
n
Fo
r
En

dp
oi
nt

Re
du

ct
io
n
in

H
yp
er
te
ns
io
n
St
ud

y
D
e
Si
m
on

e
G

et
al
.

C
lu
st
er
s
of

m
et
ab

ol
ic
ris
k
fa
ct
or
s
pr
ed

ic
t
ca
rd
io
va
sc
ul
ar

ev
en

ts
in

hy
pe

rt
en

si
on

w
ith

ta
rg
et
-o
rg
an

da
m
ag

e:
th
e
LI
FE

st
ud

y
J
H
um

H
yp
er
te
ns

20
07

;2
1:
62

5–
32

LI
PI
D

13
8

Th
e
Lo
ng

-t
er
m

In
te
rv
en

tio
n
w
ith

Pr
av
as
ta
tin

in
Is
ch
ae
m
ic
D
is
ea
se

St
ud

y
Si
m
es

RJ
et

al
.

Re
la
tio

ns
hi
p
be

tw
ee
n
lip
id

le
ve
ls
an

d
cl
in
ic
al

ou
tc
om

es
in

th
e

lo
ng

-t
er
m

in
te
rv
en

tio
n
w
ith

pr
av
as
ta
tin

in
is
ch
em

ic
di
se
as
e

(L
IP
ID
)
tr
ia
l

C
irc
ul
at
io
n

20
02

;1
05

:1
16

2–
9

Li
ve
rm

or
e1

39
N
/A

W
ill
ia
m
s
PT

Lo
w

hi
gh

-d
en

si
ty

lip
op

ro
te
in

3
re
du

ce
s
th
e
od

ds
of

m
en

su
rv
iv
in
g
to

ag
e
85

du
rin

g
53

-y
ea
r
fo
llo
w
-u
p

JA
G
S
20

12
;6
0:
43

0–
6

LR
C
pr
ev
al
en

ce
14

0
Li
pi
d
Re

se
ar
ch

C
lin
ic
Pr
ev
al
en

ce
an

d
Fo
llo
w
-u
p
St
ud

ie
s

G
ro
ve
r
SA

et
al
.

Id
en

tif
yi
ng

ad
ul
ts

at
in
cr
ea
se
d
ris
k
of

co
ro
na

ry
di
se
as
e

JA
M
A
19

95
;2
74

:8
01

–
6

co
nt
in
ue
d

DOI: 10.3310/hta191000 HEALTH TECHNOLOGY ASSESSMENT 2015 VOL. 19 NO. 100

© Queen’s Printer and Controller of HMSO 2015. This work was produced by Perera et al. under the terms of a commissioning contract issued by the Secretary of State for
Health. This issue may be freely reproduced for the purposes of private research and study and extracts (or indeed, the full report) may be included in professional journals
provided that suitable acknowledgement is made and the reproduction is not associated with any form of advertising. Applications for commercial reproduction should be
addressed to: NIHR Journals Library, National Institute for Health Research, Evaluation, Trials and Studies Coordinating Centre, Alpha House, University of Southampton Science
Park, Southampton SO16 7NS, UK.

235



TA
B
LE

60
St
u
d
y
n
am

es
an

d
re
fe
re
n
ce
s
o
f
in
cl
u
d
ed

st
u
d
ie
s
fo
r
p
o
p
u
la
ti
o
n
s
n
o
t
ta
ki
n
g
st
at
in
s
(c
o
n
ti
n
u
ed

)

A
b
b
re
vi
at
ed

st
u
d
y
n
am

e
Fu

ll
st
u
d
y
n
am

e
Pu

b
lic
at
io
n
au

th
o
r

Ti
tl
e

R
ef
er
en

ce

M
EG

A
14

1
M
an

ag
em

en
t
of

El
ev
at
ed

C
ho

le
st
er
ol

in
th
e
Pr
im

ar
y
Pr
ev
en

tio
n
G
ro
up

of
A
du

lt
Ja
pa

ne
se

St
ud

y

M
iz
un

o
K
et

al
.

U
se
fu
ln
es
s
of

LD
L-
C
-r
el
at
ed

pa
ra
m
et
er
s
to

pr
ed

ic
t

ca
rd
io
va
sc
ul
ar

ris
k
an

d
ef
fe
ct

of
pr
av
as
ta
tin

in
m
ild
-t
o-

m
od

er
at
e
hy
pe

rc
ho

le
st
er
ol
em

ia

J
A
th
er
os
cl
er

Th
ro
m
b

20
12

;1
9:
17

6–
18

5

M
ES
A

14
2

M
ul
ti-
et
hn

ic
St
ud

y
of

A
th
er
os
cl
er
os
is

M
an

ic
ka
m

P
et

al
.

C
om

pa
ra
tiv
e
pr
og

no
st
ic
ut
ili
ty

of
co
nv
en

tio
na

la
nd

no
ve
ll
ip
id

pa
ra
m
et
er
s
fo
r
C
V
D
ris
k
pr
ed

ic
tio

n:
do

no
ve
ll
ip
id

pa
ra
m
et
er
s

of
fe
r
an

ad
va
nt
ag

e?

J
C
lin

Li
pi
do

l2
01

1;
5:
82

–
90

M
H
S1

43
M
ac
ca
bi

H
ea
lth

ca
re

Se
rv
ic
es

Sh
al
ev

V
et

al
.

In
a
po

pu
la
tio

n-
ba

se
d
co
ho

rt
of

di
ab

et
es

pa
tie

nt
s,
m
en

an
d

w
om

en
ha

d
si
m
ila
r
ris
ks

fo
r
al
l-c
au

se
m
or
ta
lit
y

J
C
lin

Ep
id
em

io
l

20
07

;6
0:
86

–
93

M
O
N
IC
A

95
M
on

ito
rin

g
of

Tr
en

ds
an

d
D
et
er
m
in
an

ts
in

C
ar
di
ov
as
cu
la
r
D
is
ea
se

A
ug

sb
ur
g
Pr
oj
ec
t

M
ei
si
ng

er
C
et

al
.

Pr
og

no
st
ic
va
lu
e
of

ap
ol
ip
op

ro
te
in

B
an

d
A
-I
in

th
e
pr
ed

ic
tio

n
of

m
yo
ca
rd
ia
li
nf
ar
ct
io
n
in

m
id
dl
e-
ag

ed
m
en

an
d
w
om

en
:

re
su
lts

fr
om

th
e
M
O
N
IC
A
/K
O
RA

A
ug

sb
ur
g
co
ho

rt
st
ud

y

Eu
r
H
ea
rt
J
20

05
;2
6:
27

1–
8

M
RF
IT

10
2

M
ul
tip

le
Ri
sk

Fa
ct
or

In
te
rv
en

tio
n
Tr
ia
l

W
at
ki
ns

LO
et

al
.

Ra
ci
al

di
ff
er
en

ce
s
in

hi
gh

-d
en

si
ty

lip
op

ro
te
in

ch
ol
es
te
ro
la

nd
co
ro
na

ry
he

ar
t
di
se
as
e
in
ci
de

nc
e
in

th
e
U
su
al
-C
ar
e
G
ro
up

of
th
e
M
ul
tip

le
Ri
sk

Fa
ct
or

In
te
rv
en

tio
n
Tr
ia
l

A
m

J
C
ar
di
ol

19
66

;5
7:
53

6–
45

N
H
A
N
ES

III
14

4
Th

ird
N
at
io
na

lH
ea
lth

an
d
N
ut
rit
io
n

Ex
am

in
at
io
n
Su

rv
ey

Si
er
ra
-J
oh

ns
on

J
et

al
.

C
on

ce
nt
ra
tio

n
of

ap
ol
ip
op

ro
te
in

B
is
co
m
pa

ra
bl
e
w
ith

th
e

ap
ol
ip
op

ro
te
in

B/
ap

ol
ip
op

ro
te
in

A
-I
ra
tio

an
d
be

tt
er

th
an

ro
ut
in
e
cl
in
ic
al

lip
id

m
ea
su
re
m
en

ts
in

pr
ed

ic
tin

g
co
ro
na

ry
he

ar
t
di
se
as
e
m
or
ta
lit
y:

fin
di
ng

s
fr
om

a
m
ul
ti-
et
hn

ic
U
S

po
pu

la
tio

n

Eu
r
H
ea
rt
J

20
09

;3
0:
71

0–
17

N
IP
PO

N
80

14
5

N
ip
po

n
80

D
at
a
Re

se
ar
ch

G
ro
up

O
ka
m
ur
a
T
et

al
.

Th
e
re
la
tio

ns
hi
p
be

tw
ee
n
se
ru
m

to
ta
lc
ho

le
st
er
ol

an
d

al
l-c
au

se
or

ca
us
e-
sp
ec
ifi
c
m
or
ta
lit
y
in

a
17

.3
-y
ea
r
st
ud

y
of

a
Ja
pa

ne
se

co
ho

rt

A
th
er
os
cl
er
os
is

20
07

;1
90

:2
16

–
23

N
or
th
w
ic
k
Pa

rk
I96

N
or
th
w
ic
k
Pa
rk

H
ea
rt
St
ud

y
I

D
e
St
av
ol
a
BL
,

M
ea
de

TW
Lo
ng

-t
er
m

ef
fe
ct
s
of

he
m
os
ta
tic

va
ria

bl
es

on
fa
ta
lc
or
on

ar
y

he
ar
t
di
se
as
e:

30
-y
ea
r
re
su
lts

fr
om

th
e
fir
st

pr
os
pe

ct
iv
e

N
or
th
w
ic
k
Pa
rk

H
ea
rt
St
ud

y
(N
PH

S-
I)

J
Th

ro
m
b
H
ae
m
os
t

20
07

;5
:4
61

–
71

N
or
th
w
ic
k
Pa

rk
II1

46
N
or
th
w
ic
k
Pa
rk

H
ea
rt
St
ud

y
II

C
oo

pe
r
JA

et
al
.

C
om

pa
ris
on

of
no

ve
lh

em
os
ta
tic

fa
ct
or
s
an

d
co
nv
en

tio
na

lr
is
k

fa
ct
or
s
fo
r
pr
ed

ic
tio

n
of

co
ro
na

ry
he

ar
t
di
se
as
e

C
irc
ul
at
io
n

20
00

;1
02

:2
81

6–
22

N
ur
se
s’
H
ea
lth

14
7

N
ur
se
s’
H
ea
lth

St
ud

y
Sh

ai
Ie

t
al
.

M
ul
tiv
ar
ia
te

as
se
ss
m
en

t
of

lip
id

pa
ra
m
et
er
s
as

pr
ed

ic
to
rs

of
co
ro
na

ry
he

ar
t
di
se
as
e
am

on
g
po

st
m
en

op
au

sa
lw

om
en

:
po

te
nt
ia
li
m
pl
ic
at
io
ns

fo
r
cl
in
ic
al

gu
id
el
in
es

C
irc
ul
at
io
n

20
04

;1
10

:2
82

4–
30

APPENDIX 6

NIHR Journals Library www.journalslibrary.nihr.ac.uk

236



A
b
b
re
vi
at
ed

st
u
d
y
n
am

e
Fu

ll
st
u
d
y
n
am

e
Pu

b
lic
at
io
n
au

th
o
r

Ti
tl
e

R
ef
er
en

ce

Pa
lm

a
20

07
14

8
N
/A

Pa
lm

a
S
et

al
.

C
ho

le
st
er
ol

an
d
se
ru
m

al
bu

m
in

as
ris
k
fa
ct
or
s
fo
r
de

at
h
in

pa
tie

nt
s
un

de
rg
oi
ng

ge
ne

ra
ls
ur
ge

ry
Br

J
Su

rg
20

07
;9
4:
36

9–
75

PA
RI
S1

49
Pa
ris

Pr
os
pe

ct
iv
e
St
ud

y
C
am

bi
en

F
et

al
.

Is
th
e
le
ve
lo

f
se
ru
m

tr
ig
ly
ce
rid

e
a
si
gn

ifi
ca
nt

pr
ed

ic
to
r
of

co
ro
na

ry
de

at
h
in

‘n
or
m
oc
ho

le
st
er
ol
em

ic
’
su
bj
ec
ts
?

A
m

J
Ep

id
em

io
l

19
86

;1
24

:6
24

–
32

Ph
ys
ic
ia
ns
’
he

al
th

19
0

Ph
ys
ic
ia
ns

H
ea
lth

St
ud

y
St
am

pf
er

M
J
et

al
.

A
pr
os
pe

ct
iv
e
st
ud

y
of

ch
ol
es
te
ro
l,
ap

ol
ip
op

ro
te
in
s,
an

d
th
e

ris
k
of

m
yo
ca
rd
ia
li
nf
ra
ct
io
n

N
En

gl
J
M
ed

19
91

;3
25

:3
73

–
81

Pr
eC

IS
15

1
Pr
ev
en

tiv
e
C
ar
di
ol
og

y
In
fo
rm

at
io
n
Sy
st
em

D
at
ab

as
e
C
oh

or
t
St
ud

y
Io
ac
hi
m
es
cu

A
G

et
al
.

Se
ru
m

ur
ic
ac
id

is
an

in
de

pe
nd

en
t
pr
ed

ic
to
r
of

al
l-c
au

se
m
or
ta
lit
y
in

pa
tie

nt
s
at

hi
gh

ris
k
of

ca
rd
io
va
sc
ul
ar

di
se
as
e

A
rt
hr
iti
s
Rh

eu
m

20
08

;5
8:
62

3–
30

PR
EV

EN
D

15
2

Pr
ev
en

tio
n
of

Re
na

la
nd

V
as
cu
la
r

En
d-
st
ag

e
D
is
ea
se

co
ho

rt
K
ap

pe
lle

PJ
W
H
et

al
.

A
po

lip
op

ro
te
in

B
A
-I
an

d
to
ta
lc
ho

le
st
er
ol
â
hi
gh

-d
en

si
ty

lip
op

ro
te
in

ch
ol
es
te
ro
lr
at
io
s
bo

th
pr
ed

ic
t
ca
rd
io
va
sc
ul
ar

ev
en

ts
in

th
e
ge

ne
ra
lp

op
ul
at
io
n
in
de

pe
nd

en
tly

of
no

nl
ip
id

ris
k
fa
ct
or
s,
al
bu

m
in
ur
ia

an
d
C
-r
ea
ct
iv
e
pr
ot
ei
n

J
In
te
rn

M
ed

20
11

;2
69

:2
32

–
42

PR
O
C
A
M

15
3

Pr
os
pe

ct
iv
e
C
ar
di
ov
as
cu
la
r
M
ün

st
er

St
ud

y
A
ss
m
an

n
G
,
C
ul
le
n
P,

Sc
hu

lte
H
el
m
ut

Si
m
pl
e
sc
or
in
g
sc
he

m
e
fo
r
ca
lc
ul
at
in
g
th
e
ris
k
of

ac
ut
e

co
ro
na

ry
ev
en

ts
ba

se
d
on

th
e
10

-y
ea
r
fo
llo
w
-u
p
of

th
e

Pr
os
pe

ct
iv
e
C
ar
di
ov
as
cu
la
r
M
ün

st
er

(P
RO

C
A
M
)
St
ud

y

C
irc
ul
at
io
n

20
02

;1
05

:3
10

–
15

Pr
og

et
to

C
uo

re
15

4
Pr
og

et
to

C
uo

re
Pa
lm

ie
ri
L
et

al
.

Fa
vo
ra
bl
e
ca
rd
io
va
sc
ul
ar

ris
k
pr
of
ile

an
d
10

-y
ea
r
co
ro
na

ry
he

ar
t
di
se
as
e
in
ci
de

nc
e
in

w
om

en
an

d
m
en

:
re
su
lts

fr
om

th
e

Pr
og

et
to

C
uo

re

Eu
r
J
C
ar
di
ov
as
c
Pr
ev
en

t
Re

ha
bi
l2

00
6;
13

:5
62

PR
O
SP
ER

15
5

Pr
os
pe

ct
iv
e
St
ud

y
of

Pr
av
as
ta
tin

in
th
e

El
de

rly
at

Ri
sk

Sh
ep

he
rd

J
et

al
.

Pr
av
as
ta
tin

in
el
de

rly
in
di
vi
du

al
s
at

ris
k
of

va
sc
ul
ar

di
se
as
e

(P
RO

SP
ER

):
a
ra
nd

om
is
ed

co
nt
ro
lle
d
tr
ia
l

La
nc
et

20
02

;3
60

:1
62

3–
30

Pu
er
to

Ri
co

10
1

Pu
er
to

Ri
co

H
ea
rt
H
ea
lth

Pr
og

ra
m

G
ar
ci
a-
Pa
lm

ie
ri
M
R,

C
os
ta
s
R

Ri
sk

fa
ct
or
s
of

co
ro
na

ry
he

ar
t
di
se
as
e:

a
pr
os
pe

ct
iv
e

ep
id
em

io
lo
gi
c
st
ud

y
in

Pu
er
to

Ri
co

Pr
og

re
ss
in
C
ar
di
ol
og

y.
Ph

ila
de

lp
hi
a:
Le
a
an

d
Fe
bi
ge

r;
19

86
.p

p.
10

1–
90

Q
ue

be
c

C
ar
di
ov
as
cu
la
r1

56
Q
ué

be
c
C
ar
di
ov
as
cu
la
r
St
ud

y
St
-P
ie
rr
e
A
C
et

al
.

Lo
w
-d
en

si
ty

lip
op

ro
te
in

su
bf
ra
ct
io
ns

an
d
th
e
lo
ng

-t
er
m

ris
k
of

is
ch
em

ic
he

ar
t
di
se
as
e
in

m
en

:
13

-y
ea
r
fo
llo
w
-u
p
da

ta
fr
om

th
e
Q
ué

be
c
C
ar
di
ov
as
cu
la
r
St
ud

y

A
rt
er
io
sc
le
r
Th

ro
m
b
V
as
c

Bi
ol

20
05

;2
5:
55

3–
9

Ra
nc
ho

Be
rn
ar
do

15
7

Ra
nc
ho

Be
rn
ar
do

St
ud

y
V
on

M
üh

le
n
D
et

al
.

Se
x
an

d
tim

e
di
ff
er
en

ce
s
in

th
e
as
so
ci
at
io
ns

of
no

n-
hi
gh

-
de

ns
ity

lip
op

ro
te
in

ch
ol
es
te
ro
lv
er
su
s
ot
he

r
lip
id

an
d

lip
op

ro
te
in

fa
ct
or
s
in

th
e
pr
ed

ic
tio

n
of

ca
rd
io
va
sc
ul
ar

de
at
h

(T
he

Ra
nc
ho

Be
rn
ar
do

St
ud

y)

A
m

J
C
ar
di
ol

20
03

;9
1:
13

11
–
15

co
nt
in
ue
d

DOI: 10.3310/hta191000 HEALTH TECHNOLOGY ASSESSMENT 2015 VOL. 19 NO. 100

© Queen’s Printer and Controller of HMSO 2015. This work was produced by Perera et al. under the terms of a commissioning contract issued by the Secretary of State for
Health. This issue may be freely reproduced for the purposes of private research and study and extracts (or indeed, the full report) may be included in professional journals
provided that suitable acknowledgement is made and the reproduction is not associated with any form of advertising. Applications for commercial reproduction should be
addressed to: NIHR Journals Library, National Institute for Health Research, Evaluation, Trials and Studies Coordinating Centre, Alpha House, University of Southampton Science
Park, Southampton SO16 7NS, UK.

237



TA
B
LE

60
St
u
d
y
n
am

es
an

d
re
fe
re
n
ce
s
o
f
in
cl
u
d
ed

st
u
d
ie
s
fo
r
p
o
p
u
la
ti
o
n
s
n
o
t
ta
ki
n
g
st
at
in
s
(c
o
n
ti
n
u
ed

)

A
b
b
re
vi
at
ed

st
u
d
y
n
am

e
Fu

ll
st
u
d
y
n
am

e
Pu

b
lic
at
io
n
au

th
o
r

Ti
tl
e

R
ef
er
en

ce

Re
yk
ja
vi
k9

7
Re

yk
ja
vi
k
St
ud

y
Jo
ns
dó

tt
ir
LS

et
al
.

D
o
lip
id
s,
bl
oo

d
pr
es
su
re
,
di
ab

et
es
,
an

d
sm

ok
in
g
co
nf
er

eq
ua

lr
is
k
of

m
yo
ca
rd
ia
li
nf
ar
ct
io
n
in

w
om

en
as

in
m
en

?
Th

e
Re

yk
ja
vi
k
St
ud

y

Eu
r
J
C
ar
di
ov
as
c
Ri
sk

20
02

;9
:6
7–

76

RI
FL
E1

58
Ri
sk

Fa
ct
or
s
an

d
Li
fe

Ex
pe

ct
an

cy
Pr
oj
ec
t

M
en

ot
ti
A
et

al
.

Th
e
pr
ed

ic
tio

n
of

co
ro
na

ry
he

ar
t
di
se
as
e
m
or
ta
lit
y
as

a
fu
nc
tio

n
of

m
aj
or

ris
k
fa
ct
or
s
in

ov
er

30
,0
00

m
en

in
th
e

Ita
lia
n
RI
FL
E
po

ol
in
g
pr
oj
ec
t.
A
co
m
pa

ris
on

w
ith

th
e
M
RF
IT

pr
im

ar
y
sc
re
en

in
g

J
C
ar
di
ov
as
c
Ri
sk

19
94

;1
:2
63

–
70

Ro
tt
er
da

m
98

Ro
tt
er
da

m
St
ud

y
H
ou

te
rm

an
S
et

al
.

Se
ru
m

ch
ol
es
te
ro
li
s
a
ris
k
fa
ct
or

fo
r
m
yo
ca
rd
ia
li
nf
ar
ct
io
n
in

el
de

rly
m
en

an
d
w
om

en
:
th
e
Ro

tt
er
da

m
st
ud

y
J
In
te
rn

M
ed

19
99

;2
46

:2
5–

33

SH
EP

15
9

Sy
st
ol
ic
H
yp
er
te
ns
io
n
in

th
e
El
de

rly
Pr
og

ra
m

Fr
os
t
PH

et
al
.

Se
ru
m

lip
id
s
an

d
in
ci
de

nc
e
of

co
ro
na

ry
he

ar
t
di
se
as
e

C
irc
ul
at
io
n

19
96

;9
4:
23

81
–
8

SH
S1

60
St
ro
ng

H
ea
rt
St
ud

y
Lu

W
et

al
.

N
on

-H
D
L
ch
ol
es
te
ro
la

s
a
pr
ed

ic
to
r
of

C
V
D
in

ty
pe

2
di
ab

et
es

D
ia
be

te
s
C
ar
e

20
03

;2
6:
16

–
23

SL
V
H
S1

61
Sa
n
Lu
is
V
al
le
y
H
ea
lth

St
ud

y
A
bd

el
-M

ak
so
ud

M
F

et
al
.

Ri
sk

of
co
ro
na

ry
he

ar
t
di
se
as
e
is
as
so
ci
at
ed

w
ith

tr
ig
ly
ce
rid

es
an

d
hi
gh

-d
en

si
ty

lip
op

ro
te
in

ch
ol
es
te
ro
li
n
w
om

en
an

d
no

n-
hi
gh

-d
en

si
ty

lip
op

ro
te
in

ch
ol
es
te
ro
li
n
m
en

J
C
lin

Li
pi
do

l
20

12
;6
:3
74

–
81

St
an

ek
20

07
16

2
N
/A

St
an

ek
EJ

et
al
.

Ri
sk

of
ca
rd
io
va
sc
ul
ar

ev
en

ts
in

pa
tie

nt
s
at

op
tim

al
va
lu
es

fo
r

co
m
bi
ne

d
lip
id

pa
ra
m
et
er
s

C
ur
r
M
ed

Re
s
O
pi
n

20
07

;2
3:
55

3–
63

St
oc
kh

ol
m

C
ou

nt
y1

63
N
/A

G
ig
an

te
B
et

al
.

El
ev
at
ed

A
po

B
se
ru
m

le
ve
ls
st
ro
ng

ly
pr
ed

ic
t
ea
rly

ca
rd
io
va
sc
ul
ar

ev
en

ts
H
ea
rt
20

12
;9
8:
12

42
–
5

Sw
ed

is
h
N
D
R1

64
Sw

ed
is
h
N
at
io
na

lD
ia
be

te
s
Re

gi
st
er

El
ia
ss
on

B
et

al
.

C
lin
ic
al

us
ef
ul
ne

ss
of

di
ff
er
en

t
lip
id

m
ea
su
re
s
fo
r
pr
ed

ic
tio

n
of

co
ro
na

ry
he

ar
t
di
se
as
e
in

ty
pe

2
di
ab

et
es

D
ia
be

te
s
C
ar
e

20
11

;3
4:
20

95
–
10

0

Th
ro
m
bo

16
5

Th
ro
m
bo

ge
ni
c
Fa
ct
or
s
an

d
Re

cu
rr
en

t
C
or
on

ar
y
Ev
en

ts
M
os
s
A
J
et

al
.

Th
ro
m
bo

ge
ni
c
fa
ct
or
s
an

d
re
cu
rr
en

t
co
ro
na

ry
ev
en

ts
C
irc
ul
at
io
n

19
99

;9
9:
25

17
–
22

Ti
ng

20
10

16
6

N
/A

Ti
ng

R
et

al
.

Li
pi
d
co
nt
ro
la

nd
us
e
of

lip
id
-r
eg

ul
at
in
g
dr
ug

s
fo
r
pr
ev
en

tio
n

of
ca
rd
io
va
sc
ul
ar

ev
en

ts
in

C
hi
ne

se
ty
pe

2
di
ab

et
ic
pa

tie
nt
s:

a
pr
os
pe

ct
iv
e
co
ho

rt
st
ud

y

C
ar
di
ov
as
c
D
ia
be

to
l

20
10

;9
:7
7

TL
G
S8

8
Te
hr
an

Li
pi
d
an

d
G
lu
co
se

St
ud

y
To

hi
di

M
et

al
.

Li
pi
d
m
ea
su
re
s
fo
r
pr
ed

ic
tio

n
of

in
ci
de

nt
C
V
D
in

di
ab

et
ic
an

d
no

nd
ia
be

tic
ad

ul
ts
:
re
su
lts

of
th
e
8.
6
ye
ar
s
fo
llo
w
-u
p
of

a
po

pu
la
tio

n-
ba

se
d
co
ho

rt
st
ud

y

Li
pi
ds

H
ea
lth

D
is
20

10
;9
:6

APPENDIX 6

NIHR Journals Library www.journalslibrary.nihr.ac.uk

238



A
b
b
re
vi
at
ed

st
u
d
y
n
am

e
Fu

ll
st
u
d
y
n
am

e
Pu

b
lic
at
io
n
au

th
o
r

Ti
tl
e

R
ef
er
en

ce

TR
EA

T1
67

Tr
ia
lt
o
Re

du
ce

C
ar
di
ov
as
cu
la
r
Ev
en

ts
w
ith

A
ra
ne

sp
Th

er
ap

y
M
cM

ur
ra
y
JJ
V
et

al
.

Pr
ed

ic
to
rs

of
fa
ta
la

nd
no

n-
fa
ta
lc
ar
di
ov
as
cu
la
r
ev
en

ts
in

pa
tie

nt
s
w
ith

ty
pe

2
di
ab

et
es

m
el
lit
us
,
ch
ro
ni
c
ki
dn

ey
di
se
as
e,

an
d
an

em
ia
:
an

an
al
ys
is
of

th
e
Tr
ia
lt
o
Re

du
ce

ca
rd
io
va
sc
ul
ar

Ev
en

ts
w
ith

A
ra
ne

sp
(d
ar
be

po
et
in
-a
lfa

)
Th

er
ap

y
(T
RE

A
T)

A
m

H
ea
rt
J

20
11

;1
62

:7
48

–
55

Tu
rk
u
El
de

rly
16

8
Tu

rk
u
El
de

rly
St
ud

y
U
pm

ei
er

E
et

al
.

Se
ru
m

lip
id
s
an

d
th
ei
r
as
so
ci
at
io
n
w
ith

m
or
ta
lit
y
in

th
e
el
de

rly
:

a
pr
os
pe

ct
iv
e
co
ho

rt
st
ud

y
A
gi
ng

C
lin

Ex
p
Re

s
20

09
;2
1:
42

4–
30

U
LS
A
M

16
9

U
pp

sa
la

Lo
ng

itu
di
na

lS
tu
dy

of
A
du

lt
M
en

D
un

de
r
K
et

al
.

Ev
al
ua

tio
n
of

a
sc
or
in
g
sc
he

m
e,

in
cl
ud

in
g
pr
oi
ns
ul
in

an
d
th
e

ap
ol
ip
op

ro
te
in

B/
ap

ol
ip
op

ro
te
in

A
1
ra
tio

,
fo
r
th
e
ris
k
of

ac
ut
e

co
ro
na

ry
ev
en

ts
in

m
id
dl
e-
ag

ed
m
en

:
U
pp

sa
la

Lo
ng

itu
di
na

l
St
ud

y
of

A
du

lt
M
en

(U
LS
A
M
)

A
m

H
ea
rt
J

20
04

;1
48

:5
96

–
60

1

V
A
-H
IT

17
0

V
et
er
an

s
A
ff
ai
rs

C
oo

pe
ra
tiv
e
St
ud

ie
s

Pr
og

ra
m

H
ig
h-
de

ns
ity

Li
po

pr
ot
ei
n

C
ho

le
st
er
ol

In
te
rv
en

tio
n
Tr
ia
l

Bl
oo

m
fie

ld
Ru

bi
ns

H
et

al
.

G
em

fib
ro
zi
lf
or

th
e
se
co
nd

ar
y
pr
ev
en

tio
n
of

co
ro
na

ry
he

ar
t

di
se
as
e
in

m
en

w
ith

lo
w

le
ve
ls
of

hi
gh

-d
en

si
ty

lip
op

ro
te
in

ch
ol
es
te
ro
l

N
En

gl
J
M
ed

19
99

;3
41

:4
10

–
18

W
hi
te
ha

ll
I17

1
Th

e
W
hi
te
ha

ll
St
ud

y
I

D
av
ey

Sm
ith

G
et

al
.

Pl
as
m
a
ch
ol
es
te
ro
lc
on

ce
nt
ra
tio

n
an

d
m
or
ta
lit
y

JA
M
A
19

92
;2
67

:7
0–

6

W
om

en
’s
H
ea

lth
17

2
W
om

en
’s
H
ea
lth

St
ud

y
Ri
dk

er
PM

et
al
.

N
on

-H
D
L
ch
ol
es
te
ro
l,
ap

ol
ip
op

ro
te
in
s
A
-I
an

d
B 1

00
,
st
an

da
rd

lip
id

m
ea
su
re
s,
lip
id

ra
tio

s,
an

d
C
RP

as
ris
k
fa
ct
or
s
fo
r
C
V
D
in

w
om

en

JA
M
A
20

05
;2
94

:3
26

–
33

W
O
SC

O
PS

19
W
es
t
of

Sc
ot
la
nd

C
or
on

ar
y
Pr
ev
en

tio
n

St
ud

y
Sh

ep
he

rd
J
et

al
.

Pr
ev
en

tio
n
of

co
ro
na

ry
he

ar
t
di
se
as
e
w
ith

Pr
av
as
ta
tin

in
m
en

w
ith

hy
pe

rc
ho

le
st
ol
em

ia
N
En

gl
J
M
ed

19
95

;3
33

:1
30

1–
7

Y
ao

C
ity

89
N
/A

Sa
to

S
et

al
.

Pl
as
m
a
fib

rin
og

en
an

d
co
ro
na

ry
he

ar
t
di
se
as
e
in

ur
ba

n
Ja
pa

ne
se

A
m

J
Ep

id
em

io
l

20
00

;1
52

:4
20

–
3

N
/A
,
no

t
ap

pl
ic
ab

le
.

DOI: 10.3310/hta191000 HEALTH TECHNOLOGY ASSESSMENT 2015 VOL. 19 NO. 100

© Queen’s Printer and Controller of HMSO 2015. This work was produced by Perera et al. under the terms of a commissioning contract issued by the Secretary of State for
Health. This issue may be freely reproduced for the purposes of private research and study and extracts (or indeed, the full report) may be included in professional journals
provided that suitable acknowledgement is made and the reproduction is not associated with any form of advertising. Applications for commercial reproduction should be
addressed to: NIHR Journals Library, National Institute for Health Research, Evaluation, Trials and Studies Coordinating Centre, Alpha House, University of Southampton Science
Park, Southampton SO16 7NS, UK.

239





Appendix 7 Populations taking statins:
study names and references

DOI: 10.3310/hta191000 HEALTH TECHNOLOGY ASSESSMENT 2015 VOL. 19 NO. 100

© Queen’s Printer and Controller of HMSO 2015. This work was produced by Perera et al. under the terms of a commissioning contract issued by the Secretary of State for
Health. This issue may be freely reproduced for the purposes of private research and study and extracts (or indeed, the full report) may be included in professional journals
provided that suitable acknowledgement is made and the reproduction is not associated with any form of advertising. Applications for commercial reproduction should be
addressed to: NIHR Journals Library, National Institute for Health Research, Evaluation, Trials and Studies Coordinating Centre, Alpha House, University of Southampton Science
Park, Southampton SO16 7NS, UK.

241



TA
B
LE

61
St
u
d
y
n
am

es
an

d
re
fe
re
n
ce
s
o
f
in
cl
u
d
ed

st
u
d
ie
s
fo
r
p
o
p
u
la
ti
o
n
s
ta
ki
n
g
st
at
in
s

A
b
b
re
vi
at
ed

st
u
d
y
n
am

e
Fu

ll
st
u
d
y
n
am

e
Pu

b
lic
at
io
n
au

th
o
r

Ti
tl
e

R
ef
er
en

ce

4S
18

Sc
an

di
na

vi
an

Si
m
va
st
at
in

Su
rv
iv
al

St
ud

y
Sc
an

di
na

vi
an

Si
m
va
st
at
in

Su
rv
iv
al

St
ud

y
gr
ou

p

Ra
nd

om
is
ed

tr
ia
lo

f
ch
ol
es
te
ro
ll
ow

er
in
g
in

44
44

pa
tie

nt
s

w
ith

co
ro
na

ry
he

ar
t
di
se
as
e:

th
e
Sc
an

di
na

vi
an

si
m
va
st
at
in

su
rv
iv
al

st
ud

y
(4
S)

La
nc
et

19
94

;3
44

:1
38

3–
89

A
F/
Te
xC

A
PS

10
6

A
ir
Fo
rc
e/
Te
xa
s
C
or
on

ar
y
A
th
er
os
cl
er
os
is

Pr
ev
en

tio
n
St
ud

y
D
ow

ns
JR

et
al
.

Pr
im

ar
y
pr
ev
en

tio
n
of

ac
ut
e
co
ro
na

ry
ev
en

ts
w
ith

lo
va
st
at
in

in
m
en

an
d
w
om

en
w
ith

av
er
ag

e
ch
ol
es
te
ro
ll
ev
el
s

JA
M
A
19

98
;2
79

:1
61

5–
22

A
LE
RT

10
7

A
ss
es
sm

en
t
of

LE
sc
ol

in
Re

na
l

Tr
an

sp
la
nt
at
io
n
Tr
ia
l

Ja
rd
in
e
A
G

et
al
.

Fl
uv
as
ta
tin

pr
ev
en

ts
ca
rd
ia
c
de

at
h
an

d
m
yo
ca
rd
ia
l

in
fr
ac
tio

n
in

re
na

lt
ra
ns
pl
an

t
re
ci
pi
en

ts
:
po

st
-h
oc

su
bg

ro
up

an
al
ys
es

of
th
e
A
LE
RT

st
ud

y

A
m

J
Tr
an

sp
la
nt

20
04

;4
:9
88

–
95

A
SC

O
T-
LL
A

10
9

A
ng

lo
Sc
an

di
na

vi
an

C
ar
di
ac

O
ut
co
m
es

Tr
ia
l–

Li
pi
d-
Lo
w
er
in
g
A
rm

Se
ve
r
PS

et
al
.

Re
du

ct
io
n
in

ca
rd
io
va
sc
ul
ar

ev
en

ts
w
ith

at
or
va
st
at
in

in
2,
53

2
pa

tie
nt
s
w
ith

ty
pe

2
di
ab

et
es

D
ia
be

te
s
C
ar
e

20
05

;2
8:
11

51
–
7

A
U
RO

RA
11

0
A
St
ud

y
to

Ev
al
ua

te
th
e
U
se

of
Ro

su
va
st
at
in

in
Su

bj
ec
ts

on
Re

gu
la
r
H
ae
m
od

ia
ly
si
s:
an

A
ss
es
sm

en
t
of

Su
rv
iv
al

an
d
C
ar
di
ov
as
cu
la
r

Ev
en

ts

Fe
lls
tr
om

BC
et

al
.

Ro
su
va
st
at
in

an
d
ca
rd
io
va
sc
ul
ar

ev
en

ts
in

pa
tie

nt
s

un
de

rg
oi
ng

he
m
od

ia
ly
si
s

N
En

gl
J
M
ed

20
09

;
36

0:
13

95
–
40

7

C
A
RD

S1
15

C
ol
la
bo

ra
tiv
e
A
to
rv
as
ta
tin

D
ia
be

te
s
St
ud

y
C
ol
ho

un
H
M

et
al
.

Pr
im

ar
y
pr
ev
en

tio
n
of

C
V
D
w
ith

at
or
va
st
at
in

in
ty
pe

2
di
ab

et
es

in
th
e
co
lla
bo

ra
tie

at
or
va
st
at
in

di
ab

et
es

st
ud

y
(C
A
RD

S)
:
m
ul
tic
en

tr
e
ra
nd

om
is
ed

pl
ac
eb

o-
co
nt
ro
lle
d
tr
ia
l

La
nc
et

20
04

;3
64

:6
85

–
96

C
A
RE

34
C
ho

le
st
er
ol

an
d
Re

cu
rr
en

t
Ev
en

ts
tr
ia
l

Sa
ck
s
FM

et
al
.

Th
e
ef
fe
ct

of
pr
av
as
ta
tin

on
co
ro
na

ry
ev
en

ts
af
te
r

m
yo
ca
rd
ia
li
nf
ar
ct
io
n
in

pa
tie

nt
s
w
ith

av
er
ag

e
ch
ol
es
te
ro
l

le
ve
ls

N
En

gl
J
M
ed

19
96

;
33

5:
10

01
–
9

C
LI
P1

77
C
hi
ba

Li
pi
d
In
te
rv
en

tio
n
Pr
og

ra
m

St
ud

y
Sa
ito

Y
et

al
.

Pr
og

no
si
s
of

hy
pe

rc
ho

le
st
er
ol
em

ic
pa

tie
nt
s
ta
ki
ng

pr
av
as
ta
tin

fo
r
5
ye
ar
s:
th
e
C
hi
ba

lip
id

in
te
rv
en

tio
n

pr
og

ra
m

(C
LI
P)

st
ud

y

J
A
th
er
os
cl
er

Th
ro
m
b

20
02

;9
:9
9–

10
8

C
O
RO

N
A

11
9

C
on

tr
ol
le
d
Ro

su
va
st
at
in

m
ul
tin

at
io
na

lT
ria

l
in

H
ea
rt
Fa
ilu
re

K
je
ks
hu

s
J
et

al
.

Ro
su
va
st
at
in

in
ol
de

r
pa

tie
nt
s
w
ith

sy
st
ol
ic
he

ar
t
fa
ilu
re

N
En

gl
J
M
ed

20
07

;3
57

:2
24

8–
61

da
l-O

U
TC

O
M
ES

17
8

da
l-O

U
TC

O
M
ES

Sc
hw

ar
tz

G
G

et
al
.

Ef
fe
ct
s
of

da
lc
et
ra
pi
b
in

pa
tie

nt
s
w
ith

re
ce
nt

ac
ut
e

co
ro
na

ry
sy
nd

ro
m
e

N
En

gl
J
M
ed

20
12

;3
67

:2
08

9–
99

G
IS
SI

12
3

G
IS
SI

Pr
ev
en

zi
on

e
tr
ia
l

G
IS
SI

Pr
ev
en

zi
on

e
In
ve
st
ig
at
or
s

Re
su
lts

of
th
e
lo
w
-d
os
e
(2
0
m
g)

pr
av
as
ta
tin

G
IS
SI

Pr
ev
en

zi
on

e
tr
ia
li
n
42

71
pa

tie
nt
s
w
ith

re
ce
nt

m
yo
ca
rd
ia
l

in
fa
rc
tio

n:
do

st
op

pe
d
tr
ia
ls
co
nt
rib

ut
e
to

ov
er
al
l

kn
ow

le
dg

e?

Ita
lH

ea
rt
J
20

00
;1
:8
10

–
20

APPENDIX 7

NIHR Journals Library www.journalslibrary.nihr.ac.uk

242



A
b
b
re
vi
at
ed

st
u
d
y
n
am

e
Fu

ll
st
u
d
y
n
am

e
Pu

b
lic
at
io
n
au

th
o
r

Ti
tl
e

R
ef
er
en

ce

H
PS

24
H
ea
rt
Pr
ot
ec
tio

n
St
ud

y
H
ea
rt
Pr
ot
ec
tio

n
St
ud

y
C
ol
la
bo

ra
tiv
e
G
ro
up

M
RC

/B
H
F
H
ea
rt
pr
ot
ec
tio

n
st
ud

y
of

ch
ol
es
te
ro
ll
ow

er
in
g

w
ith

si
m
va
st
at
in

in
20

,5
36

hi
gh

-r
is
k
in
di
vi
du

al
s:

a
ra
nd

om
is
ed

pl
ac
eb

o-
co
nt
ro
lle
d
tr
ia
l

La
nc
et

20
02

;3
60

:7
–
22

ID
EA

L1
79

In
cr
em

en
ta
lD

ec
re
as
e
in

En
d
Po

in
ts

Th
ro
ug

h
A
gg

re
ss
iv
e
Li
pi
d
Lo
w
er
in
g
St
ud

y
Pe
de

rs
en

TR
et

al
.

H
ig
h-
do

se
at
or
va
st
at
in

vs
us
ua

l-d
os
e
si
m
va
st
at
in

fo
r

se
co
nd

ar
y
pr
ev
en

tio
n
of

m
yo
ca
rd
ia
li
nf
ar
ct
io
n

JA
M
A
20

05
;2
94

:2
43

7–
45

JE
LI
S1

80
Ja
pa

n
EP
A
Li
pi
d
In
te
rv
en

tio
n
St
ud

y
Sa
sa
ki

J
et

al
.

Re
la
tio

ns
hi
p
be

tw
ee
n
co
ro
na

ry
ar
te
ry

di
se
as
e
an

d
no

n-
H
D
L-
C
an

d
ef
fe
ct

of
hi
gh

ly
pu

rif
ie
d
EP
A
on

th
e
ris
k

of
co
ro
na

ry
ar
te
ry

di
se
as
e
in

hy
pe

rc
ho

le
st
er
ol
em

ic
pa

tie
nt
s

tr
ea
te
d
w
ith

st
at
in
s:
su
b-
an

al
ys
is
of

th
e
Ja
pa

n
EP
A
lip
id

in
te
rv
en

tio
n
st
ud

y
(J
EL
IS
)

J
A
th
er
os
cl
er

Th
ro
m
b

20
12

;1
9:
19

4–
20

4

J-
LI
T
Pr
im

ar
y1

74
Pr
im

ar
y
Pr
ev
en

tio
n
C
oh

or
t
St
ud

y
of

th
e

Ja
pa

n
Li
pi
d
In
te
rv
en

tio
n
Tr
ia
l

M
at
su
za
ki

M
et

al
.

La
rg
e
sc
al
e
co
ho

rt
st
ud

y
of

th
e
re
la
tio

ns
hi
p
be

tw
ee
n

se
ru
m

ch
ol
es
te
ro
lc
on

ce
nt
ra
tio

n
an

d
co
ro
na

ry
ev
en

ts
w
ith

lo
w
-d
os
e
si
m
va
st
at
in

th
er
ap

y
in

Ja
pa

ne
se

pa
tie

nt
s

w
ith

hy
pe

rc
ho

le
st
er
ol
em

ia

C
irc

J
20

02
;6
6:
10

87
–
95

J-
LI
T
Se
co
nd

ar
y1

75
Se
co
nd

ar
y
Pr
ev
en

tio
n
C
oh

or
t
St
ud

y
of

th
e

Ja
pa

n
Li
pi
d
In
te
rv
en

tio
n
Tr
ia
l

M
ab

uc
hi

H
et

al
.

La
rg
e
sc
al
e
co
ho

rt
st
ud

y
of

th
e
re
la
tio

ns
hi
p
be

tw
ee
n

se
ru
m

ch
ol
es
te
ro
lc
on

ce
nt
ra
tio

n
an

d
co
ro
na

ry
ev
en

ts
w
ith

lo
w
-d
os
e
si
m
va
st
at
in

th
er
ap

y
in

Ja
pa

ne
se

pa
tie

nt
s

w
ith

hy
pe

rc
ho

le
st
er
ol
em

ia
an

d
co
ro
na

ry
he

ar
t
di
se
as
e

C
irc

J
20

02
;6
6:
10

96
–
10

0

JU
PI
TE
R1

81
Ju
st
ifi
ca
tio

n
fo
r
th
e
U
se

of
St
at
in
s
in

Pr
ev
en

tio
n:

an
In
te
rv
en

tio
n
Tr
ia
lE

va
lu
at
in
g

Ro
su
va
st
at
in

Ri
dk

er
PM

et
al
.

Ro
su
va
st
at
in

to
pr
ev
en

t
va
sc
ul
ar

ev
en

ts
in

m
en

an
d
w
om

en
w
ith

el
ev
at
ed

C
-R
ea
ct
iv
e
Pr
ot
ei
n

N
En

gl
J
M
ed

20
08

;3
59

:2
19

5–
20

7

LI
PI
D

13
8

Th
e
Lo
ng

-t
er
m

In
te
rv
en

tio
n
w
ith

Pr
av
as
ta
tin

in
Is
ch
ae
m
ic
D
is
ea
se

St
ud

y
Si
m
es

RJ
et

al
.

Re
la
tio

ns
hi
p
be

tw
ee

n
lip
id

le
ve
ls
an

d
cl
in
ic
al

ou
tc
om

es
in

th
e
lo
ng

-t
er
m

in
te
rv
en

tio
n
w
ith

pr
av
as
ta
tin

in
is
ch
em

ic
di
se
as
e
(L
IP
ID
)
tr
ia
l

C
irc
ul
at
io
n

20
02

;1
05

:1
16

2–
9

LI
V
ES

Ex
18

2
LI
V
A
LO

Ef
fe
ct
iv
en

es
s
an

d
Sa
fe
ty

St
ud

y
Ex
te
ns
io
n

Te
ra
m
ot
o
T
et

al
.

A
la
rg
e-
sc
al
e
su
rv
ey

on
ca
rd
io
-c
er
eb

ro
va
sc
ul
ar

ev
en

ts
du

rin
g
pi
ta
va
st
at
in

(L
IV
A
LO

ta
bl
et
)
th
er
ap

y
in

Ja
pa

ne
se

pa
tie

nt
s
w
ith

hy
pe

rc
ho

le
st
er
ol
em

ia
–
LI
V
A
LO

ef
fe
ct
iv
en

es
s

an
d
sa
fe
ty

st
ud

y
ex
te
ns
io
n

Jp
n
Ph

ar
m
ac
ol

Th
er

20
11

;3
9:
78

9–
80

3

Ph
as
e
Z

(2
0
&
40

/8
0)

17
6

A
to

Z
Tr
ia
l

de
Le
m
os

JA
et

al
.

Ea
rly

in
te
ns
iv
e
vs

a
de

la
ye
d
co
ns
er
va
tiv
e
si
m
va
st
at
in

st
ra
te
gy

in
pa

tie
nt
s
w
ith

ac
ut
e
co
ro
na

ry
sy
nd

ro
m
es

JA
M
A
20

04
;2
92

:1
30

7–
16

PR
O
SP
ER

15
5

Pr
os
pe

ct
iv
e
St
ud

y
of

Pr
av
as
ta
tin

in
th
e

El
de

rly
at

Ri
sk

Sh
ep

he
rd

J
et

al
.

Pr
av
as
ta
tin

in
el
de

rly
in
di
vi
du

al
s
at

ris
k
of

va
sc
ul
ar

di
se
as
e

(P
RO

SP
ER

):
a
ra
nd

om
is
ed

co
nt
ro
lle
d
tr
ia
l

La
nc
et

20
02

;3
60

:1
62

3–
30

co
nt
in
ue
d

DOI: 10.3310/hta191000 HEALTH TECHNOLOGY ASSESSMENT 2015 VOL. 19 NO. 100

© Queen’s Printer and Controller of HMSO 2015. This work was produced by Perera et al. under the terms of a commissioning contract issued by the Secretary of State for
Health. This issue may be freely reproduced for the purposes of private research and study and extracts (or indeed, the full report) may be included in professional journals
provided that suitable acknowledgement is made and the reproduction is not associated with any form of advertising. Applications for commercial reproduction should be
addressed to: NIHR Journals Library, National Institute for Health Research, Evaluation, Trials and Studies Coordinating Centre, Alpha House, University of Southampton Science
Park, Southampton SO16 7NS, UK.

243



TA
B
LE

61
St
u
d
y
n
am

es
an

d
re
fe
re
n
ce
s
o
f
in
cl
u
d
ed

st
u
d
ie
s
fo
r
p
o
p
u
la
ti
o
n
s
ta
ki
n
g
st
at
in
s
(c
o
n
ti
n
u
ed

)

A
b
b
re
vi
at
ed

st
u
d
y
n
am

e
Fu

ll
st
u
d
y
n
am

e
Pu

b
lic
at
io
n
au

th
o
r

Ti
tl
e

R
ef
er
en

ce

PR
O
V
E-
IT

18
3

Pr
av
as
ta
tin

or
A
to
rv
as
ta
tin

Ev
al
ua

tio
n

an
d
In
fe
ct
io
n
Th

er
ap

y-
th
ro
m
bo

ly
si
s
in

M
yo
ca
rd
ia
lI
nf
ar
ct
io
n
22

Tr
ia
l

Ra
y
K
K
et

al
.

Pr
og

no
st
ic
ut
ili
ty

of
A
po

B/
A
I,
to
ta
lc
ho

le
st
er
ol
/H
D
L,

no
n-
H
D
L
ch
ol
es
te
ro
l,
or

hs
-C
RP

as
pr
ed

ic
to
rs

of
cl
in
ic
al

ris
k
in

pa
tie

nt
s
re
ce
iv
in
g
st
at
in

th
er
ap

y
af
te
r
ac
ut
e
co
ro
na

ry
sy
nd

ro
m
es
:
re
su
lts

fr
om

PR
O
V
E
IT
-T
IM

I2
2

A
rt
er
io
sc
le
r
Th

ro
m
b
V
as
c

Bi
ol

20
09

;2
9:
42

4–
30

SE
A
RC

H
(8
0
&
20

)5
8

St
ud

y
of

th
e
Ef
fe
ct
iv
en

es
s
of

A
dd

iti
on

al
Re

du
ct
io
ns

in
C
ho

le
st
er
ol

an
d

H
om

oc
ys
te
in
e

St
ud

y
of

th
e

ef
fe
ct
iv
en

es
s
of

ad
di
tio

na
lr
ed

uc
tio

ns
in

ch
ol
es
te
ro
la

nd
ho

m
oc
ys
te
in
e

(S
EA

RC
H
)
co
lla
bo

ra
tiv
e

gr
ou

p

In
te
ns
iv
e
lo
w
er
in
g
of

LD
L
ch
ol
es
te
ro
lw

ith
80

m
g
vs
.
20

m
g

si
m
va
st
at
in

da
ily

in
12

,0
64

su
rv
iv
or
s
of

m
yo
ca
rd
ia
l

in
fa
rc
tio

n:
a
do

ub
le
-b
lin
d
ra
nd

om
is
ed

tr
ia
l

La
nc
et

20
10

;3
76

:1
65

8–
69

SP
A
RC

L1
84

St
ro
ke

Pr
ev
en

tio
n
by

A
gg

re
ss
iv
e
Re

du
ct
io
n

in
C
ho

le
st
er
ol

Le
ve
ls
Tr
ia
l

St
ro
ke

pr
ev
en

tio
n
by

ag
gr
es
si
ve

re
du

ct
io
n
in

ch
ol
es
te
ro
ll
ev
el
s

(S
PA

RC
L)

in
ve
st
ig
at
or
s

H
ig
h-
do

se
at
or
va
st
at
in

af
te
r
st
ro
ke

or
tr
an

si
en

t
is
ch
em

ic
at
ta
ck

N
En

gl
J
M
ed

20
06

;3
55

:5
49

–
59

TN
T1

85
Tr
ea
tin

g
to

N
ew

Ta
rg
et
s

A
rs
en

au
lt
BJ

et
al
.

Pr
ed

ic
tio

n
of

ca
rd
io
va
sc
ul
ar

ev
en

ts
in

st
at
in
-t
re
at
ed

st
ab

le
co
ro
na

ry
pa

tie
nt
s
by

lip
id

an
d
no

n-
lip
id

bi
om

ar
ke
rs

J
A
m

C
ol
lC

ar
di
ol

20
11

;5
7:
63

–
9

W
O
SC

O
PS

19
W
es
t
of

Sc
ot
la
nd

C
or
on

ar
y
Pr
ev
en

tio
n

St
ud

y
Sh

ep
he

rd
J
et

al
.

Pr
ev
en

tio
n
of

co
ro
na

ry
he

ar
t
di
se
as
e
w
ith

Pr
av
as
ta
tin

in
m
en

w
ith

hy
pe

rc
ho

le
st
ol
em

ia
N
En

gl
J
M
ed

19
95

;3
33

:1
30

1–
7

APPENDIX 7

NIHR Journals Library www.journalslibrary.nihr.ac.uk

244



Appendix 8 Extracted data from studies for
populations not taking statins

DOI: 10.3310/hta191000 HEALTH TECHNOLOGY ASSESSMENT 2015 VOL. 19 NO. 100

© Queen’s Printer and Controller of HMSO 2015. This work was produced by Perera et al. under the terms of a commissioning contract issued by the Secretary of State for
Health. This issue may be freely reproduced for the purposes of private research and study and extracts (or indeed, the full report) may be included in professional journals
provided that suitable acknowledgement is made and the reproduction is not associated with any form of advertising. Applications for commercial reproduction should be
addressed to: NIHR Journals Library, National Institute for Health Research, Evaluation, Trials and Studies Coordinating Centre, Alpha House, University of Southampton Science
Park, Southampton SO16 7NS, UK.

245



TA
B
LE

62
Ex

tr
ac
te
d
d
at
a
fr
o
m

st
u
d
ie
s
fo
r
p
o
p
u
la
ti
o
n
s
n
o
t
ta
ki
n
g
st
at
in
s

St
u
d
y
n
am

e
D
at
a
ex

tr
ac
ti
o
n

m
et
h
o
d

O
u
tc
o
m
e

Su
rr
o
g
at
e

o
u
tc
o
m
e

Ef
fe
ct

m
ea

su
re

N
o
.
o
f

p
ar
ti
ci
p
an

ts

Li
p
id

m
ea

su
re

u
n
it
s

M
ea

su
re

p
er

1
SD

ch
an

g
e

Lo
w
er

lim
it

U
p
p
er

lim
it

Lo
g
-H

R
SE

A
d
ju
st
ed

C
o
va

ri
at
es

if
ad

ju
st
ed

7
C
ou

nt
rie

s
(G
re
ec
e)

10
3

D
ire

ct
A
ll-
ca
us
e

m
or
ta
lit
y

N
/A

H
R

12
15

TC
0.
91

28
9

0.
81

90
3

1.
01

75
08

–
0.
09

11
40

1
0.
05

53
55

9
Y

A
ge

,
sy
st
ol
ic
BP

,
sm

ok
in
g,

ar
m

ci
rc
um

fe
re
nc
e,

BM
I,

vi
ta
lc
ap

ac
ity
,
fo
rc
ed

ex
pi
ra
to
ry

vo
lu
m
e

7
C
ou

nt
rie

s
(It
al
y)

10
3

D
ire

ct
C
V
D
ev
en

t
Y

H
R

17
12

TC
1.
27

44
1.
13

48
2

1.
43

11
94

0.
24

24
72

3
0.
05

91
92

2
N

N
/A

D
ire

ct
A
ll-
ca
us
e

m
or
ta
lit
y

N
/A

H
R

17
12

TC
1.
13

15
9

1.
05

07
1.
21

86
93

0.
12

36
20

2
0.
03

78
38

6
Y

A
ge

,
sy
st
ol
ic
BP

,
sm

ok
in
g,

ar
m

ci
rc
um

fe
re
nc
e,

BM
I,

vi
ta
lc
ap

ac
ity
,
fo
rc
ed

ex
pi
ra
to
ry

vo
lu
m
e

7
C
ou

nt
rie

s
(N
et
he

rla
nd

s)
10

4
D
ire

ct
C
V
D
ev
en

t
Y

H
R

71
0

TC
1.
03

0.
81

1.
32

0.
02

95
58

8
0.
12

45
79

8
N

N
/A

TC
1.
17

0.
9

1.
52

0.
15

70
03

7
0.
13

36
91

5
Y

A
ge

,
BM

I,
sm

ok
in
g,

sy
st
ol
ic
BP

,
al
co
ho

l

H
D
L

0.
78

0.
59

1.
03

–
0.
24

84
61

4
0.
14

21
40

7
N

N
/A

H
D
L

0.
8

0.
6

1.
08

–
0.
22

31
43

6
0.
14

99
45

6
Y

A
ge

,
BM

I,
sm

ok
in
g,

Sy
st
ol
ic
BP

,
al
co
ho

l

C
V
D

m
or
ta
lit
y

Y
H
R

88
5

TC
1.
25

0.
96

1.
59

0.
22

31
43

6
0.
12

87
13

3
N

N
/A

TC
1.
4

1.
07

1.
83

0.
33

64
72

2
0.
13

69
02

4
Y

A
ge

,
BM

I,
sm

ok
in
g,

sy
st
ol
ic
BP

,
al
co
ho

l

H
D
L

1
0.
78

1.
28

0
0.
12

63
57

5
N

N
/A

H
D
L

1.
01

0.
76

1.
34

0.
00

99
50

3
0.
14

46
7

Y
A
ge

,
BM

I,
sm

ok
in
g,

Sy
st
ol
ic
BP

,
al
co
ho

l

7
C
ou

nt
rie

s
(S
er
bi
a)

10
5

D
ire

ct
C
H
D

m
or
ta
lit
y

Y
H
R

15
63

TC
1.
13

90
7

0.
97

27
6

1.
33

37
73

6
0.
13

02
07

9
0.
08

05
18

4
Y

A
ge

,
BM

I,
sm

ok
in
g,

sy
st
ol
ic
BP

A
F/
Te
xC

A
PS

10
6

O
rs
in
i(
2)

C
V
E
ev
en

t
Y

RR
33

01
LD

L
1.
54

06
6

1.
04

65
4

2.
26

80
87

0.
43

22
12

2
0.
19

73
08

5
N

N
/A

H
D
L

0.
60

06
6

0.
40

46
4

0.
89

16
43

9
–
0.
50

97
24

9
0.
20

15
49

2

A
LE
RT

10
7

Si
m
ul
at
io
n
(2
)

C
ar
di
ac

m
or
ta
lit
y
or

de
fin

ite
no

n-
fa
ta
lM

I

Y
O
R

10
52

LD
L

1.
29

57
7

1.
13

68
2

1.
48

66
13

0.
25

91
07

4
0.
06

84
34

8
N

N
/A

TC
1.
36

30
1

1.
20

35
4

1.
56

23
51

0.
30

96
92

6
0.
06

65
62

2

H
D
L

0.
84

43
4

0.
74

82
8

0.
94

70
39

3
–
0.
16

91
99

1
0.
06

00
93

4

TG
s

1.
17

5
1.
03

57
3

1.
32

43
15

0.
16

12
70

7
0.
06

27
01

7

APPENDIX 8

NIHR Journals Library www.journalslibrary.nihr.ac.uk

246



St
u
d
y
n
am

e
D
at
a
ex

tr
ac
ti
o
n

m
et
h
o
d

O
u
tc
o
m
e

Su
rr
o
g
at
e

o
u
tc
o
m
e

Ef
fe
ct

m
ea

su
re

N
o
.
o
f

p
ar
ti
ci
p
an

ts

Li
p
id

m
ea

su
re

u
n
it
s

M
ea

su
re

p
er

1
SD

ch
an

g
e

Lo
w
er

lim
it

U
p
p
er

lim
it

Lo
g
-H

R
SE

A
d
ju
st
ed

C
o
va

ri
at
es

if
ad

ju
st
ed

A
M
O
RI
S90

D
ire

ct
C
V
D
ev
en

t
N

H
R

65
05

0
TC

1.
18

1.
16

1.
21

0.
16

55
14

4
0.
01

07
65

4
Y

A
ge

,
ge

nd
er
,

ho
sp
ita

lr
ec
or
de

d
hy
pe

rt
en

si
on

,
di
ab

et
es

TG
S

1.
11

1.
1

1.
12

0.
10

43
6

0.
00

45
96

6

C
V
D
ev
en

t
Y

H
R

83
95

4
A
po

A
-I

0.
8

0.
78

0.
83

–
0.
22

31
43

6
0.
01

58
49

9
Y

A
ge

65
16

7
A
po

A
-I

0.
8

0.
76

0.
83

–
0.
22

31
43

6
0.
02

24
76

3

83
95

4
A
po

B
1.
46

1.
42

1.
5

0.
37

84
36

4
0.
01

39
81

7

65
16

7
A
po

B
1.
4

1.
35

1.
46

0.
33

64
72

2
0.
01

99
82

6

83
95

4
LD

L
1.
4

1.
37

1.
43

0.
33

64
72

2
0.
01

09
34

6

65
16

7
LD

L
1.
34

1.
29

1.
39

0.
29

26
69

6
0.
01

90
46

3

83
95

4
H
D
L

0.
75

0.
73

0.
77

–
0.
28

76
82

1
0.
01

36
08

7

65
16

7
H
D
L

0.
72

0.
69

0.
76

–
0.
32

85
04

1
0.
02

46
49

7

83
95

4
N
on

-H
D
L

ch
ol
es
te
ro
l

1.
46

1.
43

1.
5

0.
37

84
36

4
0.
01

21
91

5

65
16

7
N
on

-H
D
L

ch
ol
es
te
ro
l

1.
43

1.
37

1.
48

0.
35

76
74

4
0.
01

97
01

9

83
95

4
A
po

B/
A
po

A
-I

1.
5

1.
46

1.
53

0.
40

54
65

1
0.
01

19
46

8

65
16

7
A
po

B/
A
po

A
-I

1.
43

1.
38

1.
48

0.
35

76
74

4
0.
01

78
46

6

83
95

4
LD

L/
H
D
L

ch
ol
es
te
ro
l

1.
3

1.
28

1.
32

0.
26

23
64

3
0.
00

78
49

9

65
16

7
LD

L/
H
D
L

ch
ol
es
te
ro
l

1.
28

1.
26

1.
31

0.
24

68
60

1
0.
00

99
27

4

83
95

4
TC

/H
D
L

ch
ol
es
te
ro
l

1.
29

1.
27

1.
31

0.
25

46
42

2
0.
00

79
10

8

65
16

7
TC

/H
D
L

ch
ol
es
te
ro
l

1.
28

1.
26

1.
31

0.
24

68
60

1
0.
00

99
27

4

co
nt
in
ue
d

DOI: 10.3310/hta191000 HEALTH TECHNOLOGY ASSESSMENT 2015 VOL. 19 NO. 100

© Queen’s Printer and Controller of HMSO 2015. This work was produced by Perera et al. under the terms of a commissioning contract issued by the Secretary of State for
Health. This issue may be freely reproduced for the purposes of private research and study and extracts (or indeed, the full report) may be included in professional journals
provided that suitable acknowledgement is made and the reproduction is not associated with any form of advertising. Applications for commercial reproduction should be
addressed to: NIHR Journals Library, National Institute for Health Research, Evaluation, Trials and Studies Coordinating Centre, Alpha House, University of Southampton Science
Park, Southampton SO16 7NS, UK.

247



TA
B
LE

62
Ex

tr
ac
te
d
d
at
a
fr
o
m

st
u
d
ie
s
fo
r
p
o
p
u
la
ti
o
n
s
n
o
t
ta
ki
n
g
st
at
in
s
(c
o
n
ti
n
u
ed

)

St
u
d
y
n
am

e
D
at
a
ex

tr
ac
ti
o
n

m
et
h
o
d

O
u
tc
o
m
e

Su
rr
o
g
at
e

o
u
tc
o
m
e

Ef
fe
ct

m
ea

su
re

N
o
.
o
f

p
ar
ti
ci
p
an

ts

Li
p
id

m
ea

su
re

u
n
it
s

M
ea

su
re

p
er

1
SD

ch
an

g
e

Lo
w
er

lim
it

U
p
p
er

lim
it

Lo
g
-H

R
SE

A
d
ju
st
ed

C
o
va

ri
at
es

if
ad

ju
st
ed

C
V
D

m
or
ta
lit
y

Y
H
R

14
91

21
TC

1.
24

1.
17

1.
3

0.
21

51
11

4
0.
02

68
77

7
Y

A
ge

an
d
ge

nd
er

TG
1.
34

1.
28

1.
41

0.
29

26
69

6
0.
02

46
75

9

A
po

A
-I

0.
82

0.
77

0.
87

–
0.
19

84
50

9
0.
03

11
48

6

A
po

B
1.
34

1.
27

1.
41

0.
29

26
69

6
0.
02

66
76

7

LD
L

1.
26

1.
2

1.
33

0.
23

11
11

7
0.
02

62
39

1

H
D
L

0.
74

0.
69

0.
78

–
0.
30

11
05

1
0.
03

12
76

1

N
on

-H
D
L

ch
ol
es
te
ro
l

1.
35

1.
28

1.
42

0.
30

01
04

6
0.
02

64
78

8

A
po

B/
A
po

A
-I

1.
39

1.
32

1.
46

0.
32

93
03

7
0.
02

57
15

5

LD
L/
H
D
L

ch
ol
es
te
ro
l

1.
28

1.
23

1.
33

0.
24

68
60

1
0.
01

99
4

TC
/H
D
L

ch
ol
es
te
ro
l

1.
28

1.
24

1.
33

0.
24

68
60

1
0.
01

78
74

4

Si
m
ul
at
io
n
(1
)

A
ll-
ca
us
e

m
or
ta
lit
y

N
/A

O
R

44
,4
57

H
D
L

0.
83

0.
8

0.
85

–
0.
18

63
29

6
0.
01

54
65

5
N

N
/A

A
N
H
F10

8
D
ire

ct
C
V
D

m
or
ta
lit
y

N
O
R

86
62

TC
1.
17

73
4

0.
94

51
3

1.
47

06
7

0.
16

32
57

7
0.
11

27
93

6
N

N
/A

H
D
L

0.
75

17
5

0.
57

43
4

0.
99

19
5

–
0.
28

53
51

5
0.
13

94
00

8

A
SC

O
T-
LL
A

10
9

Si
m
ul
at
io
n
(2
)

C
V
D
ev
en

t
N

O
R

12
74

LD
L

1.
26

72
3

1.
16

26
1.
40

40
07

0.
23

68
35

8
0.
04

81
30

5
N

N
/A

H
D
L

0.
93

25
5

0.
85

34
3

1.
05

10
44

–
0.
06

98
33

6
0.
05

31
30

7

TG
s

0.
91

13
8

0.
82

49
3

1.
00

82
8

–
0.
09

27
95

3
0.
05

11
99

7

A
U
RO

RA
11

0
Si
m
ul
at
io
n
(2
)

C
V
D
ev
en

t
N

O
R

13
84

LD
L

1.
02

86
0.
93

95
3

1.
11

86
7

0.
02

81
98

7
0.
04

45
19

4
N

N
/A

BR
H
S11

1
Si
m
ul
at
io
n
(1
)

C
V
D
ev
en

t
Y

O
R

77
35

TC
1.
62

29
6

1.
46

77
3

1.
77

40
85

0.
48

42
49

2
0.
04

83
59

5
N

N
/A

TG
s

1.
13

35
9

0.
84

99
3

1.
50

13
47

1
0.
12

53
86

2
0.
14

51
43

9

H
D
L

0.
84

11
2

0.
67

40
6

1.
08

41
17

–
0.
17

30
20

9
0.
12

12
26

1

APPENDIX 8

NIHR Journals Library www.journalslibrary.nihr.ac.uk

248



St
u
d
y
n
am

e
D
at
a
ex

tr
ac
ti
o
n

m
et
h
o
d

O
u
tc
o
m
e

Su
rr
o
g
at
e

o
u
tc
o
m
e

Ef
fe
ct

m
ea

su
re

N
o
.
o
f

p
ar
ti
ci
p
an

ts

Li
p
id

m
ea

su
re

u
n
it
s

M
ea

su
re

p
er

1
SD

ch
an

g
e

Lo
w
er

lim
it

U
p
p
er

lim
it

Lo
g
-H

R
SE

A
d
ju
st
ed

C
o
va

ri
at
es

if
ad

ju
st
ed

Br
un

ec
k11

2
Si
m
ul
at
io
n
(1
)

C
V
D
ev
en

t
N

O
R

76
5

TC
1.
34

45
1.
10

37
9

1.
65

98
49

0.
29

60
20

7
0.
10

40
75

3
N

N
/A

TG
s

1.
13

19
3

0.
89

89
1.
41

58
17

4
0.
12

39
20

2
0.
11

58
90

8

H
D
L

0.
87

86
0.
72

51
8

1.
10

33
16

–
0.
12

94
29

6
0.
10

70
55

6

LD
L

1.
37

32
6

1.
13

52
2

1.
87

24
85

0.
31

71
88

2
0.
12

76
64

4

A
po

A
0.
94

65
9

0.
78

29
4

1.
17

41
71

9
–
0.
05

48
87

3
0.
10

33
84

A
po

B
1.
38

73
7

1.
17

96
7

1.
76

69
29

0.
32

74
07

0.
10

30
62

9

BU
PA

11
3

Si
m
ul
at
io
n
(1
)

C
V
D

m
or
ta
lit
y

Y
O
R

13
74

TC
1.
53

78
2

1.
29

93
2

1.
73

14
25

0.
43

03
62

6
0.
07

32
41

5
N

N
/A

H
D
L

0.
60

42
8

0.
44

59
3

0.
72

94
94

4
–
0.
50

37
14

8
0.
12

55
59

4

A
po

A
-I

0.
74

46
9

0.
65

93
6

0.
83

14
91

9
–
0.
29

47
85

9
0.
05

91
71

6

A
po

B
1.
89

71
6

1.
60

97
5

2.
23

48
68

0.
64

03
58

6
0.
08

37
00

4

C
ae
rp
hi
lly

11
4

D
ire

ct
C
V
D
ev
en

t
Y

O
R

22
25

TC
1.
26

1.
1

1.
44

0.
23

11
11

7
0.
06

87
07

4
Y

A
ge

+
no

n-
lip
id

ris
k

fa
ct
or
s
(d
ia
st
ol
ic
BP

,
sm

ok
in
g
ha

bi
t,
BM

I,
an

d
ev
id
en

ce
of

is
ch
ae
m
ia

at
ba

se
lin
e)

A
po

B
1.
2

1.
05

1.
37

0.
18

23
21

6
0.
06

78
62

4

H
D
L

0.
78

7
0.
68

02
0.
91

7
–
0.
23

95
27

0.
07

62
04

2

A
po

A
-I

0.
84

7
0.
72

99
0.
97

08
–
0.
16

60
54

6
0.
07

27
58

4

C
A
RD

S11
5

Si
m
ul
at
io
n
(2
)

C
V
D
ev
en

t
N

O
R

14
10

LD
L

1.
04

79
0.
94

39
1.
17

33
0.
04

67
88

2
0.
05

54
98

8
N

N
/A

TC
1.
11

12
1.
00

1
1.
23

86
0.
10

54
40

5
0.
05

43
32

2

H
D
L

0.
94

84
0.
84

95
1.
06

15
–
0.
05

29
78

9
0.
05

68
34

3

TG
s

0.
84

38
0.
59

29
1.
21

09
–
0.
16

98
39

8
0.
18

21
66

7

C
A
RE

34
Si
m
ul
at
io
n
(2
)

C
V
D
ev
en

t
Y

O
R

20
78

LD
L

1.
01

94
0.
95

71
4

1.
08

30
07

8
0.
01

92
17

7
0.
03

15
16

5
N

N
/A

TC
1.
06

29
2

0.
99

87
3

1.
12

70
82

1
0.
06

10
22

4
0.
03

08
42

3

H
D
L

0.
99

35
9

0.
90

50
7

1.
09

30
53

9
–
0.
00

64
30

1
0.
04

81
43

7

TG
s

0.
98

04
2

0.
92

48
8

1.
03

62
04

8
–
0.
01

97
73

3
0.
02

89
92

9

co
nt
in
ue
d

DOI: 10.3310/hta191000 HEALTH TECHNOLOGY ASSESSMENT 2015 VOL. 19 NO. 100

© Queen’s Printer and Controller of HMSO 2015. This work was produced by Perera et al. under the terms of a commissioning contract issued by the Secretary of State for
Health. This issue may be freely reproduced for the purposes of private research and study and extracts (or indeed, the full report) may be included in professional journals
provided that suitable acknowledgement is made and the reproduction is not associated with any form of advertising. Applications for commercial reproduction should be
addressed to: NIHR Journals Library, National Institute for Health Research, Evaluation, Trials and Studies Coordinating Centre, Alpha House, University of Southampton Science
Park, Southampton SO16 7NS, UK.

249



TA
B
LE

62
Ex

tr
ac
te
d
d
at
a
fr
o
m

st
u
d
ie
s
fo
r
p
o
p
u
la
ti
o
n
s
n
o
t
ta
ki
n
g
st
at
in
s
(c
o
n
ti
n
u
ed

)

St
u
d
y
n
am

e
D
at
a
ex

tr
ac
ti
o
n

m
et
h
o
d

O
u
tc
o
m
e

Su
rr
o
g
at
e

o
u
tc
o
m
e

Ef
fe
ct

m
ea

su
re

N
o
.
o
f

p
ar
ti
ci
p
an

ts

Li
p
id

m
ea

su
re

u
n
it
s

M
ea

su
re

p
er

1
SD

ch
an

g
e

Lo
w
er

lim
it

U
p
p
er

lim
it

Lo
g
-H

R
SE

A
d
ju
st
ed

C
o
va

ri
at
es

if
ad

ju
st
ed

C
as
al
e

M
on

fe
rr
at
o
11

6
O
rs
in
i(
1)

C
V
D

m
or
ta
lit
y

N
O
R

98
2

TC
0.
94

37
7

0.
88

76
4

1.
00

34
43

–
0.
05

78
77

1
0.
03

12
82

7
Y

A
ge

,
ge

nd
er
,

hy
pe

rt
en

si
on

,
sm

ok
in
g,

C
H
D
,

fib
rin

og
en

,
cu
m
ul
at
iv
e
av
er
ag

e
in
di
vi
du

al
H
bA

1c
,
an

d
re
fe
rr
in
g
ph

ys
ic
ia
n

LD
L

0.
95

41
8

0.
87

84
5

1.
03

64
46

–
0.
04

68
97

9
0.
04

21
91

4

H
D
L

0.
89

75
0.
83

09
0.
96

94
45

7
–
0.
10

81
37

4
0.
03

93
40

1

A
po

A
-I

0.
95

67
0.
89

17
7

1.
02

63
68

–
0.
04

42
63

0.
03

58
61

9

A
po

B
1.
14

05
8

1.
03

02
8

1.
26

26
97

0.
13

15
37

8
0.
05

18
93

7

C
B
pr
oj
ec
t91

O
rs
in
i(
1)

A
ll-
ca
us
e

m
or
ta
lit
y

N
/A

H
R

23
38

9
TC

1.
25

50
7

1.
17

83
3

1.
33

68
15

0.
22

71
92

9
0.
03

21
92

4
Y

A
ge

,
sm

ok
in
g,

sy
st
ol
ic
BP

,
BM

I
25

62
9

TC
1.
17

83
8

1.
05

01
2

1.
32

23
08

0.
16

41
41

5
0.
05

87
94

5

C
ha

rle
st
on

99
D
ire

ct
C
V
D

m
or
ta
lit
y

Y
H
R

65
3
ex
is
tin

g
re
vi
ew

TC
1.
19

1
1.
43

0.
17

39
53

3
0.
09

12
43

5
N

N
/A

33
3

TC
1

0.
76

1.
33

0
0.
14

27
59

1

74
1

TC
1.
61

1.
4

1.
86

0.
47

62
34

2
0.
07

24
75

6

45
4

TC
1.
43

1.
15

1.
78

0.
35

76
74

4
0.
11

14
41

7

65
3

TC
1.
18

0.
98

1.
43

0.
16

55
14

4
0.
09

63
97

2
Y

Sy
st
ol
ic
BP

,
BM

I,
ye
ar
s
of

ed
uc
at
io
n,

sm
ok

in
g
st
at
us
,

di
ab

et
es

st
at
us

33
3

TC
1.
15

0.
83

1.
58

0.
13

97
61

9
0.
16

42
23

1

74
1

TC
1.
28

1.
07

1.
54

0.
24

68
60

1
0.
09

28
88

7

45
4

TC
1.
29

0.
99

1.
67

0.
25

46
42

2
0.
13

33
86

2

A
ll-
ca
us
e

m
or
ta
lit
y

N
/A

65
3

TC
1.
09

0.
98

1.
22

0.
08

61
77

7
0.
05

58
81

N
N
/A

33
3

TC
0.
93

0.
8

1.
08

–
0.
07

25
70

7
0.
07

65
57

3

74
1

TC
1.
42

1.
29

1.
55

0.
35

06
56

9
0.
04

68
4

45
4

TC
1.
19

1.
03

1.
37

0.
17

39
53

3
0.
07

27
68

4

65
3

TC
1.
05

0.
94

1.
18

0.
04

87
90

2
0.
05

80
07

6
Y

Sy
st
ol
ic
BP

,
BM

I,
ye
ar
s
of

ed
uc
at
io
n,

sm
ok

in
g
st
at
us
,

di
ab

et
es

st
at
us

33
3

TC
0.
99

0.
83

1.
17

–
0.
01

00
50

3
0.
08

75
85

74
1

TC
1.
11

0.
99

1.
24

0.
10

43
6

0.
05

74
39

2

45
4

TC
1.
19

1.
03

1.
37

0.
17

39
53

3
0.
07

27
68

4

APPENDIX 8

NIHR Journals Library www.journalslibrary.nihr.ac.uk

250



St
u
d
y
n
am

e
D
at
a
ex

tr
ac
ti
o
n

m
et
h
o
d

O
u
tc
o
m
e

Su
rr
o
g
at
e

o
u
tc
o
m
e

Ef
fe
ct

m
ea

su
re

N
o
.
o
f

p
ar
ti
ci
p
an

ts

Li
p
id

m
ea

su
re

u
n
it
s

M
ea

su
re

p
er

1
SD

ch
an

g
e

Lo
w
er

lim
it

U
p
p
er

lim
it

Lo
g
-H

R
SE

A
d
ju
st
ed

C
o
va

ri
at
es

if
ad

ju
st
ed

C
hi
ne

se
ve
te
ra
ns

11
7

D
ire

ct
A
ll-
ca
us
e

m
or
ta
lit
y

N
/A

H
R

12
68

TG
s

1.
14

32
4

1.
06

92
6

1.
22

22
57

0.
13

38
66

3
0.
03

41
15

4
N

N
/A

TG
s

1.
14

32
4

1.
06

92
6

1.
22

22
57

0.
13

38
66

3
0.
03

41
15

4
Y

A
ge

,
sy
st
ol
ic
BP

,
ci
ga

re
tt
es

pe
r
da

y,
du

ra
tio

n
of

sm
ok

in
g,

ag
e
of

st
ar
tin

g
sm

ok
in
g,

ex
er
ci
se
,

BM
I,
ne

ga
tiv
e
af
fa
irs
,

fa
m
ily

hi
st
or
y
of

di
se
as
es
,
ex
is
tin

g
ba

se
lin
e
di
se
as
es

C
H
S11

8
D
ire

ct
C
V
D
ev
en

t
Y

H
R

48
85

TC
0.
95

0.
86

1.
04

–
0.
05

12
93

3
0.
04

84
80

5
N

N
/A

LD
L

1.
02

0.
93

1.
12

0.
01

98
02

6
0.
04

74
23

3

H
D
L

0.
71

0.
64

0.
79

–
0.
34

24
90

3
0.
05

37
15

5

TG
s

1.
11

1.
03

1.
2

0.
10

43
6

0.
03

89
70

1

TC
1.
09

0.
98

1.
2

0.
08

61
77

7
0.
05

16
64

4
Y

A
ge

,
ge

nd
er
,

di
ab

et
es
,
sm

ok
in
g

st
at
us
,
C
V
D
an

d
sy
st
ol
ic
BP

LD
L

1.
1

1
1.
21

0.
09

53
10

2
0.
04

86
27

6

H
D
L

0.
85

0.
76

0.
96

–
0.
16

25
18

9
0.
05

95
95

6

TG
s

1.
07

0.
99

1.
16

0.
06

76
58

6
0.
04

04
26

1

A
ll-
ca
us
e

m
or
ta
lit
y

N
/A

TC
0.
86

0.
81

0.
91

–
0.
15

08
22

9
0.
02

96
96

5
N

N
/A

LD
L

0.
89

0.
84

0.
95

–
0.
11

65
33

8
0.
03

13
92

9

H
D
L

0.
86

0.
81

0.
92

–
0.
15

08
22

9
0.
03

24
84

5

TG
s

1.
05

0.
99

1.
11

0.
04

87
90

2
0.
02

91
86

3

TC
0.
98

0.
92

1.
04

–
0.
02

02
02

7
0.
03

12
76

1
Y

A
ge

,
ge

nd
er
,

di
ab

et
es
,
sm

ok
in
g

st
at
us
,
C
V
D
an

d
sy
st
ol
ic
BP

LD
L

0.
97

0.
92

1.
04

–
0.
03

04
59

2
0.
03

12
76

1

H
D
L

0.
99

0.
92

1.
06

–
0.
01

00
50

3
0.
03

61
35

3

TG
s

1.
05

0.
99

1.
11

0.
04

87
90

2
0.
02

91
86

3

co
nt
in
ue
d

DOI: 10.3310/hta191000 HEALTH TECHNOLOGY ASSESSMENT 2015 VOL. 19 NO. 100

© Queen’s Printer and Controller of HMSO 2015. This work was produced by Perera et al. under the terms of a commissioning contract issued by the Secretary of State for
Health. This issue may be freely reproduced for the purposes of private research and study and extracts (or indeed, the full report) may be included in professional journals
provided that suitable acknowledgement is made and the reproduction is not associated with any form of advertising. Applications for commercial reproduction should be
addressed to: NIHR Journals Library, National Institute for Health Research, Evaluation, Trials and Studies Coordinating Centre, Alpha House, University of Southampton Science
Park, Southampton SO16 7NS, UK.

251



TA
B
LE

62
Ex

tr
ac
te
d
d
at
a
fr
o
m

st
u
d
ie
s
fo
r
p
o
p
u
la
ti
o
n
s
n
o
t
ta
ki
n
g
st
at
in
s
(c
o
n
ti
n
u
ed

)

St
u
d
y
n
am

e
D
at
a
ex

tr
ac
ti
o
n

m
et
h
o
d

O
u
tc
o
m
e

Su
rr
o
g
at
e

o
u
tc
o
m
e

Ef
fe
ct

m
ea

su
re

N
o
.
o
f

p
ar
ti
ci
p
an

ts

Li
p
id

m
ea

su
re

u
n
it
s

M
ea

su
re

p
er

1
SD

ch
an

g
e

Lo
w
er

lim
it

U
p
p
er

lim
it

Lo
g
-H

R
SE

A
d
ju
st
ed

C
o
va

ri
at
es

if
ad

ju
st
ed

C
op

en
ha

ge
n

C
ity

92
O
rs
in
i(
2)

C
V
D
ev
en

t
N

H
R

51
81

TC
1.
08

07
7

1.
02

1
1.
14

4
0.
07

76
73

8
0.
02

90
17

4
Y

A
ge

,
BP

,
sm

ok
in
g,

us
e
of

lip
id
-lo

w
er
in
g

dr
ug

s
an

d
us
e

of
ho

rm
on

e
re
pl
ac
em

en
t
th
er
ap

y,
di
ab

et
es

pl
us

bo
dy

m
as
s
pl
us

hi
gh

-s
en

si
tiv
ity

C
-r
ea
ct
iv
e
pr
ot
ei
n

N
on

-H
D
L

ch
ol
es
te
ro
l

1.
12

54
1.
05

16
1.
20

43
0.
11

81
38

5
0.
03

45
88

2

LD
L

1.
12

18
5

1.
05

38
1.
19

42
0.
11

49
79

1
0.
03

19
06

6

H
D
L

0.
98

05
0.
92

6
1.
03

83
–
0.
01

96
92

6
0.
02

92
00

5

A
po

A
-I

0.
96

1
0.
88

8
1.
04

02
–
0.
03

97
80

9
0.
04

03
56

3

A
po

B
1.
08

2
1.
03

85
2

1.
12

73
0.
07

88
11

2
0.
02

09
25

7

TG
s

1.
03

27
7

1.
00

03
4

1.
06

62
0.
03

22
44

5
0.
01

62
65

6

TC
/H
D
L

ch
ol
es
te
ro
l

1.
38

55
1.
22

52
4

1.
56

69
0.
32

60
61

1
0.
06

27
45

5

A
po

B/
A
po

A
-I

1.
16

75
1.
09

70
4

1.
24

24
0.
15

48
64

7
0.
03

17
42

2

38
54

TC
1.
06

78
1.
01

61
6

1.
12

20
74

0.
06

56
02

3
0.
02

52
93

8

N
on

-H
D
L

ch
ol
es
te
ro
l

1.
14

09
5

1.
07

07
7

1.
21

57
17

0.
13

18
56

9
0.
03

23
86

LD
L

1.
13

01
4

1.
04

09
1.
22

70
26

0.
12

23
37

1
0.
04

19
67

2

H
D
L

0.
83

77
0.
72

98
0.
96

16
–
0.
17

70
95

2
0.
07

03
64

3

A
po

A
-I

0.
96

98
0.
90

45
1.
03

98
–
0.
03

06
65

4
0.
03

55
61

6

A
po

B
1.
09

98
1.
04

92
8

1.
15

27
57

0.
09

51
28

3
0.
02

39
93

9

TG
s

1.
02

35
7

1.
00

29
6

1.
04

46
13

0.
02

32
98

5
0.
01

03
81

6

TC
/H
D
L

ch
ol
es
te
ro
l

1.
08

39
3

1.
05

28
8

1.
11

58
85

0.
08

05
88

7
0.
01

48
26

2

A
po

B/
A
po

A
-I

1.
05

08
2

1.
03

20
6

1.
06

99
21

0.
04

95
68

0.
00

91
92

1

A
ll-
ca
us
e

m
or
ta
lit
y

N
/A

75
87

TG
s

1.
12

1.
09

1.
15

0.
11

33
28

7
0.
01

36
69

5
Y

A
ge

63
94

TG
s

1.
08

1.
05

1.
11

0.
07

69
61

0.
01

41
76

APPENDIX 8

NIHR Journals Library www.journalslibrary.nihr.ac.uk

252



St
u
d
y
n
am

e
D
at
a
ex

tr
ac
ti
o
n

m
et
h
o
d

O
u
tc
o
m
e

Su
rr
o
g
at
e

o
u
tc
o
m
e

Ef
fe
ct

m
ea

su
re

N
o
.
o
f

p
ar
ti
ci
p
an

ts

Li
p
id

m
ea

su
re

u
n
it
s

M
ea

su
re

p
er

1
SD

ch
an

g
e

Lo
w
er

lim
it

U
p
p
er

lim
it

Lo
g
-H

R
SE

A
d
ju
st
ed

C
o
va

ri
at
es

if
ad

ju
st
ed

C
O
RO

N
A

11
9

Si
m
ul
at
io
n
(2
)

C
V
D
ev
en

t
N

O
R

24
97

LD
L

0.
88

61
3

0.
82

45
3

0.
96

25
96

–
0.
12

08
93

9
0.
03

94
94

3
N

N
/A

A
po

B/
A
po

A
-I

1.
01

31
7

0.
95

06
9

1.
09

42
2

0.
01

30
81

1
0.
03

58
68

8

H
D
L

0.
94

34
7

0.
86

92
6

1.
03

01
1

–
0.
05

81
86

5
0.
04

33
09

7

TG
s

0.
86

88
0.
81

12
5

0.
93

08
63

–
0.
14

06
41

2
0.
03

50
86

3

D
A
I12

0
Si
m
ul
at
io
n
(1
)

C
V
D
ev
en

t
N

O
R

27
88

TC
1.
01

27
5

0.
93

17
4

1.
10

05
40

7
0.
01

26
69

7
0.
04

24
75

1
N

N
/A

H
D
L

0.
97

05
2

0.
89

39
3

1.
04

72
74

5
–
0.
02

99
20

1
0.
04

03
86

6

LD
L

1.
11

2
0.
88

80
5

1.
39

17
75

3
0.
10

61
57

1
0.
11

46
18

D
U
BB

O
93

D
ire

ct
A
ll-
ca
us
e

m
or
ta
lit
y

N
/A

O
R

12
36

TC
0.
96

50
4

0.
85

10
6

1.
09

77
10

2
–
0.
03

55
84

5
0.
06

49
22

4
N

N
/A

LD
L

0.
93

10
1

0.
79

58
8

1.
12

38
54

9
–
0.
07

14
82

4
0.
08

80
27

7

TG
s

1.
07

84
0.
92

13
6

1.
22

06
90

2
0.
07

54
81

7
0.
07

17
65

4

H
D
L

0.
92

65
5

0.
81

48
9

1.
05

19
36

7
–
0.
07

62
88

1
0.
06

51
37

5

15
69

TC
0.
86

24
1

0.
73

86
1.
00

21
55

6
–
0.
14

80
19

0.
07

78
46

5

LD
L

0.
82

01
4

0.
69

32
9

0.
97

32
19

5
–
0.
19

82
79

1
0.
08

65
21

TG
s

1.
34

91
5

1.
09

18
5

1.
57

11
2

0.
29

94
74

0.
09

28
35

3

H
D
L

0.
79

89
3

0.
69

39
1

0.
89

23
80

3
–
0.
22

44
81

3
0.
06

41
69

4

co
nt
in
ue
d

DOI: 10.3310/hta191000 HEALTH TECHNOLOGY ASSESSMENT 2015 VOL. 19 NO. 100

© Queen’s Printer and Controller of HMSO 2015. This work was produced by Perera et al. under the terms of a commissioning contract issued by the Secretary of State for
Health. This issue may be freely reproduced for the purposes of private research and study and extracts (or indeed, the full report) may be included in professional journals
provided that suitable acknowledgement is made and the reproduction is not associated with any form of advertising. Applications for commercial reproduction should be
addressed to: NIHR Journals Library, National Institute for Health Research, Evaluation, Trials and Studies Coordinating Centre, Alpha House, University of Southampton Science
Park, Southampton SO16 7NS, UK.

253



TA
B
LE

62
Ex

tr
ac
te
d
d
at
a
fr
o
m

st
u
d
ie
s
fo
r
p
o
p
u
la
ti
o
n
s
n
o
t
ta
ki
n
g
st
at
in
s
(c
o
n
ti
n
u
ed

)

St
u
d
y
n
am

e
D
at
a
ex

tr
ac
ti
o
n

m
et
h
o
d

O
u
tc
o
m
e

Su
rr
o
g
at
e

o
u
tc
o
m
e

Ef
fe
ct

m
ea

su
re

N
o
.
o
f

p
ar
ti
ci
p
an

ts

Li
p
id

m
ea

su
re

u
n
it
s

M
ea

su
re

p
er

1
SD

ch
an

g
e

Lo
w
er

lim
it

U
p
p
er

lim
it

Lo
g
-H

R
SE

A
d
ju
st
ed

C
o
va

ri
at
es

if
ad

ju
st
ed

EP
IC
-N
or
fo
lk

10
0

D
ire

ct
C
V
D
ev
en

t
Y

H
R

21
44

8
LD

L
1.
22

1.
17

1.
27

0.
19

88
50

9
0.
02

09
21

7
Y

A
ge

,
ge

nd
er
,

sm
ok

in
g,

w
ai
st

ci
rc
um

fe
re
nc
e,

ph
ys
ic
al

ac
tiv
ity
,

sy
st
ol
ic
BP
,a

nd
ho

rm
on

e
re
pl
ac
em

en
t

th
er
ap

y
(w

om
en

)

N
on

-H
D
L

ch
ol
es
te
ro
l

1.
54

1.
35

1.
74

0.
43

17
82

4
0.
06

47
39

9

TC
/H
D
L

ch
ol
es
te
ro
l

1.
19

1.
14

1.
24

0.
17

39
53

3
0.
02

14
49

8

61
0

TC
1.
34

0.
99

1.
81

0.
29

26
69

6
0.
15

39
22

8
Y

A
ge

,
sm

ok
in
g,

ph
ys
ic
al

ac
tiv
ity

H
D
L

0.
68

0.
48

0.
95

–
0.
38

56
62

5
0.
17

41
52

A
po

B
1.
46

1.
04

2.
06

0.
37

84
36

4
0.
17

43
58

5

A
po

A
-I

0.
75

0.
55

0.
99

–
0.
28

76
82

1
0.
14

99
45

6

A
po

B/
A
po

A
-I

1.
99

1.
3

3.
05

0.
68

81
34

6
0.
21

75
45

2

LD
L/
H
D
L

ch
ol
es
te
ro
l

2.
27

1.
39

3.
69

0.
81

97
79

8
0.
24

90
61

9

98
3

TC
1.
25

1.
07

1.
45

0.
22

31
43

6
0.
07

75
26

8

H
D
L

0.
96

0.
78

1.
17

–
0.
04

08
22

0.
10

34
35

A
po

B
1.
32

1.
12

1.
56

0.
27

76
31

7
0.
08

45
29

9

A
po

A
-I

0.
98

0.
81

1.
17

–
0.
02

02
02

7
0.
09

38
07

3

A
po

B/
A
po

A
-I

1.
33

1.
12

1.
59

0.
28

51
78

9
0.
08

93
89

1

LD
L/
H
D
L

ch
ol
es
te
ro
l

1.
25

1.
05

1.
47

0.
22

31
43

6
0.
08

58
34

8

APPENDIX 8

NIHR Journals Library www.journalslibrary.nihr.ac.uk

254



St
u
d
y
n
am

e
D
at
a
ex

tr
ac
ti
o
n

m
et
h
o
d

O
u
tc
o
m
e

Su
rr
o
g
at
e

o
u
tc
o
m
e

Ef
fe
ct

m
ea

su
re

N
o
.
o
f

p
ar
ti
ci
p
an

ts

Li
p
id

m
ea

su
re

u
n
it
s

M
ea

su
re

p
er

1
SD

ch
an

g
e

Lo
w
er

lim
it

U
p
p
er

lim
it

Lo
g
-H

R
SE

A
d
ju
st
ed

C
o
va

ri
at
es

if
ad

ju
st
ed

40
6

TC
1.
37

0.
88

2.
12

0.
31

48
10

7
0.
22

42
98

3

H
D
L

1.
13

0.
78

1.
66

0.
12

22
17

6
0.
19

26
73

2

A
po

B
1.
38

0.
85

2.
23

0.
32

20
83

5
0.
24

60
51

2

A
po

A
-I

0.
99

0.
68

1.
42

–
0.
01

00
50

3
0.
18

78
36

6

A
po

B/
A
po

A
-I

1.
36

0.
82

2.
28

0.
30

74
84

7
0.
26

08
74

1

LD
L/
H
D
L

ch
ol
es
te
ro
l

1.
99

1.
05

3.
76

0.
68

81
34

6
0.
32

54
15

5

53
0

TC
1.
03

0.
8

1.
32

0.
02

95
58

8
0.
12

77
48

8

H
D
L

0.
74

0.
55

0.
98

–
0.
30

11
05

1
0.
14

73
55

7

A
po

B
1.
02

0.
81

1.
3

0.
01

98
02

6
0.
12

06
85

A
po

A
-I

0.
71

0.
57

0.
91

–
0.
34

24
90

3
0.
11

93
38

8

A
po

B/
A
po

A
-I

1.
32

1.
02

1.
7

0.
27

76
31

7
0.
13

03
12

7

LD
L/
H
D
L

ch
ol
es
te
ro
l

1.
21

0.
96

1.
52

0.
19

06
20

4
0.
11

72
27

6

FI
EL
D

12
1

D
ire

ct
C
V
D
ev
en

t
N

H
R

49
00

TC
/H
D
L

ch
ol
es
te
ro
l

1.
21

1.
12

1.
31

0.
19

06
20

4
0.
03

99
74

1
Y

G
en

de
r,
ag

e,
pr
io
r

M
I,
pr
io
r
co
ro
na

ry
ar
te
ry

by
pa

ss
gr
af
tin

g,
sm

ok
in
g,

cr
ea
tin

in
e

co
nc
en

tr
at
io
n,

in
su
lin

us
e,

H
bA

1c
,

co
un

tr
y
of

re
si
de

nc
e

LD
L/
H
D
L

ch
ol
es
te
ro
l

1.
17

1.
09

1.
27

0.
15

70
03

7
0.
03

89
89

6

H
D
L

0.
84

0.
76

0.
91

–
0.
17

43
53

4
0.
04

59
50

6

N
on

-H
D
L

ch
ol
es
te
ro
l

1.
13

1.
04

1.
22

0.
12

22
17

6
0.
04

07
22

TG
s

1.
07

1
1.
15

0.
06

76
58

6
0.
03

56
53

6

TC
1.
06

0.
98

1.
15

0.
05

82
68

9
0.
04

08
07

3

LD
L

1.
05

0.
98

1.
14

0.
04

87
90

2
0.
03

85
79

3

A
po

B/
A
po

A
-I

1.
2

1.
12

1.
3

0.
18

23
21

6
0.
03

80
19

3

co
nt
in
ue
d

DOI: 10.3310/hta191000 HEALTH TECHNOLOGY ASSESSMENT 2015 VOL. 19 NO. 100

© Queen’s Printer and Controller of HMSO 2015. This work was produced by Perera et al. under the terms of a commissioning contract issued by the Secretary of State for
Health. This issue may be freely reproduced for the purposes of private research and study and extracts (or indeed, the full report) may be included in professional journals
provided that suitable acknowledgement is made and the reproduction is not associated with any form of advertising. Applications for commercial reproduction should be
addressed to: NIHR Journals Library, National Institute for Health Research, Evaluation, Trials and Studies Coordinating Centre, Alpha House, University of Southampton Science
Park, Southampton SO16 7NS, UK.

255



TA
B
LE

62
Ex

tr
ac
te
d
d
at
a
fr
o
m

st
u
d
ie
s
fo
r
p
o
p
u
la
ti
o
n
s
n
o
t
ta
ki
n
g
st
at
in
s
(c
o
n
ti
n
u
ed

)

St
u
d
y
n
am

e
D
at
a
ex

tr
ac
ti
o
n

m
et
h
o
d

O
u
tc
o
m
e

Su
rr
o
g
at
e

o
u
tc
o
m
e

Ef
fe
ct

m
ea

su
re

N
o
.
o
f

p
ar
ti
ci
p
an

ts

Li
p
id

m
ea

su
re

u
n
it
s

M
ea

su
re

p
er

1
SD

ch
an

g
e

Lo
w
er

lim
it

U
p
p
er

lim
it

Lo
g
-H

R
SE

A
d
ju
st
ed

C
o
va

ri
at
es

if
ad

ju
st
ed

A
po

A
-I

0.
85

0.
78

0.
93

–
0.
16

25
18

9
0.
04

48
70

1

A
po

B
1.
14

1.
05

1.
23

0.
13

10
28

3
0.
04

03
63

3

FI
N
RI
SK

‘9
212

2
Si
m
ul
at
io
n
(1
)

C
V
D
ev
en

t
Y

O
R

23
78

TC
1.
51

1.
12

8
1.
98

7
0.
41

21
09

7
0.
14

44
33

6
N

N
/A

H
D
L

0.
57

4
0.
45

9
0.
70

4
–
0.
55

51
25

9
0.
10

91
14

3

A
ll-
ca
us
e

m
or
ta
lit
y

N
/A

TC
1.
03

2
0.
85

1
1.
24

6
0.
03

14
98

7
0.
09

72
65

7

H
D
L

0.
77

8
0.
64

7
0.
90

7
–
0.
25

10
28

8
0.
08

61
72

5

Fr
am

in
gh

am
O
ff
sp
rin

g
40

D
ire

ct
C
V
D
ev
en

t
N

H
R

30
66

LD
L

1.
11

1.
01

1.
22

0.
10

43
6

0.
04

81
88

9
Y

A
ge

,
ge

nd
er
,

an
tih

yp
er
te
ns
iv
e

tr
ea
tm

en
t,
sm

ok
in
g,

sy
st
ol
ic
an

d
di
as
to
lic

BP
,
lip
id

m
ed

ic
at
io
n

us
e

N
on

-H
D
L

ch
ol
es
te
ro
l

1.
21

1.
1

1.
33

0.
19

06
20

4
0.
04

84
35

9

C
V
D
ev
en

t
Y

15
62

TC
1.
12

0.
97

1.
28

0.
11

33
28

7
0.
07

07
44

7
Y

A
ge

,
an

tih
yp
er
te
ns
iv
e

tr
ea
tm

en
t,
di
ab

et
es
,

sm
ok

in
g
an

d
sy
st
ol
ic

BP

33
22

H
D
L

0.
71

0.
6

0.
83

–
0.
34

24
90

3
0.
08

27
79

6

A
po

A
-I

0.
83

0.
72

0.
96

–
0.
18

63
29

6
0.
07

33
88

3

A
po

B
1.
37

1.
2

1.
57

0.
31

48
10

7
0.
06

85
59

7

TC
/H
D
L

ch
ol
es
te
ro
l

1.
39

1.
22

1.
58

0.
32

93
03

7
0.
06

59
62

8

LD
L/
H
D
L

ch
ol
es
te
ro
l

1.
35

1.
18

1.
54

0.
30

01
04

6
0.
06

79
25

5

A
po

B/
A
po

A
-I

1.
39

1.
23

1.
58

0.
32

93
03

7
0.
06

38
80

3

17
60

TC
1.
18

0.
96

1.
44

0.
16

55
14

4
0.
10

34
35

APPENDIX 8

NIHR Journals Library www.journalslibrary.nihr.ac.uk

256



St
u
d
y
n
am

e
D
at
a
ex

tr
ac
ti
o
n

m
et
h
o
d

O
u
tc
o
m
e

Su
rr
o
g
at
e

o
u
tc
o
m
e

Ef
fe
ct

m
ea

su
re

N
o
.
o
f

p
ar
ti
ci
p
an

ts

Li
p
id

m
ea

su
re

u
n
it
s

M
ea

su
re

p
er

1
SD

ch
an

g
e

Lo
w
er

lim
it

U
p
p
er

lim
it

Lo
g
-H

R
SE

A
d
ju
st
ed

C
o
va

ri
at
es

if
ad

ju
st
ed

33
22

H
D
L

0.
72

0.
57

0.
92

–
0.
32

85
04

1
0.
12

21
26

9

A
po

A
-I

0.
85

0.
68

1.
07

–
0.
16

25
18

9
0.
11

56
43

1

A
po

B
1.
38

1.
15

1.
67

0.
32

20
83

5
0.
09

51
68

8

TC
/H
D
L

ch
ol
es
te
ro
l

1.
39

1.
17

1.
66

0.
32

93
03

7
0.
08

92
38

2

LD
L/
H
D
L

ch
ol
es
te
ro
l

1.
36

1.
14

1.
63

0.
30

74
84

7
0.
09

12
12

2

A
po

B/
A
po

A
-I

1.
4

1.
16

1.
67

0.
33

64
72

2
0.
09

29
60

1

G
IS
SI

12
3

Si
m
ul
at
io
n
(2
)

C
V
D
ev
en

t
N

O
R

21
33

LD
L

1.
11

80
2

0.
97

94
1.
26

88
4

0.
11

15
59

3
0.
06

60
50

6
N

N
/A

TC
1.
16

38
9

1.
07

48
1.
26

65
2

0.
15

17
67

8
0.
04

18
72

H
D
L

1.
05

37
4

0.
94

29
8

1.
18

48
4

0.
05

23
46

7
0.
05

82
44

4

TG
s

0.
99

15
3

0.
89

52
1.
10

74
4

–
0.
00

85
11

1
0.
05

42
75

3

G
lo
st
ru
p

po
pu

la
tio

n12
4

Si
m
ul
at
io
n(
1)

C
V
D
ev
en

t
Y

O
R

26
4

TC
1.
83

21
7

1.
35

66
2

2.
60

68
39

0.
60

54
98

3
0.
16

66
18

8
N

N
/A

TG
s

2.
71

01
5

1.
86

84
4

4.
11

24
19

0.
99

70
05

5
0.
20

12
51

4

A
po

A
-I

0.
76

43
9

0.
57

70
8

1.
05

13
91

6
–
0.
26

86
81

2
0.
15

30
35

A
po

B
1.
71

30
8

1.
27

74
2

2.
36

91
56

6
0.
53

82
95

8
0.
15

75
75

2

G
O
H

12
5

D
ire

ct
C
V
D

m
or
ta
lit
y

Y
H
R

17
45

TC
1.
15

0.
95

1.
38

0.
13

97
61

9
0.
09

52
49

2
N

N
/A

A
ll-
ca
us
e

m
or
ta
lit
y

N
/A

TC
1.
05

0.
96

1.
14

0.
04

87
90

2
0.
04

38
39

4

co
nt
in
ue
d

DOI: 10.3310/hta191000 HEALTH TECHNOLOGY ASSESSMENT 2015 VOL. 19 NO. 100

© Queen’s Printer and Controller of HMSO 2015. This work was produced by Perera et al. under the terms of a commissioning contract issued by the Secretary of State for
Health. This issue may be freely reproduced for the purposes of private research and study and extracts (or indeed, the full report) may be included in professional journals
provided that suitable acknowledgement is made and the reproduction is not associated with any form of advertising. Applications for commercial reproduction should be
addressed to: NIHR Journals Library, National Institute for Health Research, Evaluation, Trials and Studies Coordinating Centre, Alpha House, University of Southampton Science
Park, Southampton SO16 7NS, UK.

257



TA
B
LE

62
Ex

tr
ac
te
d
d
at
a
fr
o
m

st
u
d
ie
s
fo
r
p
o
p
u
la
ti
o
n
s
n
o
t
ta
ki
n
g
st
at
in
s
(c
o
n
ti
n
u
ed

)

St
u
d
y
n
am

e
D
at
a
ex

tr
ac
ti
o
n

m
et
h
o
d

O
u
tc
o
m
e

Su
rr
o
g
at
e

o
u
tc
o
m
e

Ef
fe
ct

m
ea

su
re

N
o
.
o
f

p
ar
ti
ci
p
an

ts

Li
p
id

m
ea

su
re

u
n
it
s

M
ea

su
re

p
er

1
SD

ch
an

g
e

Lo
w
er

lim
it

U
p
p
er

lim
it

Lo
g
-H

R
SE

A
d
ju
st
ed

C
o
va

ri
at
es

if
ad

ju
st
ed

G
RI
PS

12
6

Si
m
ul
at
io
n
(1
)

C
V
D
ev
en

t
Y

O
R

43
68

TC
2.
28

99
6

2.
03

96
8

2.
54

00
59

0.
82

85
34

8
0.
05

59
68

1
N

N
/A

TG
s

1.
42

19
2

1.
28

89
7

1.
59

53
54

0.
35

20
05

3
0.
05

44
02

1

LD
L

2.
69

41
4

2.
37

03
6

3.
02

09
98

0.
99

10
78

3
0.
06

18
73

9

H
D
L

0.
72

39
0.
64

23
2

0.
79

26
55

9
–
0.
32

31
02

2
0.
05

36
46

8

A
po

B
2.
29

34
7

2.
02

95
8

2.
55

15
39

0.
83

00
66

4
0.
05

83
85

A
po

A
-I

0.
77

39
0.
69

30
8

0.
84

58
67

4
–
0.
25

63
18

8
0.
05

08
22

5

LD
L/
H
D
L

ch
ol
es
te
ro
l

2.
58

04
4

2.
24

95
7

2.
92

76
79

0.
94

79
58

0.
06

72
12

5

TC
/H
D
L

ch
ol
es
te
ro
l

2.
36

31
9

2.
10

31
1

2.
67

16
09

0.
86

00
11

6
0.
06

10
36

3

A
po

B/
A
po

A
-I

2.
10

58
3

1.
79

2.
34

77
14

0.
74

47
07

8
0.
06

91
90

6

H
am

ag
uc
hi

12
7

D
ire

ct
C
V
D
ev
en

t
N

O
R

12
21

LD
L

1.
36

83
9

0.
91

09
9

2.
05

46
98

4
0.
31

36
33

7
0.
20

74
88

8
N

N
/A

H
D
L

0.
57

70
8

0.
34

92
5

0.
94

90
38

4
–
0.
54

97
74

4
0.
25

50
15

6

TG
s

1.
46

37
3

1.
08

70
7

1.
96

06
06

0.
38

09
87

3
0.
15

04
50

5

H
on

ol
ul
u

H
ea
rt

12
8

O
rs
in
i(
1)

A
ll-
ca
us
e

m
or
ta
lit
y

N
/A

H
R

37
41

TC
0.
99

34
0.
98

33
1.
00

36
–
0.
00

66
21

9
0.
00

52
12

9
Y

A
ge

,
ca
rd
io
va
sc
ul
ar

ris
k
fa
ct
or
s,
fr
ai
lty

m
ea
su
re
s
an

d
ch
ro
ni
c
di
se
as
es

H
oo

rn
12

9
D
ire

ct
C
V
D
ev
en

t
N

H
R

18
17

N
on

-H
D
L

ch
ol
es
te
ro
l

1.
41

24
8

1.
28

89
6

1.
55

02
95

0.
34

53
49

9
0.
04

70
95

3
Y

A
ge

an
d
ge

nd
er

H
PF
S13

0
O
rs
in
i(
1)

C
V
D
ev
en

t
N

H
R

74
6

TC
1.
17

79
1

1.
02

71
1

1.
35

09
21

0.
16

37
44

2
0.
06

99
07

Y
A
ge

,
BM

I,
fa
m
ily

hi
st
or
y
of

M
I,

ph
ys
ic
al

ac
tiv
ity
,

sm
ok

in
g,

al
co
ho

l,
fa
st
in
g
st
at
us
,
hi
st
or
y

of
hy
pe

rt
en

si
on

,
as
pi
rin

us
e,

H
bA

1c

LD
L

1.
16

94
7

1.
02

27
9

1.
33

71
87

0.
15

65
47

2
0.
06

83
77

3

H
D
L

0.
88

04
7

0.
77

30
5

1.
00

28
11

6
–
0.
12

73
01

7
0.
06

63
82

4

N
on

H
D
L

1.
21

78
1

1.
06

13
5

1.
39

73
74

0.
19

70
50

1
0.
07

01
67

8

A
po

B
1.
19

48
8

1.
03

73
7

1.
37

62
6

0.
17

80
41

6
0.
07

21
11

8

TG
s

1.
11

71
1.
00

82
3

1.
23

77
22

0.
11

07
38

7
0.
05

23
14

6

TC
/H
D
L

ch
ol
es
te
ro
l

1.
35

39
9

1.
18

19
2

1.
55

10
99

0.
30

30
53

6
0.
06

93
42

1

APPENDIX 8

NIHR Journals Library www.journalslibrary.nihr.ac.uk

258



St
u
d
y
n
am

e
D
at
a
ex

tr
ac
ti
o
n

m
et
h
o
d

O
u
tc
o
m
e

Su
rr
o
g
at
e

o
u
tc
o
m
e

Ef
fe
ct

m
ea

su
re

N
o
.
o
f

p
ar
ti
ci
p
an

ts

Li
p
id

m
ea

su
re

u
n
it
s

M
ea

su
re

p
er

1
SD

ch
an

g
e

Lo
w
er

lim
it

U
p
p
er

lim
it

Lo
g
-H

R
SE

A
d
ju
st
ed

C
o
va

ri
at
es

if
ad

ju
st
ed

H
PS

24
O
rs
in
i(
2)

C
V
D
ev
en

t
N

RR
10

,2
67

TC
1.
16

79
3

1.
06

79
4

1.
27

72
9

0.
15

52
33

8
0.
04

56
66

8
N

N
/A

LD
L

1.
37

03
2

1.
20

87
4

1.
55

34
94

0.
31

50
41

4
0.
06

40
12

7

H
D
L

0.
55

33
0.
48

56
1

0.
63

04
19

2
–
0.
59

18
63

6
0.
06

65
78

3

TG
s

1.
14

36
1

1.
06

42
1.
22

89
57

0.
13

41
92

5
0.
03

67
21

IK
N
S
(Y
ao

)94
D
ire

ct
A
ll-
ca
us
e

m
or
ta
lit
y

N
/A

RR
40

87
TC

1.
21

1.
04

1.
42

0.
19

06
20

4
0.
07

94
48

Y
A
ge

,
jo
b,

hy
pe

rt
en

si
ve

st
at
us
,

al
co
ho

li
nt
ak
e,

sm
ok

in
g
Re

la
tiv
e

w
ei
gh

t
in
de

x

81
00

TC
1.
02

0.
87

1.
17

0.
01

98
02

6
0.
07

55
78

In
C
H
IA
N
TI

13
1

Si
m
ul
at
io
n
(1
)

C
V
D

m
or
ta
lit
y

N
O
R

10
13

TC
0.
75

37
7

0.
57

88
8

0.
98

12
75

9
–
0.
28

26
65

3
0.
13

46
30

3
N

N
/A

LD
L

0.
86

55
9

0.
71

79
9

1.
04

96
13

8
–
0.
14

43
40

1
0.
09

68
68

8

H
D
L

0.
79

94
1

0.
64

93
5

0.
97

08
07

4
–
0.
22

38
77

3
0.
10

25
89

3

TG
s

1.
05

07
9

0.
83

30
8

1.
31

50
49

1
0.
04

95
39

5
0.
11

64
55

A
ll-
ca
us
e

m
or
ta
lit
y

N
/A

TC
0.
60

03
9

0.
51

93
7

0.
69

26
23

3
–
0.
51

01
78

8
0.
07

34
34

7

LD
L

0.
67

97
2

0.
58

18
4

0.
80

34
77

8
–
0.
38

60
81

1
0.
08

23
35

7

H
D
L

0.
78

40
8

0.
67

75
5

0.
91

32
07

6
–
0.
24

32
44

7
0.
07

61
44

5

TG
s

1.
03

15
6

0.
88

56
6

1.
19

18
15

0.
03

10
72

2
0.
07

57
38

8

Is
ra
el
iI
sc
ha

em
ic

H
ea
rt

13
2

D
ire

ct
C
V
D

m
or
ta
lit
y

Y
H
R

10
,0
59

TC
1.
29

1.
2

1.
39

0.
25

46
42

2
0.
03

74
95

5
N

N
/A

H
D
L

0.
73

5
0.
67

1
0.
8

–
0.
30

78
84

8
0.
04

48
57

8
N

N
/A

A
ll-
ca
us
e

m
or
ta
lit
y

N
/A

TC
1.
07

1.
03

1.
12

0.
06

76
58

6
0.
02

13
69

9
Y

In
iti
al

m
al
ig
na

nt
di
se
as
e

H
D
L

0.
91

7
0.
87

7
0.
96

1
–
0.
08

66
47

8
0.
02

33
33

5

co
nt
in
ue
d

DOI: 10.3310/hta191000 HEALTH TECHNOLOGY ASSESSMENT 2015 VOL. 19 NO. 100

© Queen’s Printer and Controller of HMSO 2015. This work was produced by Perera et al. under the terms of a commissioning contract issued by the Secretary of State for
Health. This issue may be freely reproduced for the purposes of private research and study and extracts (or indeed, the full report) may be included in professional journals
provided that suitable acknowledgement is made and the reproduction is not associated with any form of advertising. Applications for commercial reproduction should be
addressed to: NIHR Journals Library, National Institute for Health Research, Evaluation, Trials and Studies Coordinating Centre, Alpha House, University of Southampton Science
Park, Southampton SO16 7NS, UK.

259



TA
B
LE

62
Ex

tr
ac
te
d
d
at
a
fr
o
m

st
u
d
ie
s
fo
r
p
o
p
u
la
ti
o
n
s
n
o
t
ta
ki
n
g
st
at
in
s
(c
o
n
ti
n
u
ed

)

St
u
d
y
n
am

e
D
at
a
ex

tr
ac
ti
o
n

m
et
h
o
d

O
u
tc
o
m
e

Su
rr
o
g
at
e

o
u
tc
o
m
e

Ef
fe
ct

m
ea

su
re

N
o
.
o
f

p
ar
ti
ci
p
an

ts

Li
p
id

m
ea

su
re

u
n
it
s

M
ea

su
re

p
er

1
SD

ch
an

g
e

Lo
w
er

lim
it

U
p
p
er

lim
it

Lo
g
-H

R
SE

A
d
ju
st
ed

C
o
va

ri
at
es

if
ad

ju
st
ed

Iw
at
eK

EN
C
O

13
3

O
rs
in
i(
1)

C
V
D
ev
en

t
Y

H
R

87
14

TC
1.
08

87
2

0.
96

94
7

1.
22

26
62

9
0.
08

50
07

0.
05

91
94

2
Y

A
ge

,
cu
rr
en

t
sm

ok
in
g,

sy
st
ol
ic
BP

,
BM

I,
ur
ic
ac
id
,
H
bA

1c
LD

L
1.
13

67
6

0.
95

70
1

1.
35

02
64

9
0.
12

81
86

2
0.
08

78
15

6

H
D
L

0.
77

18
6

0.
64

27
6

0.
92

68
91

–
0.
25

89
48

9
0.
09

33
82

2

15
,8
52

TC
1.
00

40
1

0.
90

83
9

1.
10

96
61

1
0.
00

39
99

8
0.
05

10
56

4

LD
L

0.
94

31
8

0.
81

80
5

1.
08

74
48

–
0.
05

85
02

7
0.
07

26
20

1

H
D
L

0.
92

97
3

0.
81

34
8

1.
06

26
14

–
0.
07

28
56

1
0.
06

81
55

3

Ju
nt
en

do
,

Ja
pa

n13
4

D
ire

ct
C
V
D

m
or
ta
lit
y

N
H
R

10
74

TC
1.
37

27
1.
07

6
1.
69

1
0.
31

67
79

6
0.
11

53
23

9
Y

G
en

de
r,
ag

e,
cu
rr
en

t
sm

ok
er
,h

yp
er
te
ns
io
n,

an
d
D
M

TG
s

1.
18

62
1.
00

9
1.
44

51
0.
17

07
54

9
0.
09

16
37

4

H
D
L

0.
90

9
0.
72

14
1.
13

95
–
0.
09

54
10

2
0.
11

66
20

2

LD
L

1.
21

02
0.
99

67
1.
44

89
0.
19

07
85

6
0.
09

54
36

3

LD
L/
H
D
L

ch
ol
es
te
ro
l

1.
21

71
1.
01

05
1.
45

15
0.
19

64
71

0.
09

23
85

8

N
on

-H
D
L

ch
ol
es
te
ro
l

1.
36

1
1

1.
70

91
0.
30

82
19

7
0.
13

67
26

3

K
IH
D

13
5

D
ire

ct
C
V
D
ev
en

t
Y

H
R

19
31

LD
L

1.
22

0.
94

1.
59

0.
19

88
50

9
0.
13

40
84

Y
A
ge

an
d
ba

se
lin
e

ex
am

in
at
io
n
ye
ar

C
V
D
ev
en

t
N

H
R

15
21

TG
s

1.
14

3
0.
98

4
1.
31

7
0.
13

36
56

4
0.
07

43
58

6

A
po

B
1.
21

2
1.
05

2
1.
39

8
0.
19

22
71

9
0.
07

25
38

1

H
D
L

0.
88

6
0.
75

3
1.
04

5
–
0.
12

10
38

3
0.
08

35
98

7

La
n
20

07
13

6
D
ire

ct
A
ll-
ca
us
e

m
or
ta
lit
y

N
/A

H
R

20
86

TC
0.
90

59
5

0.
82

07
4

1
–
0.
09

87
73

7
0.
05

03
95

9
N

N
/A

TG
s

1.
00

99
9

0.
92

01
1.
10

98
42

6
0.
00

99
38

5
0.
04

78
28

TC
0.
95

30
5

0.
85

86
8

1.
05

61
47

3
–
0.
04

80
87

1
0.
05

28
03

1
Y

A
ge

,
ge

nd
er
,

hy
pe

rt
en

si
on

,
di
ab

et
es
,
he

ar
t

di
se
as
e,

lu
ng

di
se
as
e

TG
s

1.
03

99
5

0.
94

00
8

1.
14

97
83

1
0.
03

91
69

9
0.
05

13
69

6

APPENDIX 8

NIHR Journals Library www.journalslibrary.nihr.ac.uk

260



St
u
d
y
n
am

e
D
at
a
ex

tr
ac
ti
o
n

m
et
h
o
d

O
u
tc
o
m
e

Su
rr
o
g
at
e

o
u
tc
o
m
e

Ef
fe
ct

m
ea

su
re

N
o
.
o
f

p
ar
ti
ci
p
an

ts

Li
p
id

m
ea

su
re

u
n
it
s

M
ea

su
re

p
er

1
SD

ch
an

g
e

Lo
w
er

lim
it

U
p
p
er

lim
it

Lo
g
-H

R
SE

A
d
ju
st
ed

C
o
va

ri
at
es

if
ad

ju
st
ed

LI
FE

(s
ub

an
al
ys
is)

13
7

D
ire

ct
C
V
D
ev
en

t
N

H
R

82
43

N
on

-H
D
L

ch
ol
es
te
ro
l

1
1

1
0

0
N

N
/A

C
V
D

m
or
ta
lit
y

N
N
on

-H
D
L

ch
ol
es
te
ro
l

1
1

1
0

0

LI
PI
D

13
8

D
ire

ct
C
V
D
ev
en

t
Y

H
R

45
02

LD
L

1.
11

36
1.
03

06
1.
20

2
0.
10

75
98

0.
03

92
46

3
N

N
/A

TC
1.
09

73
1.
01

63
1.
18

5
0.
09

28
52

6
0.
03

91
77

1

H
D
L

0.
85

32
0.
77

99
0.
92

74
–
0.
15

87
61

3
0.
04

41
88

6

TG
s

1.
05

77
0.
99

16
1.
52

29
0.
05

60
96

7
0.
10

94
52

TC
/H
D
L

ch
ol
es
te
ro
l

1.
23

1.
12

93
1.
31

63
0.
20

70
14

2
0.
03

90
88

5

A
po

A
-I

0.
85

08
0.
78

87
0.
92

45
–
0.
16

15
78

2
0.
04

05
27

3

A
po

B
1.
13

16
1.
04

88
1.
21

92
0.
12

36
32

6
0.
03

84
05

2

LD
L

1.
20

93
1.
07

61
1.
33

82
0.
19

00
41

7
0.
05

56
07

7
Y

A
ge

,
ge

nd
er
,

sm
ok

in
g
st
at
us
,

hi
st
or
y
of

hy
pe

rt
en

si
on

,
di
ab

et
es
,
st
ro
ke

or
tr
an

si
en

t
is
ch
ae
m
ic

at
ta
ck
,
pe

rip
he

ra
l

va
sc
ul
ar

di
se
as
e,

pr
ev
io
us

co
ro
na

ry
re
va
sc
ul
ar
is
at
io
n,

st
ab

le
an

gi
na

an
d

qu
al
ify
in
g
ev
en

t

TC
1.
19

29
1.
06

51
1.
34

85
0.
17

63
87

3
0.
06

01
84

7

H
D
L

0.
84

91
0.
75

79
0.
95

15
–
0.
16

35
78

3
0.
05

80
32

7

TG
s

1.
06

59
0.
97

5
1.
17

14
0.
06

38
19

5
0.
04

68
15

7

TC
/H
D
L

ch
ol
es
te
ro
l

1.
28

15
1.
14

58
1.
42

27
0.
24

80
31

3
0.
05

52
17

7

A
po

A
-I

0.
82

18
0.
73

05
0.
92

16
–
0.
19

62
58

2
0.
05

92
81

1

A
po

B
1.
19

94
1.
07

18
1.
33

95
0.
18

18
21

4
0.
05

68
76

8

Li
ve
rm

or
e13

9
Si
m
ul
at
io
n
(1
)

A
ll-
ca
us
e

m
or
ta
lit
y

N
/A

O
R

11
44

TC
1.
16

46
5

1.
02

28
8

1.
37

02
63

0.
15

24
20

6
0.
07

45
86

9
N

N
/A

LD
L

1.
18

37
6

1.
01

73
9

1.
33

36
15

0.
16

86
99

2
0.
06

90
45

1

DOI: 10.3310/hta191000 HEALTH TECHNOLOGY ASSESSMENT 2015 VOL. 19 NO. 100

© Queen’s Printer and Controller of HMSO 2015. This work was produced by Perera et al. under the terms of a commissioning contract issued by the Secretary of State for
Health. This issue may be freely reproduced for the purposes of private research and study and extracts (or indeed, the full report) may be included in professional journals
provided that suitable acknowledgement is made and the reproduction is not associated with any form of advertising. Applications for commercial reproduction should be
addressed to: NIHR Journals Library, National Institute for Health Research, Evaluation, Trials and Studies Coordinating Centre, Alpha House, University of Southampton Science
Park, Southampton SO16 7NS, UK.

261



TA
B
LE

62
Ex

tr
ac
te
d
d
at
a
fr
o
m

st
u
d
ie
s
fo
r
p
o
p
u
la
ti
o
n
s
n
o
t
ta
ki
n
g
st
at
in
s
(c
o
n
ti
n
u
ed

)

St
u
d
y
n
am

e
D
at
a
ex

tr
ac
ti
o
n

m
et
h
o
d

O
u
tc
o
m
e

Su
rr
o
g
at
e

o
u
tc
o
m
e

Ef
fe
ct

m
ea

su
re

N
o
.
o
f

p
ar
ti
ci
p
an

ts

Li
p
id

m
ea

su
re

u
n
it
s

M
ea

su
re

p
er

1
SD

ch
an

g
e

Lo
w
er

lim
it

U
p
p
er

lim
it

Lo
g
-H

R
SE

A
d
ju
st
ed

C
o
va

ri
at
es

if
ad

ju
st
ed

LR
C

pr
ev
al
en

ce
14

0
Si
m
ul
at
io
n
(1
)

C
V
D

m
or
ta
lit
y

Y
O
R

36
78

TC
1.
85

37
8

1.
52

87
6

2.
21

84
34

0.
61

72
26

8
0.
09

49
86

7
N

N
/A

H
D
L

0.
62

51
7

0.
48

83
2

0.
84

06
52

7
–
0.
46

97
26

1
0.
13

85
74

3

LD
L

2.
22

55
8

1.
81

24
5

2.
66

40
15

0.
80

00
18

9
0.
09

82
53

2

TG
s

1.
34

82
1

1.
14

33
3

1.
64

87
18

0.
29

87
74

1
0.
09

33
81

1

TC
/H
D
L

ch
ol
es
te
ro
l

1.
94

42
1.
56

83
4

2.
40

02
81

0.
66

48
51

1
0.
10

85
63

6

LD
L/
H
D
L

ch
ol
es
te
ro
l

2.
08

77
1.
68

00
9

2.
60

00
24

0.
73

60
62

5
0.
11

13
96

1

M
EG

A
14

1
O
rs
in
i(
1)

C
V
D
ev
en

t
N

H
R

39
66

TC
1.
01

46
5

0.
99

58
4

1.
03

38
29

8
0.
01

45
46

9
0.
00

95
51

9
Y

G
en

de
r,
ag

e,
di
ab

et
es
,

hy
pe

rt
en

si
on

,
BM

I,
ci
ga

re
tt
e
sm

ok
in
g

LD
L

1.
04

42
1.
00

15
2

1.
08

86
98

0.
04

32
54

9
0.
02

12
93

H
D
L

1.
25

13
6

1.
06

09
7

1.
47

58
79

0.
22

42
27

0.
08

42
02

3

M
ES
A

14
2

D
ire

ct
C
V
D
ev
en

t
Y

H
R

66
93

TC
1.
34

39
2

1.
14

4
1.
52

07
57

0.
29

55
89

2
0.
07

26
22

4
Y

A
ge

,g
en

de
r,

ci
ga

re
tt
e
sm

ok
in
g,

D
M
,s
ys
to
lic

BP
,

di
as
to
lic

BP
,

an
tih

yp
er
te
ns
iv
e
us
e,

lip
id
-lo

w
er
in
g

th
er
ap

y,
fa
m
ily

hi
st
or
y

of
C
H
D
,c
re
at
in
in
e,

w
ai
st
–
hi
p
ra
tio

TG
s

1.
27

77
9

1.
13

17
5

1.
43

93
34

0.
24

51
31

2
0.
06

13
30

5

H
D
L

0.
85

65
2

0.
72

03
5

1.
02

95
37

3
–
0.
15

48
79

4
0.
09

11
04

6

LD
L

1.
30

62
4

1.
12

92
9

1.
46

06
42

0.
26

71
50

5
0.
06

56
35

6

N
on

-H
D
L

ch
ol
es
te
ro
l

1.
39

19
8

1.
22

40
8

1.
57

56
48

0.
33

07
27

2
0.
06

44
06

6

M
H
S14

3
D
ire

ct
A
ll-
ca
us
e

m
or
ta
lit
y

N
/A

H
R

11
,0
60

LD
L

0.
96

99
0.
91

15
1.
03

07
–
0.
03

05
62

3
0.
03

13
52

5
Y

A
ge

85
97

LD
L

1.
06

49
0.
96

85
1.
13

28
0.
06

28
80

9
0.
03

99
74

3

APPENDIX 8

NIHR Journals Library www.journalslibrary.nihr.ac.uk

262



St
u
d
y
n
am

e
D
at
a
ex

tr
ac
ti
o
n

m
et
h
o
d

O
u
tc
o
m
e

Su
rr
o
g
at
e

o
u
tc
o
m
e

Ef
fe
ct

m
ea

su
re

N
o
.
o
f

p
ar
ti
ci
p
an

ts

Li
p
id

m
ea

su
re

u
n
it
s

M
ea

su
re

p
er

1
SD

ch
an

g
e

Lo
w
er

lim
it

U
p
p
er

lim
it

Lo
g
-H

R
SE

A
d
ju
st
ed

C
o
va

ri
at
es

if
ad

ju
st
ed

M
O
N
IC
A

95
D
ire

ct
C
V
D
ev
en

t
Y

H
R

14
14

TC
/H
D
L

ch
ol
es
te
ro
l

1.
48

1.
22

1.
78

0.
39

20
42

1
0.
09

63
68

Y
D
ia
be

te
s,
sm

ok
in
g,

BM
I,
al
co
ho

l,
hy
pe

rt
en

si
ve

st
at
us
,

ag
e

TC
1.
45

1.
22

1.
73

0.
37

15
63

6
0.
08

90
99

6

H
D
L

0.
78

0.
62

0.
98

–
0.
24

84
61

4
0.
11

67
94

2

N
on

-H
D
L

ch
ol
es
te
ro
l

1.
49

1.
26

1.
75

0.
39

87
76

1
0.
08

38
02

1

A
po

A
-I

0.
91

0.
75

1.
12

–
0.
09

43
10

7
0.
10

22
98

7

A
po

B
1.
49

1.
25

1.
78

0.
39

87
76

1
0.
09

01
70

9

A
po

B/
A
po

A
-I

1.
42

1.
2

1.
68

0.
35

06
56

9
0.
08

58
34

8

14
36

TC
/H
D
L

ch
ol
es
te
ro
l

1.
69

1.
22

2.
35

0.
52

47
28

5
0.
16

72
35

8

TC
1.
71

1.
33

2.
18

0.
53

64
93

4
0.
12

60
57

6

H
D
L

0.
74

0.
48

1.
12

–
0.
30

11
05

1
0.
21

61
47

4

N
on

-H
D
L

ch
ol
es
te
ro
l

1.
79

1.
4

2.
3

0.
58

22
15

6
0.
12

66
42

1

A
po

A
-I

0.
91

0.
62

1.
32

–
0.
09

43
10

7
0.
19

27
72

3

A
po

B
1.
73

1.
32

2.
27

0.
54

81
21

4
0.
13

83
03

1

A
po

B/
A
po

A
-I

1.
55

1.
15

2.
11

0.
43

82
54

9
0.
15

48
28

1

M
RF
IT

10
2

D
ire

ct
C
V
D
ev
en

t
Y

H
R

57
92

H
D
L

0.
80

27
0.
71

68
3

0.
89

88
41

2
–
0.
21

97
80

3
0.
05

77
2

N
N
/A

LD
L

0.
68

87
6

0.
62

36
3

0.
76

06
92

3
–
0.
37

28
58

6
0.
05

06
80

2

46
5

H
D
L

0.
96

47
8

0.
52

91
5

1.
75

90
23

–
0.
03

58
60

4
0.
30

64
39

3

LD
L

0.
52

95
6

0.
31

25
0.
89

73
88

–
0.
63

57
01

3
0.
26

90
99

8

co
nt
in
ue
d

DOI: 10.3310/hta191000 HEALTH TECHNOLOGY ASSESSMENT 2015 VOL. 19 NO. 100

© Queen’s Printer and Controller of HMSO 2015. This work was produced by Perera et al. under the terms of a commissioning contract issued by the Secretary of State for
Health. This issue may be freely reproduced for the purposes of private research and study and extracts (or indeed, the full report) may be included in professional journals
provided that suitable acknowledgement is made and the reproduction is not associated with any form of advertising. Applications for commercial reproduction should be
addressed to: NIHR Journals Library, National Institute for Health Research, Evaluation, Trials and Studies Coordinating Centre, Alpha House, University of Southampton Science
Park, Southampton SO16 7NS, UK.

263



TA
B
LE

62
Ex

tr
ac
te
d
d
at
a
fr
o
m

st
u
d
ie
s
fo
r
p
o
p
u
la
ti
o
n
s
n
o
t
ta
ki
n
g
st
at
in
s
(c
o
n
ti
n
u
ed

)

St
u
d
y
n
am

e
D
at
a
ex

tr
ac
ti
o
n

m
et
h
o
d

O
u
tc
o
m
e

Su
rr
o
g
at
e

o
u
tc
o
m
e

Ef
fe
ct

m
ea

su
re

N
o
.
o
f

p
ar
ti
ci
p
an

ts

Li
p
id

m
ea

su
re

u
n
it
s

M
ea

su
re

p
er

1
SD

ch
an

g
e

Lo
w
er

lim
it

U
p
p
er

lim
it

Lo
g
-H

R
SE

A
d
ju
st
ed

C
o
va

ri
at
es

if
ad

ju
st
ed

N
H
A
N
ES

III
14

4
D
ire

ct
A
ll-
ca
us
e

m
or
ta
lit
y

O
R

75
94

TC
1

0.
93

1.
07

0
0.
03

57
72

8
Y

A
ge

,
ra
ce
,
ge

nd
er

H
D
L

0.
87

0.
72

1.
04

–
0.
13

92
62

1
0.
09

38
07

3

LD
L

0.
9

0.
81

1.
01

–
0.
10

53
60

5
0.
05

62
93

7

A
po

B
1.
17

0.
83

1.
64

0.
15

70
03

7
0.
17

37
31

1

A
po

A
-I

0.
84

0.
65

1.
09

–
0.
17

43
53

4
0.
13

18
77

7

LD
L/
H
D
L

ch
ol
es
te
ro
l

0.
98

0.
88

1.
08

–
0.
02

02
02

7
0.
05

22
43

5

TC
/H
D
L

ch
ol
es
te
ro
l

1.
04

0.
98

1.
08

0.
03

92
20

7
0.
02

47
86

7

A
po

B/
A
po

A
-I

1.
35

0.
92

1.
98

0.
30

01
04

6
0.
19

55
30

2

C
V
D

m
or
ta
lit
y

TC
1.
08

0.
97

1.
21

0.
07

69
61

0.
05

63
97

8

H
D
L

0.
76

0.
56

1.
05

–
0.
27

44
36

8
0.
16

03
59

4

LD
L

1.
03

0.
87

1.
21

0.
02

95
58

8
0.
08

41
53

7

A
po

B
1.
63

1.
02

2.
6

0.
48

85
8

0.
23

87
01

2

A
po

A
-I

0.
61

0.
42

0.
9

–
0.
49

42
96

3
0.
19

44
23

5

LD
L/
H
D
L

ch
ol
es
te
ro
l

0.
95

0.
81

1.
12

–
0.
05

12
93

3
0.
08

26
65

7

TC
/H
D
L

ch
ol
es
te
ro
l

1.
08

1.
02

1.
14

0.
07

69
61

0.
02

83
73

9

A
po

B/
A
po

A
-I

1.
94

1.
14

3.
27

0.
66

26
88

0.
26

88
16

8

N
IP
PO

N
da

ta
80

14
5

O
rs
in
i(
1)

A
ll-
ca
us
e

m
or
ta
lit
y

H
R

92
16

TC
0.
98

47
7

0.
93

33
3

1.
03

90
53

–
0.
01

53
42

5
0.
02

73
73

7
Y

A
ge

,
se
ru
m

al
bu

m
in
,

BM
I,
hy
pe

rt
en

si
on

,
di
ab

et
es
,
ci
ga

re
tt
e

sm
ok

in
g
ca
te
go

ry
,

al
co
ho

li
nt
ak
e

ca
te
go

ry
,
ge

nd
er

C
V
D
ev
en

t
TC

1.
09

52
2

1.
00

53
8

1.
19

30
83

0.
09

09
51

6
0.
04

36
67

6

APPENDIX 8

NIHR Journals Library www.journalslibrary.nihr.ac.uk

264



St
u
d
y
n
am

e
D
at
a
ex

tr
ac
ti
o
n

m
et
h
o
d

O
u
tc
o
m
e

Su
rr
o
g
at
e

o
u
tc
o
m
e

Ef
fe
ct

m
ea

su
re

N
o
.
o
f

p
ar
ti
ci
p
an

ts

Li
p
id

m
ea

su
re

u
n
it
s

M
ea

su
re

p
er

1
SD

ch
an

g
e

Lo
w
er

lim
it

U
p
p
er

lim
it

Lo
g
-H

R
SE

A
d
ju
st
ed

C
o
va

ri
at
es

if
ad

ju
st
ed

N
or
th
w
ic
k

Pa
rk

I96
D
ire

ct
C
V
D

m
or
ta
lit
y

Y
RR

21
67

TC
1.
48

1.
27

1.
73

0.
39

20
42

1
0.
07

88
53

2
N

N
/A

TG
s

1.
36

1.
17

1.
58

0.
30

74
84

7
0.
07

66
38

94
1

TC
1.
32

0.
93

1.
88

0.
27

76
31

7
0.
17

95
51

7

TG
s

1.
55

1.
12

2.
13

0.
43

82
54

9
0.
16

39
77

9

N
or
th
w
ic
k

Pa
rk

II14
6

D
ire

ct
C
V
D
ev
en

t
Y

O
R

11
53

TC
1.
44

1.
14

1.
82

0.
36

46
43

1
0.
11

93
38

8
N

N
/A

TG
s

1.
09

0.
87

1.
34

0.
08

61
77

7
0.
11

01
86

7

A
po

A
-I

0.
74

0.
62

0.
88

–
0.
30

11
05

1
0.
08

93
37

4
Y

A
ge

an
d
m
ed

ic
al

pr
ac
tic
e
re
cr
ui
tm

en
t

ce
nt
re

H
R

25
08

A
po

B
1.
42

1.
19

1.
7

0.
35

06
56

9
0.
09

09
88

5

H
D
L

0.
78

0.
68

0.
94

–
0.
24

84
61

4
0.
08

25
98

7

LD
L

1.
31

1.
12

1.
52

0.
27

00
27

1
0.
07

79
03

5

O
R

11
53

TC
1.
52

1.
23

1.
89

0.
41

87
10

3
0.
10

95
82

3

N
ur
se
s’
H
ea
lth

14
7

D
ire

ct
C
V
D
ev
en

t
Y

O
R

68
3

LD
L

1.
4

1.
2

1.
6

0.
33

64
72

2
0.
07

33
88

3
N

N
/A

A
po

B
1.
8

1.
5

2.
2

0.
58

77
86

7
0.
09

77
02

1

H
D
L

0.
5

0.
4

0.
7

–
0.
69

31
47

2
0.
14

27
59

1

TG
s

1.
5

1.
2

1.
7

0.
40

54
65

1
0.
08

88
53

7

TC
1.
3

1.
1

1.
5

0.
26

23
64

3
0.
07

91
21

2

TC
/H
D
L

ch
ol
es
te
ro
l

1.
8

1.
5

2.
1

0.
58

77
86

7
0.
08

58
34

8

LD
L/
H
D
L

ch
ol
es
te
ro
l

1.
7

1.
5

2.
1

0.
53

06
28

3
0.
08

58
34

8

A
po

B/
H
D
L

1.
9

1.
6

2.
3

0.
64

18
53

9
0.
09

25
77

9

N
on

-H
D
L

ch
ol
es
te
ro
l

1.
6

1.
3

1.
9

0.
47

00
03

6
0.
09

68
08

6

Pa
lm

a
20

07
14

8
O
rs
in
is
(1
)

A
ll-
ca
us
e

m
or
ta
lit
y

N
/A

RR
28

48
TC

1.
10

83
2

1.
01

91
3

1.
20

53
26

9
0.
10

28
44

2
0.
04

28
07

3
N

N
/A

H
D
L

1.
07

25
2

0.
96

21
8

1.
19

55
04

0.
07

00
06

6
0.
05

53
88

1

co
nt
in
ue
d

DOI: 10.3310/hta191000 HEALTH TECHNOLOGY ASSESSMENT 2015 VOL. 19 NO. 100

© Queen’s Printer and Controller of HMSO 2015. This work was produced by Perera et al. under the terms of a commissioning contract issued by the Secretary of State for
Health. This issue may be freely reproduced for the purposes of private research and study and extracts (or indeed, the full report) may be included in professional journals
provided that suitable acknowledgement is made and the reproduction is not associated with any form of advertising. Applications for commercial reproduction should be
addressed to: NIHR Journals Library, National Institute for Health Research, Evaluation, Trials and Studies Coordinating Centre, Alpha House, University of Southampton Science
Park, Southampton SO16 7NS, UK.

265



TA
B
LE

62
Ex

tr
ac
te
d
d
at
a
fr
o
m

st
u
d
ie
s
fo
r
p
o
p
u
la
ti
o
n
s
n
o
t
ta
ki
n
g
st
at
in
s
(c
o
n
ti
n
u
ed

)

St
u
d
y
n
am

e
D
at
a
ex

tr
ac
ti
o
n

m
et
h
o
d

O
u
tc
o
m
e

Su
rr
o
g
at
e

o
u
tc
o
m
e

Ef
fe
ct

m
ea

su
re

N
o
.
o
f

p
ar
ti
ci
p
an

ts

Li
p
id

m
ea

su
re

u
n
it
s

M
ea

su
re

p
er

1
SD

ch
an

g
e

Lo
w
er

lim
it

U
p
p
er

lim
it

Lo
g
-H

R
SE

A
d
ju
st
ed

C
o
va

ri
at
es

if
ad

ju
st
ed

PA
RI
S14

9
D
ire

ct
C
V
D

m
or
ta
lit
y

Y
H
R

69
99

TC
1.
38

39
7

1.
22

13
4

1.
56

82
7

0.
32

49
52

6
0.
06

37
81

3
Y

A
ge

,
BM

I,
ci
ga

re
tt
e,

sy
st
ol
ic
BP

,
di
ab

et
es

TG
s

1.
08

31
7

0.
97

02
9

1.
20

92
74

7
0.
07

98
90

4
0.
05

61
68

Ph
ys
ic
ia
ns
’

H
ea
lth

15
0

D
ire

ct
C
V
D
ev
en

t
Y

O
R

49
2

TG
s

1.
43

1.
22

1.
68

0.
35

76
74

4
0.
08

16
18

1
Y

A
ge

an
d
sm

ok
in
g

H
D
L

0.
87

0.
76

0.
98

–
0.
13

92
62

1
0.
06

48
55

6

TC
1.
65

1.
37

1.
99

0.
50

07
75

3
0.
09

52
35

7

TC
/H
D
L

ch
ol
es
te
ro
l

1.
35

1.
19

1.
53

0.
30

01
04

6
0.
06

41
10

8

Pr
eC

IS
15

1
Si
m
ul
at
io
n
(2
)

A
ll-
ca
us
e

m
or
ta
lit
y

N
/A

O
R

30
98

TC
0.
99

77
8

0.
87

64
6

1.
13

80
55

5
–
0.
00

22
26

1
0.
06

66
30

1
N

N
/A

LD
L

0.
98

41
7

0.
83

91
3

1.
15

22
27

1
–
0.
01

59
60

7
0.
08

08
88

4

H
D
L

0.
98

27
7

0.
82

72
5

1.
16

25
82

1
–
0.
01

73
77

1
0.
08

68
09

8

TG
s

1.
01

50
5

0.
87

35
8

1.
19

20
61

6
0.
01

49
39

4
0.
07

92
96

7

PR
EV

EN
D

15
2

Si
m
ul
at
io
n
(1
)

C
V
D
ev
en

t
N

O
R

69
48

TC
1.
65

71
8

1.
49

70
7

1.
82

37
6

0.
50

51
18

6
0.
05

03
54

4
N

N
/A

LD
L

1.
73

99
4

1.
55

09
9

1.
91

17
97

0.
55

38
47

8
0.
05

33
54

1

N
on

-H
D
L

ch
ol
es
te
ro
l

1.
84

98
3

1.
64

30
8

2.
02

60
45

0.
61

50
94

3
0.
05

34
47

1

H
D
L

0.
67

44
4

0.
61

07
1

0.
74

22
96

7
–
0.
39

38
71

2
0.
04

97
77

1

A
po

B
1.
76

77
2

1.
56

90
5

1.
95

75
07

0.
56

96
88

3
0.
05

64
28

8

A
po

A
-I

0.
77

84
6

0.
72

13
6

0.
84

15
34

9
–
0.
25

04
39

2
0.
03

93
10

2

A
po

A
-II

0.
87

28
1

0.
75

62
6

0.
94

89
06

4
–
0.
13

60
38

6
0.
05

78
87

5

TC
/H
D
L

ch
ol
es
te
ro
l

1.
97

13
3

1.
78

83
2

2.
24

98
69

0.
67

87
09

5
0.
05

85
70

5

A
po

B/
A
po

A
-I

1.
96

16
1

1.
67

43
1

2.
20

93
59

0.
67

37
66

6
0.
07

07
39

8

TG
s

1.
61

82
4

1.
43

57
8

1.
79

74
26

0.
48

13
41

6
0.
05

73
07

3

APPENDIX 8

NIHR Journals Library www.journalslibrary.nihr.ac.uk

266



St
u
d
y
n
am

e
D
at
a
ex

tr
ac
ti
o
n

m
et
h
o
d

O
u
tc
o
m
e

Su
rr
o
g
at
e

o
u
tc
o
m
e

Ef
fe
ct

m
ea

su
re

N
o
.
o
f

p
ar
ti
ci
p
an

ts

Li
p
id

m
ea

su
re

u
n
it
s

M
ea

su
re

p
er

1
SD

ch
an

g
e

Lo
w
er

lim
it

U
p
p
er

lim
it

Lo
g
-H

R
SE

A
d
ju
st
ed

C
o
va

ri
at
es

if
ad

ju
st
ed

D
ire

ct
H
R

TC
1.
27

1.
15

1.
41

0.
23

90
16

9
0.
05

19
96

9
Y

A
ge

an
d
ge

nd
er

LD
L

1.
3

1.
17

1.
45

0.
26

23
64

3
0.
05

47
34

6

N
on

-H
D
L

ch
ol
es
te
ro
l

1.
36

1.
23

1.
5

0.
30

74
84

7
0.
05

06
25

2

H
D
L

0.
69

0.
6

0.
79

–
0.
37

10
63

7
0.
07

01
79

4

A
po

B
1.
24

1.
13

1.
35

0.
21

51
11

4
0.
04

53
79

3

A
po

A
-I

0.
78

0.
7

0.
88

–
0.
24

84
61

4
0.
05

83
78

A
po

A
-II

0.
88

0.
78

0.
98

–
0.
12

78
33

4
0.
05

82
29

2

TC
/H
D
L

ch
ol
es
te
ro
l

1.
19

1.
11

1.
29

0.
17

39
53

3
0.
03

83
37

3
Y

A
ge

,
ge

nd
er
,

hy
pe

rt
en

si
on

,
di
ab

et
es
,
ob

es
ity
,

sm
ok

in
g,

ur
in
ar
y

al
bu

m
in

ex
cr
et
io
n,

hi
gh

-s
en

si
tiv
ity

C
-r
ea
ct
iv
e
pr
ot
ei
ns

A
po

B/
A
po

A
-I

1.
24

1.
12

1.
38

0.
21

51
11

4
0.
05

32
53

8

PR
O
C
A
M

15
3

Si
m
ul
at
io
n
(1
)

C
V
D
ev
en

t
Y

O
R

53
89

TC
2.
00

90
7

1.
75

06
6

2.
35

95
44

0.
69

76
72

4
0.
07

61
42

4
N

N
/A

H
D
L

0.
61

78
0.
53

87
0.
71

42
92

7
–
0.
48

15
94

9
0.
07

19
71

8

LD
L

2.
25

13
1.
95

18
8

2.
68

19
19

0.
81

15
08

7
0.
08

10
56

Pr
og

et
to

C
uo

re
15

4
D
ire

ct
C
V
D
ev
en

t
Y

H
R

20
,4
47

TC
1.
4

1.
31

1.
5

0.
33

64
72

2
0.
03

45
50

5
Y

A
ge

an
d
ge

nd
er

H
D
L

1.
35

1.
23

1.
48

0.
30

01
04

6
0.
04

72
01

TG
s

1.
11

1.
05

1.
18

0.
10

43
6

0.
02

97
76

6

PR
O
SP
ER

15
5

Si
m
ul
at
io
n
(2
)

C
V
D
ev
en

t
Y

O
R

29
13

LD
L

0.
97

28
1

0.
92

99
3

1.
01

54
19

1
–
0.
02

75
62

4
0.
02

24
36

N
N
/A

H
D
L

0.
80

44
5

0.
77

56
6

0.
83

79
95

4
–
0.
21

75
95

2
0.
01

97
19

7

Pu
er
to

Ri
co

10
1

D
ire

ct
C
V
D
ev
en

t
Y

O
R

57
66

TC
1.
28

66
1.
15

22
9

1.
43

65
58

0.
25

2
0.
05

62
49

9
Y

A
ge

,
ph

ys
ic
al

ac
tiv
ity
,

sy
st
ol
ic
BP

,
re
la
tiv
e

w
ei
gh

t,
sm

ok
in
g,

he
ar
t
ra
te

23
89

TC
1.
12

07
5

0.
90

59
2

1.
38

65
24

0.
11

39
99

9
0.
10

85
71

4

co
nt
in
ue
d

DOI: 10.3310/hta191000 HEALTH TECHNOLOGY ASSESSMENT 2015 VOL. 19 NO. 100

© Queen’s Printer and Controller of HMSO 2015. This work was produced by Perera et al. under the terms of a commissioning contract issued by the Secretary of State for
Health. This issue may be freely reproduced for the purposes of private research and study and extracts (or indeed, the full report) may be included in professional journals
provided that suitable acknowledgement is made and the reproduction is not associated with any form of advertising. Applications for commercial reproduction should be
addressed to: NIHR Journals Library, National Institute for Health Research, Evaluation, Trials and Studies Coordinating Centre, Alpha House, University of Southampton Science
Park, Southampton SO16 7NS, UK.

267



TA
B
LE

62
Ex

tr
ac
te
d
d
at
a
fr
o
m

st
u
d
ie
s
fo
r
p
o
p
u
la
ti
o
n
s
n
o
t
ta
ki
n
g
st
at
in
s
(c
o
n
ti
n
u
ed

)

St
u
d
y
n
am

e
D
at
a
ex

tr
ac
ti
o
n

m
et
h
o
d

O
u
tc
o
m
e

Su
rr
o
g
at
e

o
u
tc
o
m
e

Ef
fe
ct

m
ea

su
re

N
o
.
o
f

p
ar
ti
ci
p
an

ts

Li
p
id

m
ea

su
re

u
n
it
s

M
ea

su
re

p
er

1
SD

ch
an

g
e

Lo
w
er

lim
it

U
p
p
er

lim
it

Lo
g
-H

R
SE

A
d
ju
st
ed

C
o
va

ri
at
es

if
ad

ju
st
ed

C
V
D

m
or
ta
lit
y

Y
62

05
TC

1.
17

94
1

1.
08

14
3

1.
28

62
34

0.
16

50
16

0.
04

42
43

9
Y

A
ge

,
ph

ys
ic
al

ac
tiv
ity
,

sy
st
ol
ic
BP

,
re
la
tiv
e

w
ei
gh

t,
sm

ok
in
g,

he
ar
t
ra
te
,
ur
ba

n
or

ru
ra
lr
es
id
en

ce
,

ab
no

rm
al

bl
oo

d
gl
uc
os
e,

ed
uc
at
io
n,

al
co
ho

l,
vi
ta
l

ca
pa

ci
ty
,
ha

em
at
oc
rit

Q
ue

be
c

C
ar
di
ov
as
cu
la
r15

6
D
ire

ct
C
V
D
ev
en

t
Y

H
R

21
55

TC
1.
45

20
8

1.
22

44
4

1.
72

20
57

8
0.
37

3
0.
08

7
Y

A
ge

,
sy
st
ol
ic
BP

,
D
M
,

sm
ok

in
g
ha

bi
ts
,
an

d
m
ed

ic
at
io
n

TG
s

2.
00

57
1

1.
79

01
9

2.
24

71
88

8
0.
69

6
0.
05

8

H
D
L

0.
43

60
5

0.
20

95
0.
90

75
92

3
–
0.
83

0.
37

4

TC
/H
D
L

ch
ol
es
te
ro
l

1.
18

05
7

1.
09

58
4

1.
27

18
59

5
0.
16

6
0.
03

8

A
po

B
1.
01

20
7

1.
00

61
4

1.
01

80
40

8
0.
01

2
0.
00

3

A
po

A
-I

0.
99

20
3

0.
98

23
6

1.
00

18
01

6
–
0.
00

8
0.
00

5

Si
m
ul
at
io
n
(1
)

O
R

20
72

TC
1.
31

61
4

1.
12

10
7

1.
49

30
42

0.
27

47
00

9
0.
07

30
96

1
N

N
/A

LD
L

1.
40

73
1.
18

80
6

1.
65

49
56

0.
34

16
70

8
0.
08

45
53

6

H
D
L

0.
85

61
6

0.
75

53
1

1.
00

37
66

4
–
0.
15

53
01

7
0.
07

25
48

6

TC
/H
D
L

ch
ol
es
te
ro
l

1.
40

44
3

1.
15

44
9

1.
67

39
64

0.
33

96
32

2
0.
09

47
78

9

A
po

B
1.
44

15
5

1.
26

76
4

1.
69

09
16

0.
36

57
21

7
0.
07

34
97

5

TG
s

0.
95

34
4

0.
85

60
2

1.
07

70
88

6
–
0.
04

76
77

6
0.
05

86
03

9

21
77

LD
L/
H
D
L

ch
ol
es
te
ro
l

1.
42

88
1.
19

64
7

1.
65

41
85

0.
35

68
37

7
0.
08

26
37

APPENDIX 8

NIHR Journals Library www.journalslibrary.nihr.ac.uk

268



St
u
d
y
n
am

e
D
at
a
ex

tr
ac
ti
o
n

m
et
h
o
d

O
u
tc
o
m
e

Su
rr
o
g
at
e

o
u
tc
o
m
e

Ef
fe
ct

m
ea

su
re

N
o
.
o
f

p
ar
ti
ci
p
an

ts

Li
p
id

m
ea

su
re

u
n
it
s

M
ea

su
re

p
er

1
SD

ch
an

g
e

Lo
w
er

lim
it

U
p
p
er

lim
it

Lo
g
-H

R
SE

A
d
ju
st
ed

C
o
va

ri
at
es

if
ad

ju
st
ed

Ra
nc
ho

Be
rn
ar
do

15
7

D
ire

ct
C
V
D

m
or
ta
lit
y

N
H
R

92
2

TC
1.
13

0.
95

1.
35

0.
12

22
17

6
0.
08

96
42

3
Y

A
ge

,
sm

ok
in
g

pa
ck
-y
ea
rs
,
sy
st
ol
ic

BP
,
fa
st
in
g
pl
as
m
a

gl
uc
os
e,

BM
I,

ex
er
ci
se
,
cu
rr
en

t
us
e

of
oe

st
ro
ge

n
fo
r

w
om

en

TC
/H
D
L

ch
ol
es
te
ro
l

1.
17

0.
99

1.
39

0.
15

70
03

7
0.
08

65
69

9

H
D
L

0.
87

0.
69

1.
09

–
0.
13

92
62

1
0.
11

66
43

2

N
on

-H
D
L

ch
ol
es
te
ro
l

1.
17

0.
98

1.
39

0.
15

70
03

7
0.
08

91
59

8

LD
L

1.
14

0.
96

1.
36

0.
13

10
28

3
0.
08

88
53

7

TG
s

1.
13

0.
96

1.
29

0.
12

22
17

6
0.
07

53
73

5

13
05

TC
0.
87

0.
72

1.
05

–
0.
13

92
62

1
0.
09

62
48

5

TC
/H
D
L

ch
ol
es
te
ro
l

1.
07

0.
88

1.
29

0.
06

76
58

6
0.
09

75
70

3

H
D
L

0.
92

0.
75

1.
13

–
0.
08

33
81

6
0.
10

45
66

3

N
on

-H
D
L

ch
ol
es
te
ro
l

0.
91

0.
76

1.
09

–
0.
09

43
10

7
0.
09

19
93

5

LD
L

0.
9

0.
75

1.
09

–
0.
10

53
60

5
0.
09

53
72

4

TG
s

1.
05

0.
86

1.
29

0.
04

87
90

2
0.
10

34
35

Re
yk
ja
vi
k
st
ud

y97
D
ire

ct
C
V
D
ev
en

t
Y

H
R

96
81

TC
1.
34

47
8

1.
25

70
2

1.
43

35
09

0.
29

62
31

9
0.
03

35
15

5
Y

A
ge

88
88

TC
1.
36

84
8

1.
31

19
9

1.
43

65
35

0.
31

36
97

0.
02

31
34

7

RI
FL
E15

8
D
ire

ct
C
V
D

m
or
ta
lit
y

Y
O
R

20
,3
86

TC
1.
36

41
2

1.
16

38
7

1.
59

88
42

0.
31

05
06

6
0.
08

10
01

4
Y

A
ge

,
di
st
ol
ic
BP

,
m
ea
n
nu

m
be

r
of

ci
ga

re
tt
es

pe
r
da

y

Ro
tt
er
da

m
98

D
ire

ct
C
V
D
ev
en

t
Y

H
R

24
53

TC
1.
23

55
2

1.
03

48
8

1.
48

96
84

0.
21

14
92

7
0.
09

29
27

5
Y

A
ge

,
sy
st
ol
ic
BP

,
BM

I,
sm

ok
in
g,

al
co
ho

l
H
D
L

0.
97

02
7

0.
95

28
8

0.
99

35
56

–
0.
03

01
79

9
0.
01

06
63

1

N
on

-H
D
L/

H
D
L

1.
27

18
1

1.
08

22
5

1.
49

16
95

0.
24

04
40

3
0.
08

18
55

3

35
53

TC
1.
50

25
1.
24

68
4

1.
83

29
71

0.
40

71
31

7
0.
09

82
98

2

H
D
L

0.
95

89
2

0.
93

51
2

0.
98

54
11

5
–
0.
04

19
52

8
0.
01

33
62

9

N
on

-H
D
L/

H
D
L

1.
43

22
7

1.
26

99
2

1.
64

05
81

0.
35

92
61

3
0.
06

53
30

1

co
nt
in
ue
d

DOI: 10.3310/hta191000 HEALTH TECHNOLOGY ASSESSMENT 2015 VOL. 19 NO. 100

© Queen’s Printer and Controller of HMSO 2015. This work was produced by Perera et al. under the terms of a commissioning contract issued by the Secretary of State for
Health. This issue may be freely reproduced for the purposes of private research and study and extracts (or indeed, the full report) may be included in professional journals
provided that suitable acknowledgement is made and the reproduction is not associated with any form of advertising. Applications for commercial reproduction should be
addressed to: NIHR Journals Library, National Institute for Health Research, Evaluation, Trials and Studies Coordinating Centre, Alpha House, University of Southampton Science
Park, Southampton SO16 7NS, UK.

269



TA
B
LE

62
Ex

tr
ac
te
d
d
at
a
fr
o
m

st
u
d
ie
s
fo
r
p
o
p
u
la
ti
o
n
s
n
o
t
ta
ki
n
g
st
at
in
s
(c
o
n
ti
n
u
ed

)

St
u
d
y
n
am

e
D
at
a
ex

tr
ac
ti
o
n

m
et
h
o
d

O
u
tc
o
m
e

Su
rr
o
g
at
e

o
u
tc
o
m
e

Ef
fe
ct

m
ea

su
re

N
o
.
o
f

p
ar
ti
ci
p
an

ts

Li
p
id

m
ea

su
re

u
n
it
s

M
ea

su
re

p
er

1
SD

ch
an

g
e

Lo
w
er

lim
it

U
p
p
er

lim
it

Lo
g
-H

R
SE

A
d
ju
st
ed

C
o
va

ri
at
es

if
ad

ju
st
ed

C
V
D

m
or
ta
lit
y

Y
52

55
TC

/H
D
L

ch
ol
es
te
ro
l

0.
98

4
0.
71

37
1.
33

87
–
0.
01

61
29

4
0.
16

04
57

Y
A
ge

A
ll-
ca
us
e

m
or
ta
lit
y

N
/A

TC
/H
D
L

ch
ol
es
te
ro
l

0.
89

03
0.
68

58
1.
16

47
–
0.
11

61
96

8
0.
13

51
10

4

SH
EP

15
9

D
ire

ct
C
V
D
ev
en

t
Y

H
R

47
36

TC
1.
14

62
1

1.
03

35
5

1.
26

00
26

0.
13

64
56

5
0.
05

05
43

4
N

N
/A

H
D
L

0.
74

57
4

0.
65

72
2

0.
84

37
63

7
–
0.
29

33
84

4
0.
06

37
38

4

N
on

-H
D
L

ch
ol
es
te
ro
l

1.
25

75
1.
13

36
4

1.
39

39
68

0.
22

91
22

4
0.
05

27
35

3

TC
/H
D
L

ch
ol
es
te
ro
l

1.
33

61
9

1.
21

61
2

1.
45

94
18

0.
28

98
2

0.
04

65
23

1

TC
1.
24

85
9

1.
12

35
8

1.
37

49
31

0.
22

20
18

1
0.
05

15
01

4
Y

A
ge

,
ra
ce
,
ge

nd
er
,

hi
st
or
y
of

C
H
D
,

di
as
to
lic

BP
,

sm
ok

in
g,

di
ab

et
es
,

al
co
ho

lu
se
,

Ro
se

an
gi
na

qu
es
tio

nn
ai
re
,

pr
es
en

ce
of

ca
ro
tid

br
ui
t,
an

d
ur
ic
ac
id

H
D
L

0.
90

24
3

0.
78

49
9

1.
03

89
54

6
–
0.
10

26
58

9
0.
07

15
06

5

N
on

-H
D
L

ch
ol
es
te
ro
l

1.
29

14
9

1.
15

60
7

1.
45

12
22

0.
25

57
93

5
0.
05

80
06

1

TC
/H
D
L

ch
ol
es
te
ro
l

1.
23

09
5

1.
09

93
5

1.
36

67
03

0.
20

77
87

9
0.
05

55
30

5

SH
S16

0
O
rs
in
i(
2)

C
V
D
ev
en

t
N

H
R

21
08

N
on

-H
D
L

ch
ol
es
te
ro
l

1.
14

91
1.
08

2
1.
22

04
0.
13

89
79

0.
03

07
06

Y
A
ge

,
ge

nd
er
,
BM

I,
sm

ok
in
g
st
at
us
,

st
ud

y
ce
nt
re
,
SB

P,
H
bA

1c
,
fib

rin
og

en
,

in
su
lin
,
al
bu

m
in

to
cr
ea
tin

in
e
ra
tio

H
D
L

0.
95

07
0.
90

48
0.
99

89
–
0.
05

05
56

7
0.
02

52
4

LD
L

1.
12

41
1.
05

82
1.
19

41
0.
11

69
82

7
0.
03

08
22

3

TG
s

1.
03

51
9

1.
01

33
4

1.
05

75
0.
03

45
82

1
0.
01

08
80

6

TC
/H
D
L

ch
ol
es
te
ro
l

1.
22

87
4

1.
12

54
2

1.
34

15
47

0.
20

59
91

7
0.
04

48
12

4

SL
V
H
S16

1
Si
m
ul
at
io
n
(2
)

C
V
D
ev
en

t
Y

O
R

16
82

TC
0.
95

41
0.
82

29
3

1.
10

79
93

3
–
0.
04

69
82

0.
07

58
77

4
N

N
/A

H
D
L

0.
74

25
8

0.
66

17
9

0.
82

69
95

1
–
0.
29

76
20

4
0.
05

68
49

9

H
R

93
6

N
on

-H
D
L

ch
ol
es
te
ro
l

1.
52

36
1.
26

41
6

1.
83

5
0.
42

10
76

0.
09

50
60

4

74
6

N
on

-H
D
L

ch
ol
es
te
ro
l

1.
29

33
1.
08

97
1.
53

39
0.
25

71
97

1
0.
08

72
22

2

APPENDIX 8

NIHR Journals Library www.journalslibrary.nihr.ac.uk

270



St
u
d
y
n
am

e
D
at
a
ex

tr
ac
ti
o
n

m
et
h
o
d

O
u
tc
o
m
e

Su
rr
o
g
at
e

o
u
tc
o
m
e

Ef
fe
ct

m
ea

su
re

N
o
.
o
f

p
ar
ti
ci
p
an

ts

Li
p
id

m
ea

su
re

u
n
it
s

M
ea

su
re

p
er

1
SD

ch
an

g
e

Lo
w
er

lim
it

U
p
p
er

lim
it

Lo
g
-H

R
SE

A
d
ju
st
ed

C
o
va

ri
at
es

if
ad

ju
st
ed

St
an

ek
20

07
16

2
Si
m
ul
at
io
n
(1
)

C
V
D
ev
en

t
N

O
R

30
,3
48

LD
L

1.
02

60
5

0.
99

44
5

1.
05

80
01

3
0.
02

57
15

5
0.
01

58
01

9
N

N
/A

H
D
L

0.
93

70
8

0.
90

58
9

0.
96

67
73

5
–
0.
06

49
87

0.
01

65
93

9

TG
s

1.
01

89
5

0.
99

19
6

1.
05

04
16

2
0.
01

87
69

6
0.
01

46
06

6

TC
1.
00

83
9

0.
97

47
9

1.
03

75
63

0.
00

83
59

0.
01

59
20

1

St
oc
kh

ol
m

C
ou

nt
y16

3
Si
m
ul
at
io
n
(1
)

C
V
D
ev
en

t
N

O
R

35
02

TC
1.
11

82
7

0.
99

93
8

1.
24

82
27

7
0.
11

17
85

5
0.
05

67
19

4
N

N
/A

LD
L

1.
21

08
9

1.
09

72
5

1.
35

13
46

0.
19

13
54

8
0.
05

31
37

2

H
D
L

0.
65

24
2

0.
59

35
2

0.
71

31
40

1
–
0.
42

70
69

8
0.
04

68
38

7

TG
s

1.
46

59
1

1.
25

00
4

1.
77

97
22

0.
38

24
76

9
0.
09

01
22

7

A
po

B
1.
49

39
5

1.
35

00
8

1.
64

98
26

0.
40

14
23

6
0.
05

11
50

2

A
po

A
-I

0.
67

93
7

0.
60

19
9

0.
77

35
39

7
–
0.
38

65
91

3
0.
06

39
64

1

Sw
ed

is
h
N
D
R
16

4
D
ire

ct
C
V
D
ev
en

t
Y

H
R

18
,6
73

N
on

-H
D
L

ch
ol
es
te
ro
l

1.
2

1.
14

1.
27

0.
18

23
21

6
0.
02

75
48

1
Y

A
ge

,
ge

nd
er
,

di
ab

et
es

du
ra
tio

n,
ty
pe

of
hy
po

gl
yc
ae
m
ic

tr
ea
tm

en
t,
H
bA

1c
,

sy
st
ol
ic
BP

,
sm

ok
in
g,

BM
I,
al
bu

m
in
ur
ia
,

an
d
a
hi
st
or
y
of

C
V
D

LD
L

1.
17

1.
1

1.
24

0.
15

70
03

7
0.
03

05
61

5

H
D
L

0.
85

0.
79

0.
91

–
0.
16

25
18

9
0.
03

60
74

4

TC
1.
14

1.
08

1.
21

0.
13

10
28

3
0.
02

89
94

7

TC
/H
D
L

ch
ol
es
te
ro
l

1.
23

1.
17

1.
3

0.
20

70
14

2
0.
02

68
77

7

LD
L/
H
D
L

ch
ol
es
te
ro
l

1.
22

1.
15

1.
28

0.
19

88
50

9
0.
02

73
21

Th
ro
m
bo

16
5

Si
m
ul
at
io
n
(1
)

C
V
D
ev
en

t
Y

O
R

10
45

A
po

A
-I

0.
92

68
5

0.
74

50
2

1.
16

11
84

9
–
0.
07

59
61

3
0.
11

32
10

2
N

N
/A

A
po

B
1.
13

32
4

0.
85

32
1

1.
54

39
40

9
0.
12

50
77

8
0.
15

12
98

5

TC
1.
03

53
3

0.
81

98
3

1.
27

10
01

9
0.
03

47
21

5
0.
11

18
54

5

H
D
L

1.
07

83
7

0.
80

22
6

1.
52

43
06

2
0.
07

54
50

5
0.
16

37
39

5

LD
L

1.
08

81
9

0.
89

15
1.
46

92
17

3
0.
08

45
19

1
0.
12

74
43

7

TG
s

1.
00

97
4

0.
79

28
7

1.
22

89
94

0.
00

96
95

8
0.
11

18
09

2

co
nt
in
ue
d

DOI: 10.3310/hta191000 HEALTH TECHNOLOGY ASSESSMENT 2015 VOL. 19 NO. 100

© Queen’s Printer and Controller of HMSO 2015. This work was produced by Perera et al. under the terms of a commissioning contract issued by the Secretary of State for
Health. This issue may be freely reproduced for the purposes of private research and study and extracts (or indeed, the full report) may be included in professional journals
provided that suitable acknowledgement is made and the reproduction is not associated with any form of advertising. Applications for commercial reproduction should be
addressed to: NIHR Journals Library, National Institute for Health Research, Evaluation, Trials and Studies Coordinating Centre, Alpha House, University of Southampton Science
Park, Southampton SO16 7NS, UK.

271



TA
B
LE

62
Ex

tr
ac
te
d
d
at
a
fr
o
m

st
u
d
ie
s
fo
r
p
o
p
u
la
ti
o
n
s
n
o
t
ta
ki
n
g
st
at
in
s
(c
o
n
ti
n
u
ed

)

St
u
d
y
n
am

e
D
at
a
ex

tr
ac
ti
o
n

m
et
h
o
d

O
u
tc
o
m
e

Su
rr
o
g
at
e

o
u
tc
o
m
e

Ef
fe
ct

m
ea

su
re

N
o
.
o
f

p
ar
ti
ci
p
an

ts

Li
p
id

m
ea

su
re

u
n
it
s

M
ea

su
re

p
er

1
SD

ch
an

g
e

Lo
w
er

lim
it

U
p
p
er

lim
it

Lo
g
-H

R
SE

A
d
ju
st
ed

C
o
va

ri
at
es

if
ad

ju
st
ed

Ti
ng

20
10

16
6

D
ire

ct
C
V
D
ev
en

t
N

H
R

45
21

TG
s

1.
05

86
0.
97

77
1

1.
15

14
92

7
0.
05

69
51

2
0.
04

17
34

4
N

N
/A

H
D
L

0.
84

02
0.
75

10
6

0.
93

66
09

5
–
0.
17

41
18

8
0.
05

63
23

1
Y

A
ge

,
sm

ok
in
g
st
at
us
,

du
ra
tio

n
of

di
ab

et
es
,

H
bA

1c
,
na

tu
ra
ll
og

(u
rin

e
al
bu

m
in
–

cr
ea
tin

in
e
ra
tio

+
1)
,

us
e
of

st
at
in
s,

fib
ra
te
s,
gl
ic
la
zi
de

an
d
ro
si
gl
ita

zo
ne

du
rin

g
FU

,
ye
ar
s
of

en
ro
lm

en
t
(s
el
ec
te
d

by
th
e
st
ep

w
is
e

al
go

rit
hm

w
ith

p
=
0.
10

fo
r
in
cl
us
io
n

an
d
re
m
ov
al
)

TG
s

1.
01

47
6

0.
90

97
4

1.
12

32
01

1
0.
01

46
53

9
0.
05

37
70

3

H
D
L

0.
84

94
9

0.
76

83
5

0.
94

40
87

3
–
0.
16

31
17

8
0.
05

25
43

6
N

N
/A

TL
G
S88

D
ire

ct
C
V
D
ev
en

t
N

H
R

23
17

TC
0.
76

0.
73

0.
8

–
0.
27

44
36

8
0.
02

33
59

Y
A
ge

,
w
ai
st
–
hi
p
ra
tio

,
di
as
to
lic

bl
oo

d
pr
es
su
re
,
sm

ok
in
g

st
at
us
,
an

ti-
de

pr
es
si
ve

dr
ug

us
e,

fa
m
ily

hi
st
or
y
of

pr
em

at
ur
e

ca
rd
io
va
sc
ul
ar

di
se
as
e

LD
L

0.
77

0.
74

0.
8

–
0.
26

13
64

8
0.
01

98
88

1

H
D
L

0.
77

0.
73

0.
8

–
0.
26

13
64

8
0.
02

33
59

N
on

-H
D
L

ch
ol
es
te
ro
l

0.
77

0.
74

0.
8

–
0.
26

13
64

8
0.
01

98
88

1

TC
/H
D
L

ch
ol
es
te
ro
l

0.
77

0.
74

0.
8

–
0.
26

13
64

8
0.
01

98
88

1

29
93

TC
1.
22

1.
01

1.
48

0.
19

88
50

9
0.
09

74
72

4

LD
L

1.
22

0.
99

1.
49

0.
19

88
50

9
0.
10

42
92

5

H
D
L

1
0.
81

1.
24

0
0.
10

86
30

7

N
on

-H
D
L

ch
ol
es
te
ro
l

1.
22

1.
01

1.
48

0.
19

88
50

9
0.
09

74
72

4

TC
/H
D
L

ch
ol
es
te
ro
l

1.
17

0.
97

1.
41

0.
15

70
03

7
0.
09

54
20

6

APPENDIX 8

NIHR Journals Library www.journalslibrary.nihr.ac.uk

272



St
u
d
y
n
am

e
D
at
a
ex

tr
ac
ti
o
n

m
et
h
o
d

O
u
tc
o
m
e

Su
rr
o
g
at
e

o
u
tc
o
m
e

Ef
fe
ct

m
ea

su
re

N
o
.
o
f

p
ar
ti
ci
p
an

ts

Li
p
id

m
ea

su
re

u
n
it
s

M
ea

su
re

p
er

1
SD

ch
an

g
e

Lo
w
er

lim
it

U
p
p
er

lim
it

Lo
g
-H

R
SE

A
d
ju
st
ed

C
o
va

ri
at
es

if
ad

ju
st
ed

C
V
D

m
or
ta
lit
y

N
30

04
TC

1.
12

6
0.
94

3
1.
34

5
0.
11

86
71

5
0.
09

05
82

4
Y

A
ge

H
D
L

0.
99

1
0.
82

7
1.
18

7
–
0.
00

90
40

7
0.
09

21
88

7

38
30

TC
1.
13

3
0.
88

6
1.
44

6
0.
12

48
69

0.
12

49
59

H
D
L

0.
93

9
0.
72

3
1.
21

8
–
0.
06

29
39

8
0.
13

30
50

1

A
ll-
ca
us
e

m
or
ta
lit
y

N
/A

30
04

TC
0.
89

23
0.
77

8
1.
02

2
–
0.
11

39
52

9
0.
06

95
89

3

H
D
L

1.
06

0.
93

6
1.
20

1
0.
05

82
68

9
0.
06

35
95

5

38
30

TC
0.
92

1
0.
77

1
1.
10

1
–
0.
08

22
95

2
0.
09

08
89

2

H
D
L

1.
04

3
0.
88

1.
23

7
0.
04

21
01

2
0.
08

68
68

TR
EA

T16
7

Si
m
ul
at
io
n
(1
)

C
V
D

m
or
ta
lit
y

N
O
R

40
38

TC
1.
01

09
5

0.
93

79
6

1.
08

75
78

0.
01

08
94

3
0.
03

77
55

9
N

N
/A

H
D
L

0.
86

97
5

0.
80

14
8

0.
92

04
16

3
–
0.
13

95
54

8
0.
03

52
96

3

TG
s

1.
08

71
1

0.
99

86
3

1.
18

93
58

5
0.
08

35
22

2
0.
04

45
87

9

Tu
rk
u
El
de

rly
16

8
Si
m
ul
at
io
n
(2
)

A
ll-
ca
us
e

m
or
ta
lit
y

N
/A

O
R

10
32

TC
0.
71

88
5

0.
67

94
8

0.
75

31
23

9
–
0.
33

01
05

9
0.
02

62
51

3
N

N
/A

LD
L

0.
70

64
2

0.
66

57
2

0.
74

93
01

7
–
0.
34

75
46

2
0.
03

01
72

6

H
D
L

0.
36

38
8

0.
31

07
4

0.
42

25
55

–
1.
01

09
30

9
0.
07

84
05

3

TG
s

1.
14

73
8

1.
06

29
9

1.
23

79
4

0.
13

74
83

7
0.
03

88
69

1

U
LS
A
M

16
9

D
ire

ct
C
V
D
ev
en

t
Y

H
R

11
08

A
po

B
1.
5

1.
27

1.
77

0.
40

54
65

1
0.
08

46
84

3
N

N
/A

A
po

A
-I

0.
7

0.
58

0.
84

–
0.
35

66
74

9
0.
09

44
83

1

A
po

B/
A
po

A
-I

1.
65

1.
39

1.
96

0.
50

07
75

3
0.
08

76
63

5

TC
1.
27

1.
08

1.
5

0.
23

90
16

9
0.
08

38
02

1

LD
L

1.
38

1.
17

1.
61

0.
32

20
83

5
0.
08

14
36

3

H
D
L

0.
56

0.
46

0.
69

–
0.
57

98
18

5
0.
10

34
35

TG
s

1.
42

1.
21

1.
66

0.
35

06
56

9
0.
08

06
62

6

A
po

B/
A
po

A
-I

1.
46

1.
24

1.
71

0.
37

84
36

4
0.
08

19
85

2
Y

In
ta
ct

pr
oi
ns
ul
in
,

sy
st
ol
ic
BP

,
fa
m
ily

hi
st
or
y
of

M
I,

sm
ok

in
g

co
nt
in
ue
d

DOI: 10.3310/hta191000 HEALTH TECHNOLOGY ASSESSMENT 2015 VOL. 19 NO. 100

© Queen’s Printer and Controller of HMSO 2015. This work was produced by Perera et al. under the terms of a commissioning contract issued by the Secretary of State for
Health. This issue may be freely reproduced for the purposes of private research and study and extracts (or indeed, the full report) may be included in professional journals
provided that suitable acknowledgement is made and the reproduction is not associated with any form of advertising. Applications for commercial reproduction should be
addressed to: NIHR Journals Library, National Institute for Health Research, Evaluation, Trials and Studies Coordinating Centre, Alpha House, University of Southampton Science
Park, Southampton SO16 7NS, UK.

273



TA
B
LE

62
Ex

tr
ac
te
d
d
at
a
fr
o
m

st
u
d
ie
s
fo
r
p
o
p
u
la
ti
o
n
s
n
o
t
ta
ki
n
g
st
at
in
s
(c
o
n
ti
n
u
ed

)

St
u
d
y
n
am

e
D
at
a
ex

tr
ac
ti
o
n

m
et
h
o
d

O
u
tc
o
m
e

Su
rr
o
g
at
e

o
u
tc
o
m
e

Ef
fe
ct

m
ea

su
re

N
o
.
o
f

p
ar
ti
ci
p
an

ts

Li
p
id

m
ea

su
re

u
n
it
s

M
ea

su
re

p
er

1
SD

ch
an

g
e

Lo
w
er

lim
it

U
p
p
er

lim
it

Lo
g
-H

R
SE

A
d
ju
st
ed

C
o
va

ri
at
es

if
ad

ju
st
ed

V
A
-H
IT

17
0

Si
m
ul
at
io
n
(2
)

C
V
D
ev
en

t
N

O
R

12
67

H
D
L

0.
90

06
3

0.
84

34
5

0.
97

61
14

–
0.
10

46
56

3
0.
03

72
66

2
N

N
/A

TG
s

1.
03

63
5

0.
96

19
3

1.
12

15
73

9
0.
03

57
01

1
0.
03

91
71

1

LD
L

1.
09

63
9

1.
03

45
5

1.
15

16
28

0.
09

20
23

0.
02

73
49

W
hi
te
ha

ll
I17

1
D
ire

ct
A
ll-
ca
us
e

m
or
ta
lit
y

N
/A

H
R

17
,7
18

TC
1.
07

52
1.
05

26
1.
11

11
0.
07

25
06

7
0.
01

37
97

8
Y

A
ge

C
V
D

m
or
ta
lit
y

N
TC

1.
20

48
1.
16

27
1.
25

0.
18

63
13

6
0.
01

84
69

W
om

en
’s

H
ea
lth

17
2

O
rs
in
i(
1)

C
V
D
ev
en

t
N

H
R

15
,6
32

TC
1.
11

37
1.
05

36
1

1.
17

72
14

0.
10

76
86

9
0.
02

82
97

8
Y

A
ge

,
BP

(F
ra
m
in
gh

am
ca
te
go

rie
s)
,
BM

I,
di
ab

et
es
,
sm

ok
in
g

LD
L

1.
08

86
9

1.
02

19
6

1.
15

97
87

0.
08

49
77

9
0.
03

22
74

5

H
D
L

0.
86

37
9

0.
81

52
5

0.
91

52
2

–
0.
14

64
27

2
0.
02

95
08

4

N
on

-H
D
L

ch
ol
es
te
ro
l

1.
20

25
3

1.
11

15
5

1.
30

09
49

0.
18

44
26

0.
04

01
36

9

A
po

A
-I

0.
93

96
9

0.
91

27
8

0.
96

73
95

1
–
0.
06

22
06

0.
01

48
25

4

A
po

B
1.
18

75
8

1.
09

53
9

1.
28

75
22

0.
17

19
15

9
0.
04

12
26

3

TC
/H
D
L

ch
ol
es
te
ro
l

1.
41

39
7

1.
27

08
1.
57

32
82

0.
34

64
04

2
0.
05

44
69

3

LD
L/
H
D
L

ch
ol
es
te
ro
l

1.
41

14
4

1.
25

80
7

1.
58

35
13

0.
34

46
10

5
0.
05

86
91

6

A
po

B/
A
po

A
-I

1.
31

96
9

1.
19

19
3

1.
46

11
4

0.
27

73
94

6
0.
05

19
5

APPENDIX 8

NIHR Journals Library www.journalslibrary.nihr.ac.uk

274



St
u
d
y
n
am

e
D
at
a
ex

tr
ac
ti
o
n

m
et
h
o
d

O
u
tc
o
m
e

Su
rr
o
g
at
e

o
u
tc
o
m
e

Ef
fe
ct

m
ea

su
re

N
o
.
o
f

p
ar
ti
ci
p
an

ts

Li
p
id

m
ea

su
re

u
n
it
s

M
ea

su
re

p
er

1
SD

ch
an

g
e

Lo
w
er

lim
it

U
p
p
er

lim
it

Lo
g
-H

R
SE

A
d
ju
st
ed

C
o
va

ri
at
es

if
ad

ju
st
ed

W
O
SC

O
PS

19
Si
m
ul
at
io
n
(2
)

C
V
D
ev
en

t
Y

O
R

32
93

LD
L

1.
03

55
2

0.
95

97
2

1.
11

53
81

0.
03

48
98

9
0.
03

83
43

8
N

N
/A

H
D
L

1.
20

45
6

1.
12

05
8

1.
29

01
48

0.
18

61
16

8
0.
03

59
45

9

TC
0.
98

05
6

0.
91

33
8

1.
05

56
1

–
0.
01

96
33

5
0.
03

69
19

7

TG
s

1.
16

52
1.
07

39
7

1.
25

37
41

0.
15

28
96

2
0.
03

94
81

9

Y
ao

C
ity

89
Si
m
ul
at
io
n
(1
)

C
V
D
ev
en

t
Y

O
R

81
29

TC
1.
64

6
1.
13

67
3

2.
32

59
78

0.
49

83
46

3
0.
18

26
49

7
Y

A
ge

an
d
ge

nd
er

H
D
L

0.
62

40
1

0.
46

98
1

0.
84

19
16

8
–
0.
47

15
87

0.
14

88
15

3

38
48

TC
1.
93

28
6

1.
35

98
1

2.
73

99
54

0.
65

90
01

8
0.
17

87
23

1

H
D
L

0.
75

96
2

0.
34

30
8

2.
08

20
88

9
–
0.
27

49
33

7
0.
45

99
92

1

D
M
,
di
ab

et
es

m
el
lit
us
;
LD

L,
lo
w
-d
en

si
ty

lip
op

ro
te
in
;
N
/A
,
no

t
ap

pl
ic
ab

le
;
N
,
no

;
Y
,
ye
s.

DOI: 10.3310/hta191000 HEALTH TECHNOLOGY ASSESSMENT 2015 VOL. 19 NO. 100

© Queen’s Printer and Controller of HMSO 2015. This work was produced by Perera et al. under the terms of a commissioning contract issued by the Secretary of State for
Health. This issue may be freely reproduced for the purposes of private research and study and extracts (or indeed, the full report) may be included in professional journals
provided that suitable acknowledgement is made and the reproduction is not associated with any form of advertising. Applications for commercial reproduction should be
addressed to: NIHR Journals Library, National Institute for Health Research, Evaluation, Trials and Studies Coordinating Centre, Alpha House, University of Southampton Science
Park, Southampton SO16 7NS, UK.

275





Appendix 9 Forest plots for each lipid measure as
prognostic markers in populations not taking statins

(Plots presented only when more than three data sets per prognostic marker.)
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Study or subgroup

7 Countries (Netherlands)104

AMORIS90

Copenhagen City92 (F)
Copenhagen City92 (M)
EPIC-Norfolk100 (F + MS)
EPIC-Norfolk100 (F – MS)
EPIC-Norfolk100 (M + MS)
EPIC-Norfolk100 (M – MS)
Framingham Offspring40 (F)
Framingham Offspring40 (M)
HPFS24

IwateKENCO133 (F)
IwateKENCO133 (M)
MEGA141

MESA142

MONICA95 (F)
MONICA95 (M)
Northwick Park II146

Physicians’ Health150

PREVEND152

Quebec Cardiovascular156

Reykjavik97 (F)
Reykjavik97 (M)
Rotterdam98 (F)
TLGS88 (F)
TLGS88 (M)
Yao City89 (F)
Yao City89 (M)
Subtotal (95% CI)

LIPID138

Subtotal (95% CI)

Caerphilly114

CHS118

FIELD121

Progetto Cuore154

Puerto Rico101 (rural)
Puerto Rico101 (urban)
Rotterdam98 (M)
SHEP159

Swedish NDR164

Women’s Health172

Subtotal (95% CI)

1.8%
3.3%
3.2%
3.2%
1.9%
1.0%
2.6%
1.6%
2.2%
2.7%
2.7%
2.9%
2.8%
3.3%
2.7%
1.9%
2.4%
2.1%
2.3%
2.9%
2.4%
3.2%
3.1%
2.3%
2.3%
3.2%
1.3%
1.3%

68.7%

1.17 (0.90 to 1.52)
1.18 (1.16 to 1.21)
1.08 (1.02 to 1.14)
1.07 (1.02 to 1.12)
1.03 (0.80 to 1.32)
1.37 (0.88 to 2.13)
1.25 (1.07 to 1.46)
1.34 (0.99 to 1.81)
1.18 (0.96 to 1.45)
1.12 (0.97 to 1.29)
1.18 (1.03 to 1.35)
1.00 (0.91 to 1.11)
1.09 (0.97 to 1.22)
1.01 (1.00 to 1.03)
1.34 (1.17 to 1.55)
1.71 (1.34 to 2.19)
1.45 (1.22 to 1.73)
1.52 (1.23 to 1.88)
1.65 (1.37 to 1.99)
1.27 (1.15 to 1.41)
1.45 (1.22 to 1.72)
1.37 (1.31 to 1.43)
1.34 (1.26 to 1.44)
1.50 (1.24 to 1.82)
1.22 (1.01 to 1.48)
0.76 (0.73 to 0.80)
1.93 (1.36 to 2.74)
1.65 (1.15 to 2.35)
1.24 (1.16 to 1.32)

1.19 (1.06 to 1.34)
1.19 (1.06 to 1.34)

1.26 (1.10 to 1.44)
1.09 (0.99 to 1.21)
1.06 (0.98 to 1.15)
1.40 (1.31 to 1.50)
1.12 (0.91 to 1.39)
1.29 (1.15 to 1.44)
1.24 (1.03 to 1.48)
1.25 (1.13 to 1.38)
1.14 (1.08 to 1.21)
1.11 (1.05 to 1.18)
1.19 (1.12 to 1.27)

0.15700375
0.16551444
0.07767375
0.06560233
0.0295588

0.31481074
0.22314355
0.29266961
0.16551444
0.11332869
0.16374423
0.00399979
0.08500701
0.01454688
0.29558923
0.53649337
0.37156356
0.41871033
0.50077529
0.2390169

0.37299997
0.31369698
0.29623192
0.40713172
0.19885086

–0.27443685
0.65900181
0.49834628

0.17638732

0.23111172
0.0861777

0.05826891
0.33647224
0.11399989
0.25199997
0.21149274
0.22201812
0.13102826
0.10768691

0.06870738
0.05166435
0.04080731
0.0345505

0.10857139
0.05624989
0.09292746
0.05150136
0.02899472
0.02829779

0.5 0.7
HR (95% CI)

1 1.5 2

2.8%
2.8%

2.7%
2.9%
3.1%
3.1%
2.1%
2.9%
2.4%
2.9%
3.2%
3.2%

28.5%

0.06018474

0.13369154
0.0107654

0.02901744
0.02529385
0.1277488

0.22429833
0.07752676
0.15392275
0.10343498
0.07074472
0.06990704
0.05105643
0.05919423
0.00955193
0.07262244
0.12605764
0.08909963
0.10958231
0.09523569
0.05199688
0.08699999
0.02313473
0.03351547
0.09829822
0.09747239
0.02335898
0.17872313
0.18264965

Primary prevention

Secondary prevention

Mixed primary/secondary prevention

log-HR SE Weight
HR

IV, random, 95% CI
HR

IV, random, 95% CI

Heterogeneity: τ2 = 0.03; χ2 = 601.79, df = 27 (p < 0.00001); I2 = 96%
Test for overall effect: z = 6.21 (p < 0.00001)

Heterogeneity: τ2 = 0.01; χ2 = 44.29, df = 9 (p < 0.00001); I2 = 80%
Test for overall effect: z = 5.29 (p < 0.00001)

Heterogeneity: Not applicable
Test for overall effect: z = 2.93 (p = 0.003)

Total (95% CI) 100.0% 1.22 (1.16 to 1.29)

Heterogeneity: τ2 = 0.02; χ2 = 671.63, df = 38 (p < 0.00001); I2 = 94%
Test for overall effect: z = 7.47 (p = 0.00001)
Test for subgroup differences: χ2 = 0.72, df = 2 (p = 0.70), I2 = 0%

FIGURE 64 Total cholesterol as prognostic marker for cardiovascular events (adjusted estimates) in populations not
taking statins. IV, inverse variance.
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Study or subgroup

7 Countries (Netherlands)104

AF/TexCAPS106

ALERT107

ASCOT-LLA109

CARDS115

FINRISK ‘92122

GRIPS126

Hamaguchi 2007127

MRFIT102 (black M)
MRFIT102 (white M)
Nurses’ Health147

PREVEND152

PROCAM153

Quebec Cardiovascular156

SLVHS161 (M and F)
Stockholm County163

ULSAM169

WOSCOPS19

Subtotal (95% CI)

BRHS111

Bruneck112

CHS118

HPS24

PROSPER155

SHEP159

Stanek 2007162

Ting 2010166

Subtotal (95% CI)

2.2%
1.5%
3.4%
3.5%
3.4%
2.6%
3.4%
1.1%
0.8%
3.4%
2.2%
3.5%
3.2%
3.2%
3.4%
3.5%
2.7%
3.6%

50.6%

0.78 (0.59 to 1.03)
0.60 (0.40 to 0.89)
0.84 (0.75 to 0.95)
0.93 (0.84 to 1.03)
0.95 (0.85 to 1.06)
0.57 (0.46 to 0.71)
0.72 (0.65 to 0.80)
0.58 (0.35 to 0.95)
0.96 (0.53 to 1.76)
0.80 (0.72 to 0.90)
0.50 (0.38 to 0.66)
0.67 (0.61 to 0.74)
0.62 (0.54 to 0.71)
0.86 (0.74 to 0.99)
0.74 (0.66 to 0.83)
0.65 (0.60 to 0.72)
0.56 (0.46 to 0.69)
1.20 (1.12 to 1.29)
0.74 (0.66 to 0.84)

0.84 (0.66 to 1.07)
0.88 (0.71 to 1.08)
0.71 (0.64 to 0.79)
0.55 (0.49 to 0.63)
0.80 (0.77 to 0.84)
0.75 (0.66 to 0.84)
0.94 (0.91 to 0.97)
0.85 (0.77 to 0.94)
0.78 (0.70 to 0.87)

–0.24846136
–0.5097249

–0.16919907
–0.06983358
–0.05297892
–0.55512588
–0.32310216
–0.54977437
–0.03586037
–0.21978034
–0.69314718
–0.39387123
–0.48159487
–0.15530174
–0.29762036
–0.42706982
–0.5798185
0.18611685

–0.17302094
–0.12942964
–0.34249031
–0.5918636

–0.21759522
–0.29338443
–0.06498705
–0.16311781

0.12122613
0.10705563
0.0537155

0.06657826
0.01971969
0.06373837
0.01659385
0.05254361

0.5 0.7
HR (95% CI)

1 1.5 2

2.5%
2.7%
3.4%
3.3%
3.8%
3.3%
3.8%
3.5%

26.2%

CARE34

CORONA119

DAI120

GISSI123

LIPID138

Thrombo165

VA-HIT170

Subtotal (95% CI)

0.99 (0.90 to 1.09)
0.94 (0.87 to 1.03)
0.97 (0.90 to 1.05)
1.05 (0.94 to 1.18)
0.85 (0.78 to 0.93)
1.08 (0.78 to 1.49)
0.90 (0.84 to 0.97)
0.95 (0.90 to 1.00)

–0.00643013
–0.05818647
–0.02992007
0.05234669

–0.15876129
0.07545055

–0.10465632

0.04814372
0.04330969
0.04038664
0.05824437
0.04418859
0.16373945
0.0372662

3.5%
3.6%
3.6%
3.4%
3.6%
1.9%
3.6%

23.2%

0.1421407
0.20154924
0.06009337
0.05313066
0.05683427
0.10911432
0.05364675
0.25501563
0.30643925
0.05771996
0.14275913
0.04977712
0.07197177
0.07254858
0.05684992
0.04683873
0.10343498
0.03594588

Primary prevention

Secondary prevention

Mixed primary/secondary prevention

log-HR SE Weight
HR

IV, random, 95% CI
HR

IV, random, 95% CI

Heterogeneity: τ2 = 0.06; χ2 = 231.66, df = 17 (p < 0.00001); I2 = 93%
Test for overall effect: z = 4.88 (p < 0.00001)

Heterogeneity: τ2 = 0.02; χ2 = 99.41, df = 7 (p < 0.00001); I2 = 93%
Test for overall effect: z = 4.59 (p < 0.00001)

Heterogeneity: τ2 = 0.00; χ2 = 12.63, df = 6 (p = 0.05); I2 = 52%
Test for overall effect: z = 1.96 (p = 0.05)

Total (95% CI) 100.0% 0.80 (0.75 to 0.85)

Heterogeneity: τ2 = 0.03; χ2 = 381.14, df = 32 (p < 0.00001); I2 = 92%
Test for overall effect: z = 6.96 (p = 0.00001)
Test for subgroup differences: χ2 = 20.08, df = 2 (p < 0.0001), I2 = 90.0%

FIGURE 69 High-density lipoprotein cholesterol as prognostic marker for cardiovascular events in populations not
taking statins. IV, inverse variance.
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Study or subgroup log-HR
HR

IV, random, 95% CI
HR

IV, random, 95% CI

0.5 0.7
HR (95% CI)

1 1.5 2

Primary prevention
7 countries (Netherlands)104

AMORIS90 (F)
AMORIS90 (M)
Copenhagen City92 (F)
Copenhagen City92 (M)
EPIC-Norfolk100 (F + MS)
EPIC-Norfolk100 (F – MS)
EPIC-Norfolk100 (M + MS)
EPIC-Norfolk100 (M – MS)
Framingham Offspring40 (F)
Framingham Offspring40 (M)
HPFS130

IwateKENCO133 (F)
IwateKENCO133 (M)
KIHD135

MEGA141

MESA142

MONICA95 (F)
MONICA95 (M)
Northwick Park II146

Physicians’ Health150

PREVEND152

Quebec Cardiovascular156

Rotterdam98 (F)
SHS160

TLGS88 (F)
TLGS88 (M)
Yao City89 (F)
Yao City89 (M)
Subtotal (95% CI)

–0.22314355
–0.32850407
–0.28768207
–0.01969263
–0.17709524
–0.30110509
  0.12221763
–0.04082199
–0.38566248
–0.32850407
–0.34249031
–0.12730169
–0.07285611
–0.25894885
–0.12103833
  0.22422696
–0.15487936
–0.30110509
–0.24846136
–0.24846136
–0.13926207
–0.37106368
–0.82999997
–0.04195284
–0.05055672
                   0
–0.26136476
–0.27493368
–0.47158696

Secondary prevention
LIPID138

Subtotal (95% CI)
Heterogeneity: Not applicable
Test for overall effect: z = 2.82 (p = 0.005)

Test for subgroup differences: χ2 = 2.50; df = 2 (p = 0.29); l2 = 20.0%

0.80 (0.60 to 1.07)
0.72 (0.69 to 0.76)
0.75 (0.73 to 0.77)
0.98 (0.93 to 1.04)
0.84 (0.73 to 0.96)
0.74 (0.55 to 0.99)
1.13 (0.77 to 1.65)
0.96 (0.78 to 1.18)
0.68 (0.48 to 0.96)
0.72 (0.57 to 0.91)
0.71 (0.60 to 0.84)
0.88 (0.77 to 1.00)
0.93 (0.81 to 1.06)
0.77 (0.64 to 0.93)
0.89 (0.75 to 1.04)
1.25 (1.06 to 1.48)
0.86 (0.72 to 1.02)
0.74 (0.48 to 1.13)
0.78 (0.62 to 0.98)
0.78 (0.66 to 0.92)
0.87 (0.77 to 0.99)
0.69 (0.60 to 0.79)
0.44 (0.21 to 0.91)
0.96 (0.93 to 0.98)
0.95 (0.90 to 1.00)
1.00 (0.81 to 1.24)
0.77 (0.74 to 0.81)
0.76 (0.31 to 1.87)
0.62 (0.47 to 0.84)
0.84 (0.79 to 0.89)

0.85 (0.76 to 0.95)
0.85 (0.76 to 95)

–0.16357831

Heterogeneity: τ2 = 0.02; χ2 = 330.00, df = 28 (p < 0.00001); l 2 = 92%
Test for overall effect: z = 5.74 (p < 0.00001)

Mixed primary/secondary prevention

Caerphilly114

CHS118

FIELD121

Progetto Cuore154

Rotterdam98 (M)
SHEP159

Swedish NDR164

Ting 2010166

Women’s Health172

Subtotal (95% CI)

Heterogeneity: τ2 = 0.02; χ2 = 535.72, df = 38 (p < 0.00001); l2 = 93%
Test for overall effect: z = 6.11 (p < 0.00001)

Heterogeneity: τ2 = 0.01; χ2 = 101.23, df = 8 (p < 0.00001); l2 = 92%
Test for overall effect: z = 2.16 (p = 0.03)

Total (95% CI)

–0.23952703
–0.16251893
–0.17435339
  0.30010459
–0.03017987
–0.10265895
–0.16251893
–0.17411877
–0.14642722

SE

0.14994558
0.0246497

0.01360867
0.02920046
0.0703643

0.14735569
0.1926732

0.10343498
0.17415201
0.12212686
0.0827796

0.06638242
0.06815534
0.09338219
0.08359871
0.08420229
0.0911046

0.21614741
0.11679416
0.08259874
0.06485565
0.07017941
0.37400003
0.01336292
0.02523999
0.10863072
0.02335898
0.45999212
0.14881531

0.05803271

0.07620423
0.05959563
0.04595055

0.047201
0.0106631

0.07150652
0.0360744

0.05632305
0.02950838

Weight

1.6%
3.5%
3.6%
3.5%
2.8%
1.6%
1.2%
2.3%
1.3%
2.0%
2.6%
2.9%
2.9%
2.4%
2.6%
2.6%
2.5%
1.0%
2.1%
2.6%
2.9%
2.8%
0.4%
3.6%
3.5%
2.2%
3.5%
0.3%
1.6%

68.4%

3.0%
3.0%

2.7%
3.0%
3.2%
3.2%
3.6%
2.8%
3.4%
3.1%
3.5%

28.5%

100.0% 0.86 (0.81 to 0.90)

0.79 (0.68 to 0.91)
0.85 (0.76 to 0.96)
0.84 (0.77 to 0.92)
1.35 (1.23 to 1.48)
0.97 (0.95 to 0.99)
0.90 (0.78 to 1.04)
0.85 (0.79 to 0.91)
0.84 (0.75 to 0.94)
0.86 (0.82 to 0.92)
0.91 (0.83 to 0.99)

FIGURE 70 High-density lipoprotein cholesterol as prognostic marker for cardiovascular events (adjusted estimates)
in populations not taking statins. IV, inverse variance.
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Appendix 10 Subgroup and sensitivity analyses
in populations not taking statins

Subgroup analyses

Pre-existing conditions
Within the 90 included studies (see Appendix 8), 14 examined populations with pre-existing conditions at
baseline. Ten studies were on diabetic populations: four of these providing outcome data for CVD events
(CARDS,113 ASCOT-LLA,109 Ting 2010,166 DAI120), five of these provided data for CVD events (adjusted)
(HPFS,130 Ting 2010,166 FIELD,121 SHS,160 Swedish NDR164), Casale Monferrato116 provided data for CVD
mortality (adjusted) and MHS143 contributed data to all-cause mortality (adjusted). Subgroup analyses were
completed for CVD events (unadjusted and adjusted), but not for CVD mortality (adjusted) or all-cause
mortality as a result of insufficient data.

Forest plots of the subgroup analyses to examine the results for non-diabetic populations compared with
diabetic populations are shown below. For CVD events, only four lipid measures had data on diabetic
populations (LDL, TC, TGs and HDL). For these four measures the estimates for the non-diabetic population
showed only a small increase in comparison with the main analysis (HR range 1.17–1.28 compared with
1.14–1.25), but still with overlapping CIs. In the diabetic population, only HDL had sufficient data to
compare with the non-diabetic populations and the predictive value was much reduced (diabetic: HR 1.08,
95% CI 1.02 to 1.13; non-diabetic: HR 1.28, 95% CI 1.20 to 1.38). For primary and secondary prevention
groups, the non-diabetic population varied little from the main analysis except that in the primary prevention
group TGs increased in predictive value to HR 1.38 (95% CI 1.21 to 1.58). There were insufficient data in the
diabetic population for either prevention group to compare results to the non-diabetic population. Within
the CVD events (adjusted) data there were diabetic populations providing data for all lipid measures. Overall,
in the non-diabetic population the pooled estimates were very similar to the main analysis and followed the
same pattern. Only five lipid measures within the diabetic populations had sufficient data sets to compare to
non-diabetic populations. These were slightly lower in the diabetic population for TC/HDL cholesterol and
HDL, but reduced from HR 1.29 to HR 1.17 for non-HDL cholesterol and further still for TGs and LDL.
For primary and secondary prevention groups the non-diabetic populations were similar to the main analysis;
no comparisons with diabetic populations could be made as there were insufficient or no data for
these populations.

Two studies were either in the latter stages of renal disease (AURORA110) or post renal transplant
(ALERT107), and affected the CVD events (unadjusted) outcome data. EPIC-Norfolk100 included populations
suffering from metabolic syndrome and contributed data to CVD events (adjusted) outcome data. Finally,
Palma 2007148 comprised a population of post-surgical patients, who provided results to all-cause mortality
outcome data. Owing to lack of study numbers no subgroup analysis was completed for these
baseline comorbidities.
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Lipid measure

LDL
Apo A-I
HDL
TGs
TC/HDL and non-HDL/HDL
TC
Non-HDL
Apo B
LDL/HDL
Apo B/Apo A-I

log-HR No. of data setsSE
HR

IV, random, 95% CI
HR

IV, random, 95% CI
Primary prevention (non-diabetic)

Primary prevention (diabetic)
< 3 data sets
HDL
TGs
LDL
Non-HDL
TC
Apo B
TC/HDL and non-HDL/HDL

0.14842
0.15082
0.18633

0.198851
0.215111
0.215111
0.254642
0.254642
0.254642
0.307485

0.059389
0.038411
0.034064
0.037707
0.040904
0.034887

0.0825
0.053381
0.009851
0.059859

1.16 (1.03 to 1.30)
1.16 (1.08 to 1.25)
1.20 (1.13 to 1.29)
1.22 (1.13 to 1.31)
1.24 (1.14 to 1.34)
1.24 (1.16 to 1.33)
1.29 (1.10 to 1.52)
1.29 (1.16 to 1.42)
1.29 (1.27 to 1.32)
1.36 (1.21 to 1.53)

0.061875
0.0582689
0.1222176

0.14842
0.1655144
0.1739533
0.2390169

0.0271642
0.0337418
0.0292507
0.0284959
0.0690168
0.0721589
0.0461438

1.06 (1.01 to 1.12)
1.06 (0.99 to 1.13)
1.13 (1.07 to 1.20)
1.16 (1.10 to 1.23)
1.18 (1.03 to 1.35)
1.19 (1.03 to 1.37)
1.27 (1.16 to 1.39)

Secondary prevention (non-diabetic)
< 3 data sets
TGs
HDL
TC
Apo B
LDL
Apo A-I
TC/HDL and non-HDL/HDL
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1.17 (1.13 to 1.21)
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FIGURE 95 Summary results (pooled estimates) for cardiovascular events by all lipid measures (adjusted estimates)
subgrouped by non-diabetic and diabetic populations. All data sets include primary prevention data sets, secondary
prevention data sets, and data sets with mixed or unreported prevention groups. IV, inverse variance.
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Sensitivity analyses

Surrogate measures for cardiovascular disease
Definitions for cardiovascular events varied considerably. Forest plots of sensitivity analyses [CVD events,
CVD events (adjusted), CVD mortality, CVD mortality (adjusted)] comparing all of the pooled estimates for
lipid measures, removing the studies that used a surrogate measure, are presented below. In total, 61% of
studies used CHD as a surrogate measure for predicting cardiovascular risk (both adjusted and unadjusted
data). For unadjusted data, once the surrogate measure data were removed, the results show the same
overall trends, although the data were no longer available for all lipid measures, in particular the
apolipoproteins and the lipid ratios. For adjusted CVD event data, the primary prevention group and all
data sets show a similar trend, although for a number of lipid measures (all studies – TC, LDL; primary
prevention – TC, LDL, non-HDL cholesterol, TC/HDL cholesterol) the associations were no longer
significant. Within the CVD mortality outcome data, 52% of the studies used a surrogate measure for
cardiovascular risk. For the unadjusted CVD mortality data, removal of these studies meant that data
for only four lipid measures remained (TC, LDL, HDL, TGs) and all of these had three or fewer studies,
meaning that analysis was not possible. For adjusted CVD mortality data, there were now insufficient
studies in the prevention groups to warrant analysis. For all studies, only three lipid measures (LDL, TC,
HDL) had sufficient study numbers to make analysis meaningful. There is little difference in pattern from
the main analysis, except that the strength of associations is reduced and TC is no longer significant.

Study quality
Study quality was examined by placing emphasis on how the prognostic markers were measured and levels
of attrition. No studies were assessed as high risk of attrition bias and 29% of studies were judged to be
at moderate risk. With regard to bias due to prognostic marker measurement, 38 studies were assessed to
be high risk, 21 moderate risk, and 31 low risk. Removal of all studies at moderate or high risk in either of
these domains left 23 studies. For CVD events, only four measures had sufficient studies left to draw any
conclusions (LDL, TC, HDL, TGs). The trends remained the same as the main analyses for these measures,
but for LDL and TC there was a small reduction in the estimates, although data were no longer available
from secondary populations. For HDL and TGs there was a small increase in all point estimates except for
HDL in the secondary prevention groups. In the remaining studies within the CVD events (adjusted), no
data were available from secondary prevention populations. Small reductions or small increases in the
summary measures were seen in the primary prevention populations and overall, but no differences to the
overall trends compared with the main analyses. CVD mortality (unadjusted and adjusted) data no longer
had sufficient studies to justify obtaining pooled estimates, except for LDL, TC and HDL in the adjusted
data, which showed very small reductions in the point estimates for primary prevention and overall
populations. Again, data were no longer available from secondary prevention populations. For all-cause
mortality data, not enough studies were available to make any comparisons with the main analyses except
for TC, which showed a very small reduction in the overall summary measure for both adjusted and
unadjusted data.

Laboratory methods
Ideally, blood samples would have been analysed in an accredited central laboratory for each study: 54% of
studies completed the blood analysis in a central laboratory, with 57% of these reporting the laboratory as
accredited. FIELD121 analysed samples in two laboratories, both of which were accredited. Thirty-seven studies
did not report where the blood samples were analysed. Only three studies reported not using a central
laboratory (DAI,120 Swedish NDR,164 RIFLE158). Sensitivity analysis was completed to remove all studies not
reporting whether or not a central laboratory was used and when a central laboratory was stated as not used.
For CVD events, only LDL, TC, HDL, TGs had sufficient number of studies to examine if removing these studies
had any effect. There was a small reduction in the summary estimates for the primary prevention populations
and the overall estimates, but no change to the conclusions drawn in the main analyses. A similar effect was
seen for all lipid measures in the adjusted CVD events data. For CVD mortality (unadjusted and adjusted) there
were either no differences from the main analyses or insufficient studies left to make a comment; except for
TC, which for both outcomes showed a small reduction in the estimates for the primary prevention group and
overall. No results could be shown for all-cause mortality (unadjusted and adjusted) as few results were left.
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Indirect data extraction
Sensitivity analysis was completed to examine whether or not the method of data extraction had any
bearing on the results. Data were extracted directly from 53% of studies. For the remaining 42 studies,
data were extracted indirectly using simulation or generalised least squares for trend methods. Two studies
provided both direct and simulated data, but for different outcomes (Quebec cardiovascular,156

PREVEND152). Studies with indirect data were omitted to see if this affected the results (see the forest plots
below). For CVD events, removal of these studies meant that meta-analysis estimates for a number of the
lipid measures were no longer viable, although they followed the same basic trend with reduced strengths
of association. However, in the primary prevention group and for all data sets LDL now showed no
association. Results for adjusted CVD event results followed a similar pattern to the main analysis. For CVD
mortality directly extracted data only TC now had sufficient data for analysis, which now provided an
association in the primary prevention group. There was no difference in the results from the adjusted CVD
mortality data. For unadjusted and adjusted all-cause mortality data there was little difference from the
main analyses except that sufficient data were no longer available for LDL (unadjusted) and TGs (adjusted).

Use of lipid modification therapy
Finally, sensitivity analysis was competed to assess if contamination of the population by partial use of
lipid-lowering medication would affect the results. Eighteen studies confirmed statin or lipid-lowering
usage either at baseline or during the course of the studies. Usage ranged from 0.5% to 38%
(seven studies with < 5% usage and Framingham Offspring40 usage level not confirmed). Two studies
(Ting 2010,166 Framingham Offspring40) included unadjusted and adjusted outcome data, and for the
adjusted data one of the adjustments was for lipid-lowering medication; therefore analysis for adjusted
data did not include these two studies. For both unadjusted and adjusted CVD events data the removal of
studies with contaminated populations made marginal difference to the pooled estimates, and the same
four lipid measures had the strongest predictive values. There were very small differences between the
CVD mortality data (unadjusted and adjusted) with contaminated populations removed and the main
analyses. For unadjusted and adjusted data there were no longer sufficient data for HDL in the primary
prevention groups, nor for non-HDL cholesterol in all data sets for the adjusted data. For all of the data,
the point estimates were similar except for HDL, which was stronger in the adjusted data (HR 1.35, CI
1.16, 1.58). There was no difference in the results from all-cause mortality data. For all-cause adjusted
data, only TC retained sufficient data to be analysed; the result for this was no different.
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Appendix 12 Forest plots for each lipid measure
as prognostic markers in populations taking statins

(Plots presented only when more than three data sets per prognostic marker.)
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Appendix 14 Excluded studies

TABLE 64 Excluded studies (see Chapter 2)

Author (lead) Study name Reason for exclusion

AIHW and NHF Risk Factors Prevalence Study Unable to extract data

Alaupovic P Post-CABG Unable to extract data

Athyros V GREACE < 1000 participants per cohort

Bae JM Dynamic Cohort Study in Korean Adults < 1 lipid measure assessed

Ballesteros-Pomar MD The DRECE study Unable to extract data

Beishuizen ED Cerdia < 1000 participants per cohort

Boden W AIM-HIGH Unable to extract data

Bonaa KH The Tromso Study Unable to extract data

Brunner EJ Whitehall II Study Unable to extract data

Buring JE Boston Area Health Study < 1000 participants per cohort

Carlson LA Stockholm Ischaemic Heart Disease Secondary
Prevention Study (PMS)

< 1000 participants per cohort

Casiglia E Cardiovascular Study in the Elderly (CASTEL)

Chen Z Unable to extract data

Chien KL Chin-Shan Community Cardiovascular Cohort Study Unable to extract data

Coleman MP < 1000 participants per cohort

Cox CS The NHANES I Epidemiologic Follow-up Study Unable to extract data

Cui R JACC study Unable to extract data

Davis WA Fremantle Diabetes Study FDS Unable to extract data

De Backer G Belgium Interuniversity Research on Nutrition and
Health (BIRNH)

Unable to extract data

Deeg DJH Longitudinal Aging Study Amsterdam Unable to extract data

Doney A Go-DARTS No lipid data

Dorr AE < 1000

Elley CR Unable to extract data

Engstrom G Malmo Unable to extract data

Ericsson MD BECAIT < 1000 participants per cohort

Fang XH Seven Cities China Unable to extract data

Fowkes FGR Edinburgh Artery Study Unable to extract data

Furberg C ACAPS < 1000 participants per cohort

Ginsberg H ACCORD Unable to extract data

Goldenberg I Bezafibrate Infarction Prevention Study Unable to extract data

Haheim L Oslo Study Unable to extract data

Hamer M Scottish Health Survey Unable to extract data

Harris J Australian Longitudinal Study of Ageing Unable to extract data
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TABLE 64 Excluded studies (see Chapter 2) (continued )

Author (lead) Study name Reason for exclusion

Hayashi T Japan Cholesterol and Diabetes Mellitus Study Unable to extract data

He Y Xian Lipids as covariates

Held C APSIS < 1000 participants per cohort

Heyman A Evans County Unable to extract data

Higgins M Tecumseh Community Health Study Unable to extract data

Hildrum B HUNT Unable to extract data

Ho SC unable to extract data

Howard BV Women’s Health Initiative Randomized Controlled
Dietary Modification Trial

Unable to extract data

Howard BV SANDS No outcome data

Igland J Hordaland Homocysteine Study Unable to extract data

Imai K SAITAMA Unable to extract data

Isles CG Renfrew and Paisley Unable to extract data

Itakura H LEM No outcome data by lipid
measure

Iwashita M Kyushi Lipid Intervention Study Lipids as covariates

Jansen ACM Follow-up < 2 years

Kadota A NIPPON 90 Unable to extract data

Kappelle P < 1000 participants per cohort

Katsuki S Hisayama Study Unable to extract data

Kawano Y JATOS Study Unable to extract data

Kitamura A Osaka 1979–86 Stroke only

Klungel O Unable to extract data

Knopp RH ASPEN Unable to extract data

Knuiman MW Busselton Health Study Unable to extract data

Kojima S < 1000 participants per cohort

Koren M ALLIANCE Unable to extract data

Lee J Singapore Cardiovascular Cohort Study Unable to extract data

Li JJ China Coronary Secondary Prevention Study (CCSPS) No outcome data by lipid
measure

Lichtenstein KA HIV Outpatient Study (HOPS) Unable to extract data

Lindroos M The Helsinki Ageing study Unable to extract data

Liu X Yunnan Tin Minor Cohort study Untraceable

Look AHEAD Research group Look AHEAD Unable to extract data

Lopez F ARIC Lipids as covariates

Lowe LP Chicago Heart Association No outcome by lipid measure

Luc G The Prime Study Unable to extract data

Luepker R The Minnesota Heart Health Program Unable to extract data

MacMahon S Fletcher Challenge Unable to extract data
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TABLE 64 Excluded studies (see Chapter 2) (continued )

Author (lead) Study name Reason for exclusion

Manninen V Helsinki Heart Study Unable to extract data

Marin A Zaragoza Unable to extract data

Mast BT Health, Aging and Body Composition Study No outcome data

May M British Women’s Heart & Health Study Unable to extract data

McGovern PG The Minnesota Heart Survey Unable to extract data

McQueen M The Interheart Study No follow-up

Meade T LEADER Unable to extract data

Menotti A FINE Lipids as covariates

Monami M No outcome by lipid measure

Morrell J REACH Registry in Europe Unable to extract data

MRC General Practice
Research Framework

Thrombosis Prevention Trial Unable to extract data

Nakayama T The Shibata Study Stroke only

Navas-Nacher E CHADP Only 1 lipid measure

Njolstad I Norwegian Counties Unable to extract data

Nordestgaard B Copenhagen General Population Study Unable to extract data

Obara F The Tanno-Soubetsu Study Unable to extract data

Okada H Akabane and Asahi Study Unable to extract data

Onat A Turkish Adult Risk Factor Study Unable to extract data

Onat A TEKHARF Unable to extract data

Parish S International Studies of Infarct Survival (ISIS) No follow-up

Peters SAE Meteor No outcome data

Raum E Esther study Unable to extract data

Ren J Chinese Multi Provincial Cohort Study (CMCS) Lipids as covariates

Rodeghiero F The VITA project Unable to extract data

Rose G UK Heart Disease Prevention Project Unable to extract data

Rosengren A Goteborg Population studies Unable to extract data

Rosengren A Gothenburg 1933 Unable to extract data

Rossebo A SEAS < 1000 participants per cohort

Rossouw JF Women’s Health Initiative Trials < 1000 participants per cohort

Rudnichi A IPC Paris Unable to extract data

Satoh H Lipids as covariates

Schwartz G MIRACL Follow-up < 2 years

Serruys P LIPS < 1000 participants per cohort

Shimamoto T Ikawa Unable to extract data

Shinozaki T J-EDIT Unable to extract data

Simon A < 1000 participants per cohort

Smith GD 27 Workplaces, Scotland Unable to extract data
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TABLE 64 Excluded studies (see Chapter 2) (continued )

Author (lead) Study name Reason for exclusion

Sone H Japan Diabetes Complications Study Lipids as covariates

Soyama Y The Oyabe Study Stroke only

Staessen JA FLEMENGHO Unable to extract data

Straczek C 3C lipids as covariates

Suadicani P Copenhagen Male Study unable to extract data

Suh II Korea Medical Insurance Corporation Study Stroke only

ten Kate G < 1000 participants per cohort

Teramoto T APPROACH J No lipid data

Tocharoenvanich P InterASIA-south Unable to extract data

Tornberg S VARMLAND Unable to extract data

Tsuji I Ohasama, Japan Unable to extract data

Tunstall-Pedoe H Scottish Heart Health Study Unable to extract data

Ulmer H The Vorarlberg Health Monitoring & Promotion
Program

Unable to extract data

Van Lennep J Leiden Heart Study < 1000 participants per cohort

Wanner C 4D < 1000 participants per cohort

Wilhelmsen L The GOT-MONICA Project Unable to extract data

Willey J NOMAS Stroke only

Worm SW D:A:D Unable to extract data

Zylberstein DE Population Study of Women in Gothenburg Unable to extract data

Unable to extract data: no data available in publication or data available but not in a format from which to extract either
directly or indirectly.
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Appendix 15 Meta-regressions: Stata output
tables for selected lipid measures analysing three
variables* for cardiovascular events (adjusted
estimates) in populations not taking statins
*Presence of diabetes or underlying condition in baseline populations, use of surrogate measure of
cardiovascular events.

TABLE 65 Meta-regression for LDL

Meta-regression No. of observations= 17

Restricted maximum likelihood estimate of
between-study variance

tau2= 0.01854

% residual variation due to heterogeneity I-squared_res= 95.10

Proportion of between-study variance explained Adjusted R-squared= 12.18%

Joint test for all covariates Model F(2,14)= 1.67

With Knapp–Hartung modification Probability > F= 0.2237

Underlying condition dropped because of collinearity

ln_LDLesti∼e Coefficient SE t p>|t| 95% CI

Diabetes 0.0622571 0.1165698 0.53 0.602 –0.1877602 to 0.3122743

Surrogate 0.1395165 0.0764276 1.83 0.089 –0.0244044 to 0.3034374

_cons 0.0727824 0.0547029 1.33 0.205 –0.0445437 to 0.1901085

TABLE 66 Meta-regression for TC

Meta-regression No. of observations 28

Restricted maximum likelihood estimate of
between-study variance

tau2 0.02196

% residual variation due to heterogeneity I-squared_res 94.15

Proportion of between-study variance explained Adjusted R-squared 27.55%

Joint test for all covariates Model F(2,14) 3.78

With Knapp–Hartung modification Probability > F 0.0236

ln_LDLesti∼e Coefficient SE t p>|t| 95% CI

Diabetes 0.2603132 0.2195192 1.19 0.247 –0.1927521 to 0.7133785

Surrogate 0.2379818 0.0719744 3.31 0.003 0.0894339 to 0.3865298

Condition –0.1584406 0.1340066 –1.18 0.249 –0.4350165 to 0.1181354

_cons 0.0618716 0.0581716 1.06 0.298 –0.0581887 to 0.1819318
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TABLE 67 Meta-regression for HDL

Meta-regression No. of observations 29

Restricted maximum likelihood estimate of
between-study variance

tau2 0.01635

% residual variation due to heterogeneity I-squared_res 91.78

Proportion of between-study variance explained Adjusted R-squared –0.24%

Joint test for all covariates Model F(2,14) 1.23

With Knapp–Hartung modification Probability > F 0.3198

ln_LDLesti∼e Coefficient SE t p>|t| 95% CI

Diabetes –0.0481637 0.1734864 –0.28 0.784 –0.4054657 to 0.3091383

Surrogate –0.1120133 0.0703374 –1.59 0.124 –0.256876 to 0.0328493

Condition 0.0763977 0.1315423 0.58 0.567 –0.1945187 to 0.3473141

_cons –0.1133303 0.0587723 –1.93 0.065 –0.234374 to 0.0077135

TABLE 68 Meta-regression for TGs

Meta-regression No. of observations 8

Restricted maximum likelihood estimate of
between-study variance

tau2 0.03094

% residual variation due to heterogeneity I-squared_res 95.48

Proportion of between-study variance explained Adjusted R-squared 33.37%

Joint test for all covariates Model F(2,14) 2.41

With Knapp–Hartung modification Probability > F 0.1849

Underlying condition dropped because of collinearity

ln_TGesti∼e Coefficient SE t p>|t| 95% CI

Diabetes 0.0177365 0.1675231 0.11 0.920 –0.4128953 to 0.4483683

Surrogate 0.3098726 0.1528325 2.03 0.098 –0.0829958 to 0.702741

_cons 0.0533839 0.1047012 0.51 0.632 –0.215759 to 0.3225269
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TABLE 69 Meta-regression for non-HDL cholesterol

Meta-regression No. of observations 14

Restricted maximum likelihood estimate of
between-study variance

tau2 0.02028

% residual variation due to heterogeneity I-squared_res 95.67

Proportion of between-study variance explained Adjusted R-squared 44.35%

Joint test for all covariates Model F(2,14) 5.78

With Knapp–Hartung modification Probability > F 0.0193

Underlying condition dropped because of collinearity

ln_NHDLesti∼e Coefficient SE t p>|t| 95% CI

Diabetes 0.0613456 0.1239055 0.50 0.630 –0.2113685 to 0.3340598

Surrogate 0.2958856 0.088926 3.33 0.007 0.1001608 to 0.4916104

_cons 0.1053788 0.0616339 1.71 0.115 –0.0302764 to 0.2410341

TABLE 70 Meta-regression for Apo B

Meta-regression No. of observations 17

Restricted maximum likelihood estimate of
between-study variance

tau2 0.01494

% residual variation due to heterogeneity I-squared_res 98.67

Proportion of between-study variance explained Adjusted R-squared 8.40%

Joint test for all covariates Model F(2,14) 1.61

With Knapp–Hartung modification Probability > F 0.2349

ln_ApoBesti∼e Coefficient SE t p>|t| 95% CI

Diabetes 0.1846332 0.2002893 0.92 0.373 –0.2480655 to 0.6173319

Surrogate 0.1738488 0.0857072 2.03 0.064 –0.0113104 to 0.359008

condition –0.1335675 0.1211023 –1.10 0.290 –0.395193 to 0.128058

_cons 0.1269758 0.0728726 1.74 0.105 –0.0304559 to 0.2844075

TABLE 71 Meta-regression for Apo A-I

Meta-regression No. of observations 15

Restricted maximum likelihood estimate of
between-study variance

tau2 0.009801

% residual variation due to heterogeneity I-squared_res 95.61

Proportion of between-study variance explained Adjusted R-squared –9.05%

Joint test for all covariates Model F(2,14) 0.39

With Knapp–Hartung modification Probability > F 0.6827

Diabetes dropped because of collinearity

ln_ApoBesti∼e Coefficient SE t p>| t | 95% CI

Surrogate –0.06577 0.075142 –0.88 0.399 –0.2294904 to 0.0979505

condition 0.0038242 0.110407 0.03 0.973 –0.2367319 to 0.2443802

_cons –0.0988367 0.0627986 –1.57 0.142 –0.2356631 to 0.0379898
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TABLE 72 Meta-regression for Apo B/Apo A-I

Meta-regression No. of observations 14

Restricted maximum likelihood estimate of
between-study variance

tau2 0.002205

% residual variation due to heterogeneity I-squared_res 59.46

Proportion of between-study variance explained Adjusted R-squared 83.45%

Joint test for all covariates Model F(2,14) 18.42

With Knapp–Hartung modification Probability > F 0.0003

Diabetes dropped because of collinearity

ln_ApoB_Aesti∼e Coefficient SE t p>|t| 95% CI

Surrogate 0.256769 0.0423127 6.07 0.000 0.1636393 to 0.3498988

condition 0.0038242 0.110407 0.03 0.973 –0.2367319 to 0.2443802

_cons –0.0988367 0.0627986 –1.57 0.142 –0.2356631 to 0.0379898

TABLE 73 Meta-regression for TC/HDL cholesterol

Meta-regression No. of observations 17

Restricted maximum likelihood estimate of
between-study variance

tau2 0.01964

% residual variation due to heterogeneity I-squared_res 95.00

Proportion of between-study variance explained Adjusted R-squared 23.46%

Joint test for all covariates Model F(2,14) 3.09

With Knapp–Hartung modification Probability > F 0.0775

Underlying condition dropped because of collinearity

ln_TC_HDLesti∼e Coefficient SE t p>|t| 95% CI

Diabetes 0.12351 0.1615461 0.76 0.457 –0.2229719 to 0.469992

Surrogate 0.2056153 0.0827753 2.48 0.026 0.02808 to 0.3831506

_cons 0.0824817 0.0666923 1.24 0.237 –0.0605592 to 0.2255225
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Appendix 16 Meta-analysis of the effect of
atorvastatin on serum lipid levels: sensitivity analysis
and results from the network meta-analysis

This appendix presents results from a sensitivity analysis of the impact our choice of a minimum sample
size of 1000 participants had on estimates of the effect of atorvastatin on serum lipid levels. It also

presents full results from two network meta-analyses, based on (1) the studies included in Chapter 3 and
(2) the extended network (including studies with < 1000 participants).

The effect of relaxing the minimum sample size
inclusion criterion

Re-searching the 181 trials cited in Naci et al.,188 with no minimum sample size constraint, provided
13 additional studies for inclusion. Data were extracted from these studies independently by two
researchers (TF and JM), as previously (Tables 74–77).

Ten of these studies were two-arm trials. Of the remaining three, one272 was a three-arm trial in which one
of the arms was to atorvastatin plus vitamin supplementation. For the purposes of analysis, this arm was
ignored and so the trial was treated as a two-arm trial. One study267 compared two different doses of
atorvastatin with placebo, and one study264 was a four-arm trial of four different statins. For these trials, all
of the data were retained for the purpose of network meta-analysis.

Some studies did not report follow-up data for all of the outcome measures, and these studies are
excluded from the analysis where necessary. Figures 124–128 show, in network form, the effect sizes from
all contributing studies for LDL cholesterol, HDL cholesterol, TC and TGs, respectively.
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TABLE 74 Characteristics of included studies

Study Treatment
Mean dose
(mg/day)

Participants
(by arm)

Study
follow-up

Follow-up for
data extractiona

ARBITER260 Atorva 80 79 12 months 12 months

Prava 40 82

ASAP261 Atorva 80 160 2 years 2 years

Simva 40 165

BELLES262 Atorva 80 305 12 months 12 months

Prava 40 310

Bertolini263 Atorva 11.8 227 12 months 12 months

Prava 29.4 78

Brown264 Atorva 20 80 54 weeks 54 weeks

Fluva 40 80

Lova 80 81

Simva 40 77

Colivicchi265 Atorva 80 144 12 months 12 months

Atorva 24.8 146

Kadoglou266 Atorva 80 70 12 months 12 months

Atorva 10–20 70

Mohler267 Atorva 80 120 12 months 12 months

Atorva 10 120

Placebo – 114

REVERSAL268 Atorva 80 328 18 months 18 months

Prava 40 329

SAGE269 Atorva 80 446 12 months 12 months

Prava 40 445

Schmermund270 Atorva 80 235 12 months 12 months

Atorva 10 236

Sola271 Atorva 20 54 12 months 12 months

Placebo – 54

Stone272 Atorva Median 80 96 12 months 12 months

Atorva+V Median 80 101

Lova Median 5 103

a Refers to the time point at which data were extracted, usually the closest available time point to 12 months.
In the Kadoglou study,266 one group of participants started at dose 10mg/day and were titrated to a maximum of
20mg/day; the mean dose was not reported.
In the Stone study,272 one group was randomised to atorvastatin plus a supplement of vitamins C and E (labelled Atorva+V
in the table), and one group was randomised to low-dose lovastatin. All three groups were additionally assigned a National
Cholesterol Education Programme diet.
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TABLE 75 Baseline characteristics of participants in included studies

Study Treatment
Age mean,
years (SD) Female % MI % CHD % DM %

BMI mean,
kg/m2 (SD) Smoking %

ARBITER260 Atorva 58 (11) 31.6 49.4 14.3 C13.9

Prava 61 (12) 25.6 42.7 10.4 C7.3

ASAP261 Atorva 59

Simva 62

BELLES262 Atorva 64.2 (6.5) 100 3.3 13.8 28.5 (5.4) C20.7

Prava 64.5 (6.0) 100 2.3 14.2 29.0 (5.5) C16.5

Bertolini263 Atorva 56 (10.5) 53 0 26 (3.0)

Prava 57 (10.6) 59 0 25 (2.6)

Brown264 Atorva 62 (9.8) 38

Fluva 62 (8.9) 23

Lova 64 (9.8) 37

Simva 63 (9.8) 31

Colivicchi265 Atorva 80 73.9 (9.4) 47.9 100 100 72.2

Atorva 25 75.2 (9.9) 49.3 100 100 69.8

Kadoglou266 Atorva 80 63.2 (6.8) 55 0 33 28.3 (4.0)

Atorva 10 64.8 (7.3) 54 0 38 29.1 (4.9)

Mohler267 Atorva 80 68 21 18 C35

Atorva 10 69 25 19 C41

Placebo 67 23 15 C46

REVERSAL268 Atorva 55.8 (9.8) 28.9 20 30.5 (6.5)

Prava 56.6 (9.2) 26.9 18 30.5 (5.6)

SAGE269 Atorva 72.4 (5.1) 31.2 45.5 100 22.4 27.4 (4.0) C5.4, F51.8

Prava 72.6 (5.2) 29.9 46.3 100 24.0 26.8 (3.5) C7.0, F54.6

Schmermund270 Atorva 80 62 (8) 25 0 13 28 (4) C or F 74

Atorva 10 61 (8) 26 0 13 27 (4) C or F 73

Sola271 Atorva 53.3 (6.2) 37 100 24.1 (4.0)

Placebo 54.1 (6.9) 39 100 24.4 (3.8)

Stone272 Atorva 14 42 17 C or F 70

Atorva+V 16 40 15 C or F 56

Lova 12 36 16 C or F 69

C, current smoker; DM, diabetes mellitus; F, former smoker
Blank cell: information unclear or not reported.
The ASAP trial paper261 did not report baseline characteristics (other than gender) by treatment group.
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TABLE 77 Effect sizes and SEs (mmol/l) for each lipid measure at follow-up, for each of the included studies

Study Comparison LDL HDL TC TGs

ARBITER260 A80 – P40 –0.87 (0.118) –0.05 (0.073) –1.13 (0.167) –0.58 (0.178)

ASAP261 A80 – S40 –0.93 (0.155) 0.02 (0.045) –0.98 (0.161) –0.18 (0.103)

BELLES262 A80 – P40 –0.96 (0.068) –0.09 (0.034) –1.12 (0.092) –0.17 (0.073)

Bertolini263 A12 – P29 –0.64 (0.079) –0.07 (0.039) –0.67 (0.097) –0.15 (0.103)

Brown264 A20 – F40 –0.44 (0.134) 0 (0.045) –0.57 (0.157) –0.27 (0.129)

A20 – L80 –0.03 (0.137) –0.06 (0.045) –0.14 (0.151) –0.23 (0.147)

A20 – S40 –0.16 (0.138) –0.05 (0.048) –0.22 (0.159) 0 (0.133)

Colivicchi265 A80 – A25 –0.80 (0.089)

Kadoglou266 A80 – A10 –0.73 (0.086) –0.05 (0.049) –0.92 (0.190) –0.33 (0.121)

Mohler267 A80 – A10 –0.41 (0.141) –0.02 (0.043) –0.54 (0.113) –0.39 (0.141)

A80 – U –1.57 (0.113) 0.03 (0.051) –1.78 (0.112) –0.68 (0.157)

A10 – U –1.16 (0.113) 0.05 (0.043) –1.24 (0.144) –0.29 (0.171)

REVERSAL268 A80 – P40 –0.81 (0.065) –0.04 (0.026) –0.94 (0.083) –0.19 (0.094)

SAGE269 A80 – P40 –0.81 (0.058) –0.05 (0.022) –0.99 (0.068) –0.29 (0.062)

Schmermund270 A80 – A10 –0.57 (0.082) –0.03 (0.035) –0.64 (0.087) –0.16 (0.086)

Sola271 A20 – U a 0.08 (0.045) –0.12 (0.051)

Stone272 A80 – A80+V –0.13 (0.078) 0.05 (0.042) –0.08 (0.101) –0.20 (0.154)

A80 – L5 –1.01 (0.077) –0.08 (0.047) –1.29 (0.105) –0.54 (0.150)

A80+V – L5 –0.88 (0.088) –0.13 (0.047) –1.21 (0.118) –0.34 (0.183)

A, Atorvastatin; F, Fluvastatin; L, Lovastatin; P, Pravastatin; S, Simvastatin; U, usual care/placebo. [All suffixed by dose
(mg/day.)]
a For the Sola study, the LDL treatment effect is reported ambiguously in the trial paper and so no reliable effect size can

be obtained.
Note
The direction of the effect is for the group written first in the ‘Comparison’ column relative to the group written second.
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Network meta-analysis, original network

The results of the network meta-analysis are shown in Table 78. The model used was random-effects
meta-analysis, with assumed equal between-study SD among all pairwise treatment comparisons. As there
was, at most, only one contributing study for most pairwise comparisons (see Figures 125–128) it was
impractical to fit more general models with varying between-study SD. The random-effects model
was chosen because of extremely high heterogeneity between studies.

Following Higgins et al.273 and White et al.,274 we also fitted the full treatment-by-design interaction to
examine inconsistency in the network, treating inconsistency parameters as fixed effects. For the
meta-analysis consisting of the 10 studies originally identified, there is only one loop (between the Atorvastatin
10–25, Atorvastatin 80 and Placebo arms; see Figure 14) and therefore only one identifiable inconsistency
parameter. This is a loop inconsistency parameter that can be chosen to contrast any two of the
treatments within the loop. This choice is arbitrary, as different choices are simply different
parameterisations of the same model.

The statistical significance of this loop inconsistency parameter can be tested using a Wald test (White
et al.,274 p. 115). Unexpectedly, when different parameterisations were used in models for the same
network, this test statistic varied slightly, possibly because of instability in the estimate of this term or its SE
(given the sparsity of the network and the presence of the heterogeneity random effect term, this is,
perhaps, not surprising). However, for each of the four lipid measures, the loop inconsistency parameter
was not statistically significant, irrespective of the parameterisation chosen. The conclusion is that there is
no evidence for inconsistency in the network for any of the lipid measures.

The point estimates in Table 78 relate to the effect of each treatment relative to the reference category,
Placebo/Usual Care. The results can be compared with those in the network diagram (see Figures 15–18)
presented in Chapter 3.

TABLE 78 Estimated effect size (SE) (mmol/l), relative to Placebo/Usual Care, for each lipid measure, for the
10 studies used in Chapter 3

Statin (mg)

Lipid measure (mmol/l)

LDL HDL TC Triglycerides

Atorvastatin 10–25 –1.23 (0.18) 0.027 (0.010) –1.30 (0.22) –0.31 (0.066)

Atorvastatin 40 –0.38 (0.39) –0.020 (0.024) –0.49 (0.47) –0.15 (0.15)

Atorvastatin 80 –1.64 (0.29) 0.028 (0.016) –1.79 (0.34) –0.49 (0.10)

Lovastatin 20 –0.88 (0.43) 0.027 (0.031) –0.83 (0.52) –0.11 (0.16)

Pravastatin 40a
–0.79 (0.49) 0.068 (0.026) – –

Simvastatin 20 –1.04 (0.49) 0.068 (0.026) –1.01 (0.57) –0.22 (0.17)

sdb 0.39 0.019 0.47 0.14

a For Prava 40, for TC and TGs there were no contributing studies.
b Note that ‘sd’ is the estimated between-study SD (i.e. the SD of the random-effects distribution corresponding to the

heterogeneity parameter, which is assumed to be common to all treatment comparisons).
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For the treatment comparisons for which there are contributing studies that include a Placebo/Usual Care
arm, the pooled effects in Table 78 are similar to those in the contributing studies (or, in the case of
atorvastatin 10–25 vs. Placebo/Usual Care, close to the average effect observed in the contributing
studies). The discrepancy in the estimate for atorvastatin 80 versus Placebo/Usual Care (from –1.44mmol/l
in the SPARCL trial184 to –1.64mmol/l in Table 78) is a consequence of making the assumption of
consistency, as this contrast forms part of the ‘atorvastatin 80 – atorvastatin 10–25 – Placebo/Usual Care’
loop (see Figure 15); as discussed above, this change is not statistically significant. The estimate of the
heterogeneity random effect SD is driven by the multiplicity of studies comparing atorvastatin 10–25 with
Placebo/Usual Care. The estimate (0.39mmol/l) appears reasonable, given the range of point estimates in
these four studies.

Interpretation for HDL cholesterol, TC and TGs is similar. For HDL cholesterol, the estimated heterogeneity
SD is very small, as no study found more than a very small difference between groups in HDL. For all lipid
measures, results for atorvastatin 40 appear a little unusual; however, these estimates are based on a
single study (ALLIANCE194) that was rated as having high risk of bias on several domains (see Table 14).

Network meta-analysis, extended network

Repeating similar steps to those above (see Network meta-analysis, original network) to the extended
network of 23 studies yields the results in Table 79.

In this larger network, there were five available degrees of freedom (d.f.) for inconsistency parameters:
there is one four-arm design, one three-arm design and nine two-arm designs (14 d.f.), and 10 treatments
(9 d.f.), and therefore the number of additional degrees of freedom available for the inconsistency model
is 5 (14 – 9). Under one parameterisation, these might be viewed as four loop inconsistency parameters,
corresponding, respectively, to the loops:

‘Atorvastatin 80 – Atorvastatin 10–25 – Placebo/Usual Care’

‘Atorvastatin 80 – Atorvastatin 10–25 – Pravastatin 20–40’

‘Atorvastatin 80 – Simvastatin 20–40 – Atorvastatin 10’

‘Atorvastatin 80 – Simvastatin 20–40 – Atorvastatin 10–25 – Placebo/Usual Care’

and one design inconsistency parameter, induced by the three-arm trial,267 which has Atorvastatin 80,
Atorvastatin 10 and Placebo/Usual Care arms. The single four-arm trial264 includes three arms that are not
shared by any of the other 22 studies, and so does not provide scope for further loop inconsistency,
because consistency of contrasts within a single trial is guaranteed.

As above (see Network meta-analysis, original network), there was no evidence of inconsistency in the
network for any of the four lipid measures. This was true of both the global Wald test and from examining
the inconsistency parameters individually. Therefore the results presented in Table 79 are those obtained
from the consistency model.
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The point estimates of effect size in Tables 78 and 79 are broadly comparable, indicating that the inclusion
of the additional 13 studies in the extended network has not changed the conclusions in Chapter 3.

The final rows of each table reveal a reduction of around 40% in the estimate of the heterogeneity SD
parameter for both LDL cholesterol and TC, with a concomitant reduction in the SEs. This appears to be
due primarily to the multiplicity of studies in the ‘Atorvastatin 80 – Pravastatin 20–40’ contrast: previously
there was only one such study, whereas in the extended network there are five, and these five have
remarkably similar point estimates. The estimate of the heterogeneity SD parameter in the original network
was driven solely by the studies in the ‘Atorvastatin 10–25 – Placebo/Usual Care’ contrast, for which there
appears to be substantially greater heterogeneity.

The model assumes common heterogeneity in all treatment contrasts. The inclusion of different levels of
heterogeneity in the model would create the major further problem of deciding a suitable level of
heterogeneity for treatment contrasts for which there is only one contributing study (such as ‘Atorvastatin
40 – Placebo/Usual Care’), hence this approach was not explored.

Comparing the results of Table 79 to those in figure 3 of Naci et al.,188 we can see that the estimates of effect
size are extremely similar for two of the atorvastatin doses (10–25 and 80). The corresponding effect sizes in
Naci et al.188 are approximately –1.16mmol/l for atorvastatin ≤ 10, –1.29 for atorvastatin 10–20 and –1.68
for atorvastatin > 40. For the intermediate dose (effect size –1.55 in Naci et al.188), there is some discrepancy,
although, as discussed above, our network provides little reliable information about this contrast.

Conclusions

We investigated inconsistency in the network presented in Chapter 3, and in an enlarged network in
which the sample size inclusion criterion was relaxed. In no case was there evidence for inconsistency, and
the addition of 13 extra studies to the network did not have a large effect on pooled point estimates of
effect size.

TABLE 79 Estimated effect size (SE) (mmol/l), relative to Placebo/Usual Care, for each lipid measure, for the
23 studies in the expanded network

Statin (mg)

Lipid measure (mmol/l)

LDL HDL TC Triglycerides

Atorvastatin 10–25 –1.18 (0.10) 0.033 (0.0098) –1.31 (0.12) –0.29 (0.050)

Atorvastatin 40 –0.38 (0.25) –0.020 (0.024) –0.49 (0.29) –0.15 (0.14)

Atorvastatin 80 –1.70 (0.12) 0.018 (0.014) –1.89 (0.15) –0.49 (0.067)

Fluvastatin 40 –0.72 (0.27) 0.020 (0.045) –0.72 (0.32) –0.0042 (0.16)

Lovastatin 5 –0.69 (0.28) 0.098 (0.052) –0.59 (0.34) 0.047 (0.20)

Lovastatin 20 –0.84 (0.27) 0.033 (0.031) –0.91 (0.31) –0.087 (0.14)

Lovastatin 80 –1.13 (0.27) 0.080 (0.045) –1.15 (0.31) –0.044 (0.18)

Pravastatin 40 –0.79 (0.15) 0.056 (0.018) –0.80 (0.19) –0.18 (0.091)

Simvastatin 20 –0.98 (0.19) 0.053 (0.022) –1.05 (0.22) –0.26 (0.10)

sda 0.24 0.019 0.28 0.12

a Note that ‘sd’ is the estimated between-study SD (i.e. the SD of the random-effects distribution corresponding to the
heterogeneity parameter, which is assumed to be common to all treatment comparisons).
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Appendix 17 Rationale for modelling protocol
change

Background

Our protocol specified that the models of Chapters 5 and 7 would be based on parameters estimated from
data from St Luke’s Hospital, Tokyo, and recalibrated to the UK using CPRD data. During early analyses of
both St Luke’s data and CPRD data it became apparent that this variability was substantially lower when
estimated from St Luke’s data than from CPRD data by a factor close to two. Hypotheses to explain this
included that the CPRD estimate was so inflated by the nature of routine clinical data (missed
appointments, varying laboratory methods, etc.) that the St Luke’s estimate was indeed an improved
estimate but to a much greater extent than anticipated, or, that it is unsafe to make the modelling
assumption that this short-term variability would be transportable between ethnic groups and settings.
Under the former hypothesis it would be highly advisable to combine parameter estimates from St Luke’s
and CPRD, as specified in the protocol. Under the latter hypothesis it would be highly inappropriate to do
so. Therefore, we sought external data from the literature to inform the choice between these two
interpretations and hence determine whether or not the methods in the protocol should be modified.

Methods

PubMed was searched with the terms (‘regression dilution’[Title/Abstract] OR ((‘biological’ OR
‘measurement’) AND (variation OR variability’) AND (‘cholesterol OR ‘LDL’ OR ‘HDL’ OR ‘lipid’)) [Title] and
results were reviewed for UK studies reporting either the SD of within-person short-term variability, or the
regression dilution ratio, for any of total, HDL, LDL or non-HDL cholesterol, and their ratios. Within-person
coefficients of variation (CVs) were converted to estimated SDs whenever possible.

Reported SDs of within-person short-term variability were compared with the corresponding estimates sw
from the models of Chapter 4 applied to the St Luke’s data set and the CPRD data set. For comparison
with reported regression dilution ratios, we calculated the modelled regression dilution ratio from the
models of Chapter 4 using the formula s2a=(s

2
a þ s2w ) where s2a is the between-person variance in true

cholesterol, s2w is the within-person variance of short-term biological and assay variability in observed
cholesterol, and hence s2a þ s2w is the total between-person variance of observed cholesterol. Calculations
were repeated for the models fitted to the CPRD (sa and sw estimated from CPRD), to the St Luke’s data sa
and sw estimated from St Luke’s), and to the St Luke’s data with recalibration to CPRD sa estimated from
St Luke’s but s2a þ s2w estimated from CPRD).

Results

The PubMed search returned 64 hits of which 41 matched ‘regression dilution’ in the title or abstract and
23 matched other terms. Of the 41 matching ‘regression dilution’, six were UK studies reporting regression
dilution ratios for cholesterol or its subfractions and ratios. Table 80 shows the reported regression dilution
ratios for cholesterol or other lipid measures, and the estimated regression dilution ratio from the model
of Chapter 4 when fitted to data from the CPRD, when fitted to St Luke’s Hospital data, or when fitted to
St Luke’s Hospital data and recalibrated to population values from the CPRD.
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Of the 23 hits matching other search terms, one study280 was found reporting SD for the total short-term
within-person variability, and one study281 was found reporting both SD for short-term biological variability
and SD for total assay variability. Other studies reported only one or other component, or defined
short-term variability in ways not comparable with our models, or reported CVs without sufficient information
to reliably estimate SD. Forward and backward citation searching yielded additional similar studies but no
further usable studies.

In 22 healthy adults, using enzymatic assays and calculating LDL by the Friedwald formula, Nazir et al.281

found that the biological variability of TC was substantially greater than the assay variability, with ratio of
SDs (SD biological/SD analytical) 6.8. The equivalent ratio for TGs, HDL cholesterol and LDL cholesterol was
33.1, 4.2, and 6.2, respectively.

In 53 adults, using enzymatic assays, Demacker et al.280 reported that the SD of intra-individual variation
for cholesterol was 0.23mmol/l (assay variability 0.14mmol/l, biological variability 0.19mmol/l); and for
HDL cholesterol 0.10mol/l (assay 0.06mmol/l, biological 0.08mmol/l).

Discussion

The regression dilution ratio results provide support for estimating variability from CPRD alone. Regression
dilution ratios estimated from the CPRD data alone (see Table 80, column 3) appear comparable with
the regression dilution ratios reported in the literature (see Table 80, columns 6–11). The ratio estimated from
St Luke’s recalibrated to the CPRD appears too high (closer to 1) than any value reported in the literature.

The large size and consistency of the results of the studies reporting regression dilution ratios are an
encouraging basis for decision-making. By contrast, few studies reporting variability in other ways were small
(most n< 50 and all n< 100) compared with the regression dilution studies, typically used older (enzymatic)
assay methods, and were difficult to compare with within-person SD as defined in Chapter 4. This was,
in part, attributable to preferences for reporting CV (often without the corresponding mean) over SD, and
for studying assay variability alone, but also many other reporting idiosyncrasies – for example, reporting
only biological variation after subtracting an unreported quantity of assay variation (Smith et al.282), reporting
CV with median rather than mean (Ortolá et al.283), reporting factors explaining variability without reporting
total variability (Jeffs et al.284), and more.

We therefore based our decision on the studies reporting regression dilution ratios. A limitation of this
approach is that these studies are historical and have also used a variety of assay methods. However, we
found at least one paper281 showing that the within-person variability is dominated by biological rather
than assay variability, even when using older (enzymatic) assay methods.

It is interesting that the regression dilution ratio estimated solely within a Japanese data set (see Table 80,
column 4) is similar to estimates from a UK population: smaller within-person variability relative to the UK
appears to be offset by smaller between-person variability. However, this result from a single modelling
study should not be over-interpreted and does not provide a basis for our decisions about our modelling of
a UK cohort. The purpose of this review was to determine whether or not variability would be better
modelled by recalibration from St Luke’s to CPRD or estimation from CPRD alone, and Table 80 (columns 5
and 3, respectively) provides a strong signal in favour of the latter. We therefore modified our protocol to
estimate the model within CPRD rather than by recalibration from St Luke’s.
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Appendix 18 Methods for recalibrating St Luke’s
cohort to Clinical Practice Research Datalink

Lipid progression

The progression of each lipid was modelled through fitting a linear random-effects model, as described in
Chapter 4, to data from primary prevention subjects not taking statins in the CPRD, except that the noise
variable σ2

w was constrained to that estimated from the equivalent St Luke’s data set (see Table 20). This
was done using runmlwin in Stata version 12.1.205 Assumptions of normality were checked graphically.
Results are presented as mean and SD for each lipid (in millimoles per litre for single measures or no units
for the ratios), with 95% CIs. We also present SN ratios as defined in Chapter 4.

Clinical decisions on statin use

Simulation modelling, as described in Chapter 5, was used to examine the proportion of patients
recommended a treatment change (new prescription or prescription of an increased dosage of statin)
attributable to a true change in lipid level or within measurement variability. Likewise, the proportions of
patients that were correctly and incorrectly not allocated to treatment change were estimated. We assume
that treatment recommendations would follow NICE guidance,2,56 as described in Chapter 5.

Results

The estimated within-measurement variability from the Japanese data set was smaller than that seen in the
UK data: for example, TC/HDL cholesterol parameter estimates in men were 0.43 (95% CI 0.43 to 0.44) in
the Japanese data (see Table 20) and 0.62 (95% CI 0.61 to 0.62) in the UK data (see Table 23). Table 81
shows estimated variability and change parameters for men and women when the noise variable was
constrained to that estimated from the St Luke’s data. The estimates of the variation in the lipid value and
annual rate of change were correspondingly larger, leading to a stronger SN ratio, as shown in Table 82.

Results of modelling the rate of eligibility for statin prescriptions for primary prevention men and women
according to current practice at the time of analysis (QRisk252 with a threshold for treatment of 20%) are
shown in Tables 83 and 84, respectively. As in Chapter 5, the three sections of Tables 83 and 84 show the
cumulative number eligible for statin prescriptions, the percentage of those that are false-positives and
the percentage of those repeatedly testing negative that are false-negative; each outcome is shown for
monitoring strategies with annual, 2-yearly, 3-yearly and 5-yearly testing. Results are similar to those
presented in Chapter 5, using parameters from models fitted to UK data.
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TABLE 82 Signal–noise ratios over time by lipid type based on men and women in the CPRD

Lipid measure

SN ratio at different periods after baseline (years)

1 2 3 4 5 6 7 8 9 10

Men

TC 0.06 0.24 0.54 0.95 1.49 2.14 2.92 3.81 4.82 5.95

HDL 0.06 0.25 0.56 0.99 1.55 2.24 3.04 3.98 5.03 6.21

LDL 0.07 0.27 0.61 1.08 1.69 2.43 3.30 4.32 5.46 6.74

Non-HDL cholesterol 0.06 0.25 0.57 1.02 1.59 2.29 3.11 4.06 5.14 6.35

TC/HDL cholesterol 0.17 0.67 1.51 2.68 4.19 6.03 8.21 10.72 13.56 16.74

LDL/HDL cholesterol 0.19 0.78 1.75 3.12 4.87 7.01 9.54 12.46 15.77 19.47

Women

TC 0.05 0.20 0.45 0.80 1.24 1.79 2.44 3.19 4.03 4.98

HDL 0.05 0.22 0.49 0.86 1.35 1.94 2.65 3.46 4.38 5.40

LDL 0.06 0.25 0.55 0.99 1.54 2.22 3.02 3.95 4.99 6.17

Non-HDL cholesterol 0.06 0.25 0.56 1.00 1.56 2.25 3.06 4.00 5.06 6.25

TC/HDL cholesterol 0.14 0.57 1.28 2.27 3.55 5.11 6.95 9.08 11.49 14.18

LDL/HDL cholesterol 0.15 0.58 1.32 2.34 3.65 5.26 7.16 9.36 11.84 14.62
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Discussion

More frequent monitoring resulted in a slightly higher proportion of patients being incorrectly
recommended for a statin prescription (false-positives). The cumulative proportion of false-positives
decreased over time as some patients moved from false-positive to true-positive status, as their underlying
CVD risk increased. The proportion of patients incorrectly not recommended for a statin was higher when
monitoring occurred at longer intervals. Over follow-up, there was a gradual increase in the proportion of
false-negative tests for each monitoring interval. As all non-lipid risk factors other than age were held
constant and, on average, the change in lipid levels was approximately zero (see Table 81), over time, an
increasing proportion of the population is classed as at high CVD risk as a result of population ageing, and
therefore an increasing proportion of patients who should be eligible for treatment are missed.

Parameter estimates were similar to those modelled using σw
2 from CPRD, shown in Tables 23 (men) and

24 (women) in Chapter 4. The smaller estimated within-measurement variability, led to larger parameter
estimates for the variability in each baseline lipid measurement and in the annual rate of change. Trends
were similar in men and women and for each lipid type.
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Appendix 19 Simulating the unobserved and the
slope conditional on the observed
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Appendix 20 Figures for alternative monitoring
strategies

This appendix presents figures for the following alternative monitoring strategies:

l Primary prevention not on statins using Framingham 1991 as risk score (Figure 129).
l Primary prevention not on statins using QRisk2 based on TC instead of TC/HDL cholesterol (Figure 130).
l Primary prevention not on statins using QRisk2 based on LDL instead of TC/HDL cholesterol

(Figure 131).
l Primary prevention not on statins using QRisk2 based on LDL/HDL cholesterol instead of TC/HDL

cholesterol (Figure 132).
l Secondary prevention using the ratio of TC/HDL cholesterol instead of TC (Figure 133).
l Secondary prevention using the ratio of LDL/HDL cholesterol instead of LDL (Figure 134).
l Primary prevention on statins using QRisk2 based on average number of TC/HDL cholesterol readings

and comparable costs (Figure 135).
l Secondary prevention using TC≥ 4mmol/l as threshold based on average number of TC readings and

comparable costs (Figure 136).
l Secondary prevention using LDL≥ 2mmol/l as threshold based on average number of LDL readings and

comparable costs (Figure 137).
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Appendix 21 Methods for the conversion of
reported hazard ratios to log-hazard ratios per
millimole per litre

Aim

To convert HRs reported in the EPIC-Norfolk analysis100 to the coefficient required to modify QRisk252

equation (log-HR per mmol/l).

Let ‘X’ equal the group of subjects with no CHD events and ‘Y’ equal the group with CHD events. Using
the equations below and the parameters summarised in Table 85, we calculate that for men the log-HR
per mmol/l is 0.339 (to three significant figures) and for women it is 0.376.

µX∪Y =
1

NX∪Y
(NXµX + NYµY )

σX∪Y =

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
1

NX∪Y−1
(½NX − 1�σ2

X + NXµ2
X + ½NY − 1�σ2

Y +NYµ2
Y − ½NX + NY �µ2

X∪Y )

s . (10)

TABLE 85 Parameters used to convert HRs presented in EPIC-Norfolk100 results to those required to modify the
QRisk252 equation to use non-HDL cholesterol instead of TC/HDL cholesterol

Parameter Men Women

Subjects without CHD events

Nx, number of subjects 8038 11,324

µx, mean non-HDL cholesterol inmg/dl 181.9 179.5

σx, SD for non-HDL cholesterol inmg/dl 41.7 47.1

Subjects with CHD events

Ny, number of subjects 1310 776

µy, mean non-HDL cholesterol in mg/dl 196.1 205.0

σy, SD for non-HDL cholesterol in mg/dl 49.0 48.3

All subjects (with and without CHD event)

σxy, SD for non-HDL cholesterol in mg/dl 43.1mg/dl 47.6mg/dl

σxy, SD for non-HDL cholesterol in mmol/l 1.12mmol/l 1.23mmol/l

HR per SD increase in non-HDL cholesterol 1.46 1.59

Log HR per SD increase in non-HDL cholesterol 0.37 0.46

Log HR per mmol/l 0.339 0.376
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