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Abstract:  

Background 

The role of aspirin (100 mg daily) and omega-3 fatty acids (FA) (1 g daily) for 

primary prevention of cardiovascular disease in diabetes is being 

investigated in the 2x2 factorial design ASCEND trial. To support the 

interpretation of the trial’s efficacy findings, it is important to compare self-

reported compliance by participants with measures of the biochemical effects 

of each intervention. The previous data on the effect of supplementation with 

omega-3 FA on coronary heart disease is uncertain. 

Methods 

The ASCEND trial randomly allocated 15480 people with diabetes (94% type 

2 DM) who do not already have diagnosed occlusive arterial disease to 

receive aspirin or placebo and to omega-3 FA or placebo. Blood and urine 

samples were collected by mail at baseline and after 3 years follow-up. The 

effectiveness of aspirin to suppress urinary thromboxane B2 (UTxB2), a 

marker of platelet activity, and, of omega-3 FA supplements to increase red 

cell membrane omega-3 index were assessed. A systematic review of 

previous trials of omega-3 FA was conducted to summarize the prior 

evidence for the effects of omega-3 FA supplements on major vascular 

events (MVEs).  
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Results 

Aspirin reduced UTxB2 levels by 67% (63-70%) (p <0.0001) compared with 

placebo, from 3453 pg/mg (95% CI 3061-3895) at baseline to 1190 pg/mg 

(1100-1287) on those allocated to aspirin during the trial. During follow-up, 

the omega-3 index increased by 33% (95% CI 26%-39%) in those allocated 

omega-3 FA compared to placebo (p<0.0001). The meta-analysis of previous 

studies of omega-3 FA showed no effect on MVEs (HR 0.97; [0.93-1.01]) 

overall or in any pre-specified sub-groups. 

Conclusions 

Low dose aspirin and omega-3 FA are biochemically effective at reducing 

UTxB2 and increasing the omega-3 index, respectively. Previous trials show 

that supplementation with omega-3 FA had no significant effect on MVEs. 

The results of the ASCEND trial, assessing the effects of both aspirin and 

omega-3 FA on MVEs, will be available in 2018. 
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1  Introduction 

This thesis represents a sub-study of the ASCEND trial for which I was 

primarily responsible. I also carried out a systematic review and tabular data 

meta-analysis of the trials of omega-3 fatty acid (FA) for prevention of 

cardiovascular disease. This involved setting up the Omega-3 FA Treatment 

Trialists’ Collaboration (OTTC). The two main objectives of my thesis were: 

1. To investigate the reliability of questionnaire-based, self-reported 

compliance of study medications in the large mail-based ASCEND trial. 

2. To review the literature on the effect of omega-3 FA supplementation 

for the prevention of cardiovascular disease.  

1.1 The aims of the thesis 

The aims of this thesis were:  

To review the epidemiology of diabetes mellitus (DM) and the current 

strategies for reduction of cardiovascular disease risk in people with DM. 

To examine the baseline characteristics of 15,480 participants in the ASCEND 

trial; describe details of follow-up and current levels of compliance with study 

treatments, and methods for maintaining it. 
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To assess the biochemical effects on various biomarkers of treatment with 

either aspirin or placebo, and omega-3 fatty acids (FA) or placebo in a random 

sample after 3 years follow-up and to relate results to reported compliance. 

To assess the known effects of omega-3 FA supplementation on components 

of major vascular events (MVE) (coronary heart disease, stroke, and 

revascularisation), cancer, all-cause mortality overall, and on MVE in pre-

specified sub-groups, by undertaking a meta-analysis of published randomised 

trials.  

1.2 How these aims will be addressed in the thesis 

Background: Chapter 2 includes a detailed literature review of the global 

burden of diabetes and its cardiovascular complications, evidence-based 

current prevention and treatment strategies for the reduction of cardiovascular 

disease (CVD) in diabetes.   

Methodology: The first part of chapter 3 describes the ASCEND trial and the 

substudy which forms the basis of this thesis. This includes the baseline 

characteristics of 15,480 participants in the ASCEND trial, a description of the 

details of follow-up, current levels of compliance and methods for maintaining 

compliance.  
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The second part of chapter 3 describes the methods of my substudy to 

investigate the biochemical effects of aspirin, in order to demonstrate that it is 

delivering its expected anti-platelet effect in this diabetic population, and of 

omega-3 FA in order to show that blood levels have increased as expected. 

The results of the biochemical effects of each intervention will be compared to 

self-reported compliance from follow-up questionnaires.  

Results: A systematic review of randomised trials of omega-3 FA was 

conducted to summarize the prior evidence for effects of omega-3 FA 

supplements on MVEs. Chapter 4 describes results of the meta-analysis of 

completed trials on the Omega-3 FA Treatment Trialists’ Collaboration (OTTC). 

This has involved writing to Principal Investigators, seeking summary data from 

10 collaborating trials involving nearly 78,000 participants. 

The results of biochemical measurements for the effectiveness of aspirin and 

omega-3 FA in ASCEND will form the second part of chapter 4. The results of 

laboratory analysis of omega-3 Index and urinary thromboxane B2 (UTxB2) are 

also described in chapter 4. 

Discussion and conclusion: A summary of the findings and contribution of 

this thesis to the literature is discussed in chapter 5. 
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2 Background 

2.1 Diabetes mellitus and its complications 

Diabetes mellitus (DM) is a chronic disorder of glucose metabolism. It is 

associated with long-term macrovascular and microvascular complications 

and is associated with significant morbidity, mortality, socio-economic impact, 

and health care costs (1, 2). Macrovascular complications include 

cardiovascular disease, peripheral arterial disease, and cerebrovascular 

disease. Microvascular complications include retinopathy, nephropathy, and 

neuropathy.  

This chapter reviews the epidemiology of diabetes mellitus and its vascular 

complications, current strategies and treatment options, and prevention 

strategies for cardiovascular disease focusing on the role of aspirin and 

omega-3 FA.  

Epidemiology and the disease burden of diabetes 2.1.1

mellitus 

The prevalence of DM is increasing rapidly and DM has become a global 

epidemic which represents a major health burden in both developed and 

developing countries (3). The reasons behind this increase are multifactorial 

including the combined effects of changing lifestyles, rising levels of obesity 
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and inactivity, increasing lifespan, and improved detection of the disease. 

The number of people with diabetes has risen from 108 million in 1980 to 422 

million in 2014 (4). The global prevalence of diabetes among adults over 18 

years of age has increased from 4.7% in 1980 to 8.5% in 2014. If present 

trends continue, between 2010 and 2030, there will be a 69% increase in the 

prevalence of diabetes in developing countries and a 20% increase in 

developed countries (5). In 2013, it was reported that 382 million people had 

diabetes; but this number is expected to increase to 592 million by 2035 (6). 

A systematic analysis of health examination surveys and epidemiological 

studies (representing 370 country-years and 2.7 million people surveyed) 

also confirmed that the prevalence of diabetes is rising globally, driven mainly 

by the population growth and aging (3). A particular cause of concern is the 

dramatic rise of type 2 diabetes in children and adolescents (International 

Diabetes Federation -IDF Diabetes Atlas report) with a longer exposure to 

the disease and increased risk of complications. 

The number of people living with diabetes in the UK reached above 4 million 

in early 2016 according to GP- data described by the Diabetes UK. A further 

5 million people in England are at high risk of developing diabetes (State of 

the Nation Report July 2016, Diabetes UK). The prevalence of DM is nearly 

three times higher than all cancers combined (7) (Figure 2.1). If current 

trends persist, one in ten people will develop DM in 2034. 
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Figure 2.1: Prevalence of diabetes compared to other diseases (Adapted 

from State of the nation report 2016 (Diabetes UK)) 

Prolonged exposure to hyperglycaemia is associated with an increased risk 

of atherosclerosis and is the primary determinant of diabetic complications 

(pathophysiology of prolonged hyperglycaemia will be discussed in section 

2.2 of this chapter). Patients with diabetes are at high risk for several 

cardiovascular disorders (8): including coronary heart disease, 

cardiomyopathy and congestive heart failure (9, 10). Cardiovascular 
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complications are the leading causes of diabetes-related morbidity and 

mortality (10, 11).  

Many studies indicate that diabetes is an independent risk factor not only for 

cardiac disease but also for other vascular complications including stroke, 

sight-threatening retinopathy, kidney disease, and peripheral vascular 

disease and foot complications leading to diabetic foot ulcers, limb 

amputations, cognitive decline and dementia, and overall increased mortality 

(11).  

A meta-analysis of data from 102 prospective studies coordinated by the 

Emerging Risk Factor Collaboration (ERFC), which included data from over 

690,000 participants (with 52,765 fatal or non-fatal cardiovascular outcomes 

and 8.49 million person-years at risk) demonstrated that having diabetes was 

independently associated with about a two-fold excess risk for developing 

vascular disease (cardiovascular disease, cerebrovascular disease, and 

peripheral vascular disease [PVD]) compared to no diabetes and after 

adjusting for conventional risk factors (coronary heart disease HR 2.00 (95% 

CI 1.83-2.19); ischaemic stroke HR 2.27 (1.95-2.65); vascular death HR 1.73 

(1.08-1.26)) (8). The hazard ratios (HR) for coronary heart disease with 

diabetes were significantly higher in women HR 2.59 (2.29-2.93) than in men 

HR 1.89 (1.73-2.06) (8).  

There is also an increased incidence of ischaemic stroke in people with 

diabetes. A different meta-analysis of data from 64 cohort studies (775,385 
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individuals, 12,539 fatal and non-fatal strokes) reported that the relative risk 

of stroke associated with diabetes was 2·28 (95% CI 1.93-2.69) in women 

and 1.83 (1.60-2.08) in men (12). Data suggest there is also a significant 

variation by age and that the excess vascular risk is most prominent in 

younger age group (e.g. before age of 55) (13).  

The risks of PVD are higher in people with diabetes, PVD occurs earlier and 

is often more severe and diffuse than in people without diabetes. The 

presence of PVD results in higher risks of claudication, ischaemic ulcers, 

gangrene, and amputation. PVD is also a marker for generalized 

atherosclerosis and a strong predictor of ischaemic cardiovascular 

events. Individuals with diabetes have a 2 to 4-fold increased risk of PVD 

(14). Overall mortality from PVD tends to be higher in people with diabetes 

compared to people without diabetes (51.7 vs. 25.6%, OR 3.1, P = 0.002), 

and in one study, diabetic patients who died were younger at presentation 

than non-diabetic patients (64.7 +/- 11.4 vs. 71.1 +/- 8.7 years, P = 0.04) and 

the duration and severity of diabetes correlated with the incidence and extent 

of their PVD (15). 

Having diabetes is also associated with an increased risk of premature 

mortality compared with those without the disease. For example on average, 

a 50-year old with diabetes but with no history of any vascular disease is 

about 6 years younger at the time of death than a counterpart without 

diabetes. The ERFC quotes a HR of 1.8 (95% CI 1.71-1.9) for death from any 

cause; and HR 2.32 (95% CI 2.11 to 2.56) for death from a vascular cause 
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(11). The crude overall death rates, as reported in Emerging Risk Factor 

Collaboration study, were higher among participants with diabetes than 

among those without diabetes: 29 per 1000 person-years vs 12 per 1000 

person-years for men, respectively, and 23 per 1000 person-years vs 7 per 

1000 person-years for women, respectively (11). The Multiple Risk Factor 

Intervention Study (MRFIT) screening data study reported that the absolute 

risks of CVD death were higher for men with diabetes than non-diabetic men 

in every age stratum, by ethnic background, and by risk factor level—overall 

three times higher after adjustment for age, race, income, serum cholesterol 

level, systolic blood pressure and reported number of cigarettes/day (P 

<0.0001) (16). A more recent study also has highlighted that mortality among 

persons with type 2 diabetes as compared with that in the general population 

varied greatly depending on age, glycemic control, and renal complications. 

A recent Swedish study which included more than 90% of all the people with 

type 2 diabetes in Sweden reported that overall, 77,117 of 435,369 patients 

with diabetes (17.7%) died, as compared with 306,097 of 2,117,483 controls 

(14.5%) (adjusted hazard ratio HR, 1.15; 95% confidence interval [CI], 1.14 

to 1.16) at the mean follow up of 4.6 years. The rate of cardiovascular death 

was 7.9% among patients versus 6.1% among controls (HR 1.14; 95% 

CI,1.13 to 1.15) (17). Hence this suggests that the excess risk of mortality in 

type 2 diabetes has reduced over time compared to the result of MRFIT 

study. Not only in type 2 diabetes, another Swedish nationwide population-

based observational cohort study (with median follow-up of 8.3 and 8.9 

years) recently reported for individuals with type 1 diabetes and controls, 

1500 (4.5%) and 1925 (1.2%) respectively, experienced non-fatal AMI or died 
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from CHD, adjusted HR 4.07 (95% CI 3.79 to 4.36). This excess risk 

increased with younger age, female sex, worse glycaemic control and 

severity of renal complications (18).  Diabetes was estimated to cause 4.6 

million deaths worldwide in 2011, and 10% of vascular deaths in developed 

countries were attributable to DM (estimated 325,000 deaths per year) (8). 

The WHO projects that DM will be the 7th leading cause of death worldwide in 

2030 (19).  

Diabetic retinopathy (DR) and diabetic macular oedema (DME) are common 

complications in people with diabetes and associated with significant 

disability. DR is an important cause of blindness and accounts for 2.6% of 

global blindness (20). DR is accountable for 0.8 million cases of blindness 

and 3.7 million cases of visual impairment with a significant increasing trend 

from 1990 to 2010 (21). DR is a long-term complication of diabetes mellitus 

and after 15 years of having the disease, 10% of people with diabetes 

develop severe visual impairment and of those, about 2% will go blind (19). 

In patients with type 1 DM, the cumulative 14-yr incidence of visual 

impairment and blindness were 12.7% and 2.4% respectively (22). An 

individual participant data analysis (of >22 000 individuals with diabetes) 

reported that the prevalence of any DR was about 35%, proliferative DR of 

about 7% and DME of about 7%. Translated globally, this means that 

approximately 93 million people with diabetes have some degree of DR, 17 

million have proliferative DR and 21 million have DME worldwide (23).  With 

increased awareness of the risk factors for retinopathy, early diagnosis (with 

a national screening program for DR) and treatment of retinopathy as well as 
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its risk factors, the rate of progression of DR to proliferative diabetic 

retinopathy (PDR) and severe visual loss has decreased since 1985 in the 

United States (24). However, the increasing prevalence of DM suggests that 

this diabetes-related blindness and visual impairment will continue to cause a 

significant impact on the health and an economic burden. Fortunately, control 

of metabolic abnormalities of diabetes can slow the progression of DR.  

Diabetes has also become the most common cause of chronic kidney 

disease (CKD) and end-stage renal disease (ESRD) in the US and Europe 

(25) and 10-20% of people with diabetes die from renal failure (19). The 

prevalence of various degrees of CKD among people with type 2 DM 

increased to 40% in the US in the 1999-2006 National Health and Nutritional 

Examination Survey. Diabetic nephropathy is characterised by albuminuria 

(microscopic or overt) and a reduced glomerular filtration rate (GFR). 

Microalbuminuria is an important clinical finding in patients with diabetes as it 

is associated with progression to CKD. CKD is also increasingly recognised 

as an independent risk factor for cardiovascular disease (26).  A low GFR 

(<60 ml/min/1.73 m2) is also known to be an independent risk factor for 

cardiovascular events and death (27). CKD is also associated with an 

increased risk of cardiovascular disease, ESRD, and mortality (28).  

Diabetic foot disease represents a composite of pathologies including 

peripheral neuropathy, vascular insufficiency, and infection. About 50% of 

diabetic patients develop peripheral neuropathy and as many as 20% have 

neuropathy at the time of diagnosis (29). People with diabetes are 25-times 
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more likely to lose a leg because of diabetic foot problems than those without 

this condition and 85% of amputations are preceded by active foot ulcers 

(30). Diabetic foot disease causes significant pain, sensory loss, gait 

disturbance, falls, foot deformity, foot ulceration and amputation and not only 

impacts on patients’ lives but also on the lives of family members and society 

in general. The lifetime risk of a person with diabetes developing a foot ulcer 

is thought to be as high as 25% (31). The nature of diabetic foot ulcers (DFU) 

is that they tend to be recurrent (>50% after 3 years) and need long-term 

structured multi-disciplinary care (30). One meta-analysis, including 3619 

events of all-cause mortality during 81,116 person-years of follow-up, 

reported that DFU were associated with an increased risk of all-cause 

mortality (RR 1.89, CI 1.6-2.2) compared with diabetic patients without a 

history of DFU (32).  

People with diabetes have an increased risk of dementia and cognitive 

impairment (33). In 1996, the Rotterdam study reported strong associations 

of dementia with diabetes treated with insulin (odds ratio: 3.2, 95% 

confidence interval: 1.4-7.5).  The associations were strongest for vascular 

dementia but were also observed for Alzheimer's disease. These 

associations were independent of smoking, body mass index, 

atherosclerosis, blood pressure and antihypertensive drug treatment (34). An 

add-on project of the Anglo-Danish-Dutch Study of Intensive Treatment in 

People with Screen Detected Diabetes in Primary Care (ADDITION) study in 

the Netherlands reported in that modest cognitive decrements were already 

present at the early stage of type 2 diabetes (35).  Individuals with diabetes 
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had a 1.2 to 1.5-fold greater decline in cognitive function compared with 

those without diabetes. When assessed by the Mini-Mental State Exam and 

the Digit Symbol Span tests, a diagnosis of diabetes increased the odds of 

cognitive decline by 1.2-fold (95% CI 1.05-1.4) and 1.7-fold (95% CI 1.3-2.3), 

respectively. Diabetes also increased the odds of future dementia by 1.6-fold 

(95% CI 1.4-1.8) compared to people without diabetes and also people with 

diabetes have a greater rate of decline in cognitive function and a greater risk 

of cognitive decline (36). The precise mechanism by which diabetes causes 

cognitive decline are not fully understood but may include vascular disease 

and alterations in glucose, insulin, and amyloid metabolism (37). 

Degeneration of neurons in the brain, impaired regional blood supply, and 

genetic predisposition are all involved in diabetes-associated dementia or 

cognitive impairments (38). Further high-quality studies are needed to 

establish the contribution of vascular disease and other comorbidities to 

dementia. 

Health-care economic costs 2.1.2

With a rising prevalence of the disease, the diabetic population consumes a 

disproportionate share of health resources not only because of the disease 

itself but also because of the associated complications that are described 

earlier. The health-care costs worldwide for diabetes include: (i) the direct 

costs of the disease (hospitalisation, treatment of complications); (ii) indirect 

costs associated with lost production; (iii) intangible costs (pain, anxiety, 

inconvenience and generally lower quality of life, not only for the patient but 

also of family and friends); and (iv) costs for the prevention of diabetes. The 
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estimated total economic cost of diagnosed diabetes in 2012 in the United 

States was $245 billion ($176 billion for direct medical costs and $69 billion in 

reduced productivity), a 41% increase from the previous estimate of $174 

billion (in 2007 dollars) (39). On average, people diagnosed with DM, have a 

medical expenditure that is approximately 2.3-times higher than it would be in 

the absence of diabetes (40). A study from 5 European countries (France, 

Germany, Italy, Spain and the UK) reported that the estimated total annual 

costs for diabetes for 2010 ranged from €5.45 billion (Spain) to €43.2 billion 

(Germany); across these 5 EU countries the total direct health care cost for 

people with diabetes was estimated to be €90 billion (41). The WHO 

estimates that the overall direct healthcare costs of DM (excluding other 

indirect costs) range from 2.5% to 15% of annual health care budgets 

depending on local diabetes prevalence and the treatment options available 

worldwide (WHO fact sheet No 236) (4). In the UK, it is currently estimated 

that the NHS spends about £10 billion every year which is about 10% of the 

NHS budget. The combined direct and indirect cost associated with diabetes 

is about £23.7 billion. This figure is predicted to rise with increasing 

prevalence of the disease to £39.8 billion by 2035-36 (7). 

2.2 Pathophysiology of diabetes mellitus  

Plasma glucose concentrations are maintained within normal narrow range 

through tightly regulated insulin secretion and its action in peripheral tissues. 

Endogenous glucose production is inhibited to maintain normal glucose level 

(42). Type 2 DM is the predominant form of diabetes and accounts for about 
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90% of all diabetes cases with increasing prevalence (43). The abnormal 

glucose homeostasis in DM is mainly due to inadequate secretion of insulin, 

and/or peripheral resistance to secreted insulin, to match metabolic needs 

(44). Chronic hyperglycaemia triggers changes in cellular metabolism 

causing tissue damage leading to long-term diabetic complications (45). The 

extent of diabetic tissue damage is also determined by genetic determinants 

of individual susceptibility (46). The presence of independent accelerating 

factors, such as hypertension and dyslipidaemia, also cause atherosclerosis. 

Excessive caloric intake, lack of exercise and a sedentary lifestyle lead to 

obesity which is also a major risk factor for developing DM (47, 48).  

Figure 2.2 summarizes a schematic representation of the metabolic basis of 

increased atherosclerosis risk in diabetes. Hyperglycaemia and insulin 

resistance (IR) increase atherothrombotic risks via endothelial dysfunction by 

decreasing nitric oxide (NO), increasing advanced glycated end-products 

(AGE) and reactive oxygen species (ROS pathway) which lead to vascular 

inflammation and a prothrombotic state (increased thrombosis and reduced 

fibrinolysis) (45). Adipose tissue releases free fatty acids (FFAs) and 

cytokines which directly impair insulin sensitivity by increasing FFA-induced 

ROS production, reducing activation of insulin receptor substrate 1 (IRS-1) 

and phosphatidylinositide 3-kinase (PI3K-Akt) signaling, leading to down-

regulation of insulin-responsive glucose transporter 4 (GLUT-4) resulting in 

IR (49, 50). 
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Figure 2.2: Hyperglycaemia, insulin resistance, and cardiovascular disease 

(50) 

(AGE = advanced glycated end-products; FFA = free fatty acids; GLUT-4 = 

glucose transporter 4; HDL-C = high-density lipoprotein cholesterol; LDL = 

low-density lipoprotein particles; NO = nitric oxide; PAI-1 = plasminogen 

activator inhibitor-1; PKC = protein kinase C; PPARy = peroxisome 

proliferator-activated receptor y; PI3K = phosphatidylinositide 3-kinase; 

RAGE = AGE receptor; ROS = reactive oxygen species; SR-B = scavenger 

receptor B; tPA = tissue plasminogen activator)  
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The mechanisms which cause tissue damage by hyperglycaemia have been 

previously thoroughly investigated and reported with different pathways 

described including (1) increased flux of glucose through the polyol pathway; 

(2) increased intracellular formation of AGEs; (3) increased expression of the 

receptor for AGEs and its activating ligands; (4) activation of protein kinase 

(PK) C isoforms; and (5) overactivity of the hexosamine pathway (46). 

However, overproduction of superoxide by the mitochondrial electron-

transport chain is now believed to be the underlying single mechanism 

causing tissue damage by hyperglycaemia (46). Increased ROS by 

intracellular hyperglycaemia activates pathogenic signaling pathways which 

in turn decrease mitochondrial biogenesis (51). This oxidative stress has an 

impact on susceptible pancreatic islets (β cells), adipocytes and peripheral 

tissues which in turn cause impaired insulin secretion by islet cells and IR in 

adipocytes and peripheral tissues (52). Inadequate insulin secretion and IR 

lead to hyperglycaemia (both post-prandial and type 2 DM with chronic 

hyperglycaemia) which acts as a feedback mechanism for the development 

of oxidative stress which causes IR (Figure 2.3) (52).  
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Figure 2.3 Mechanism of hyperglycaemia and dyslipidaemia-induced 

inflammation for the development of IR and type 2 diabetes (52) 

Figure 2.4: Mechanism of hyperglycaemia: Impaired insulin secretion and 

increased insulin resistance in type 2 diabetes (52) 
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Chronic IR stimulates pancreatic secretion of insulin, generating a complex 

phenotype that includes progressive beta cell dysfunction (49). Insulin 

deficiency in diabetes results in disruption of the regulation of glucose 

production in the liver (imbalance between gluconeogenesis, glycogenolysis, 

and loss of hepatic autoregulation of glucose), glucose uptake from muscle 

and the release of fatty acids from adipose tissue (53). Risk factors that are 

associated with peripheral IR include visceral fat deposition, obesity/high 

BMI, genetic factors, and conditions of abnormal hormone production such 

as Cushing’s syndrome, acromegaly, and polycystic ovary syndrome. Long-

term hyperglycaemia leads to diabetic endothelial dysfunction which is 

regarded as an important factor in the pathogenesis of diabetic vasculopathy, 

including CHD (54).  

Lipid changes associated with diabetes mellitus are attributed to increased 

free fatty acid influx secondary to IR, although the precise mechanism of 

diabetic dyslipidaemia is not clear.  Dyslipidaemia in diabetes includes 

various patterns of lipid abnormalities, however, three main features 

constitute the diabetic dyslipidaemia triad including i) high levels of plasma 

triglycerides (TG); ii) low high-density lipoprotein (HDL) cholesterol levels; 

and iii) high levels of small dense low-density lipoprotein (LDL) cholesterol 

particles (55). IR causes increased breakdown of TG in the adipocytes which 

increase the release of fatty acids into the circulation. This increases fatty 

acid delivery to the liver resulting in increased synthesis of TG and very low-

density lipoprotein (VLDL). Increased VLDL dissociates apolipoprotein A-I 

from HDL leading to quick clearance of free apolipoprotein A-I causing a 
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reduction in HDL. This also reduces the protective effect of HDL on 

atherogenesis and thereby increases the likelihood of developing lipid-laden 

plaques (56). Moreover, activation of lipase activity increases the synthesis of 

inflammatory mediators, and greater abdominal adiposity promotes the 

generation of small dense LDL particles. These are more likely to undergo 

oxidative modification, leading to a greater susceptibility to foam cell 

formation and propagation of atherosclerotic plaque (Figure 2.5). 

Fig. 2.5: Dyslipidaemia: Abnormal lipoprotein synthesis due to excess FFA 

availability in liver because of insulin resistance in Type 2 DM (56) 
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2.3 Modifiable risk factors for cardiovascular disease in addition to 

diabetes 

Cardiovascular disease (CVD) is a major cause of death globally (4). There 

are well-recognized risk factors for CVD, including both non-modifiable risk 

factors (age, sex, ethnicity, social-economic status and family history), and 

modifiable risk factors (blood pressure, blood lipids, smoking, obesity, 

lifestyle). The risks of incident CVD or CVD mortality are directly proportional 

to the number of risk factors (Figure 2.6) (16). Hence this chapter also 

includes a brief description of effects of modifiable risk factors for CVD. 

Figure 2.6: Age-adjusted CVD death rate by presence of number of risk 

factors (smoking, dyslipidaemia, hypertension) with and without diabetes (16) 
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Blood pressure 

Hypertension is a major global health problem. It is also a major risk factor for 

cardiovascular disease. About 970 million people worldwide suffer from 

hypertension according to the World Health Organization data (4). One 

recent study on the prevalence of hypertension by measured conventional 

blood pressure (BP) and 24-hour ambulatory BP (N=6546, aged 40 to 79 

years, in 10 cohorts on 3 continents) reported that the overall prevalence of 

hypertension is as high as  49.3% (range between cohorts, 40.0%–86.8%) 

for conventional hypertension (conventional BP ≥140/90 mm Hg) and 48.7% 

(35.2%–66.5%) for 24-hr ambulatory hypertension (ambulatory BP ≥130/80 

mm Hg) (57). Socio-economic factors influence the prevalence in different 

cohorts in this study. Another study reported that in 2010, 31.1% (95% CI, 

30.0%–32.2%) of the world’s adults had hypertension; 28.5% (95% CI 

27.3%–29.7%) in high-income countries and 31.5% (95% CI 30.2%–32.9%) 

in low- and middle-income countries (58). With increasing awareness and 

treatment, from 2000 to 2010, the age-standardized prevalence of 

hypertension reduced by 2.6% in high-income countries, but increased by 

7.7% in low- and middle-income countries. Diabetes and hypertension are 

common coexisting conditions and over 50% of people with diabetes mellitus, 

either type 1 or 2, ultimately develop hypertension as a vascular complication 

(59). 

Uncontrolled high BP leads to a variety of changes in the myocardial 

structure, coronary vessels and the conduction system which results in the 

development of left ventricular hypertrophy (LVH), coronary artery disease 
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(CAD), abnormalities of the conduction system and systolic or diastolic 

dysfunction of the myocardium. Such anatomical changes manifest clinically 

as angina or myocardial infarction, cardiac arrhythmias (especially atrial 

fibrillation), and congestive heart failure (CHF). Studies have clearly shown a 

continuous log-linear relationship between blood pressure (BP) and 

cardiovascular risk in the whole population (both diabetic and non-diabetic) 

(60-62). Each difference of 20 mm Hg SBP is associated with more than a 

twofold difference in the stroke death rate and with twofold differences in the 

death rates from IHD and from other vascular causes (61). Throughout 

middle and old age, blood pressure is strongly and directly related to vascular 

mortality (Figure 2.7). 

Figure 2.7: Ischaemic heart disease (IHD) mortality rate in each decade of 

age versus blood pressure at the start of that decade (61) 
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Lipids 

In addition to hyperglycaemia and hypertension, dyslipidaemia is a modifiable 

cardiovascular risk factor for patients with or without diabetes and remains 

largely uncontrolled (63). In the Prospective Studies Collaboration meta-

analysis a 1 mmol/L lower total cholesterol was associated with about a 

halving in the risk of IHD mortality at ages 40-49 years (hazard ratio 0.44 

[95% CI 0.42-0.48]), and about a third (0.66 [0.65-0.68]), and a sixth (0.83 

[0.81-0.85]) lower IHD mortality in both sexes at ages, 50-69, and 70-89 

years, respectively (62). In the prospective meta-analysis of data from 90 056 

participants in 14 randomised trials of statins, it was reported that a 1 mmol/L 

lower LDL cholesterol was associated with a 9% proportional reduction in all-

cause mortality in people with diabetes (rate ratio [RR] 0·91, 99% CI 0·82–

1·01; p=0·02) compared to the 13% reduction in those without diabetes 

(0·87, 0·82–0·92; p<0·0001) (64). The relationship between the absolute 

reductions in LDL cholesterol achieved and the proportional reductions in the 

incidence of coronary and other major vascular events in both people with 

and without DM are already established.  

Smoking 

Smoking is another major cause of cardiovascular disease, responsible for 

about one-third of all cardiovascular death in Western populations and is the 

most common preventable cause of cardiovascular morbidity and mortality 

(65). Smoking is associated with a 2 to 4-fold higher risk of coronary heart 

disease, a >70% higher risk of death from coronary heart disease, and an 
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elevated risk of sudden death (65).  Many epidemiological studies have 

reported that smoking in both men and women substantially increases the 

incidence of cardiovascular disease (66-71).  

Obesity 

The prevalence of obesity has increased over time. According to the Health 

Survey for England in 2012-2014, 7 out of 10 men and 6 out of 10 women in 

the UK are overweight or obese. The trends (Figure 2.8) indicate that the 

prevalence of obesity continues to rise. Obesity is a chronic disorder 

associated with an increased risk of CHD and this is likely to be mediated via 

combined effects on lipids, blood pressure, and diabetes. Obesity, 

particularly in association with high waist circumference, indicating visceral 

fat deposition, and high body mass index (BMI), are independent risk factors 

for coronary heart disease (CHD) and diabetes. It was reported that marginal 

(5 lb) to moderate (11 to 22 lb) weight gain in adulthood increases the risk of 

chronic disease and negatively affects CHD risk status (72). Men and women 

with BMI >30 kg/m2 have about twice the risk of CHD compared to the people 

with BMI 18.5 to 22.9 kg/m2 (73). A collaborative analysis of 57 prospective 

studies in 894 576 participants reported that in both sexes, mortality was 

lowest at BMI of about 22.5-25 kg/m2. Above this range, each 5 kg/m2 higher 

BMI was on average associated with about 30% higher overall mortality: 40% 

for vascular mortality (HR 1.41 [1.37-1.45]) and 60-120% for diabetes (74).  
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Figure 2.8: Trends in obesity prevalence among adults (Health survey for 

England 1993-2014), Adults 16+ year of age, BMI obesity ≥ 30 kg/m2 

Figure 2.9 describes deaths attributable to the individual and combined 

effects of high body mass index, blood pressure, cholesterol, and glucose in 

2010, by disease (1). Overall 44% of deaths attributable to the combined 

effects of these risk factors in 2010 were from IHD, 30% from stroke, and 

11% from diabetes. Direct diabetes deaths accounted for only 46% of deaths 

due to non-optimal glucose control, with the remainder having IHD, 

ischaemic stroke, or CKD as the underlying causes of death (1). 
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Figure 2.9: Deaths attributable to the individual and combined effects of high 

body mass index, blood pressure, cholesterol, and glucose in 2010, by 

disease (1) 

2.4 Current strategies aimed at reducing risk of cardiovascular 

disease in diabetes 

With management and intensification of treatment for these modifiable 

cardiovascular risk factors over the last few decades, it has been reported 

that the risk of developing CHD among DM patients is falling (75). The 

Framingham Heart Study investigated the incidence rate of CVD among 

people with or without DM. Rates were compared between 1950-1966 and 

1977-1995.  From the earlier to the later period (there was a 50% reduction in 

the incidence of CVD events among people with diabetes, although the 

absolute risk of having CVD in people with diabetes was still 2-fold greater 

than in people without diabetes (75). Overall in the United States, the 
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estimated 10-year risk of developing CHD among adults with DM has 

improved significantly from 1999-2000 to 2007-2008 (76). Sustained efforts 

at improving risk factors should further benefit the cardiovascular health of 

people with diabetes (77).  

One recent study assessing the effects of multifactorial risk factor control in 

diabetes and cardiovascular disease showed that patients with diabetes who 

were at target levels for HbA1c (<53 mmol/mol), BP (<130/80 mmHg), and 

LDL-C (<2.6 mmol/L) had substantially (∼60%) lower risks for CVD and CHD 

than persons who were not at target levels for those risk factors (78) (Figure 

2.10). For each individual risk factor, persons at target levels had lower CVD 

event rates than those who were not at target levels (78). 

Figure 2.10: Unadjusted CVD and CHD event rates per 1,000 person-years 

for subjects with DM, by status of being at target level for individual risk 

factors BP, LDL-C, and HbA1c (A) and by the number of risk factors at target 

levels (B) (78) 
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Optimisation of glycaemic control and cardiovascular 2.4.1

outcome in diabetes 

The landmark United Kingdom Prospective Diabetes Study (UKPDS) 

randomised participants to intensive versus standard glucose control and 

was able to assess the long-term impact of a 0.9% lower HbA1c on all-cause 

mortality in 4585 patients with type 2 DM. It reported that each 1% reduction 

in mean HbA1c was associated with a 21% reduction in the risk of death 

related to diabetes, and the incidence of myocardial infarction and 

microvascular complications were reduced by 14% and 37% respectively 

(79). The relative risk reduction persisted for several years even after 

stopping intensive glucose treatment in a 10-year follow-up of the UKPDS 

study (risk reduction for myocardial infarction by 15% and death from any 

cause by 13% for the sulphonyl-insulin group) (80). However, three other 

large RCTs, the Action to Control Cardiovascular Risk in Diabetes 

(ACCORD), Action in Diabetes and Vascular Disease Preterax and 

Diamicron Modified Release Controlled Evaluation (ADVANCE), and the 

Veterans Administration Diabetes Trial (VADT) did not show that intensive 

blood glucose control, achieving HbA1c levels less than 7%, significantly 

reduced the risk of cardiovascular events compared to controls but only 

achieved modest risk reduction of about 10% (81-83). It was also reported to 

be associated with a significant increase in hypoglycaemic episodes (RR 

2.03 (1.46-2.81) (84). One possible explanation for discrepant findings 

between UKPDS and more recent trials is that the latter were targeting much 

lower HbA1C level. 
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Several meta-analyses of the randomised trials investigating the effect of 

intensive glycaemic control on cardiovascular outcomes have also reported 

mixed results over the last few years. There is a reasonable consensus that 

intensive glucose control reduces the risk of microvascular complications 

(retinopathy, nephropathy, and neuropathy) in both type 1 and 2 diabetes 

patients (See Table 2.1). Most meta-analyses report a 10-15% proportional 

reduction in non-fatal myocardial infarction (MI) with intensive glucose control 

compared to standard control (84-87). However, there was no clear effect on 

stroke, cardiovascular death or all-cause mortality in the intensive glucose 

control group compared to standard control group (88-90). However, 

compared to the standard glucose control, intensive glucose control was 

associated with more serious hypoglycaemia (84). Another meta-analysis 

investigating similar outcomes (which included five prospective randomised 

controlled trials, 33,040 participants) showed that intensive versus standard 

glycaemic control significantly reduced coronary events without an increased 

risk of death (85). Similar results were reported in another meta-analysis 

(which included 13 studies with 34,533 patients) with a risk reduction of 15% 

for non-fatal MI, however, the benefit on all-cause mortality was uncertain 

(89). The HbA1c target range for each diabetic individual requires 

consideration of several factors (e.g. comorbidity, capacity for self-care, 

family and social support system) and assessment of the patient's risk for 

hyperglycaemia-related complications versus the risks of therapy. The 

individualization of HbA1c targets has become a treatment goal for glycaemic 

control (91). 
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Table 2.1: Summary table of meta-analyses of trials assessing the effect of intensive glucose control on cardiovascular 

events in diabetes mellitus 

Meta-analysis 
(Author and year) 

No. of 
studies 

included 

Studies included HbA1C difference 
between intensive vs. 

standard treatment 
groups 

No. of 
participants 

Effects of Intensive glycaemic control 

MI all-cause 
Mortality 

Cardiovascular 
death 

Ray et al. 
(2009)(85)  5 

UKPDS 33, UKPDS 
34, PROactive, 
ADVANCE, VADT, 
ACCORD 

0.90% 33040 OR 0.83 
(0.75-0.93) 

OR 1.02 
(0.87-1.19) 

Kelly et al. 
(2009)(84) 4 

UKPDS 33, UKPDS 
34, ACCORD, 
ADVANCE, VADT 

0.5 to 1.4% 27802 OR 0.89 
(0.75-0.93) 

OR 0.98 
(0.84-1.15) 

Mannucci et al.
(2009)(86) 5 

UKPDS 33, UKPDS 
34, PROactive, 
ACCORD, 
ADVANCE,VADT 

0.90% 32632 OR 0.86 
(0.78-0.93) 

OR 0.98 
(0.77-1.23) 

Turnbull et al. 
(2009)(87) 4 UKPDS 33, ACCORD, 

ADVANCE, VADT 0.66 to 1.16% 27049 
HR 
0.85(0.76-
0.94) 

HR 1.04 
(0.9-1.2) 

Wu et al. 
(2010)(88) 6 

VACSDM, 
Kumamoto,UKPDS A, 
UKPDS B,VADT, 
ACCORD, ADVANCE 

0.90% 28065 RR 0.92 
(0.87-0.98) 

RR 0.95 
(0.8-1.12) 

RR 1.10 
(0.79-1.53) 
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Boussageon et al. 
(2011)(89) 13 

UGDP (1975/76), 
UGDP, Kumamoto, 
Veteran, UKPDS, 
PROactive, Dargie, 
ACCORD, ADVANCE, 
VADT, HOME 

NA 34533 RR 0.85 
(0.74-0.96) 

RR 1.04 
(0.91-1.19) 

RR 1.11 
(0.86-1.43) 

Hemmingsen et 
al. (2011)(90) 14 

ACCORD, ADVANCE, 
Bagg,Becker, 
IDA,Jaber,Kumamoto, 
Lu, REMBO, Service, 
UGDP, UKPDS, VA 
CSDM, VADT 

NA 28614 RR 0.85 
(0.76-0.95) 

RR 1.02 
(0.91-1.13) 

RR 1.11 
(0.92-1.35) 
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Optimising blood pressure and cardiovascular 2.4.2

outcomes  

The UKPDS randomised people with diabetes and hypertension into a sub-

study which evaluated the effect of intensive versus less intensive 

antihypertensive therapy (92). Treatment of hypertension was the first 

intervention proven to reduce cardiovascular risk in people with diabetes. 

Overall in the UKPDS, more intensive therapy significantly reduced the risk of 

stroke by 44% (95% CI 11-65, p=0.013) and there was also a 21% lower (-7-

41) risk of MI, although the latter did not achieve statistical significance. More 

recently the ADVANCE study randomised over 11,000 people with type 2 

diabetes to treatment with a fixed combination of an angiotensin-converting 

enzyme (ACE) inhibitor/diuretic versus placebo (93). In those allocated active 

treatment the relative risk of a major macrovascular or microvascular event 

was reduced by 9% (0-17, p=0.04). A reduction in macrovascular events 

alone was similar but not independently significant (HR 0.92; 0.81-1.04, 

p=0.16). The UKPDS also demonstrated that lowering BP reduced the 

progression of retinopathy and the development of albuminuria (92). 

A meta-analysis of individual data from one million adults in 61 prospective 

studies clearly showed that having a lower BP was associated with a lower 

risk of mortality from ischaemic heart disease and other vascular causes 

(61). The risk of cardiovascular events was 2-fold higher for every 20/10 
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mmHg higher level of systolic blood pressure (SBP). A recent meta-analysis 

of 40 RCTs trials (100 354 participants) determined the association between 

BP-lowering treatment and vascular disease in type 2 DM (94). Lowering 

SBP by 10 mmHg was associated with a significantly lower risk of mortality 

(relative risk (RR), 0.87; 95% CI, 0.78-0.96); including a reduction in risk of 

cardiovascular events, coronary heart disease, stroke, retinopathy and 

albuminuria (94).  

Treatment of hypertension in people with diabetes has been shown to 

improve cardiovascular outcomes. However, the benefits of intensive BP 

lowering (SBP 120-130 mmHg or DBP 80 mmHg) are inconclusive. There is 

still a debate about how low a BP target should be when treating 

hypertension in people with diabetes. Recent studies have examined whether 

intensive BP lowering will further prevent cardiovascular events compared 

with a standard BP target (SBP 140-160 mmHg, DBP 85-100 mmHg). The 

ACCORD BP trial investigated the effect of intensive antihypertensive 

therapy and did not demonstrate a significant reduction in the primary 

cardiovascular outcome or the rate of death from any cause, despite the fact 

that there was a significant and sustained difference between the intensive-

therapy group and the standard-therapy group in mean systolic blood 

pressure (95). The SPRINT trial (Systolic Blood Pressure Intervention Trial), 

involving a longer duration of treatment and a larger number of participants 

demonstrated benefits of intensive management of SBP to a target <120 

mmHg compared with managing SBP to a target of less than 140 mm Hg. 

Intensive management of SBP to a target of <120 mm Hg reduced risks of 
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complications of high blood pressure, including heart attacks, heart failure, 

and stroke, by 25 percent and lowered the risk of death by 27 percent (96). 

Because of clear superior benefit, the trial was recommended to stop early by 

the Data Monitoring Committee. A systematic review reported that the use of 

intensive compared with standard blood pressure targets was associated 

with a small reduction in the risk of stroke, but no evidence of a reduced risk 

for all-cause mortality or myocardial infarction. However, this review involved 

a relatively small number of trials (N=5) with a short duration of follow-up 

(97). NICE guidelines recommend adding medications if lifestyle advice does 

not reduce blood pressure to below 140/80 mmHg (below 130/80 mmHg if 

there is kidney, eye or cerebrovascular damage).  

There are several different classes of medication available for treatment of 

high BP including beta blockers, calcium channel blockers, ACE inhibitors, 

angiotensin receptor blockers and thiazides diuretics. The use of BP-lowering 

drugs for the prevention of cardiovascular disease was investigated in a 

meta-analysis of 147 RCTs, comprising data from 958 000 people (98). It 

reported that all the classes of BP- lowering drugs have a similar effect, in 

general, reducing cardiovascular events. The NICE guideline recommends a 

once-daily, generic angiotensin-converting enzyme (ACE) inhibitor as the 

first-line antihypertensive medication in diabetic population except for people 

of African or Caribbean family origin, where a calcium channel blocker should 

be used as first-line antihypertensive therapy. An angiotensin-converting 

enzyme inhibitor (ACE-I) or an angiotensin-receptor-blocker (ARB) is the 

preferred drug of choice for treatment of hypertension in people with diabetes 
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at high risk of cardiovascular disease (99-102). Recently developed drugs, 

such as glucagon-like peptide -1 (GLP-1) receptor agonists and Sodium-

glucose co-transporter-2 (SGLT2) inhibitors, also have hypotensive actions to 

use in diabetics with hypertension. SGLT2 inhibitors and GLP-1 receptor 

agonists also suppress the onset and progression of cardiovascular disease, 

as well as diabetic nephropathy (103). 

Optimising lipid profiles 2.4.3

Cholesterol-lowering, particularly using statins, is also of clear and proven 

benefit in reducing cardiovascular risk in people with diabetes (104, 105). 

Many observational studies have shown that a continuous positive (log-

linear) relationship between coronary heart disease and blood cholesterol 

level, and randomised trials have shown this to be causal (64, 104).  

The Heart Protection Study (HPS) included 5963 people with diabetes, about 

half of whom did not have diagnosed vascular disease at baseline. Overall in 

HPS, allocation to simvastatin 40mg daily reduced LDL-cholesterol by an 

average of 1 mmol/L and among the participants with diabetes there was a 

highly significant 22% (95% CI 13-30; p <0.0001) reduction in major vascular 

events (106). Other RCTs have also shown that lowering LDL-cholesterol 

can significantly reduce the incidence of CHD among participants with 

diabetes (107).  
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An individual participant meta-analysis including 14 RCTs of statins in 90,056 

individuals showed that lowering LDL-cholesterol by 1 mmol with a statin can 

safely reduce the 5-year incidence of major cardiovascular events (including 

major coronary events, coronary revascularisation, and stroke) by about one-

fifth (104). The 19% proportional reduction in CHD death per mmol/L LDL-

cholesterol reduction translated into 14 fewer deaths per 1000 among 

participants with pre-existing CHD. This meta-analysis indicated that the 

proportional reduction in risk of major vascular events was approximately 

related to the absolute reduction in LDL-cholesterol achieved with statin 

treatment in both diabetic and non-diabetic participant groups (64). The role 

of fibrates added to a statin was also investigated in the ACCORD lipid trial, 

but the findings did not support the routine combined use of a fibrate and a 

statin in diabetic patients (108).  

In the Cholesterol Treatment Trialists’ Collaborative meta-analyses of data 

from over 90,000 individuals in 14 trials, 21% of participants had diabetes at 

baseline (64, 104). The incidence of major vascular events in this group was 

reduced by 21% (99% CI 14-28; p<0.0001) per 1 mmol/L lower LDL-

cholesterol concentration (Figure 2.11).  
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Figure 2.11: Proportional effects on major vascular events per mmol/L 

reduction in LDL-cholesterol by baseline prognostic factors in participants 

with diabetes (64) 

Groups Events (%)
Treatment Control RR (CI)    

Type of diabetes:
Type I diabetes 147 (20·5) 196 (26·2) 0·79 (0·62 - 1·01) 

Type 2 diabetes 1318 (15·2) 1586 (18·5) 0·79 (0·72 - 0·87) 

Body mass index:
<25.0 276 (15·7) 362 (20·4) 0·78 (0·64 - 0·95) 
≥25.0,<30.0 639 (15·9) 774 (19·8) 0·77 (0·68 - 0·88) 
≥30.0 532 (15·1) 628 (17·6) 0·82 (0·71 - 0·95) 

Systolic Blood Pressure (mm Hg):

<160 993 (15·0) 1276 (19·1) 0·76 (0·69 - 0·85) 

≥160 472 (17·1) 505 (19·2) 0·83 (0·71 - 0·96) 

All diabetes 1465 (15·6) 1782 (19·2) 0·79 (0·74 - 0·84)

0·5 1·0 1·5
Treatment better Control better

Effect p < 0·00001

RR: 99% or 95% limits

Heterogeneity/Trend test    

2
1 = 0·0; p = 1·0

2
1 = 0·5; p = 0·5

2
1 = 1·3; p = 0·3

LDL cholesterol (mmol/L):

≤3.5 694 (13·9) 812 (16·3)

>3.5,≤4.5 591 (17·0) 721 (21·1)

>4.5 166 (23·0) 216 (30·5)

0·79 (0·69 - 0·92)

0·82 (0·73 - 0·93)

0·78 (0·63 - 0·96)

= 0·0; p = 1·02
1
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Current guidelines advocate prescribing statins using an individualized 

approach according to calculated cardiovascular risks (Figure 2.12) (109). 

Figure 2.12: Recommendation of statin use per current guidelines with 

cardiovascular risk assessment (109) 

The NICE guidelines recommend that use of statins depends on the 

individualised assessment including blood tests. The assessment before 

recommending statin therapy for the prevention of cardiovascular disease 

includes assessment of smoking status, alcohol consumption, blood 

pressure, body mass index or other measure of obesity, total cholesterol, non

-HDL cholesterol, HDL cholesterol and triglycerides, HbA1c, renal function 

and eGFR, transaminase level (fatty liver), and thyroid-stimulating hormone. 

For the primary prevention of CVD to people with type 2 diabetes who have a 
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10% or greater 10-year risk of developing CVD, statin therapy is 

recommended (NICE guideline CG 181).  

Lifestyle and BMI modification 2.4.4

Aspects of lifestyle, especially less physical activity, and more sedentary 

behavior play a major role in the risk of developing diabetes and, in turn, the 

risk of CVD (110). Lifestyle intervention is an affordable, safe and feasible 

approach for the prevention of CVD. Previous large trials, including the 

Diabetes Prevention Program (DPP), the Finnish Diabetes Prevention Study 

(DPS), the Indian Diabetes Prevention Programme (IDPP) and the Da Qing 

study clearly showed that interventions with diet and exercise can prevent or 

delay diabetes incidence and that these interventions were cost-effective in 

high-risk populations (111-116).  A recent review and meta-analysis which 

included 18 observational studies with 794 577 participants showed that 

higher levels of sedentary (sitting) time (comparing the greatest sedentary 

time compared with the lowest) was associated with an increased risk of 

diabetes (RR 2.12 95% confidence interval (CI) 1.61-2.78),  CVD (RR 2.47 

95% CI 1.44-4.24) and a 90% increase in the risk of cardiovascular mortality 

(HR 1.90 95% CI 1.36-2.66) (117). The Look AHEAD study  (N= 5145 

overweight or obese patients with type 2 diabetes) randomly assigned 

individuals into an intensive lifestyle intervention that promoted weight loss 

through reduced caloric intake and increased physical activity (intervention 

group) or to receive diabetes support and education (control group). Although 
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primary cardiovascular outcomes were not statistically significant (HR in the 

intervention group 0.95, 95% CI 0.83-1.09, P   =0.51) at median follow-up of 

9.6 years, weight loss was greater in the intervention group than in the 

control group throughout the study (8.6% vs. 0.7% at 1 year; 6.0% vs. 3.5% 

at study end). The intensive lifestyle intervention produced greater reductions 

in HbA1C and greater initial improvements in fitness and all cardiovascular 

risk factors (118). A meta-analysis investigating the effects of all lifestyle 

interventions vs standard advice (HR 0.51, 95% CI 0.44 to 0.60, P<0.001) 

reported a relative 49% reduction in risk of developing diabetes(119). Hence 

a healthy diet, regular physical activity, maintaining a healthy body weight 

and avoiding tobacco appear to prevent or delay the onset of type 2 DM and 

its complications including prevention of CHD (19). Newer pharmacological 

treatments are available, such as the medical therapy orlistat, non-surgical 

endoscopic intervention (gastric balloon, endo-barrier) and bariatric 

procedures (Gastric bypass surgery, sleeved gastrectomy) for people with 

morbid obesity. The Swedish Obese Subjects (SOS) study reported, at 15 

years, weight loss (percent of total body weight) was 27 ± 12% for gastric 

bypass, and 13 ± 14% for gastric banding compared with a slight weight gain 

for control subjects (120). Long-term medical (nonsurgical) weight loss rarely 

exceeded 8% of excess weight loss (118). Bariatric surgery in overweight 

and obese people with diabetes improves glycaemic control and is even 

reported to diabetes remission in the early phase of the disease (121). Other 

weight management measures including very low-calorie liquid diet (VLCD) 

has been proven to be beneficial after 1 year, mean (±SD) weight changes of 

11.4 ± 9.1 kg with the VLCD, -6.8 ± 6.4 kg with the LCD, and -5.1 ± 5.9 kg 
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with the restricted normal food diet (122) and the amount of weight loss with 

those diet plans was comparable with or without diabetes (123). 

In summary, more than half of the reduction in cardiovascular mortality in the 

last three decades has been attributed to population-level changes in 

cardiovascular risk factors, primarily reductions in cholesterol and blood 

pressure levels and smoking. However, other major risk factors, such as 

obesity, type 2 diabetes, and aging of the population have contributed to an 

increased absolute number of CVD events. Recently, the European Society 

of Cardiology (ESC) and the European Atherosclerosis Society (EAS) 

reviewed the available evidence and set a reasonable and cost-effective 

target approach for cardiovascular disease prevention and Figure 2.13 

describe the treatment target and goals for managing modifiable risk factor 

for cardiovascular disease. 
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Figure 2.13: Treatment target goals for cardiovascular disease prevention 

adopted from 2016 ESC/EAS Guidelines (124) 
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2.5 Role of aspirin and omega-3 FA for primary prevention of 

cardiovascular disease in diabetes 

Aspirin and prevention of cardiovascular disease 2.5.1

Platelets are anucleated blood cells formed by fragmentation of 

megakaryocyte’s cytoplasm, with a maximum circulating life span of 10 days 

in humans (125). Approximately 1011 platelets are produced each day with a 

capacity to increase up to 10 times under conditions of increased demand 

(125). Platelets are a vital component of physiological haemostasis, with the 

capacity to adhere to and accumulate at the site of an injured blood vessel 

wall and to activate the release of biochemical factors to stop bleeding such 

as cytokines, chemokines and growth factors. For example, activated 

platelets synthesize prostanoids such as thromboxane A2 from arachidonic 

acid released from cell membrane phospholipids. Aspirin irreversibly 

acetylates platelet prostaglandin H-synthase 1 or cyclooxygenase-1 (COX 1) 

or H-synthase 2 (COX-2) (Figure 2.14) (126). This results in a reduction in 

thromboxane A2 production (TxA2) which is a potent vasoconstrictor and 

promoter of platelet aggregation. TxA2 rapidly metabolises to thromboxane 

B2 which is then excreted via the urine. It was previously reported that aspirin 

inhibits platelet COX 1 activity by about 95% (127). Platelets produce 70% of 

the thromboxane in the human body and the remaining 30% is produced by 

extra-platelet sources such as monocytes and macrophages in the setting of 

acute inflammation (128). By virtue of these actions, aspirin mediates 



63 

beneficial anti-inflammatory and anti-platelet effects which may have 

important roles in preventing atherosclerotic risk in individuals with diabetes 

(see Section 2.2 and Figure 2.2 of this chapter). 

Figure 2.14: Arachidonic acid metabolism and mechanism of action of aspirin 

(126) 

For the secondary prevention of cardiovascular disease, it is well established 

that aspirin reduces CVD risk and the proportional benefits appear to be 

similar whether or not such individuals have diabetes (129). Antiplatelet 

therapy is used both for the short-term treatment of patients after an acute 

coronary syndrome event and for secondary prevention in high-risk patients 

who have had a previous MI, stroke or transient ischaemic attack (TIA). 

Aspirin is the most commonly used antiplatelet drug prescribed and a dose of 

75-325 mg is as effective as higher doses for long-term treatment. The 
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collaborative meta-analysis of RCTs of antiplatelet therapy in high-risk 

patients involving 287 studies and 135,000 participants compared antiplatelet 

therapy versus control using an outcome measure of major vascular events: 

(i.e. non-fatal MI, non-fatal stroke or vascular death). The results showed that 

allocation to antiplatelet therapy reduced the combined outcome of any major 

vascular event by about one quarter; non-fatal MI was reduced by one-third, 

non-fatal stroke by one-quarter and vascular mortality by one-sixth. It also 

showed that the absolute benefits in these high-risk patients substantially 

outweighed the absolute risks of major bleeding (130).   

However, the majority of people with diabetes (70-80%) do not have clinically 

established occlusive arterial disease and it is currently unclear whether they 

should take aspirin for primary prevention of major vascular events (MVEs). 

A meta-analysis of individual participant data from six primary prevention 

RCTs, (involving 95,000 individuals, 660,000 person-years, and 3554 serious 

vascular events) showed that aspirin is of uncertain net value (131). Aspirin 

allocation showed a 12% proportional reduction in major vascular events but 

vascular mortality did not differ significantly (Figure 2.15). In contrast, aspirin 

allocation increased the risk of major gastrointestinal and extracranial 

bleeding (131). Although diabetic patients are at higher vascular risk and 

may, therefore, have more to gain from aspirin’s anti-platelet effects, they are 

also at greater risk of bleeding than non-diabetic patients (131) and aspirin 

will increase this risk. Other meta-analyses of aspirin for primary prevention 

of CVD results suggest a modest (~9%) relative reduction in risk for CVD 

events, however, ≥2-fold increase relative risk of bleeding, mainly from the 
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gastrointestinal system (132-134). However, the majority of people with 

diabetes do not have established occlusive arterial disease. In this 

intermediate-risk group, it is unclear whether they should take aspirin for the 

primary prevention of cardiovascular disease. Hence there is a need for more 

randomised evidence to explore aspirin’s safety and efficacy in this context. 

The large ASCEND study was established to address this question and is the 

largest ongoing primary prevention trial of aspirin in diabetes. 

Figure 2.15: Serious vascular events in primary prevention trials-proportional 

effects of aspirin allocation (131) 
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Aspirin resistance 2.5.2

Aspirin reduces the risk of cardiovascular disease by about 25% in patients 

with vascular disease, which is believed to result from its ability to reduce 

clotting via its antiplatelet effect (131).  The term “aspirin resistance” has 

been used in the literature to describe variability in the response to aspirin’s 

antiplatelet activity especially in patients with diabetes. Aspirin resistance is 

thought to be due to a failure to adequately suppress thromboxane 

generation resulting in an increased risk of occlusive events. Although the 

exact causes are still unclear, the possible mechanisms include rapid platelet 

turnover, possible extra-platelet sources of thromboxane A production, and 

drug interactions, for example, NSAIDs competing with aspirin for a common 

molecular action site (126). In aspirin resistance, the assumption is that 

aspirin either fails to suppress TxA2 production or incompletely inhibits COX-

1 leading to the faster recovery of platelet COX-1 activity (135). The 

implication of faster recovery of COX-1 activity is that once-daily dosing may 

not be adequate to achieve sustained suppression of COX-1 and that some 

patients may need a twice-daily regimen in order to maintain complete 

suppression of TxA2 production (136). 

Aspirin irreversibly acetylates platelet prostaglandin H-synthase 1 or 

cyclooxygenase-1 (COX 1) or H-synthase 2 (COX-2) (as described earlier 

Figure 2.9). The half-life of TxA2 is very short (about 30 seconds). It is rapidly 

converted to its stable metabolite, thromboxane B2 (TxB2) (137). Trials have 

been conducted to assess aspirin resistance using urinary thromboxane B2 
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(UTxB2) as a biomarker of in-vivo thromboxane generation. In the Heart 

Outcomes Prevention Evaluation (HOPE) Study, UTxB2 was measured in 

488 people treated with aspirin who had a myocardial infarction, stroke, or 

cardiovascular death during 5 years of follow-up and in 488 sex- and age-

matched control subjects also receiving aspirin who did not have an event 

(138). It was reported that among aspirin-treated patients at high risk of 

cardiovascular events, persistent thromboxane generation predicts the risk of 

the cardiovascular outcomes. It was also suggested that high UTxB2 can 

prospectively identify aspirin resistance patients (138). The Leukotrienes and 

Thromboxane In Myocardial Infarction (LTIMI) study (n=60+119) also 

evaluated the relationship between UTxB2 and MVEs in patients with acute 

myocardial infarction (AMI) (139). The study found that UTxB2 levels 

predicted the 1-year cumulative MVEs in AMI patients and they provide 

prognostic information on the left ventricular performance (139). This recent 

trial result also supported the utility of UTxB2 measurements as a predictive 

biomarker of MVEs in high-risk patients. 

It has been suggested that the clinical efficacy of low-dose aspirin in patients 

with diabetes may be substantially lower than in people without diabetes 

(140-142). In two small studies, there was reduced response to antiplatelet 

activity in people with diabetes. Using a platelet function analyser (PFA)-100, 

both studies measured levels of TxB2, platelet aggregation (PA), and platelet 

COX-1 and COX-2 expression. There was a suggestion of a higher dose of 

aspirin being required by people with DM to achieve full TxA2 suppression 

and to have a desired cardioprotective effect (143, 144). Differing levels of 
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UTxB2 were measured before and after aspirin therapy in people with type 2 

DM, indicating the biological variability of TxA2 suppression by aspirin (145). 

It was also thought that there is the faster recovery of inhibition of 

prostaglandin synthesis from arachidonic acid (AA-dependent platelet 

function) and rapid platelet turnover in diabetes (146). However, a further 

study from the same research group concluded that variability in the recovery 

of platelet COX activity after low-dose aspirin occurs in patients with and 

without diabetes and is related more to BMI (147).  

A single-centre, randomised, prospective double-blind study examined the 

effect of 2-week treatment periods with aspirin 100 mg once daily, 200 mg 

once daily or 100 mg twice daily in people with diabetes without a pre-

existing cardiovascular event (148). The UTxB2 reduction was greater with 

100 mg twice daily dosing in type 2 diabetes compared with once-daily 

dosing prompting the need for the further trials evaluating the effects of twice-

daily dosing for prevention of cardiovascular outcomes (148).  

Although some studies report a lack of suppression of COX2 by aspirin in 

diabetes, others report no difference in UTxB2 measurement in people with 

or without diabetes after taking aspirin. One study reported (n=161) that 

aspirin treatment inhibited UTxB2 by 72.5% in diabetic patients and by 75.1% 

in controls and in that study there was no statistically significant difference 

between diabetic and control patients in the proportion labelled as poor 

aspirin responders defined by their UTxB2/mg creatinine ratio being higher 

than 1500 pg (127). Our own small pilot study (n=11) showed similar results 



69 

with a change in UTxB2 after aspirin of 68.15% ± 8.65 (mean ± SD) in 

healthy volunteers.  

Therefore, it would be helpful to know that TxA2 is adequately suppressed in 

patients taking aspirin in ASCEND to help inform the interpretation and 

generalizability of the results in patients with diabetes. The pilot study in 

ASCEND also represents an opportunity to assess the time-dependent 

recovery of platelet COX-1 activity during once-daily dosing of aspirin, by 

profiling the concentration of aspirin metabolites over time. Further 

discussion on the plausible markers of compliance with aspirin and 

measurement of urinary thromboxane B2 in ASCEND will be described in the 

methodology chapter, section 3.4. 

Omega-3 FA and prevention of cardiovascular disease 2.5.3

Omega-3 FAs are n-3 polyunsaturated fatty acids (3-PUFA) that humans are 

unable to synthesize de novo. The principal n-3 PUFAs [eicosapentaenoic 

acid (EPA, 20:5n–3) and docosahexaenoic acid (DHA, 22:6n–3)] are either 

synthesized from α-linolenic acid (ALA, 18:3n-3) (Figure 2.16) or absorbed 

from the diet as a pre-formed nutrient. ALA is an essential fatty acid for 

humans and cannot be synthesized from saturated fatty acids. Humans are 

unable to insert a double bond at the C-15 position of a fatty acid carbon 

chain because of a lack of the desaturase enzyme (149). Oily fish and 

various other seafoods are rich in omega-3 FA. Many dietary 
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recommendations encourage people to consume fish meals twice a week 

(preferably containing oily fish). Omega-3 FA is consumed by individuals for 

prevention of cardiovascular and other disease outcomes, but whether such 

supplements are beneficial is uncertain.  

Figure 2.16: Biosynthesis of docosahexaenoic acid (DHA) from alpha-

linolenic acid (ALA) (Adopted from Philip Calder, Journal of Nutrition (150)) 

The possible link between 3-PUFA and the prevention of CVD was first 

recognised in the 1940s after very low rates of CHD were observed among 
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Greenland Eskimos compared to native Danish populations (151). Greenland 

Eskimos typically consumed a greater intake of dietary fish compared to the 

Danes, despite high total fat intakes in both groups. Since then the possible 

cardioprotective effects of 3-PUFA or fish intake have been tested in various 

secondary prevention trials published before ASCEND was designed, which 

suggested a modest benefit of supplementation with omega-3 FA (152-154).  

2.5.3.1 Possible effects of omega-3 FA on cardiovascular disease 

The possible effects of omega-3 FA on cardiovascular disease have been 

extensively investigated. Previous reports suggest that omega-3 FA can 

increase arrhythmic thresholds, reduce blood pressure, improve arterial and 

endothelial function, reduce platelet aggregation, and has effects on 

lipids(155). Figure 2.17 summarises the beneficial cardiovascular protective 

effects of omega-3 FA on lipids, blood vessels, and platelets. 

Figure 2.17: Beneficial effects of omega-3 fatty acids. TG, triglycerides; RLP, 

remnant lipoproteins; RBC, red blood cells (155) 
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Triglycerides and lipoproteins 

It was first reported that fish oil has an effect on lipoproteins in 1977 after a 

scientist put himself on an Inuit diet which had very high content of omega-3 

FA for 100 days (156). A reduction in the triglyceride-rich VLDL cholesterol 

was observed, along with an increase in HDL-cholesterol. The dose-

dependent effect of omega-3 FA to lower triglycerides (TG) is now well 

recognised (157). Various possible mechanisms for lowering TGs have been 

proposed. It appears that reduction of the fatty acid delivery to the liver 

reduces denovo lipogenesis, which is the process of converting 

carbohydrates into fat and is an important step in reducing the fatty acid 

availability for TG synthesis (158).  

A systematic review and meta-analysis of 23 RCTs in type 2 DM (with a 

mean treatment duration of about 9 weeks with a mean dose of omega-3 FA 

of 3.5 g/day) concluded that omega-3 FAs significantly reduced plasma 

levels of TG by 25% (mean: 0.45 mmol/L), VLDL-cholesterol by 36% (mean: 

0.07 mmol/L) and VLDL-TG by 39.7% (mean: 0.44 mmol/L), and a slightly 

increased LDL-c (mean: 5.7% (159). Another meta-analysis of 26 trials also 

reported a similar TG-lowering effect with a reduction by almost 30% (160). 

Recently the possible different effects of DHA and EPA on cardiovascular 

outcomes were investigated given their different effects on lipoproteins (161, 

162). A systematic review and meta-analysis of randomised placebo-

controlled trials of monotherapy with EPA (n=10), DHA (n=17) or EPA versus 

DHA (n=6) reported that although both EPA and DHA reduce triglyceride, 

DHA increased LDL-c, while EPA non-significantly reduced LDL-c (161). 
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However, it was not clear what the underlying mechanism might be or what 

the significance of these differences might be on clinical outcomes in clinical 

trials. However, neither of these meta-analyses explored the effects of higher 

doses of omega-3 FA on lipoprotein levels. In hypertriglyceridemic patients, 

supplementation with omega-3 FA lowers triglycerides level modestly and 

omega-3 FA can be considered as a reasonable therapeutic strategy in these 

individuals to prevent cardiovascular disease. 

Effects of omega-3 FA on blood glucose 

Early non-randomised studies in individuals with type 2 diabetes suggested 

that omega-3 FA might have an impact on glycemic control. One study used 

a high dose of omega-3 FA (8g/day) for 8 weeks duration in people with 

diabetes and reported that after omega-3 FA supplementation, fasting 

plasma glucose levels increased by 22% (p=0.005) and meal-stimulated 

glucose increased by 35% (P=0.036) (163). Similar result was reported in a 

small study (N=6) after 1 month of dietary omega-3 FA supplement (164). in 

a prospective study (36,328 women, mean age: 54.6 y, follow-up from 1992 

to 2008) suggested an increased risk of type 2 diabetes with the intake of 

long-chain omega-3 fatty acids, especially with higher intakes (>/= 0.20 g 

omega-3/d or >/= 2 servings of fish/d) (165).The diagnosis of diabetes in this 

trial was self-reported. Since then, RCTs were done for further investigation 

on this aspect and, a meta-analysis of 26 RCTs reported that the use of 

omega-3 FA has no adverse effects on HbA1c in people with diabetes 

treated with omega-3 FA supplementation. Fasting blood glucose levels were 

slightly increased with  in non-insulin dependent DM (0.43 mmol/l [95% CI, 



74 

0.00-0.87], P = 0.06) and were significantly lower in insulin dependent DM 

subjects (-1.86 mmol/l [95% CI, -3.1 to -0.61], P < 0.05) (160). Another 

systematic review included 18 RCTs with a mean duration of 12 weeks with 

doses ranging from 3 to 18 g/day reported no significant effects of omega-3 

FA on glycaemic control (166). A Cochrane review including 23 RCTs 

confirmed that there were no statistically significant effects of omega-3 FA on 

glycaemic control or on fasting insulin concentration (167). A recent review 

and meta-analysis included 540 184 individuals also came to a similar 

conclusion that omega-3 FA intake was not associated with an increased 

incidence of type 2 diabetes (168).  Hence, although there were some 

suggestion that omega-3 FA supplementation in people with diabetes can 

increase blood glucose in early non-randomised and observational trials, 

many RCTs, reviews and meta-analysis do not suggest this but show no 

effects on HbA1c or blood sugar level in people with diabetes. 

Effects of omega-3 FA on cardiac rhythm 

There are suggestions of effects of omega-3 FA on ventricular arrhythmia, 

sudden cardiac death, and atrial fibrillation (AF) mainly post-operative AF. 

Animal studies suggested both direct and indirect anti-arrhythmic effects of 

omega-3 FA mediated by anti-oxidant, anti-inflammatory, and anti-fibrotic 

properties (169). Some animal and epidemiological evidence suggests an 

inverse association between the incidence of sudden cardiac death and high 

dietary omega-3 FA intake (170). These observations prompted trials to 

assess the possible anti-arrhythmic effects of omega-3 FA have been 

investigated since. In a meta-analysis of 27 animal studies, DHA and EPA 
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appeared to have protective effects against ventricular tachycardia and 

ventricular fibrillation in ischaemia but not on reperfusion-induced 

arrhythmias (171).  

Several clinical trials which examined the anti-arrhythmic effect of omega-3 

FA have reported results. The hypothesis that fish consumption may 

protective against sudden cardiac death was derived from the DART trial 

which showed a 33% reduction in cardiac mortality in people who consumed 

at least two portions of fatty fish weekly. One population-based case-control 

study suggested that omega-3 FA level in the RBC membrane was directly 

related to a reduced rate of primary cardiac arrest (172). However, further 

RCTs have failed to confirm these results. The Omega-3 Fatty Acids for 

Prevention of Post-operative Atrial Fibrillation (OPERA) RCT (N=1516 

patients scheduled for cardiac surgery), where perioperative supplementation 

with omega-3 FA compared with placebo, reported no reduction of the risk of 

postoperative AF (173). Another RCT (N=200) was conducted to determine 

whether omega-3 FA supplementation may have beneficial antiarrhythmic 

effects in people with a history of sustained ventricular tachycardia (VT) or 

ventricular fibrillation (VF) and reported that among patients with a recent 

episode of sustained ventricular arrhythmia and an ICD, omega-3 FA 

supplementation does not reduce the risk of VT/VF but the possible signal 

that this could be pro-arrhythmic (174). Other RCTs including the Study on 

Omega-3 Fatty Acids and Ventricular Arrhythmia (SOFA) RCT (175) 

investigating the effect of omega-3 FA on ventricular arrhythmias in people 

with ICD devices and meta-analysis of RCTs, those did not show any 
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reduction in ICD discharge but indicated heterogeneous responses among 

those people to fish-oil supplementation (176). The heterogeneity results of 

the effect of omega-3 FA from earlier animal and observational studies and 

later RCTs could result from the different underlying pathophysiological 

mechanisms of cardiac arrhythmias (e.g. ischaemia, reperfusion, scarring, 

and inflammation) and different background diet and intake of fish. In 

summary, the effect of supplementation of omega-3 FA on prevention of 

cardiac arrhythmias is still uncertain and it is still difficult to predict or confirm 

the exact pathophysiological pathway affected by the supplementation in the 

myocardium. Recent RCTs on cardiovascular outcome not directed to the 

anti-arrhythmic effect of omega-3 FA will be discussed in the OTTC meta-

analysis section of this thesis (section 4.1). 

Possible anti-thrombotic effects 

Omega-3 FA has been shown to have a wide range of antiatherosclerotic 

and antithrombotic effects in animal and human studies. Omega-3 FA causes 

a reduction in synthesis of thromboxane A2, a potent promoter of platelet 

aggregation, and an increase in the formation of thromboxane A3, which is a 

weak platelet aggregation factor (177). Omega-3 FAs at a very high dose 

may increase bleeding time (e.g. 15 g/day) but up to 3g/day appears to be 

safe in clinical practice and without any untoward effects (178). Recent study 

also reported the safe consumption of omega-3 FA, even at short-term doses 

up to 10 g/day or consumed for up to 52 weeks above 1.5 g/day, in selected 

vulnerable populations such as subjects with gastrointestinal cancer or 

patients in an intensive care unit (177). Several clinical trials have 
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investigated whether omega-3 FA alters fibrin clot properties in patients 

undergoing percutaneous coronary intervention (OMEGA-PCI clot) and they 

reported favorable antithrombotic effects induced by omega-3 FA (179).  

Omega-3 FA supplementation and ASCEND  

The possible mechanisms of omega-3 FA, theoretically, should be beneficial 

in the pathogenesis of atherosclerosis in diabetes.  Review of the literature 

as discussed earlier, demonstrated shows that omega-3 FA consistently 

lower elevated plasma TG levels in a dose-dependent fashion; smaller 

effects on increasing plasma levels of HDL; no consistent effects on other 

lipids, plasma glucose level, anti-arrhythmia or plaque stabilization 

parameters but no bleeding risks have been identified. However, uncertainty 

remains about their role in primary prevention. Since the ASCEND trial was 

started, several large RCTs have been reported which have investigated the 

role of omega-3 FA in the prevention of cardiovascular disease but results 

have been conflicting (180, 181). To help clarify the role of omega-3 FA 

supplementation for cardiovascular disease prevention, a tabular data meta-

analysis of RCTs of omega-3 FA supplementation was undertaken. This 

meta-analysis forms the first part of the results chapter of this thesis.  

Biochemical effectiveness of study medications 2.5.4

Monitoring the biochemical effectiveness of trial medication is helpful during an 

RCT to ensure that the intervention is producing its expected effect(s) thus 

allowing the trial to address its hypothesis. The thesis includes a literature 
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review of the biochemical methods used in ASCEND to investigate the 

biochemical effectiveness of aspirin and omega-3 FA. 
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3 Methodology 

3.1 Overview of the ASCEND trial: methods, baseline characteristics, 

monitoring and plans to ensure good compliance 

In light of the uncertainty around the value of aspirin and omega-3 FA for 

primary prevention in diabetes, “A Study of Cardiovascular disease iN 

Diabetes” known as ASCEND was established with funding from the British 

Heart Foundation. ASCEND is a large mail-based, ongoing randomised trial 

of aspirin 100 mg daily and/or omega-3 FA 1 g daily (Figure 3.1) (182). The 

Anti-Thrombotic Trialists’ (ATT) collaborative meta-analysis of previous trials 

found that high doses of 500-1500 mg aspirin daily (which are more 

gastrotoxic) were no more effective than lower doses of 75-100 mg/day either 

in direct comparisons or in indirect comparisons (130). As a consequence, 

daily doses of 75-150 mg are generally preferred for long-term treatment as 

protection against serious vascular events in high-risk patients. Hence, a 

daily dose of 100 mg aspirin was selected to use in ASCEND. In the large 

GISSI Prevenzione trial, 90% of participants were taking aspirin, but no 

excess of bleeding was observed with the addition of 1 g omega-3 FA daily. 

The only side-effects reported in that open-label study were a slight fishy 

after-taste and some gastrointestinal disturbances, but only 3.8% of 

participants stopped their omega-3 FA supplements because of these side 

effects (153). For ASCEND, a daily dose of approximately 1 g of omega-3 FA  

(0.4 g EPA and 0.3 g DHA were used (as in GISSI), which can be 
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conveniently provided in 1 capsule of the concentrated preparation (with 

matching placebo capsules containing olive oil). ASCEND aims to 

demonstrate whether aspirin and/or omega-3 FAs, safely reduces the risk of 

cardiovascular events in individuals with diabetes who do not already have 

diagnosed occlusive arterial disease (183). Most prevalent cases of diabetes 

in young and middle age are unlikely to have a history of vascular disease. A 

recent US survey reported that an estimated 27% of adults with diabetes had 

CVD, and an additional 71% have one or more CVD risk factors (184). 

Aspirin was used regularly by 37% of those with CVD and by 13% of those 

without CVD (184). The people with diabetes entered into the UK Prospective 

Diabetes Study were aged between 25 and 65 (mean age 52 years) and only 

33% had either an abnormal ECG or retinopathy, but the remainder did not 

have any clinical cardiovascular disease (185). Hence when ASCEND was 

planned, it was estimated that up to 70% of people with diabetes who were 

young or middle-aged did not have established a clinical diagnosis of 

cardiovascular disease.  Between 2005 and 2011, 15 480 diabetic individuals 

from around the UK were randomised and are being followed up with a 

planned average duration of 7.5 years, concluding in late 2017. This chapter 

provides a summary overview of the trial’s design including its recruitment 

methods, follow-up procedures, and measures in place for maintaining 

compliance. (Detailed background to the trial, including sample size 

calculations, are provided in the ASCEND protocol including in the appendix 

of this thesis) 
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Figure 3.1 Factorial design of ASCEND trial 
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Recruitment methodology 3.1.1

3.1.1.1 Central coordination and local coordination 

The Clinical Trial Service Unit (CTSU) at Oxford University coordinated 

ASCEND and had overall responsibility for the administration and analysis of 

the trial. CTSU was responsible for obtaining Multicentre Research Ethics 

Committee approval; for the identification (with the assistance of the local 

medical collaborators and GPs), of potentially eligible participants; for 

obtaining any relevant permissions to invite suitable patients to participate; 

for all initial invitations of participants, subsequent randomisation and follow-

up by mail; and finally for the provision of a 24-hour Freefone telephone 
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giving clinical or administrative support to participants, their relatives or 

carers, or healthcare professionals involved in their care 

3.1.1.2 Identification of participants 

The main challenge of recruitment was to identify a large number of 

potentially suitable individuals to be able to randomise at least 15,000 eligible 

patients. Randomisation of 15,000 patients with a follow-up of 7.5 years 

should provide robust statistical power (i.e. >90% at 2p<0.05) to detect 

plausible risk reductions of 12-15% with an estimated annual vascular event 

rate of 1.3 % (Further details about power calculations are provided in the 

ASCEND protocol in the appendix of this thesis). Potential study participants 

with diabetes were sought from 3 main sources: 1) diabetes registers, 2) trial 

databases and 3) general practice registers. Consultants from around the UK 

were invited to collaborate and allow invitation of potentially eligible 

individuals from locally held diabetes registers (such as those held for 

retinopathy screening or for service provision). Other people with diabetes 

were identified from among the populations taking part in the Heart 

Protection Study and other trials that were coordinated by CTSU. In order to 

streamline the invitation process, the contact details of potentially eligible 

people were sought electronically whenever possible, to allow central 

mailings in the name of the local doctor. This approach enabled large 

numbers to be recruited and was more efficient and cost-effective than 

mailings sent from individual centres or practices. It also facilitated over-

selection of certain groups (e.g. older individuals) to ensure an appropriate 

balance of different subtypes of the participants. The third source of potential 
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participants came from general practices. Randomised participants were also 

able to recommend any friend or relative they thought might be eligible and 

interested in participating in the study. Finally, people with diabetes could 

volunteer themselves if they heard about the study from any source.  

In addition, with the collaboration of the Diabetes Research Network (DRN) 

and the Primary Care Research Network (PCRN), general practices (GP) 

agreed to send pre-assembled invitation packs to people on their locally held 

registers. Responses from participants were collected on questionnaires, 

which were returned to the coordinating centre. The data were entered into 

the coordinating centre computer (following an operating procedure for data 

handling). Overall recruitment status by route is summarised in Table 3.1. A 

total of 423,403 potentially eligible individuals were invited via the different 

routes of recruitment, of whom 29% (121,254 people) returned a screening 

questionnaire to the coordinating centre. About two-thirds of those who 

responded declined to join the trial and a further 14,000 did not meet the 

eligibility criteria. After review of the questionnaire data, 26,462 participants 

(6% of those originally invited) were willing and eligible to join ASCEND and 

entered the 2-month run-in period. About 40% of all patients who entered the 

run-in dropped out before randomization. Around half of those who dropped 

out prior to randomisation had no clinical reason to stop the trial but simply 

declined to continue, highlighting the value of a run-in period in the trial 

design. Without this pre-randomization phase, many such withdrawals may 

have occurred shortly after randomization, resulting in a substantial reduction 

in the statistical power of the trial. Towards the end of the 2-month run-in, 
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randomization questionnaires were sent to 22,579 patients. Of these, 15,480 

people returned a completed questionnaire, indicating that they were still 

willing and eligible to be randomised into ASCEND. Overall 3.7% of all 

individuals invited were randomised into ASCEND (Table 3.1).  

3.1.1.3 Summary of recruitment 

The detailed methodology is described in the trial protocol of the ASCEND 

trial (183) (Figure. 3.2 summarises practical procedures for recruitment into 

ASCEND). To facilitate recruitment, the trial design was straightforward with 

simple inclusion and exclusion criteria. Double sided A3 questionnaires were 

used for screening, randomisation, and follow-up. Potentially suitable patients 

who were identified from any source were invited to take part by letter. The 

invitation letter also enclosed an information leaflet and a Screening 

questionnaire that was intended to help the coordinating centre determine 

eligibility and to confirm consent to participate, along with a Freepost return 

envelope. Preliminary eligibility for the pre-randomisation run-in phase was 

based on information provided on the completed Screening questionnaire 

(i.e. diagnosis of diabetes, no history of diagnosed occlusive arterial disease, 

no contraindication to regular aspirin and signed a consent to participate). 

Once those forms were returned, database algorithms and review by clinical 

staff were used to confirm eligibility to take part. 

Run-in packs of medication were sent to all eligible patients. ASCEND had a 

placebo run-in phase, which used placebo aspirin tablets and placebo 
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omega-3 FA capsules. The purpose of this was to ensure that only those 

patients who were compliant with study treatment and still enthusiastic about 

participating were randomised into the trial. About 2-4 weeks after the run-in 

pack was sent, participants were sent an optional blood and urine sampling 

kit, and asked to take this kit to their general practice for sample collection. 

Those samples were then mailed to the central laboratory in the containers 

provided. A supplementary information leaflet was provided and separate 

consent sought for this 5-10ml blood and urine collection which allowed 

baseline stratification by important biochemical prognostic variables. About 2 

months after the run-in pack was sent, a randomisation questionnaire was 

mailed. If participants were still willing and eligible, they were randomised to 

the trial. 

Table 3.1: Overall Recruitment status by route 

Centrally-

held 

Register 

GP practices 

(Local 

register) 

Others * Total 

Invitations sent 300188 120875 2223 423286 

Forms returned 101323 19930 1262 122507 

Patients enter Run-in 16104 9741 635 26480 

Drop out during Run-in 5009 2496 144 7648 

Randomisation form sent 13488 8542 558 22588 

Patients randomised 
9013  

(3.0%) 

6037  

(5.0%) 

430  

(19.3%) 

15480  

(3.7%) 

*HPS study database/self-referral/Friend and Family  
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Figure 3.2 Summary of practical procedures in trial recruitment 
Potentially eligible

 Diabetes mellitus (type 1 or 2) 
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 No diagnosed occlusive arterial disease 
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Identification and invitation
 Potentially eligible patients identified from existing diabetes registers or 

databases and other sources 

 Invited by GP, diabetologist or study coordinators, either in person or 
by mail. Invitation includes Information Leaflet, Consent Form, and brief 
Screening Questionnaire  

 Central Freefone number for any questions 

Screening process (-2 months) 
 Screening Questionnaire returned, which identifies eligible and 

consenting patients 

 Run-in pack with 2-month supply of placebo treatment mailed to patient 
 GP informed of patient's possible participation and asked to return form 

if patient not to be randomised 

 Blood and urine samples (optional) collected locally and mailed to 
central laboratory 

 Freefone number (0800 585323) for medical advice and any questions 

Randomisation (0 months) 
 Randomisation Questionnaire sent to re-confirm eligibility, and to 

characterize the patient more fully 

 Randomisation Questionnaire returned, and eligible patient randomised 
by central computer 

 Allocated treatment pack mailed to patient: 100 mg aspirin daily or 
matching placebo tablet, and 1g omega-3 FA daily or matching 
placebo capsule 

 GP informed of patient's randomisation 

Follow-up questionnaires (6-monthly)
 Follow-up Questionnaires and treatment packs sent 6-monthly  
 Freefone number (0800 585323) for medical advice and any questions 
 Further details sought from responsible clinicians about any relevant 

events reported on Follow-up questionnaires  
 Flagging for mortality and cancer at central registries
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Baseline characteristics 3.1.2

The baseline characteristics of the 15,480 randomised ASCEND participants 

are summarized in Table 3.2. A total of 15,480 people with diabetes 

throughout the UK, with an average age of 63 years (mean (SD) 62.8 (9.2)) 

were randomised into ASCEND between 2005 and 2011. Of these, 96% 

were Caucasian, 63% were men (9684 participants), and 94% (14 559 

participants) had type 2 diabetes. The diagnosis of diabetes was based on a 

broad clinical definition involving age of diagnosis, use of insulin within one 

year of diagnosis and BMI. About 46% (7201participants) are obese with BMI 

(kg/m2) ≥30. The mean duration of diabetes before randomisation was 9.8 

years (SD 9.4). At randomisation, 8% (1280 participants) were reported as 

current smokers, 62% (9534 participants) reported having hypertension, and 

20% (3023 participants) reported having diabetic retinopathy. Prior to joining 

ASCEND, 36% (5508 participants) were taking regular aspirin. Both they and 

their GP were happy for them to stop it in order to participate in the trial. 

Table 3.3 shows the principal non-study treatments being used at 

randomisation. During run-in, baseline blood and urine sample were sent. 

74% of all randomised patients returned their samples. Among those, the 

mean HbA1c was 55 mmol/mol or 7.2% (SD 1.2), the mean total cholesterol 

level was 4.2 mmol/L (SD 0.9), and mean eGFR was 94 (SD 34) (Table 3.2). 
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Table 3.2: Baseline characteristics of 15,480 randomised patients  

Sex 
     Male 9684 (63%) 
     Female 5796 (37%) 
Age (years) 
    <50 1090 (7%)  
    ≥50, <60 4501 (29%)  
    ≥60, <70 6247 (40%)  
    ≥70 3643 (24%)  
Mean age (SD) 62.8 (9.2) 

Ethnic Origin 
    White 14935 (96%) 
Diabetes type 2 14559 (94%) 
BMI (kg/m2) 
    <25 2250 (15%)  
    ≥25, <30 5529 (36%)  
    ≥30 7201 (46%)  
Mean BMI (SD) 30.7 (6.2) 
Duration of diabetes (years) 
    <5 4891 (31%)  
    ≥5,<10 4334 (28%)  
    ≥10, <20 3538 (23%)  
    >20 1862 (12%)  
Mean duration of diabetes (SD) 9.8 (9.4) 
Other Cardiovascular Risk Factors 
    Reported Hypertension 9534 (62%) 
    Current Smoker 1280 (8%) 
    Diabetic retinopathy 3023      (20%) 

Biochemical measurement 
    Mean HbA1c (%) (SD) 7.2 (1.2)  
    Mean total cholesterol (mmol/L) (SD) 4.2 (0.9)  
    Mean eGFR (SD) 94 (34)  
    Albuminuria present 1603 (10%)  
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Table 3.3: The principal non-study treatments being used at randomisation  

ACE inhibitor = angiotensin converting enzyme inhibitor, Ca channel blocker 

= calcium channel blocker, ARB =angiotensin receptor blocker 

It was recorded that only 205 individuals (1.6% of all participants in 

ASCEND) reported taking Omega-3 FA supplementation at randomisation as 

participants were asked to avoid any form of fish oil supplementation during 

run-in and in the trial. 

Strategies to ensure good compliance in ASCEND 3.1.3

The success of RCTs is highly dependent on both maintaining compliance 

with the study treatments and ensuring complete follow-up of all participants 

irrespective of whether they are still continuing to take their allocated study 

treatments in order to ensure unbiased complete ascertainment of all 

Treatment N (%)

Insulin 3931 25% 

Metformin 10093 65% 

Sulphonylurea 4145 27% 

ACE inhibitor 6625 43% 

ARB 2634 17% 

Beta-blocker 2024 13% 

Ca channel blocker 3773 24% 

Statin 11653 75% 

Thiazide or related diuretics 2930 19% 

Aspirin (at screening) 5508 36% 
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relevant study outcomes. Maintaining compliance with study treatment by 

participants can be the most labour-intensive and difficult phase of trials 

particularly for long-term mail-based trials like ASCEND.  

During a trial, it was important to monitor the degree of compliance with 

treatment: a) to understand whether the statistical power of the study to 

address its aims is being maintained; b) to develop and implement strategies 

for improving it if it is falling to unacceptable levels; and c) to allow any 

treatment effect to be interpreted in the light of the in-trial compliance. Poor 

compliance can have a major adverse effect on the statistical power of a 

study to detect a clinically relevant treatment effect. For a clinical endpoint 

study, such as ASCEND, the statistical power is inversely proportional to the 

square of the compliance, indicating that relatively small losses of 

compliance can have a large impact on the study power.  

3.1.3.1 Previous successful experience of conducting cost-effective 

randomised trials by mail 

Both aspirin and omega-3 FA are widely available and used, the hazards are 

low and well characterised, and neither requires biochemical monitoring. 

Several large RCTs have been conducted using mailed drug supply and 

follow-up, including the CTSU-coordinated British Doctors’ Study (186) and 

the (first) US Physicians Health Study (187) of aspirin for the prevention of 

MI. Other large studies (188, 189) of either aspirin or various supplements 
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being conducted entirely by mail in the US: the (second) US Physicians’ 

Health Study ll, the Women’s Antioxidant Study (WACS) and the Women’s 

Health Study (WHS) also run by mail. Experience from these studies shows 

that with information leaflets, consent forms and questionnaires, good 

response rates and compliance can be achieved and reliable information 

about medical events gathered. In addition, the 24-hour Freefone service 

established by CTSU for other large heart disease trials allows study 

participants to discuss any aspects of the study with experienced clinical staff 

and so helps ensure good compliance and the early identification of serious 

problems. 

Follow-up methods in ASCEND 3.1.4

3.1.4.1 6-Monthly follow-up questionnaires sent by mail (with telephone 

back-up) 

Follow-up questionnaires were sent to all ASCEND participants on a 6-

monthly basis. The questionnaire included questions on cardiovascular 

events, other serious adverse events (including bleeding episodes), 

compliance with study treatment and use of relevant non-study treatments. 

Questions on the questionnaire were designed in collaboration with patient 

forums to ensure that the wording was easily understandable. Supplies of the 

participant’s allocated study treatment are also mailed with the follow-up 

questionnaires 6-monthly. All randomised patients were encouraged to return 

their questionnaire, but if forms were not returned, up to 2 mailed reminders 
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are then sent. If there is still no response, following reminders, a study 

administrator telephoned the patient in order to complete the Follow-up 

questionnaire. At the time of writing, about 86% of live participants had 

returned a follow-up form within the last year and 89% within the last 18 

months. Additional efforts were used, including direct contact of those 

participants who did not return questionnaires to ensure that as many as 

possible were accounted for and ensure complete follow-up. The remaining 

participants were being followed-up via their general practitioner. In addition, 

data were sought on all hospital admissions and on deaths and cancers from 

the Health and Social Care Information Centre and other central registries. 

All randomised patients were flagged through the Office for National 

Statistics and other central registries for death, cancer and other relevant 

events. Consequently, unbiased cause-specific mortality and site-specific 

cancer incidence data for all patients could be obtained, independent of 

whether they were still complying with study medication or responding to 

questionnaires (190). 

3.1.4.2 Maintaining compliance in ASCEND 

The follow-up questionnaire included questions about compliance over the 

previous 6 months. Participants were asked how regularly they have taken 

their tablets (aspirin or placebo) or capsules (omega-3 FA or placebo) in the 

last 6 months with the options of every day, most days, only occasionally or 

never. The first two categories (every day and most days) were defined as 

being “compliant” and last two as “non-compliant”. Once forms arrived back 
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to CTSU, they were electronically scanned and reviewed by administrative 

staff. If queries arose they were also reviewed by clinical staff. I have 

reviewed several thousand follow-up forms which dealt with clinical queries 

and recorded relevant reported events in the study database. Keeping in 

touch with participants is crucial. In order to maintain enthusiasm for the trial 

and encourage compliance, I have been responsible for writing 6 monthly 

newsletters which were also mailed to participants. Each newsletter updated 

participants about the study, reassured patients about alarmist reports about 

aspirin or fish oils in the popular media, introduced team members from 

CTSU, and presented interesting stories that were invited from other trial 

participants. One example was when there were media reports on the use of 

aspirin for prevention of colon cancer, the number of telephone calls from 

participants of ASCEND increased and I prepared a special edition of the 

newsletter with a summary of available evidence on this subject at that time. 

Emphasis was always placed on the importance of continuing trial medication 

and reporting adverse events, and contact details were provided for 

participants to call CTSU to discuss any concerns with a member of the 

team.  

By the estimated mid-point of the study (45 months), over two-thirds (69%) of 

those allocated aspirin or placebo remained compliant (i.e. taking treatment 

most days) with their allocated treatment (which is comparable with other 

studies in the Antithrombotic Trialists' (ATT) Collaboration). For the omega-3 

FA or placebo capsules, the proportion reporting taking study treatment most 

days was higher at 78%. Of those who have stopped their study aspirin or 
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placebo, about 40% gave no specific reason except wishing to stop (many of 

whom have been in the study for several years), a further 17% were taking 

aspirin for a clinical reason (some of whom will have had a primary endpoint 

or report angina), 8% were taking aspirin by choice but without a clear clinical 

indication, 7% reported a variety of other symptoms as reasons for non-

compliance, 6% have upper gastrointestinal symptoms and 6% are taking a 

contra-indicated drug (mainly anti-coagulants), the remainder give a variety 

of other medical or non-medical reasons for discontinuation. 

Based on self-reports of compliance with the study medications, the 

estimated adherence (having taken treatment on every day/most days) 

across both active and placebo aspirin groups was 88% at 1 year, 80% at 2 

and 72% at 3 years after randomisation; and for omega-3 FA or placebo 

capsules 91%, 86% and 80% at 1, 2 and 3 years respectively. However, it 

was recognized that self-reports of compliance can be subject to social 

desirability bias and recall bias. Given this, objective indicators of compliance 

may be helpful, such as measuring biomarkers of drug effects. Importantly, 

by triangulating sources of compliance data in this way, ASCEND will provide 

realistic estimates of compliance which will help inform the interpretation and 

generalizability of the results at the end of the study. This leads to my project 

on evaluating the biochemical effectiveness of the trial medications in 

ASCEND. 
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3.2 Evaluation of the biochemical effectiveness of omega-3 FA and 

aspirin in ASCEND 

The aim of this project was to assess the biochemical effects of aspirin, in 

order to demonstrate that it is having its expected biochemical effect in this 

diabetic population and of omega-3 FA in order to show that blood levels 

have increased as expected at a median follow-up of 3.5 years. Being a mail-

based trial, it is important to compare self-reported compliance by 

participants to measures of the biochemical effect of each intervention in the 

trial follow-up phase. If the results of this sub-study show that mail-based 

self-reported compliance and measured biochemical compliance are the 

same, the final results of ASCEND would have a meaningful impact of study 

medication without reporting bias from participants. Recruitment started in 

April 2005 and was completed in August 2011.  A total of 15,480 patients 

were randomised and median duration of follow-up was about 3.5 years in 

2012 (with a planned median follow-up of at least 7 years). During a placebo 

run-in phase, baseline blood and urine samples were collected by mail and 

74% of randomised participants provided samples. The study protocol stated 

that as well as asking all participants routinely about their compliance with 

allocated study treatments, biochemical effects will be assessed in a random 

sample of participants at intervals during the study. A randomly selected 

subset of randomised participants (10%) was sent a kit for blood and urine 

collection.  
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Sample selection 3.2.1

A total number of 1800 participants (10% as stated and aimed from the study 

protocol) for follow-up sampling was selected randomly from different arms of 

study medications (50% of those from the treatment group and 50% from the 

placebo group), and from that 74% of participants who provided baseline 

sample with the aim to interpret the follow-up sample results in light of 

baseline value for comparison if necessary.   

Sample collection and processing 3.2.1

During 2012, blood and urine sampling kits (Figure 3.3) which contained a 

10ml EDTA blood sample and two containers of urine (one 10ml container 

and one 5ml container without preservative) were sent to 1800 randomly 

selected randomised participants, along with an information leaflet, 

instruction letter and consent form. Ethics committee approval was applied 

and granted for this purpose. The participants were asked to go to their local 

GP practice for the blood test and blood and urine samples were collected 

using the sampling kit provided. The samples were then posted in the mailing 

container provided along with the completed consent form to the coordinating 

centre laboratory in Oxford. The CTSU Wolfson Laboratories are accredited 

by the United Kingdom Accreditation Service (UKAS) to ISO 17025:2005 

(General requirements for the competence of testing and calibration 

laboratories) which demonstrates technical competence for a defined list of 

tests and the operation of a laboratory quality management system.   
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Figure 3.3: Picture of mailing sampling kit sent out for blood and urine 

collection in the ASCEND follow-up sample collection. 

In total 1288 samples were returned (1265 returned blood and urine samples, 

6 blood only, 17 urine only, 512 did not return any samples). On arrival at the 

central laboratory, an aliquot of whole blood was removed for the HbA1c 

assay. The remainder of the blood sample was centrifuged and plasma 

extracted for the pre-specified assays (total- and HDL-cholesterol, 

apolipoproteins A1 and B, cystatin C) as in the protocol to see the study 

medications were not having impacts on other factors that might be relevant 

to the cardiovascular outcome in ASCEND. The remaining plasma and red 

blood cells were aliquoted into barcoded cryovials and frozen at -80°C. The 

urine samples were also aliquoted into barcoded cryovials and frozen at -

80°C.  
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I investigated appropriate and reliable biomarkers for assessing aspirin and 

omega-3 FA compliance in the context of the ASCEND trial. The design of 

ASCEND imposes some practical constraints regarding which biomarkers 

can be reliably assessed. In designing my compliance sub-study, 

compromises needed to be made to take account of the fact that direct 

contact with the participants was not possible. A novel aspect of this work is 

the collection of samples by mail so a significant challenge has been finding 

suitable analytes that might be stable in whole blood or urine during transport 

in the post. The appropriate biomarkers for aspirin and omega-3 FA will be 

discussed in detail in section 3.3. As part of the compliance sub-study during 

the follow-up phase, information about non-study treatment use, blood 

pressure, and BMI were asked in addition to information about compliance 

from the randomly selected participants. Analyses of HbA1c, total 

cholesterol, HDL-cholesterol, Apo A1, Apo B, and cystatin C) and urinary 

microalbumin/creatinine ratio) were undertaken on the follow-up samples in 

addition to the measurements of the biochemical effectiveness of trial 

medications.  
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3.3 Omega-3 fatty acid biomarkers 

Monitoring of biochemical effectiveness of trial medications during the follow-

up phase of the trial is needed for the reliable interpretation of the trial results 

as previously described in section 2.5. It is particularly relevant in a long-term 

mail-based trial like ASCEND which will last for more than 7 years and where 

the estimated compliance relies on self-reported questionnaires. In clinical 

trials investigating omega-3 FA as an intervention, one of the practical 

difficulties could be the lack of a generally accepted biomarker that reflects 

the biochemical efficacy of its intake. This section reviews the available 

biomarkers for omega-3 FA intake, describes the suitable methodology of a 

most appropriate biomarker to use in the context of ASCEND.  

Literature review of methods for omega-3 fatty acid 3.3.1

biomarkers 

One systematic review including 41 studies, evaluated the utility of different 

biomarkers of omega-3 FA intake and reported that eighteen different 

biomarkers had been used to measure the change in omega-3 FA level after 

taking supplements (191). Total plasma lipid DHA (used in six RCTs) and 

plasma phospholipid DHA (used as a biomarker in 21 studies) both reflected 

the supplement dose and were considered useful indicators of DHA status. 

Plasma triacylglycerol DHA, plasma cholesteryl ester DHA and plasma non-

esterified fatty acid DHA were also used in a small number of trials. Different 
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stages of red blood cell (RBC), platelet and peripheral blood mononuclear 

cell phospholipid DHA were also used in a small number of trials. 

Granulocyte, neutrophil, neutrophil phospholipid, peripheral blood 

mononuclear cell, LDL, and HDL were also used as sources of measurement 

of DHA in a small number of trials. Hence there is a range of useful 

biomarkers which can reflect omega-3 FA intake/supplementation. The most 

commonly used ones involve red blood cells (RBCs), plasma, and plasma 

phospholipids (PL). 

Given the long half-life of RBCs (about 120 days), it has been suggested that 

FA levels in RBC may better reflect long-term intake of particular FAs and 

therefore be a more appropriate biomarker to use to than plasma FA levels 

(192). DHA measurement in both plasma and RBC correlated with intake, but 

RBC DHA concentration was more strongly associated with long-term intake 

(193). To have a greater power and more reliable results, a biomarker with 

low biological variability would be preferred. Theoretically, RBC membrane 

omega-3 FA measures are likely to be relatively stable because of their 

esterified status in the membrane. Plasma contains lipoprotein-associated 

FAs (cholesteryl esters, triglycerides, and phospholipids) as well as non-

esterified FAs, and plasma FA composition may be more variable because of 

varying levels of types and amount of lipoproteins. A study was conducted 

which reported the rate and extent of which EPA and DHA were incorporated 

into RBC membranes in an 18 –month controlled trial (194). The proportion 

of EPA in RBC increased after just 3 days of supplementation. The 

incorporated half-life of EPA was reported as 28 days and the concentration 
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of EPA plateaued at 6 months, the RBC concentrations reflected the intake 

over the previous month. When supplementation was stopped, levels of FA 

came down at approximately the same rate at which they had risen and had 

fallen to about 50% of peak values after 1 month. 

A study which compared biological variability of omega-3 FA measurements 

in RBC, plasma and plasma phospholipids (PL), confirmed that RBC omega-

3 FA measurement showed the lowest with-in subject coefficient of variation 

(CV) (4.1 ±1.9%) compared with whole plasma (CV 15.0 ± 6.4%) or plasma 

PL (14.5 ± 8.4%) (192). A prior meal lowered the plasma EPA and DHA 

proportions (expressed as a percent of total FAs). The consumption of a 

meal that does not contain long-chain omega-3 FA (but does contain other 

FAs) will dilute the plasma FA pool with non-omega-3 FAs, lowering the 

relative content of omega-3 FA. But RBC omega-3 FA composition is not 

altered acutely by a meal, which is an advantage as a fasting sample is not 

required (192). Most of the FAs in RBCs are esterified in membrane PLs and 

are relatively stable in contrast with plasma which contains lipoprotein-

associated FAs and non-esterified FAs. Hence plasma FA composition is 

more variable than FAs in RBC since there are many FA carrier molecules. 

RBC omega-3 FA measurement showed the lowest biological variability and 

was unaffected by a prior meal, Hence it was possible to use nonfasting 

blood samples to obtain reliable RBC omega-3 FA concentration and this 

would be the preferred sample type in which to assess omega-3 FA status in 

ASCEND. The limitation of this study was that the composition of the meal or 

the exact timing of the blood collection after the meal were not critically 
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considered as their goal was to replicate the normal variability observed in 

clinical practice. 

A study looking at the adherence to nutritional advice to increase EPA and 

DHA showed that measurement of the percentage of DHA in RBCs 

characterizes adherence to EPA and DHA intakes in long-term intervention 

following the dietary advice, while plasma measurements of the percentage 

of EPA and DHA and dietary assessment reflect short-term increases in EPA 

and DHA intakes (195). Rapid incorporation of EPA into plasma and 

erythrocyte lipids, and DHA into plasma lipids makes measures of EPA and 

DHA susceptible to acute compensatory EPA and DHA intake just prior to 

blood collection during follow-up of long-term trials. The study excluded 

individuals with 4% Omega-3 FA index, existing CVD or diabetes mellitus 

and those consuming nutraceuticals containing EPA and DHA. The study 

was not blinded and knowing that blood samples would be measured at each 

study visit could have led to compensatory adherence immediately prior to 

the study visits.  

In the substudy of ASCEND, there was an option of measuring both plasma 

and RBC omega-3 index as a comparison of the two fractions. However, with 

a limited amount of blood collected (one ETDA tube) and the need to spare 

plasma for analysis of other laboratory tests that were pre-specified in the 

protocol, this option was not adopted. Moreover, based on the review of the 

literature, it appeared that measuring RBC omega-3 FA levels in ASCEND 

samples was the most appropriate method to use given the stability, reduced 
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variability and no requirement to use fasting samples for the purpose of long-

term adherence of study medication.  

The main challenge of collecting mailed based samples was the stability of 

analytes during postal shipment from the general practice to the laboratory at 

the CTSU. With the previous experience of collecting blood and urine 

samples at the baseline in the ASCEND, the CTSU laboratory team recorded 

of the majority of samples (>90%) arrived in the laboratory within 7 days at 

baseline sampling process. Hence the analytes to be measured needed to be 

stable at room temperature for at least 7 days. 

Red cell membrane omega-3 index 3.3.2

The omega-3 index is the EPA and DHA content of the red blood cells 

(RBCs) expressed as a percent of total identified RBCs FA (196) 

(OMEGAQUANT, 2009-2011 document). The omega-3 index is a biomarker 

of n-3 FA status and correlates with EPA and DHA supplementation in a 

dose-dependent manner (197). A randomised, placebo-controlled, double-
blind, parallel-group study in 125 people assessed 5 doses of EPA+DHA (0, 

300, 600, 900, 1800 mg) given daily for 5 months as fish oil supplements 

(Nordic Naturals). The omega-3 index was used to assess the level of FA 

uptake at baseline and at the end of the trial. The results showed that 

omega-3 FA supplements increased the omega-3 index in a dose-dependent 

manner. The omega-3 index increased by 121% (from 4.3% to 9.5%) for the 

1800 mg/day dose group, 75% for the 900 mg/day dose group, 59% for the 

600 mg/day dose group, and 44% for the 300 mg/day dose group (197).



104 

In the same trial, RBCs FA composition was analysed according to the HS-

Omega-3 index® methodology using dried blood spot preparation for easy 

transport to their laboratory in the USA. Briefly, fatty acid methyl esters were 

generated from RBCs by acid transesterification with boron trifluoride and 

analysed by gas chromatography using a GC2010 Gas Chromatograph 

(Shimadzu Corporation, Columbia, MD) equipped with an SP2560, 100-m 

column (Supelco, Bellefonte, PA). Fatty acids were identified by comparison 

with a standard mixture of fatty acids characteristic of RBCs. The omega-3  

index is the EPA+DHA content of RBCs expressed as a percentage of total 

identified fatty acids. The factors influencing the omega-3 index were 

investigated and independent determinants positively associated with the 

omega-3 index were age, a history of high cholesterol whilst negatively 

associated factors were being a current smoker and triglycerides (198): 

marine-derived n-3 FA supplementation explained two-thirds of the variability 

in response to RBCs EPA+DHA content, and several factors beyond dose 

(i.e., body weight, baseline omega-3 index, age, physical activity, and sex) 

added more precision to the predictive model (197). The CTSU Wolfson 

laboratory had no experience of measuring FAs and did not have gas 

chromatography machine on site and hence I set up a collaboration with 

Harris Laboratory at Sioux Falls, SD 57106, USA to analyse the omega-3 

index for collected samples. 
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Sample size calculation 3.3.3

Power calculation Formula 

The basic power formula for testing whether the difference in mean level 

between two treatment arms with equal numbers n per arm, is > dmin is: 

(d-dmin)  √(n / 2) / s > (za + zb), where d is the expected difference and s is 

the SD of a basic observation. 

The simplest basic observation is an individual observation, off treatment in 

one arm and on-treatment in the other.  However, depending on the 

reproducibility, it may be more powerful to make the basic observation a 

difference between an on-trial observation and a baseline observation off 

treatment. If r is the self-correlation, and s is the SD of an individual 

observation then the SD of the difference between two values is: s √ (2(1-r)). 

Given a fixed total number of samples n within each arm, which can be used 

either: (1) wholly for on-trial observations; or (2) as n/2 measurements of 

paired off and on-trial measurements for an individual, the standard errors of 

the means in an arm are: 

(1) sa=s/√n 

(2) sa=s √ (4(1-r)/n) 

(2) will give a lower standard error if 

√ (4(1-r)) <1 

which evaluates to r>0.75 
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Power formula with paired measurements 

Where “si” is the SD of the contribution from one individual, which may be 

either a single measurement or the difference between a pair of 

measurements at different times, and ni is the number of individuals within 

each arm: 

(d-dmin)  √(ni/ 2) / si > (za + zb) 

Thus, for the paired measurements, with this becomes 

(d-dmin)  √(ni / 2) / s √ (2(1-r)) > (za + zb) 

(d-dmin)  √ni / s √ (4(1-r)) > (za + zb) 

(so with r=0.75, this reduces back to the standard formula of (d-dmin)  √(n/ 2) 

/ s > (za + zb), with ni= n/2) 

Estimates from the literature: EPA+DHA measurement after 

supplementation of omega-3 FA 

EPA and DHA levels in red blood cells, whole plasma, and plasma 

phospholipids in 20 healthy volunteers were tested weekly over 6 weeks by 

Harris group. The within-subject coefficients of variation (Mean±SD) were 

4.1%±1.9%, 15.9%±6.4%, and 14.5%±8.4%, respectively (RBC vs. others, 

p<0.001). RBC omega-3 index showed the lowest biological variability and 

was not altered in the fed state (199) with the change in the red cell 

membrane omega-3 index of up to 46%. 
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The change in the red cell membrane omega-3 FA was also studied in the 

subset of the Framingham Offspring study (200). The RBC omega-3 index 

increased by 41% (95% CI: 31 to 52%) in 38 individuals who were taking fish 

oil supplements, but in 253 participants not taking fish oil, the proportion of 

RBC EPA+DHA did not change. The SD of measurements of pre and post-

supplementation with omega-3 FA calculated from the text and figure 1 of the 

published paper are given in Table 3.4 (200). 

Table 3.4: Sample size and study power calculation data for omega-3 FA 

Point  SE of log SD r 

On supplement-Baseline 

(n=38) 

0.042 0.26  

On supplement-post 

supplementation (n=38) 

0.036 0.22  

Diff, ratio of CI for on 

treatment to off treatment 

0.038 0.23 ~0.5 

No supplementation post 

randomisation, n=253 

0.0176 0.28  

It is expected, from the literature review, that there might be a 41% difference 

with an SD of log EPA+DHA of 0.28. Therefore with the funding allowance of 

analyzing the total number of 152 (38 in each of the treatment sub-groups), 

the study was powered to show a difference of at least 20% (with an 

expected 41% effect). This equates to the power to detect a non-zero effect 
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with a 21% (i.e. 41%-20%) expected effect. Stored samples were retrieved 

from the deep freezer using a unique sample identifiable code for each 

sample in a subgroup of 152 patients in the ASCEND study.  Dry blood spots 

were prepared from those blood samples and transported to the 

OmegaQuant laboratory, Bill Harris’s laboratory in South Dakota. Omega-3 

index was measured using the dried blood spot technology which was simple 

and easy for transport worldwide. In addition to EPA (20:5n-3) and DHA 

(22:6n-3), the other 22 fatty acids (by class as listed in the table below) are 

identified. The sum of these 24 fatty acids constituted the total fatty acid 

content of the blood. All of the FAs which were assayed are listed in Table 

3.5. Data in my thesis is presented as a percentage of the total fatty acid 

content, with the all fatty acids summing to 100% for all 152 samples. 

Table 3.5: Free fatty acids analysed from dry blood spot testing 

Saturated 
FA 

Cis 
monounsaturated 
FA 

Trans 
unsaturated 
FA 

Cis n-6 PUFA Cis n-3 PUFA

Myristic 
C14:0 

Palmitoleic 
C16:1n7 

Palmitelaidic 
C16:1n7t 

LA Linoleic 
C18:2n6  

ALA alpha-
Linolenic  
C18:3n3 

Palmitic 
C16:0 

Oleic C18:1n9 Elaidic 
C18:1t 

GLAgamma-
Linolenic  
C18:3n6 

Eicosapentaenoic 
C20:5n3 

Stearic 
C18:0 

Nervonic C24:1n9 Linoelaidic 
C18:2n6t 

Eicosadienoic 
C20:2n6 

Docosapentaenoic 
- n3  
C22:5n3 

Arachidic 
C20:0 

  DGLA Dihomo-g-
linolenic 
C20:3n6 

Behenic 
C22:0 

  AA Arachidonic 
C20:4n6 

Lignoceric 
C24:0 

  Docosatetraenoic 
C22:4n6 

   Docosapentaenoic 
- n6 C22:5n6 
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Method of analysis 3.3.4

The results presented in this chapter considered EPA+DHA (the Omega-3 

Index) fatty acids only. Log values of each fatty acid were analysed as the 

results follow log-normal distributions. Pearson (Self) correlation coefficients 

between fatty acids at baseline and on trial were calculated in the placebo 

arm. Differences in log fatty acids between the active and placebo omega-3 

arms were investigated using generalised linear models. The means of the 

log variables were exponentiated to give geometric means. The modeled 

estimate of the effect of omega-3 FA was exponentiated and converted to 

give % difference. 

In summary, long-term omega-3 FA compliance in ASCEND was assessed 

using the omega-3 index. Samples were measured at two different time 

points; at baseline and during the trial in both trial arms (treatment and 

placebo arm). The results are presented in next chapter. 

3.4 Measurement of biochemical effects of aspirin 

Aspirin irreversibly acetylates platelet prostaglandin H-synthase-1 or 

cyclooxygenase-1 (COX 1) or H-synthase 2 (Cox-2) (as described earlier in 

figure 2.11). This results in a reduction in thromboxane A2 production (TxA2) 

which is a potent vasoconstrictor and promoter of platelet aggregation. The 

half-life of thromboxane A2 is very short (about 30 seconds). It is rapidly 
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converted to its stable metabolite, thromboxane B2 (TxB2) (137). Ideally, to 

measure whether aspirin is being taken and exerting its desired effect, we 

would measure aspirin blood levels. However, to date, there are no reliable 

assays to measure blood levels of aspirin.  

After decades of innovative attempts to assess aspirin response by 

measuring stable biochemical specific metabolite, thromboxane B2, there are 

now reliable methods which can be used for both serum and urine (201-203). 

However, in ASCEND, there are significant obstacles to measuring serum 

thromboxane as it requires careful sample collection, incubation at 37°C for 

about 1 hour, immediate centrifugation for 5 min (127), immediate separation 

and the storage of serum at least below -20°C. This requires a clinic setting 

with onsite facilities to process the sample after collection, which was not 

possible in ASCEND which is run mainly by mail. Urinary thromboxane B2 

(UTxB2) was therefore chosen as the preferred method for use in ASCEND 

despite some recognised limitations. UTxB2 has the advantage of being 

stable in urine over several days hence allowing collection of the sample and 

dispatch to the central laboratory by mail. Difficulties of assessing COX-1 

inhibition attributable to aspirin using UTxB2 include: the influence of body 

mass index (BMI) (145); smoking (204);  the possibility that individuals with 

diabetes behave differently from those without, physiological factors (age and 

renal function); pathological factors (kidney, liver and metabolic disorder, 

obesity, myeloproliferative neoplasm); genetic variants; drug-drug interaction 

(e.g. NSAIDs); development of resistance or tolerance; and compliance with 

the medication. Consequently, although not an ideal measure because of 
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these factors, measuring UTxB2 does provide an opportunity to assess the 

degree of platelet inhibition being seen in those randomised to aspirin 

compared to placebo in the ASCEND trial. The process of randomisation and 

the interpretation of means across the groups (rather than focusing on 

individual’s values) imply that despite the limitations useful information can 

be obtained.  For these reasons, other trials have also used UTxB2 as a 

biomarker of COX inhibition due to aspirin (138, 139, 145).  

Measurement of Urinary Thromboxane B2 in ASCEND 3.4.1

For the ASCEND trial, the AspirinWorks test kit was used to measure 

thromboxane B2 (UTxB2) in urine samples. The AspirinWorks test kit is an 

enzyme-linked immunoassay (ELIZA) to determine the level of 11-dehydro 

thromboxane B2 in the urine sample to see the platelet response to aspirin 

ingestion. Validation of the assays was done in the CTSU laboratory before 

being used to measure trial samples. 

Assay validation process for UTxB2 measurement 3.4.2

3.4.2.1 Accuracy  

In the absence of a certified reference material or an external quality 

assurance scheme, the kit quality control (QC) sample was used to test for 

accuracy. The three levels of kit QC were tested (four times) over two days 

and the results fell within the range supplied by the manufacturer when using 

the semi-Log processing method. For the Log-log processing method, the 

QC levels 2 and 3 fell within the range stated by the manufacturer, but one 
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individual result for level 1 fell outside of the manufacturer's range but the 

mean of the duplicates fell within the manufacturer's range. To improve 

accuracy based on these findings it was decided to run the samples in 

duplicate.  

3.4.2.2 Precision 

The precision test was carried out using the kit Quality Control (QC) material 

for both within-batch precision and between batch precision. The 

manufacturer states in the kit insert that the precision data has been obtained 

using the mean values of duplicate samples and was used 106 data points to 

gain the precision data. Both within-batch and between batch precision 

improved with duplicate samples as recommended compared to individual 

sample results. 

3.4.2.3 Reportable range (linearity) 

The detection range stated by the manufacturer was 300 – 4000 pg/mL and 

any sample with a result higher than 4000 pg/mL were retested with the 

appropriate dilution. Due to the limited space available on the plates, it was 

not possible to run six dilutions in triplicate. The linearity was checked by 

running a high sample (above the highest standard) diluted with the sample 

diluent (provided with the kit) to obtain a series of samples that were run in 

duplicate. The results were plotted and the percentage recovery calculated 

for each level (observed/expected x 100%). Limited data was produced for 

linearity due to the lack of plates available for the validation. The samples 
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were analysed in duplicate. The observed results were plotted against the 

expected results in Figure 3.4 (A- Semi-log and B-log-log). Both processing 

methods have been used.  All sample results were included in the graphs, 

but note that the 1 in 4 dilutions (M) were used to generate the expected 

results for both processing methods.  

Figure 3.4 (A) Linearity plot (Semi-Log) showing reportable range for UTxB2 

measurement in ASCEND 
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Figure 3.4 (B) Linearity plot (Log-Log) showing reportable range for UTxB2 

measurement in ASCEND 

The Semi-Log processing produced a recovery from between 88.6% to 

105.5%, while the Log-Log processing for the same samples produced a 

recovery from between 101% to 110.9%. The linearity was acceptable for 

both types of processing as they fall between 80% and 120%. 

3.4.2.4 Patient sample range 

The possible patient sample range was checked using sets of samples that 

have been obtained from healthy volunteers (n=11) in our trial centre as a 

pilot project to help understand UTxB2 behaviour after aspirin ingestion. The 

first sample was obtained at time zero (approximately 8 am) before taking 
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150 mg of aspirin (300 mg aspirin preparation was available for this pilot 

project and 150 mg (half of 300 mg) was used) a second sample was 

collected 12 hours (approximately 8 pm) after the aspirin was taken and a 

third sample was collected 24 hours (approximately 8 am the following day) 

after the aspirin was taken.  Some blank samples were also obtained from 

volunteers who had not taken aspirin in the 48 hours prior to giving the 

sample. The samples were placed at 4°C before being aliquoted and frozen 

at -80°C.  

It was expected that most samples corresponding to time 0 would give a 

result >1500pg UTxB2/mg creatinine (i.e. representing no suppression of 

TxA production so high UTxB2) and the subsequent time points would show 

suppression and a result of ≤1500pg UTxB2/mg creatinine, therefore, 

demonstrating the effect of the aspirin. All volunteers showed a change in the 

level of UTxB2, but three had anomalous results. One had a high UTxB2 

level, even after taking the aspirin with it not going below the 1500pg 

UTxB2/mg creatinine cut off, and two had levels below 1500pg UTxB2/mg 

creatinine at time zero, although they also decreased after taking aspirin. For 

these 2 individuals, the zero time point appeared to be from someone who 

had already taken aspirin but may have been due to other interfering 

substances (Table 3.6, Figure 3.5 A and B). 
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Table 3.6: Results of UTxB2 measurement in the pilot study (n=11) of 

ASCEND 

Sample ID Mean  

0 Hrs 

Mean 

12Hrs 

Mean 

24Hrs 

% change 

12Hrs v 0Hrs 

% change 

24Hrs v 0Hrs 

A1 1791.8 904.4 433.30 -49.5 -75.8 

A2 2638.9 831.0 606.47 -68.5 -77.0 

A3 2405.0   553.44   -77.0 

A4 2876.8 577.6 578.96 -79.9 -80.5 

A5 5297.6 2274.6 2067.13 -57.1 -61.0 

A6 2848.9 640.1 740.19 -77.5 -74.0 

A7 1743.0 480.0 500.37 -72.5 -71.3 

A8 866.1 339.9 359.56 -60.8 -58.5 

A9 2810.8 672.4 623.27 -76.1 -77.9 

A10 1275.7 450.5 497.89 -64.7 -60.97 

A11 2471.6 599.5 965.32 -75.7 -60.94 

 Overall 

Mean  

2456.9 777.0 720.54 -68.2 -70.44 

Overall SD 1159.3 552.6 474.86 10.0 8.35 

Overall CV 47.2 71.1 65.90 -14.7 -11.85 
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Figure 3.5 (A) The change in UTxB2 measurements after taking aspirin 

(Semi-Log data) 

Figure 3.5 (B) The change in UTxB2 measurements after taking aspirin (Log-

Log data) 
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The overall mean reduction of UTxB2 at 12 hr after 150 mg of aspirin 

ingestion in the pilot study was 68.23% with SD 10.01, and of 70.44% with 

overall SD of 8.35 at 24 hr post-aspirin ingestion (Table 3.5). As a result of 

the pilot study, it was decided to analyse the samples at baseline and during 

the trial to better assess any changes due to treatment allocation. 

3.4.2.5 Comparing preserved and non-preserved samples  

After deciding to analyse samples from two-time points (i.e. baseline and in-

trial), we investigated whether using chlorostat preservative in the urine 

sample had any impact on the analysis. The aim was to assay an individual’s 

baseline and follow-up samples on the same plate (to minimise variation 

between runs) to assess changes in the level of UTxB2. The baseline urine 

sample had been collected without chlorostat preservative, therefore, a 

comparison between samples with and without preservative was required. 

The manufacturer recommends the use of preservatives as compulsory. 

However, after contacting the product specialist (personal communication) 

from the company, the reason of compulsory use was unclear and at Mayo 

Clinic, the non-preserved samples are routinely used. The use of 

preservative tablets for the collection of urine samples varied from different 

centres, for example, the Cleveland heart laboratory does not use 

preservatives for their sample collection. Samples from 3 volunteers were 

divided so that half the sample was in a tube without preservative and the 

other half had a preservative added. Each sample (both with and without 
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preservative) was then analysed and no significant differences on UTxB2 

measurement were observed between samples with or without preservative 

tablets. The results are displayed in Table 3.7 A and B. 

Table 3.7 (A) Semi-Log Preserved vs. non-preserved sample 

Mean result 

With 

Preservative

Without 

Preservative 

% Difference from 

Preserved sample 

1 2080.47 1980.87 4.79 

2 971.65 912.15 6.12 

3 859.51 738.22 14.11 

Table 3.7 (B) Log-Log it preserved vs. non-preserved sample 

Mean result 

With 

Preservative

Without 

Preservative 

% Difference from 

Preserved sample 

1 1968.6 1889.34 4.03 

2 1077.04 1012.99 5.95 

3 949.54 813.05 14.37 
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3.4.2.6 Sample suitability 

The samples that were to be tested were mailed to the laboratory using the 

standard postal service, then aliquoted upon receipt and stored at ≤-80°C. 

The baseline samples were stored in liquid nitrogen tanks for several years 

before retrieval.  The follow-up samples were stored at ≤-80°C for less than 1 

year.  The follow-up samples had undergone a freeze/thaw cycle before 

being analysed for UTxB2. To check that this extra freeze/thaw did not have 

an effect on the samples, two aliquots (a and b) were taken and stored at -

80°C. The ‘b’ sample was removed and defrosted at room temperature for 3 

hours before being returned to the freezer. Then both the ‘a’ and ‘b’ aliquots 

were analysed on the same plate to compare the effects of the extra 

freeze/thaw on the sample. In total 28 samples were analysed but 6 required 

repeating at a different dilution, so only 22 sample results were used in the 

comparison. The results are displayed in Figures 3.6 A and B) below; the 

twice defrosted sample (b) plotted against the once defrosted sample (a). 
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Figure 3.6 (A) Semi-log plot showing freeze and thaw data for UTxB2 

measurements in ASCEND 
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Figure 3.6 (B) Semi-log plot showing freeze and thaw data for UTxB2 

measurements in ASCEND 

For the semi-Log processing method, there was a mean change of 1.81%. 

For the Log-Log processing method, there was a mean change of 2.43%. 

3.4.2.7 High Creatinine results 

From inspection of the raw data for samples that yielded unexpected results 

(false positive or false negative), there was some concern that a high level of 

creatinine in the sample might have interfered with the UTxB2 assay. As less 

than 2% of ASCEND patients had high creatinine levels at baseline this was 

not thought to have a material impact on the collected sample. 
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3.4.2.8 Stability in mail-based sample 

The experiments on the stability of UTxB2 for up to 7 days in 12 subjects, 

incubating the samples between 22 and 24 °C, e.g. in the 'worse' conditions 

of temperature during shipment of the samples was done in collaboration 

with Professor Carlo Patrono’s research laboratory in Italy and the results are 

shown below. The results indicate that there was no sign of degradation of 

the UTxB2 during this time frame at the set temperatures (Figure 3.7) and 

data from the manufacturer states that analytes were stable in samples 

stored at room temperature for 14 days (Table 3.8). 

Figure 3.7 Stability of sample with duration of storage at temperature 22-24’C 

(n=12) 
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Table 3.8 Data from Manufacturer: Sample storage study at room 

temperature until 14 days. 

3.4.2.9 Method of collection 

Urinary albumin and creatinine ratio and UTxB2 were measured using a 

competitive enzyme-linked immunoassay (ELISA) method using Corgenix 

UTxB2 test kit AspirinWorks (Manufacturer’s CV 5-8%).  The baseline samples 

from the same subset of patients (which have been stored in liquid nitrogen) 

were analysed for UTxB2 and RBC membrane omega-3 index using the same 

methodology. The laboratory in Oxford used a number of internal and external 

quality control procedures and follows a standard operating procedure (in 

accordance with Good Laboratory Practice guidelines). Confirmed assay results 

were transferred to the central ASCEND database and linked to the patients’ 

other data. (Sample collection and processing have been described earlier in 

section 3.2.1) 
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Sample size calculation for UTxB2 3.4.3

The statistical power to detect differences between the randomised groups 

depends on the distribution of UTxB2, its reproducibility in samples taken 

some years apart from the same individual, and the effect of aspirin on it. 

Ames et al. (2012), reported UTxB2 post-aspirin [mean (± SD)] in people with 

diabetes of 996 ± 845 pg/mg creatinine; and at baseline of 3665 ± 2465 

(127). As the SDs were approximately proportional to the means, this 

suggests an approximately lognormal distribution. On this basis, these results 

lead to estimates for the SD of log (UTxB2 ) of 0.8 and 0.7 (127). These 

estimates were also corroborated by reports from Eikelboom group of the SD 

of log (UTxB2) of 0.7 to 0.8 (205). We assumed that the SD of the log-

transformed data was the same for both groups. We assumed a self-

correlation over the time period from baseline to follow-up of 0.75.  The Ames 

results suggest that aspirin reduces UTxB2 by 100 x (1-996/3665) i.e. ~70%.  

With 80% compliance in ASCEND, thus, a ~60% reduction might be 

expected.  However, there was considerable uncertainty around these 

estimates and so the power calculations also allowed for a smaller reduction 

in UTxB2 of 45%.  



126 

Table 3.9: Sample size calculation with power for UTxB2 measurement 

N per 

arm 

(n) 

Percent 

reduction

Percent 

reduction 

to detect  

Percent reduction 

to detect 

as a change in log 

(d_del) 

Self-

correlation 

(r) 

SD of 

log 

(s) 

Power 

at 

p=0.05 

75 60% 25% -0.6 0.75 0.8 ~99% 

75 45% 25% -0.3 0.75 0.8 ~90% 

* Using the formula 

Zb=abs((d_del√n)/(s√(4(1-r))))-Za 

where Za=1.96 

As described in section 3.4.2, the overall mean reduction of UTxB2 at 12 hr 

after 150 mg of aspirin ingestion in the pilot study was 68.23% with SD 10.01, 

and of 70.44% with overall SD of 8.35 at 24 hr post-aspirin ingestion. With 75 

individuals per arm (assayed at two-time points), the power to detect a 

reduction of at least 25%, was >99% with a predicted reduction of 60% and 

about 90% with a predicted reduction of 45% (Table 3.9).  

Hence UTxB2 concentration (measured in pg/ml) at baseline and on trial in a 

subgroup of 152 patients in the ASCEND study were analysed with an 

attempt to answer the biochemical effectiveness of aspirin ingestion. Those 

randomly selected 152 samples were retrieved from storage after arriving 

back to the CTSU laboratory after sample collection. Patients were randomly 

selected within treatment arm from the group who had urine samples 
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available at both time points, to ensure equal numbers per randomised arm. 

Two duplicate samples per patient were to be analysed at each time point, 

thus giving four results per person.  

An additional research question was raised, as discussed earlier (section 

2.5), whether in diabetic patients the duration of platelet COX inhibition after 

aspirin ingestion is shorter than in people without diabetes. To investigate 

this a further sample (n=199) were selected from patients who were part of 

the mid-study sample and who reported taking aspirin either more than 12 

hours before their urine sample or between 0 and 12 hours earlier. These 

additional UTxB2 assays analyses were done only on samples from the mid-

study but not on baseline levels. In each case, duplicate samples were 

analysed on the same plate. 

3.4.3.1 Data completeness 

UTxB2 concentrations are given as pg/ml in the majority of cases. Low 

results are recorded as <150 pg/ml and high levels as above assay range or 

>10000 pg/ml. Of the 152 patients in the random sample, 144 (95%) had at 

least one in-trial result within assay range and 146 (96%) had at least one 

baseline result within assay range. The corresponding numbers for those 

with both results within assay range are 139 (91%) in-trial and 134 (88%) 

baseline, with 123 (81%) having all four possible results within the assay 

range. In 4 cases, one of the baseline results was unsuccessful due to a 
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plate error (all were on the same plate). Of the 199 patients in the additional 

sample, 193 (97%) had both on-trial results within assay range and the 

remaining 6 had both assay results reported as “above range”. 

 Method of analysis 3.4.4

The mean of the two duplicate UTxB2 concentrations was calculated at each 

time point. The Log of this value was analysed as the results followed a log-

normal distribution. Pearson (Self) correlation coefficients between duplicates 

of the same sample and between log UTxB2 at baseline and on trial were 

calculated. Differences in log UTxB2 between the active and placebo aspirin 

arms were investigated using generalised linear models. The means of the 

log variables were exponentiated to give geometric means. Differences in 

mean logs were exponentiated to give ratios of geometric means which were 

then converted to percentage differences. 

3.4.4.1 Correlations and choice of analysis 

The self-correlation between baseline and on-trial log UTxB2 in the 60 

placebo aspirin arm patients with all four results within the assay range is 

0.39 (p=0.002). As the self-correlation is <0.5, the analysis of on-trial values 

is more valid than analysing the change between baseline and on-trial. Log 

UTxB2 concentrations between the duplicates of the same sample (where 

both are within assay range) are highly correlated: 0.95 (p<0.0001, n=134) 

for baseline samples, 0.95 (p<0.0001, n=139) for on-trial samples in the 
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original dataset and 0.99 (p<0.0001, n=193) for on-trial samples in the 

additional dataset.  

3.5 Chapter summary 

The ASCEND trial is a large mail-based 2x2 factorial design randomised trial 

for diabetic patients who do not have established cardiovascular disease 

exploring the role of aspirin and/or omega-3 fatty acid for primary prevention 

of cardiovascular disease. The trial follow-up is mainly by self-reported 

follow-up questionnaires with backup telephone follow-up. 

To be able to interpret the trial results meaningfully, it is important to know 

the study medications are taken as self-reported compliance. Adherence to 

trial medication and hence biochemical confirmation of the effectiveness of 

study medication is vital to have meaningful study results. 

As ASCEND is mail-based without any study clinic visits, and because 

samples needed to withstand the postal service, this limited what was 

possible. This needed careful consideration while taking into account the 

most reliable measurement with limited sample collection.  Creating a sample 

collection kit was another challenge in order to have the right amount and 

type of stable sample posted in the mail. Working with the ASCEND team, I 

designed this sub-study, working closely with members of the CTSU 

laboratory on the assay validation, designing the mail-based sample 
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collection kit, collaborating with primary care physicians (GPs) to obtain 

sample collections and worked with a statistician to analyse the data when it 

arrived in the study database. I submitted an ethics committee application for 

the sub-study which was approved. With the findings from the laboratory 

investigations, into UTxB2, samples were analyzed in duplicate at each 

different time point (baseline and in-trial) to compare the percentage change 

in both treatment and placebo arm.  Omega-3 index was measured with a 

novel dried blood spot method at the Omegaquant laboratory.  
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4 Results  

4.1 Literature review and meta-analysis of the cardiovascular effects 

of omega-3 fatty acids 

Many trials assessing the effects of omega-3 FA on cardiovascular events 

have been conducted and reported conflicting results (153, 154, 180, 206-

212). As part of my study, I undertook a literature review and meta-analysis 

of published and some unpublished results from 10 RCTs of the effects of 

omega-3 fatty acid (FA) supplementation on risk of major vascular events 

(MVEs) (coronary heart disease, stroke and revascularisation), cancer and 

all-cause mortality, overall and on MVEs in pre-specified sub-groups.  

Ecological studies among the Inuit people prompted interest in research into 

the effects of omega-3 FA for prevention of cardiovascular disease, omega-3 

FA becomes the research of interest for its possible role in cardio protection 

for decades. Since 1985, results of many prospective cohort studies on fish 

consumption and cardiovascular disease have been published showing a 

protective effect on cardiovascular disease. In the Japan Public Health 

Center-based Study, the relative risk (RR) of non-fatal MI was 0.43 (95% CI 

0.23–0.81) in participants with a median fish consumption of 180 g per day 

compared with participants with a consumption of 23 g per day (213). In 

addition to the promising observational studies that are described in section 

2.5.3, many research groups around the world have undertaken RCTs to 
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assess if omega-3 FA supplementation had a beneficial effect on 

cardiovascular disease (Selective characteristic of RCTs are described in 

Table 4.7-4.9). Several systematic reviews and meta-analyses of these RCTs 

of the primary or secondary prevention of omega-3 FA on cardiovascular 

disease have also been reported. A summary of the published meta-analyses 

is shown in Table 4.1.  

A meta-analysis from 2002 included 11 RCTs (15,806 participants with 

coronary heart disease, minimum 6 months follow-up) published between 

1966 and 1999, concluded that dietary and supplementation of n-3 PUFA 

may decrease overall mortality, mortality due to myocardial infarction, and 

sudden death in patients with coronary heart disease; the risk reduction for 

mortality was statistically significant (214). The risk ratio (RR) of nonfatal 

myocardial infarction in patients who were on n-3 PUFA-enriched diets 

compared with control diets or placebo was 0.8 (95% confidence interval [CI]: 

0.5 to 1.2), and RR of fatal myocardial infarction was 0.7 (95% CI: 0.6 to 0.8). 

In 5 trials, sudden death was associated with a RR of 0.7 (95% CI: 0.6 to 

0.9), and RR of overall mortality was 0.8 (95% CI: 0.7 to 0.9) (214). However, 

several trials in this meta-analysis were small (N=59 to 600), the exceptions 

being The Gruppo Italiano per lo Studio della Sopravvivenza nell'Infarto 

Miocardico (GISSI)-Prevenzione trial (N=11324 whereas total N=15608) and 

diet and reinfarction trial (DART) trial (N=2033), and many had re-stenosis as 

an endpoint (152, 153). These analyses did not differentiate between dietary 

omega-3 FA intake and supplements. This may be important as different 

forms of supplements may have different effects, for example, alpha-linolenic 
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acid (ALA) - a plant-derived omega-3 FA - is only poorly converted to EPA 

and DHA. 

In 2006, Lee Hooper published a meta-analyses which included 48 RCTs of 

omega 3 intake for ≥ 6 months in adults (with or without risk factors for 

cardiovascular disease) with data on a relevant outcome (36,913 participants 

with or without established cardiovascular disease) and 41 cohort studies in a 

systematic review of the effects of omega-3 FA on mortality, cardiovascular 

disease, cancer and bleeding events (215). The findings of this analyses 

differed from previous analysis (214) and found no strong evidence of a clear 

effect on total mortality or combined cardiovascular events. They reported 

non-significant reductions in the risk of total mortality (RR 0.87, 95% CI 0.73 

to 1.03) and combined cardiovascular events (0.95 CI, 0.82 to 1.12) in 

participants allocated additional omega-3 FA. The duration of intervention 

was only ≥ 6 months and this may not have been long enough to detect any 

effects of supplementation on clinical outcomes of interest. It also adopted a 

different methodology from the previous meta-analysis as cohort studies 

those estimated omega-3 intake and related this to clinical outcomes during 

at least 6 months were also included in this meta-analysis and studies with 

participants with or without risk factors for cardiovascular disease were also 

included. Hence differences in study design may explain the discrepant 

results between the results of previous meta-analyses. 

In 2009, Marik and Varon carried out a systematic review of RCTs assessing 

whether dietary supplements of EPA and DHA decrease cardiovascular 
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events. Placebo-controlled RCTs that evaluated effects of omega-3 FA on 

clinical cardiovascular end points (cardiovascular death, sudden death, and 

nonfatal cardiovascular events) and all-cause mortality were included in this 

meta-analysis (N=11 trials, 39 044 participants with recent myocardial 

infarction, those with an implanted cardioverter defibrillator, and those with 

heart failure, peripheral vascular disease, and hypercholesterolemia). It was 

prespecified that included trials used supplements of EPA/DHA for at least 1 

year and the primary end point was cardiovascular death (216) (Table 4.1). 

The average dose of EPA/DHA was 1.8 ± 1.2 g/day and the mean duration of 

follow-up was 2.2 ± 1.2 years. It was concluded that dietary supplementation 

with omega-3 FA for ≥ 1 year, reduced the risk of cardiovascular deaths 

(odds ratio [OR]: 0.87, 95% CI: 0.79–0.95) sudden cardiac death (OR: 0.87, 

95% CI: 0.76–0.99), all-cause mortality (OR: 0.92, 95% CI: 0.85–0.99), and 

nonfatal cardiovascular events (OR: 0.92, 95% CI:0.85–0.99). The results 

were similar to those of Hooper’s meta-analysis that was reported 3 years 

earlier using different methodology. Marik and Varon excluded a trial by Burr 

et al because treatment allocation was not blinded and the dose of omega-3 

FA was not standardized. Since then, several additional RCTs of omega-3 

FA supplements have been conducted (207-210, 217).   

In 2012, a further meta-analysis (14 RCTs, 20,485 participants with a history 

of cardiovascular disease) concluded that there was insufficient evidence for 

a secondary preventive effect of omega-3 FA supplements on cardiovascular 

events (218) and supplementation with omega-3 FA did not reduce the risk of 

overall cardiovascular events (RR, 0.99; 95% CI, 0.89-1.09). However, it 
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reported a small reduction in cardiovascular death (RR, 0.91; 95% CI, 0.84-

0.99) with omega-3 FA supplementation. This raised the question of whether 

there were differential effects of omega-3 FA on fatal versus non-fatal 

cardiovascular disease outcomes. The authors excluded two large open-label 

trials (the GISSI-Prevenzione study (N=11323) (153) and the Japan EPA 

Lipid Intervention study (JELIS) (N=18645) (206) which both suggested 

beneficial effects of omega-3 FA in the primary analysis. Hence, although a 

lot of research has focused on the role of omega-3 FA for the primary and 

secondary prevention of cardiovascular disease, there is still no clear 

evidence and some doubt persists about whether there are beneficial effects 

and some large trials are still on-going (183, 219, 220). Since starting the 

ASCEND trial, 8 large clinical trials have been completed and reported.  

To help resolve some of the uncertainty, the Omega-3 FA Treatment Trialists’ 

Collaboration (OTTC) was set up under the supervision of Professor Robert 

Clarke, to combine data from all the large randomised trials assessing the 

relevance of omega-3 FA for the prevention of CVD. The aims of the meta-

analysis were to assess the effects of omega-3 fatty acids on components of 

MVE, including coronary heart disease, stroke and revascularisation, cancer 

and all-cause mortality overall; and on MVE in pre-specified sub-groups. 

Summary (study-level) trial data from trials were sought from the 

investigators for this collaboration using a prespecified protocol and analysis 

plan.  A collaborative meta-analysis of these trials should ensure that reliable 

evidence emerges about the effects of omega-3 FA on the risk of 
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cardiovascular outcomes and help with the interpretation of results from 

ASCEND in due course. 
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Table 4.1: Summary table of the results of published meta-analyses comparison with OTTC   

Meta-analysis 
(Reference) 

No. of 
trials 

No. of 
patients 

All-cause 
mortality 
RR (95% CI) 

MVEs 
RR (95% 
CI) 

Sudden 
cardiac death-
RR (95% CI) 

Cardiovascul
ar death RR 
(95% CI) 

Fatal MI  
RR (95% CI) 

Non-Fatal MI 
RR (95% CI) 

OTTC 2017 
(221) 

10 77,906 0.96 (0.92-1.01) 0.97
(0.93-1.01) 

0.94 
(0.82-1.07) 

0.97
(0.87-1.08) 

Rizos (222) 20 68,680 0.96 (0.91-1.02)   0.87  
(0.75-1.01) 

0.91  
(0.85-0.98) 

  0.89  
(0.76-1.04) 

Kotwal (223) 20 63,030 0.95(0.86-1.04) 0.96 
(0.9-1.03) 

  0.86  
(0.75-0.99) 

Kwak (218) 14 20,485 0.96 (0.89-1.14) 0.99  
(0.89-1.09) 

0.93 
(0.66-1.30) 

0.91 
(0.84-0.99) 

0.87 
(0.67-1.13) 

0.86 
(0.65-1.14) 

Chen (224) 10 33,429     0.96 
(0.84-1.10) 

Filion (225) 29 35,144 0.88(0.64-1.03)           

Zhao (226) 8 20,997     0.43 
(0.20-0.91)  

Marik (216) 11 39,044  0.92 (0.85-0.99) 0.92  
(0.85–0.99) 

 0.87  
(0.76-0.99) 

0.87  
(0.79-0.95) 

Hooper (215) 48  36,913  0.87 (0.73-1.03)  0.95  
(0.82-1.12)  

Bucher (214)  11 15,806 diet-0.7 (0.6-
0.9), 
supplementation 
(suppl)-0.8 (0.7-
0.9) 

  suppl-0.7  
(0.6-0.9) 

  Diet-0.5 (0.3-
1.1), suppl-0.8 
(0.7-0.9) 

Diet-0.7  
(0.1-3.2), 
suppl-0.8 
(0.55-1.2) 
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The Omega-3 Treatment Trialists’ meta-analysis of large 4.1.1

randomised trials of omega-3 FA supplementation 

The Omega-3 FA Treatment Trialists’ Collaboration (OTTC) combined data from 

selected large RCTs (at least 500 patients randomised and duration at least 12 

months of supplementation) assessing the effect of omega-3 FA supplements for the 

prevention of CVD in adults (Detailed inclusion criteria described below Figure 4.1 

and Table 4.2).  The present analysis included the results from 10 large RCTs (153, 

154, 180, 206-212) (involving 77 906 individuals) completed and reported between 

1999 and 2016.  A collaborative meta-analysis of these trials should ensure that 

reliable evidence emerges about the effects of omega-3 FA on cardiovascular 

disease outcomes. The pre-specified aims of this meta-analysis were to assess the 

effects of supplementation with omega-3 FA on (i) fatal CHD, non-fatal MI, stroke, 

major vascular events, cancer and all-cause mortality; and (ii) major vascular events 

in various sub-groups.  
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Figure 4.1: Screening and selection of included trials for the OTTC meta-analysis 

629 reports remained after screening for 
omega-3 FA and cardiovascular disease and 

randomised trials as limits 

Excluded based on study 
duration of < 1 year (n= 548)

81 reports were reviewed for inclusion 
criteria for OTTC 

Excluded (n=74) because of :
sample size < 500,                                                             
major vascular outcomes  < 10 
events 

 10 RCTs included in OTTC  

3 trials (ORIGIN 2012, 
GISSI R&P 2013, 

AREDS-2 2014) were 
added after initial 

search 

41406 articles identified from database using the key words for omega-3 FA 
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4.1.1.1 Identification of trials 

The aim of the search was to identify all relevant RCTs assessing the effects 

of omega-3 FA supplementation on pre-specified vascular outcomes. 

Potentially eligible trials according to pre-specified eligibility criteria as per 

OTTC were identified by a range of methods, including computer-aided 

literature searches on electronic databases and scrutiny of the reference lists 

of trials. The search was done in March 2011. We reviewed the 

bibliographies of all selected articles and review articles that included 

information of omega-3 FA and cardiovascular disease. Summary of the 

literature search are provided in Figure 4.1 and search terms are described 

below. 

Step 1: The key words related to Omega-3 FA used for the search were 

omega, omega 3, omega 3 fatty, omega 3 fatty acids, omega-3 

polyunsaturated, omega-3 polyunsaturated fatty acid, omega-3 fish oil, 

omega fatty acid, eicosapentaenoic acid or EPA, docosahexaenoic acid or 

DHA (N=41406 articles were retrieved).  

Step 2: Search terms were restricted further to cardiovascular outcomes and 

for randomised trials (N=629 trials remained) 

Step 3: Limit to treatment duration minimum of 12 months after abstract 

review (N=81 trials remained) 

Step 4: 7 RCTs remaining after full-text review to include in OTTC 

Step 5: 3 trials added after the initial literature search those were published 

after March 2011 (Origin 2012, GISSI-R and P 2013 and ARDS-2 2014) 
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Full paper reviews were done to some trials included in the previous meta-

analysis but excluded in OTTC and the reason for exclusion was given in 

table 4.2. 

Table 4.2: Selected details of excluded trials and reasons for exclusion for 

OTTC meta-analysis 

Trial (year) 
No. 

randomized 
Duration 
(years) 

Insufficient 
size 

Insufficient 
duration 

Irrelevant 
outcomes 

Garbagnati  
(2009) 38 1 + - - 

Sacks (1995) 59 2 + - - 

Gajos (2010) 63 0.1 + + - 

Leng (1999) 120 2 - + - 

Milner (1989) 194 0.5 + + - 

Raitt (2015) 200 2 + - + 
Svensson 
(2006) 206 2 + - - 
von Shacky 
(1999) 223 1 + - + 

Singh (1977) 230 1 + - - 

Grundt (2004) 300 2 + - - 

Leaf (2015) 402 1 + - + 
Johansen 
(1999) 500 0.5 - + - 

Eritsland (1995) 511 1 - - + 

Brower (2006) 546 1 - - + 

Holman (2008) 778 0.3 - + - 
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4.1.1.2 Trials assessing effects on vascular outcomes

After review of previously published meta-analysis results, 6 months 

intervention with omega-3 FA did not show any meaningful clinical outcome 

(215) however when this was increased to 1 year in subsequent analysis, 

variable results were reported (216). One of the aims for performing this 

meta-analysis was to examine the effects of completed large (N>500) RCTs 

where omega-3 FA supplementation was used as intervention similar to 

ASCEND (study duration >1 year with MVE outcomes). With this 

background, we prespecified strict eligibility criteria in order to identify RCTs 

with sufficient cardiovascular outcomes to include in OTTC. The endpoints 

for OTTC were adopted from ASCEND  outcomes and subgroups were 

predefined in the OTTC protocol before the start of the literature search. 

During the OTTC paper submission, subgroup analysis for statin use was 

requested from a reviewer. All eligible trials which fulfilled predetermined 

criteria were included in this meta-analysis without excluding whether they 

were primary or secondary cardiovascular prevention trials. However, the 

presence or absence of prior CHD was added in a prespecified subgroup. 

The results of the population-based case-control and prospective cohort 

studies suggest a protective effect of omega-3 FA  on fatal cardiac events 

(cardiac arrest and sudden death) and Zhao meta-analysis reported the 

possible beneficial effects of omega-3 FA on sudden death (Table 4.1 and 

anti-arrhythmic section of omega-3 FA section 2.5.3). Hence, the analysis 

also included prespecified assessment of separate effects on fatal and 

nonfatal events. 
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Randomised trials for prevention of CVD were eligible for inclusion in this 

collaborative meta-analysis if the trial had:  

(i) Sample size of at least 500 participants  

(ii) Study duration of at least 1 year  

(iii) MVE outcome of at least 10 events and  

(iv) Randomised to omega-3 FA supplements or control (open or 

control).   
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Table 4.3: Cardiovascular and non-vascular endpoints for meta-analysis 

Coronary Heart Disease (CHD) Non-fatal MI 

 Coronary death 

Sudden Death 

 Total CHD 

Stroke (and stroke sub-types) Fatal stroke 

 Non-fatal stroke 

 Total stroke* 

    Ischaemic stroke 

    Haemorrhagic stroke 

    Unclassified stroke 

Revascularisation Coronary 

 Non-coronary 

 Any revascularisation 

Any Major Vascular Events 

(MVEs) 

Total Cancer**  

Mortality Vascular death 

 Non-vascular death 

 All-cause mortality 

* excluding transient ischaemic attack (TIA) 

** excluding non-fatal non-melanoma skin cancer 



145 

Table 4.3 and 4.4 summarizes the vascular outcomes to be assessed in this 

meta-analysis. The primary comparisons were:  

(i) Coronary heart disease(CHD) (Non-fatal myocardial infarction, 

coronary death, total coronary heart disease)  

(ii) Stroke excluding transient ischaemic attack (TIA) (fatal or non-fatal 

stroke, total stroke with classification of ischaemic, haemorrhagic 

or unclassified )  

(iii) Revascularisation ( coronary, non-coronary or any vascularisation)  

(iv) Major Vascular Event (MVE) – 1st  occurrence of any major 

coronary event (MCE), stroke or coronary or non-coronary 

revascularization (coronary revascularization included coronary 

artery bypass grafting or coronary angioplasty (with or without stent 

insertion); and non-coronary revascularization includes carotid 

endarterectomy or carotid artery angioplasty, repair of an aortic 

aneurysm, peripheral arterial surgery, or angioplasty); 

(v) Total cancer, excluding non-fatal non-melanoma skin cancer and  

(vi) Mortality (vascular death, non-vascular death, all-cause mortality).  
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Table 4.4: Definition of events examined in the meta-analysis 

Outcome Definition

Major Vascular 

Event (MVE) 

A composite of non-fatal myocardial 

infarction or coronary death; non-fatal or 

fatal stroke; or any revascularisation 

procedure (including coronary or non-

coronary angioplasty or grafting) 

Coronary 

Revascularisation

Coronary artery bypass graft, coronary 

angioplasty (PTCA with or without stent 

insertion) 

Non-Coronary 

Revascularisation

Arterial surgery including leg artery 

bypass procedure, aortic  or other 

aneurysm repair or carotid surgery or 

stenting 

Stroke 

Fatal or non-fatal stroke (not including 

transient cerebral ischaemic attack).  I64 

(ICD 10 codes) 

Cancer 
Total cancer excluding non-fatal non-

melanoma skin cancer 

Myocardial 

Infarction 
I21 (ICD 10 code)  

Cardiac Death I46.9 (ICD 10 code) 
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Table 4.5: Prespecified subgroups for cardiovascular events 

Age at randomisation <65 

 65+ 

Sex Male 

 Female 

Prior CHD Yes 

 No 

Prior stroke Yes 

 No 

Prior diabetes Yes 

 No 

Total cholesterol < 5.0 mmol/L 

 ≥ 5.0 mmol/L 

Triglycerides ≤ 1.7 mmol/L 

 > 1.7 mmol/L 

HDL-cholesterol ≥ 1.0 mmol/L 

 < 1.0 mmol/L 

LDLcholesterol* < 3.0 mmol/L 

 ≥ 3.0 mmol/L 

 * calculated or measured LDL-cholesterol 
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4.1.1.3 Statistical analysis 

In 1985, Peto and colleagues reported an alternative method to the usual 

Mantel-Haenszel method for pooling odds ratios across the strata of two-by-

two tables. The Peto odds ratio (POR) method is not mathematically equal to 

the classical odds ratio but is approximately equivalent (227). It uses an 

inverse variance approach and utilizes an approximate method of estimating 

the log odds ratio using different weights. An alternative way of viewing POR 

method is as a sum of ‘O – E’ statistics. Here, O is the observed number of 

events and E is an expected number of events in the experimental 

intervention group of each study. The approximation used in the computation 

of the log odds ratio works well when effects of the intervention are small (i.e. 

odds ratios close to one), events are not particularly common and the studies 

have similar numbers in experimental and control groups. (Cochrane 

handbook-5-1.cochrane.org/chapter_9/9_4_4). 

POR works well for rare events as it does not need correction for zero 

counts. Furthermore, POR is also employed with dichotomous events based 

on time-to-event analyses. For the calculation of relative measures such as 

risk ratio (RR) and odds ratio (OR) in a single study, additional approaches 

are required for zero counts in any group. Also, POR method can be used to 

combine studies with dichotomous outcomes in studies using time-to-event 

analyses where log-rank tests have been used In the case of zero counts in 

any one treatment arm, POR can be calculated without continuity correction, 
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and is currently the relative effect estimation method of choice for binary data 

with rare events (228).  

The Peto odds ratio can cause bias if there are substantial differences in the 

number of participants between the treatment and control groups or other 

unbalanced randomization (229, 230). The Mantel-Haenszel fixed-effects 

odds-ratio and logistic regression (standard, exact or Firth penalized 

likelihood logistic regression) provide reliable results for studies involving 

more common event rates. 

In OTTC, the included trials had randomised controlled designs and had 

approximately equal number of participants in the treatment and control 

groups and the effects of treatment were small. Hence after considering the 

available methods and detailed discussions with statisticians, POR was 

adopted instead of the Mantel-Haenszel fixed effects odds-ratio.  

The effect of treatment in each trial was analysed separately and summary 

statistics were calculated for each trial. For each trial, the “observed minus 

expected” statistic (O−E) and its variance (V) from the number of participants 

who developed the relevant endpoint, and the total number of participants in 

each treatment group were calculated, using standard formulae for 2×2 

contingency tables. These (O−E) values, one from each trial, were summed 

to produce a grand total (G), with variance (V) equal to the sum of their 

separate variances. The value exp (G/V) is Peto’s “one step” estimate of the 

rate ratio (RR), and its continuity corrected 95% confidence interval is given 
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by exp (G/V ± (0.5/V + 1.96/√V) (19). Rate ratios (RR) were given with 95% 

confidence intervals (CI) for the overall results and with 99% CI (replacing 

1.96 in the formula above by 2.58) for the results of individual trials or 

subgroups). Heterogeneity between the different subgroups was assessed by 

calculating S−(G2/V), where S is the sum of (O−E)2/V for each trial (or sub-

grouping), and testing this statistic against a χ2 distribution with degrees of 

freedom equal to one less than the number of sub-groups.  

Additional analyses of the primary outcomes assessed the effects of 

treatment on major vascular events in pre-defined subgroups, including age, 

sex, prior CHD, prior stroke, prior diabetes, blood lipids (total cholesterol, 

triglyceride, HDL-cholesterol, calculated or measured LDL-cholesterol), and 

design of trials (open-label or blinded trials). In interpreting subgroup results, 

the chief emphasis was placed on the overall results unless there was strong 

evidence of heterogeneity (p<0.001).  

Standardized data request forms were sent to principal investigators of 

selected trials (selected according to previously described eligibility criteria) 

After having secured the agreement for collaboration in this meta-analysis 

from the trials, the completed tabular data sets were then returned to central 

office at Clinical Trial Services Unit, the University of Oxford for data entry 

and analysis. 



151 

Results of the meta-analysis of omega-3 FA  4.1.2

4.1.2.1 Characteristics of individual trials 

Data were obtained on a total of 10 trials involving 77,906 participants (153, 

154, 181, 206-210, 231, 232) that met the inclusion criteria, ranging in size 

from 563 to 18,645 participants. The characteristic of each trial included in 

OTTC meta-analysis are described in table 4.7 and 4.8. The risk of bias 

assessment of included trials is listed in table 4.6. Eight trials had a double-

blind design and used placebo control and two trials had an open design 

(153, 206). Combinations of omega-3 FA (polyunsaturated fatty acid ethyl 

esters of eicosapentaenoic acid [EPA] and docosahexaenoic acid [DHA]) 

were used in all except one trial (206) that tested 1.8 g daily of EPA alone. 

The daily dose of omega-3 FA supplements ranged from 0.4 to 2.4 g/day 

(weighted mean 1.1 g/day). The mean duration of treatment in individual 

trials varied from 1 to 6.2 years (weighted mean 4.4 years). About two-thirds 

of the participants were male and the mean age at entry was 64 years. About 

62% of participants had a prior history of CHD, 30% had a prior stroke, and 

38% had prior diabetes. Among 77,906 individuals, there was a total of 

11,088 major vascular events, (including 2276 with non-fatal MI, 1599 with 

CHD death, 1713 with stroke, and 6603 with revascularisation events. Data 

were available on the effect of treatment by prior use of statin therapy in 6 

trials involving 47 548 participants (207-209, 212, 231, 233). 



152 

Table 4.6: Risk of bias assessment of included trials in OTTC meta-analysis 

Selection 

bias Performance bias 

Detection 

bias 

Attention 

bias 

Trial name (year) 

Random 

sequence 

generation 

Blinding of 

participants 

Blinding of 

personnel 

Blinding of 

outcome 

Incomplete 

follow-up 

DOIT (2010) 0 0 0 0 0 

AREDS-2 (2014) 0 0 0 0 0 

SU-FOL-OM3 

(2010) 
0 0 0 0 0 

JELIS (2007) 0 1 1 0 0 

ALPHA OMEGA 

(2010) 
0 0 0 0 0 

GISSI-HF (2008) 0 0 0 0 0 

OMEGA (2010) 0 0 0 0 0 

GISSI R&P 

(2013) 
0 0 0 0 0 

ORIGIN (2012) 0 0 0 0 0 

GISSI-P (1999) 0 2 2 0 0 

Low risk of bias 0 

Unclear risk of bias 1 

High risk of bias 2 
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Table 4.7: Characteristic of included trials 

Trial Number 
randomised

Trial
design

Placebo
control

Supplement
Dose of 
Omega-

3 FA  
(g/day)

Male 
(%) 

Duration
Mean 

(years)

Age
Mean 

(SD)
(years) 

Prior 
CHD
(%)

Prior 
stroke  

(%) 

Prior 
diabetes 

(%)

Statin 
use
(%)

DOIT (2010) 563 Blind Y EPA+DHA 2.4 100 3 70 (3) 24 7 8 -

AREDS-2 (2014) 4203 Blind Y EPA+DHA 0.65 43 - 74 (-)   - - - -
SU-FOL-OM3 
(2010) 2501 Blind Y EPA+DHA 0.6 79 4.7 61 (-) 75 26 18 83

JELIS (2007) 18645 Open N EPA 1.8 31 4.6 61 (8) - - 16 100
ALPHA OMEGA 
(2010) 4837 Blind Y EPA+DHA 0.4 78 3.3 69 (6) 100 7 21 85

GISSI-HF (2008) 6975 Blind Y EPA+DHA 1 78 3.9 67 (11) 50 5 28 -

OMEGA (2010) 3818 Blind Y EPA+DHA 1 75 1 64 (-) 22 6 27 94

R&P (2013) 12505 Blind Y EPA+DHA 1 62 5 64 (-)   30 5 60 44

ORIGIN (2012) 12536 Blind Y EPA+DHA 1 65 6.2 64 (8) 65 87 88 54

GISSI-P (1999) 11323 Open N EPA+DHA 1 85 3.5 59 (11) 100 - 19 -

Total 77906 1.13 62 4.4 64       62 30 38
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Table 4.8: Detail characteristics of included trials in OTTC meta-analysis

Trials 
(Published 
journal and 
year) 

Country Study 
design 

Number 
randomised 

Participants characteristics Intervention of Omega 
3 FA 

Dose of 
Omega-
3 FA 
(g/day) 

Follow-
up  
(years) 

Primary outcomes 

DOIT ( Eur J 
Cardiovasc 
Prev 
Rehabil, 
2010) 

Norway Double-
blind 

563 Elderly men with long-
standing 
hypercholesterolemia with or 
without coronary heart 
disease 

Omega-3 FA  2.4 3 Measures of 
atherosclerosis 
progression: IMT, Pulse 
Wave Propagation Time, 
Circulating biomarkers 

AREDS-2 
(JAMA Intern 
Med 2014) 

USA Double-
blind 

4203 Persons aged 50 to 85 with 
bilateral intermediate AMD 
or advanced AMD in 1 eye 

Factorial design, 
Omega-3 FA /macular 
xanthophylls  

0.65 4.8 Composite outcome of 
myocardial infarction, 
stroke, and cardiovascular 
death 

SU-FOL-
OM3 (BMJ 
2010) 

France Double-
blind 

2501 individuals with a history of 
myocardial infarction, 
unstable angina, or 
ischaemic stroke 

 Factorial design, 
Omega-3 FA and 5-
methyltetrahydrofolate 
(560 μg), vitamin B-6 
(3 mg), and vitamin B-
12 (20 μg)  

0.6 4.7 Major cardiovascular 
events (composite of non-
fatal myocardial infarction, 
stroke, or death from 
cardiovascular disease). 

JELIS 
(Lancet 
2007) 

Japan Open 18645 Individuals with a total 
cholesterol of 6.5 mmol/L or 
greater  

 EPA  1.8 4.6 Major coronary events, 
(sudden cardiac death, fatal 
and non-fatal myocardial 
infarction, and other non-
fatal events)  

ALPHA 
OMEGA 
(NEJM 
2010) 

Netherlan
ds 

Double-
blind 

4837 Individuals with History of a 
myocardial infarction who 
were receiving state-of-the-
art antihypertensive, 
antithrombotic, and lipid-
modifying therapy 

Factorial design 
Omega-3 FA (EPA + 
DHA) and ALA 

0.4 3.3 Major cardiovascular 
events, (fatal and nonfatal 
cardiovascular events and 
cardiac interventions) 
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GISSI-HF 
(Lancet 
2008) 

Italy Double-
blind  

6975 Individuals with chronic 
heart failure (New York 
Heart Association class II-
IV) 

EPA+DHA 1 3.9 Death or hospital admission 
for cardiovascular reasons 

OMEGA 
(Circulation 
2010) 

Germany Double-
blind 

3818 Survivors of acute 
myocardial infarction 

EPA+DHA 1 1 Sudden cardiac death 

GISSI R&P 
(Trials 2013) 

Italy Double-
blind 

12505 High cardiovascular risk 
because of a cardiovascular 
disease other than 
myocardial infarction, or 
multiple risk factors (at least 
four major risk factors in 
non-diabetic patients and 
one in diabetics) 

EPA+DHA 1 5 Cardiovascular mortality 
(including sudden death) 
and hospitalization for 
cardiovascular reasons 

ORIGIN 
(NEJM 
2012) 

Canada Double-
blind 

12536 Individuals with high risk for 
cardiovascular events and 
had impaired fasting 
glucose, impaired glucose 
tolerance, or diabetes 

Factorial design,  
Omega-3 FA and 
insulin glargine  

1 6.2 Death from cardiovascular 
causes 

GISSI-P 
(Lancet 
1999) 

Italy Open 11323 Survivors of recent (< or = 3 
months) myocardial 
infarction 

Omega-3 FA and 
vitamin E  

1 3.5 Death, non-fatal myocardial 
infarction, and stroke 
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Table 4.9 Distribution of events in individual trials 

Trial Number 
randomised

Non-fatal 
MI CHD death Any CHD Stroke Revascularisation MVE

DOIT (2010) 563 12 11 23 17 24 64

AREDS-2 (2014) 4203 70 18 88 84 117 421
SU-FOL-OM3 (2010) 2501 61 18 78 67 351 427

JELIS (2007) 18645 145 60 201 328 413 586
ALPHA OMEGA 
(2010) 4837 115 138 248 101 408 663

GISSI-HF (2008) 6975 200 45 236 225 268 677
OMEGA (2010) 3818 141 57 208 35 975 1075

R&P (2013) 12505 476 158 634 37 - 1478
ORIGIN (2012) 12536 600 615 1215 650 1762 2571
GISSI-P (1999) 11323 456 479 893 169 2285 3102

All 77906 2276 1599 3824 1713 6603 11064
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4.1.2.2 Effects on CHD and on other major vascular events  

There were 5480 any major vascular events in the omega-3 FA treatment group 

and 5584 events in the control group in total. Figure 4.2 shows that allocation to 

omega-3 FA had no effect on the rate ratios for any coronary heart disease (CHD) 

(rate ratio 0.96; [95% CI 0.90-1.02]), including CHD death (0.94; 95% CI 0.82-

1.07) or non-fatal MI (0.97 [95% CI 0.87-1.08]). Allocation to omega-3 FA had no 

effect on the rate ratios (95% CI) for stroke (1.03 [0.93-1.13]) including ischaemic 

(1.03 [0.88-1.21]) or haemorrhagic stroke (1.07 [95% CI 0.76-1.51]). Likewise, 

allocation to omega-3 FA had no effect on the rate ratios (95% CI) for 

revascularisation events (0.99 [0.94-1.04]) including coronary (1.00 [0.93-1.07]) or 

non-coronary (0.92 [0.75-1.13]). Overall allocation to omega-3 FA had no effect on 

the rate ratios (95% CI) for major vascular events (0.97 [0.93–1.01]).   

This meta-analysis also showed no significant heterogeneity between the results 

of individual trials for non-fatal MI, CHD death, any CHD or major vascular events 

(Figure 4.3). A funnel plot for subtypes of CHD and for MVEs is shown in figure 

4.4. 
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Figure 4.2 Effects of supplementation with omega-3 fatty acid on major vascular 

events 

0.5 1.0 2.099% CI
95% CI
99% CI
95% CI

Number of events (%)
Treatment Control RR (CI)

Treatment
better

Control
better

Coronary Heart Disease (CHD)

  Non-fatal MI 1121 (2.9) 1155 (3.0) 0.97 (0.87-1.08)

  CHD death 776 (2.0) 823 (2.1) 0.94 (0.82-1.07)

Any CHD 1877 (4.8) 1947 (5.0) 0.96 (0.90-1.02)

p = 0.2

Stroke

  Ischaemic 574 (1.9) 554 (1.8) 1.03 (0.88-1.21)

  Haemorrhagic 117 (0.4) 109 (0.4) 1.07 (0.76-1.51)

  Unclassified/Other 142 (0.4) 135 (0.3) 1.05 (0.77-1.43)

  Any stroke 870 (2.2) 843 (2.2) 1.03 (0.93-1.13)

p = 0.6

Revascularisation

  Coronary 3044 (9.3) 3040 (9.3) 1.00 (0.93-1.07)

  Non-coronary 305 (2.7) 330 (2.9) 0.92 (0.75-1.13)

  Any revascularisation 3290 (10.0) 3313 (10.2) 0.99 (0.94-1.04)

p = 0.6

  Any Major Vascular Event 5480 (14.0) 5584 (14.4) 0.97 (0.93-1.01)

p = 0.19
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Figure 4.3: Effects of supplementation with omega-3 fatty acid on subtypes of 

CHD and on major vascular events by trials 

0.25 1.0 4.099% CI
95% CI
99% CI
95% CI

Events (%)
Treatment Control RR (CI)

Treatment
better

Control
better

Non-fatal MI
  DOIT 8 (2.8) 4 (1.4) 1.97 (0.44-8.85)
  AREDS-2 30 (1.4) 40 (1.9) 0.72 (0.38-1.33)
  SU-FOL-OM3 32 (2.6) 29 (2.3) 1.10 (0.56-2.15)
  JELIS 62 (0.7) 83 (0.9) 0.75 (0.49-1.15)
  ALPHA OMEGA 56 (2.3) 59 (2.4) 0.96 (0.59-1.56)
  GISSI-HF 92 (2.6) 108 (3.1) 0.84 (0.58-1.22)
  OMEGA 74 (3.8) 67 (3.6) 1.08 (0.70-1.69)
  R&P 228 (3.7) 248 (4.0) 0.92 (0.72-1.17)
  ORIGIN 316 (5.0) 284 (4.5) 1.11 (0.90-1.38)
  GISSI-P 223 (3.9) 233 (4.1) 0.95 (0.75-1.22)
    ALL 1121 (2.9) 1155 (3.0) 0.97 (0.89-1.05)

p = 0.4 Heterogeneity : 9
2
 10.18; p=0.34

CHD death
  DOIT 3 (1.1) 8 (2.8) 0.39 (0.08-1.90)
  AREDS-2 9 (0.4) 9 (0.4) 0.96 (0.28-3.24)
  SU-FOL-OM3 5 (0.4) 13 (1.0) 0.41 (0.12-1.38)
  JELIS 29 (0.3) 31 (0.3) 0.93 (0.48-1.82)
  ALPHA OMEGA 67 (2.8) 71 (2.9) 0.95 (0.61-1.49)
  GISSI-HF 20 (0.6) 25 (0.7) 0.80 (0.37-1.72)
  OMEGA 28 (1.5) 29 (1.5) 0.95 (0.48-1.89)
  R&P 82 (1.3) 76 (1.2) 1.08 (0.72-1.64)
  ORIGIN 319 (5.1) 296 (4.7) 1.08 (0.87-1.33)
  GISSI-P 214 (3.8) 265 (4.7) 0.80 (0.63-1.02)
    ALL 776 (2.0) 823 (2.1) 0.94 (0.85-1.04)

p = 0.2 Heterogeneity : 9
2
 11.99; p=0.21

Any CHD
  DOIT 11 (3.9) 12 (4.3) 0.91 (0.30-2.73)
  AREDS-2 39 (1.8) 49 (2.4) 0.76 (0.44-1.32)
  SU-FOL-OM3 37 (3.0) 41 (3.3) 0.90 (0.49-1.62)
  JELIS 88 (0.9) 113 (1.2) 0.78 (0.54-1.12)
  ALPHA OMEGA 120 (5.0) 128 (5.3) 0.95 (0.68-1.32)
  GISSI-HF 107 (3.1) 129 (3.7) 0.82 (0.58-1.16)
  OMEGA 112 (5.8) 96 (5.1) 1.16 (0.80-1.67)
  R&P 310 (5.0) 324 (5.2) 0.96 (0.78-1.18)
  ORIGIN 635 (10.1) 580 (9.3) 1.10 (0.94-1.29)
  GISSI-P 418 (7.4) 475 (8.4) 0.87 (0.73-1.04)
    ALL 1877 (4.8) 1947 (5.0) 0.96 (0.90-1.02)

p = 0.2 Heterogeneity : 9
2
 13.75; p=0.13

Major Vascular Events
  DOIT 29 (10.3) 35 (12.5) 0.81 (0.41-1.60)
  AREDS-2 213 (9.9) 208 (10.1) 0.98 (0.75-1.28)
  SU-FOL-OM3 216 (17.2) 211 (16.9) 1.02 (0.78-1.35)
  JELIS 262 (2.8) 324 (3.5) 0.80 (0.65-1.00)
  ALPHA OMEGA 332 (13.8) 331 (13.6) 1.02 (0.82-1.26)
  GISSI-HF 333 (9.5) 344 (9.9) 0.96 (0.78-1.18)
  OMEGA 534 (27.7) 541 (28.6) 0.96 (0.80-1.16)
  R&P 733 (11.7) 745 (11.9) 0.99 (0.86-1.14)
  ORIGIN 1276 (20.3) 1295 (20.7) 0.98 (0.87-1.09)
  GISSI-P 1552 (27.4) 1550 (27.4) 1.00 (0.90-1.11)
    ALL 5480 (14.0) 5584 (14.4) 0.97 (0.93-1.01)

p = 0.19 Heterogeneity : 9
2
 6.8; p=0.66
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Figure 4.4: Funnel plots for subtypes of CHD and for major vascular events 

Figure 4.4 showed the funnel plot for subtypes of CHD and for major vascular 

events however with pre-specified eligibility criteria in the OTTC meta-analysis, 

this type of analysis has limited value for any meaningful explanation. Figure 4.5 

shows that allocation to omega-3 FA had no significant effect on major vascular 

events in any of the pre-specified subgroups, including those defined by sex, prior 

CHD, prior diabetes, pre-treatment levels of total cholesterol, HDL-cholesterol, 

LDL-cholesterol, triglycerides or prior use of statin therapy, albeit there was weak 
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evidence of heterogeneity in the effects of age (unadjusted p=0.03) and by prior 

stroke (p=0.03), respectively. While it was not possible to assess the effects of 

treatment by race, the results were unaltered after exclusion of the JELIS trial 

which was conducted in a Japanese population (Figure 4.6). 
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Figure 4.5 Effects of supplementation with omega-3 fatty acid on major vascular 

events in pre-specified subgroups 

0.5 1.0 2.099% CI
95% CI
99% CI
95% CI

Number of events (%)
Treatment Control
(n=39,016) (n=38,890) RR (CI)

Treatment
better

Control
better

Sex
  Male 3619 (21.1) 3634 (21.3) 0.98 (0.92-1.05)
  Female 866 (13.8) 881 (14.2) 0.99 (0.86-1.13)
  Missing 995 (6.4) 1069 (6.9) 0.93 (0.82-1.04)
 Heterogeneity : 1

2  0.02; p=0.89

Age (years)
  <65 2411 (20.8) 2312 (20.2) 1.03 (0.95-1.13)
  65+ 2074 (17.7) 2203 (18.8) 0.93 (0.85-1.02)
  Missing 995 (6.4) 1069 (6.9) 0.93 (0.82-1.04)
 Heterogeneity : 1

2
 4.78; p=0.03

Prior CHD
  Yes 3159 (20.4) 3186 (20.7) 0.98 (0.91-1.05)
  No 1325 (17.0) 1325 (17.2) 0.99 (0.88-1.11)
  Missing 996 (6.4) 1073 (6.9) 0.92 (0.82-1.04)
 Heterogeneity : 1

2
 0.06; p=0.81

Prior Stroke
  Yes 1299 (20.5) 1234 (19.5) 1.06 (0.95-1.19)
  No 1629 (14.6) 1726 (15.5) 0.93 (0.85-1.03)
  Missing 2552 (12.0) 2624 (12.3) 0.97 (0.89-1.05)
 Heterogeneity : 1

2
 4.78; p=0.03

Prior Diabetes
  Yes 1929 (21.1) 1935 (21.4) 0.99 (0.90-1.08)
  No 2554 (18.1) 2578 (18.3) 0.98 (0.90-1.06)
  Missing 997 (6.4) 1071 (6.9) 0.93 (0.82-1.04)
 Heterogeneity : 1

2
 0.01; p=0.93

Total Cholesterol (mmol/L)
  <5 2045 (18.9) 2019 (18.8) 1.01 (0.92-1.10)
  5+ 2180 (21.2) 2255 (21.9) 0.96 (0.88-1.05)
  Missing 1255 (7.1) 1310 (7.4) 0.94 (0.84-1.05)
 Heterogeneity : 1

2
 0.92; p=0.34

HDL-C (mmol/L)
  <1.0 1392 (23.1) 1364 (22.3) 1.03 (0.92-1.16)
  1.0+ 2664 (18.6) 2719 (19.2) 0.96 (0.89-1.04)
  Missing 1424 (7.7) 1501 (8.1) 0.94 (0.85-1.04)
 Heterogeneity : 1

2
 1.57; p=0.21

LDL-C (mmol/L)
  <3.0 1867 (18.7) 1802 (18.1) 1.03 (0.94-1.13)
  3.0+ 2140 (21.0) 2233 (21.9) 0.95 (0.86-1.03)
  Missing 1473 (7.9) 1549 (8.3) 0.94 (0.85-1.04)
 Heterogeneity : 1

2
 2.86; p=0.09

Triglycerides (mmol/L)
  <=1.7 2323 (18.9) 2309 (19.0) 0.99 (0.91-1.08)
  > 1.7 1854 (21.7) 1911 (22.0) 0.98 (0.89-1.08)
  Missing 1303 (7.3) 1364 (7.6) 0.94 (0.85-1.04)
 Heterogeneity : 1

2
 0.04; p=0.84

Prior statin use
  Yes 2824 (11.4) 2959 (11.9) 0.95 (0.88-1.02)
  No 742 (15.4) 696 (14.9) 1.05 (0.91-1.22)
  Missing 1914 (20.2) 1929 (20.4) 0.99 (0.90-1.09)
 Heterogeneity : 1

2
 2.55; p=0.11

ALL 5480 (14.0) 5584 (14.4) 0.97 (0.93-1.01)
p = 0.19
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Figure 4.6 Effects of supplementation with omega-3 fatty acid on CHD and MVE 

by trials excluding JELIS 

Figure 4.7 shows that allocation to omega-3 FA intervention had no significant 

effect on non-fatal MI, CHD death or overall CHD in the trials that used either an 

open and blind design. However, there was also some weak evidence of 

heterogeneity between the results from open versus blinded trials for all CHD (RR 

0.5 1.0 2.099% CI
95% CI
99% CI
95% CI

Number of events (%)
Treatment Control RR (CI)

Treatment
better

Control
better

Coronary Heart Disease (CHD)

  Non-fatal MI 1059 (3.6) 1072 (3.6) 0.98 (0.88-1.10)

  CHD death 747 (2.5) 792 (2.7) 0.94 (0.82-1.07)

Any CHD 1789 (6.0) 1834 (6.2) 0.97 (0.91-1.04)

p = 0.4

Stroke

  Ischaemic 459 (2.2) 431 (2.0) 1.06 (0.89-1.26)

  Haemorrhagic 68 (0.3) 70 (0.3) 0.97 (0.62-1.50)

  Unclassified/Other 140 (0.5) 130 (0.4) 1.07 (0.78-1.47)

Any stroke 704 (2.4) 681 (2.3) 1.03 (0.92-1.15)

p = 0.6

Revascularisation

  Coronary 2853 (12.2) 2818 (12.1) 1.01 (0.94-1.09)

  Non-coronary 305 (2.7) 330 (2.9) 0.92 (0.75-1.13)

Any revascularisation 3099 (13.2) 3091 (13.3) 1.00 (0.94-1.05)

p = 0.9

Any Major Vascular Event 5218 (17.6) 5260 (17.8) 0.99 (0.94-1.03)

p = 0.5
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0.85 [95% CI 0.72-1.00] vs 1.01 [0.91-1.11]; unadjusted p=0.02), but not for either 

fatal CHD or non-fatal myocardial infarction, respectively. 

Figure 4.7 Effects of supplementation with Omega-3 fatty acid on fatal and non-

fatal vascular events by trial design (Open vs blinded) 

0.5 1.0 2.099% CI
95% CI
99% CI
95% CI

Number of events (%)
Treatment Control RR (CI)

Treatment
better

Control
better

Non-fatal MI

  Open 285 (1.9) 316 (2.1) 0.90 (0.72-1.11)

  Blind 836 (3.5) 839 (3.5) 0.99 (0.87-1.13)

  ALL 1121 (2.9) 1155 (3.0) 0.97 (0.89-1.05)

p = 0.4
 Heterogeneity: 1

2
 1.07; p=0.30

CHD death

  Open 243 (1.6) 296 (2.0) 0.81 (0.65-1.02)

  Blind 533 (2.2) 527 (2.2) 1.01 (0.86-1.19)

  ALL 776 (2.0) 823 (2.1) 0.94 (0.85-1.04)

p = 0.2
 Heterogeneity: 1

2
 3.98; p=0.05

Any CHD

  Open 506 (3.4) 588 (3.9) 0.85 (0.72-1.00)

  Blind 1371 (5.7) 1359 (5.7) 1.01 (0.91-1.11)

  ALL 1877 (4.8) 1947 (5.0) 0.96 (0.90-1.02)

p = 0.2
 Heterogeneity: 1

2
 5.15; p=0.02
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Importantly, allocation to omega-3 FA intervention had no significant effects on the 

rate ratios (95% CI) for cancer (1.01 [0.94-1.08]) (Figure 4.8) or total mortality 

(0.96 [0.92-1.01]) (Figure 4.9).  

Figure 4.8 Effects of supplementation with omega-3 fatty acid on cancer 

0.25 1.0 4.0
99% CI
95% CI
99% CI
95% CI

Events (%)
Treatment Control RR (CI)

Treatment
better

Control
better

Cancer

  DOIT 9 (3.2) 21 (7.5) 0.43 (0.16-1.13)

  AREDS-2 292 (13.6) 280 (13.6) 1.00 (0.79-1.26)

  SU-FOL-OM3 91 (7.3) 80 (6.4) 1.14 (0.76-1.72)

  JELIS 242 (2.6) 218 (2.3) 1.11 (0.87-1.42)

  ALPHA OMEGA 62 (2.6) 59 (2.4) 1.07 (0.66-1.71)

  GISSI-HF 184 (5.3) 190 (5.5) 0.96 (0.73-1.27)

  OMEGA 32 (1.7) 26 (1.4) 1.21 (0.61-2.40)

  R&P 129 (2.1) 118 (1.9) 1.10 (0.79-1.53)

  ORIGIN 463 (7.4) 489 (7.8) 0.94 (0.79-1.12)

  GISSI-P 146 (2.6) 140 (2.5) 1.04 (0.77-1.42)

ALL 1650 (4.2) 1621 (4.2) 1.01 (0.94-1.08)

p = 0.8
 Heterogeneity : 9

2  9.36; p=0.40
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Figure 4.9 Effects of supplementation with omega-3 fatty acid on total mortality  

0.25 1.0 4.099% CI
95% CI
99% CI
95% CI

Events (%)
Treatment Control RR (CI)

Treatment
better

Control
better

Trial
  DOIT 14 (5.0) 24 (8.5) 0.57 (0.24-1.35)

  AREDS-2 30 (1.4) 27 (1.3) 1.06 (0.54-2.12)

  SU-FOL-OM3 72 (5.7) 69 (5.5) 1.04 (0.67-1.63)

  JELIS 286 (3.1) 265 (2.8) 1.08 (0.86-1.35)

  ALPHA OMEGA 186 (7.7) 184 (7.6) 1.02 (0.78-1.36)

  GISSI-HF 955 (27.3) 1014 (29.1) 0.92 (0.80-1.05)

  OMEGA 88 (4.6) 70 (3.7) 1.25 (0.82-1.90)

  R&P 348 (5.6) 337 (5.4) 1.04 (0.85-1.27)

  ORIGIN 951 (15.1) 964 (15.4) 0.98 (0.86-1.11)

  GISSI-P 477 (8.4) 554 (9.8) 0.85 (0.72-1.00)

ALL 3407 (8.7) 3508 (9.0) 0.96 (0.92-1.01)

p = 0.16
 Heterogeneity : 9

2
 13.28; p=0.15
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4.2 Results of biochemical effects of omega-3 FA  

In the ASCEND trial, blood spots from baseline and follow-up samples from 152 

participants were sent to the Harris laboratory in the USA for measurement of 

omega-3 FA index and results are given below. At baseline the geometric mean 

(95% CI) omega-3 FA index was 7.11 (6.79-7.45) among the 76 participants 

subsequently allocated active omega-3 FA and 6.59 (6.25-6.94) among the 76 

subsequently allocated placebo. These increased to 9.1 (8.79-9.41) during the trial 

(Table 4.10) in those allocated active omega-3 FA and were 6.54 (6.2-6.91) during 

the trial in those allocated placebo capsules.  This represented a 33% (26%-39%) 

increase compared to placebo among those allocated active omega-3 FA 

capsules and was highly statistically significant p <0.0001 (Table 4.10 and 4.11). 
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Table 4.10: Omega-3 Index (% of total fatty acids) on-trial allowing for baseline Omega-3 index (Overall) in ASCEND 

substudy 

Arm 

Active Omega-3 arm  Placebo Omega-3 arm  Percent increase on 

trial in Omega-3 arm 

vs. Placebo arm 

(95% CI) 

P-value 

for effect

P-value 

for 

hetero- 

geneity N

Geometric mean (95% CI) 

N

Geometric mean (95% CI) 

Baseline On-trial Baseline On-trial 

Overall 76 7.11 (6.79 to 7.45) 9.10 (8.79 to 9.41) 76 6.59 (6.25 to 6.94) 6.54 (6.20 to 6.91) 33% (26% to 39%) <0.0001

Aspirin allocation 

Active aspirin 38 7.13 (6.71 to 7.57) 9.10 (8.71 to 9.50) 38 6.45 (5.96 to 6.98) 6.48 (6.00 to 7.00) 32% (23% to 41%) 0.8 

Placebo aspirin 38 7.10 (6.62 to 7.62) 9.09 (8.63 to 9.59) 38 6.73 (6.27 to 7.21) 6.61 (6.12 to 7.14) 33% (24% to 42%) 

Compliance with brown 

capsules 

No 1 7.77 6.79 3 6.60 (5.35 to 8.14) 7.07 (5.84 to 8.57) -13% (-38% to 20%) 0.01 

Yes 70 7.08 (6.74 to 7.43) 9.19 (8.87 to 9.52) 73 6.59 (6.24 to 6.95) 6.52 (6.17 to 6.90) 35% (28% to 41%) 

Baseline Omega-3 index 

High (8%+) 23 8.77 (8.40 to 9.16) 9.72 (9.09 to 10.40) 15 9.22 (8.70 to 9.78) 8.98 (8.36 to 9.65) 11% (1% to 22%) <0.0001

Low (<8%) 53 6.50 (6.21 to 6.80) 8.84 (8.52 to 9.17) 61 6.06 (5.81 to 6.33) 6.05 (5.77 to 6.35) 41% (33% to 48%) 
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Arm 

Active Omega-3 arm  Placebo Omega-3 arm  Percent increase on 

trial in Omega-3 arm 

vs. Placebo arm 

(95% CI) 

P-value 

for effect

P-value 

for 

hetero- 

geneity N

Geometric mean (95% CI) 

N

Geometric mean (95% CI) 

Baseline On-trial Baseline On-trial 

Fatty acid supplement at 

baseline 

No 64 7.11 (6.74 to 7.49) 9.08 (8.75 to 9.41) 69 6.47 (6.13 to 6.84) 6.44 (6.08 to 6.81) 33% (27% to 40%) 0.4 

Yes 12 7.16 (6.58 to 7.80) 9.21 (8.33 to 10.18) 7 7.79 (6.92 to 8.77) 7.72 (6.78 to 8.79) 25% (9% to 44%) 

Type of fatty acid 

supplement at baseline 

Cod liver oil capsule 10 7.09 (6.40 to 7.84) 9.07 (8.06 to 10.22) 5 7.41 (6.89 to 7.97) 7.13 (6.52 to 7.79) 32% (15% to 50%) 0.5 

Omega-3/fish oil 

supplement 2 7.54 (7.17 to 7.93) 9.89 (9.47 to 10.33) 2 8.83 (5.95 to 13.10) 9.43 (7.38 to 12.04) 18% (-8% to 51%) 

Percent increase and p-values are from Generalised Linear Models and allow for baseline Omega-3 index 

Note: No patient had fatty acid supplements noted on their on-trial blood sample form 
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Allocation to aspirin had no significant effect on change in the omega-3 FA 

index with supplements (p for heterogeneity = 0.80).  Only 4 participants (1 

active and 3 on placebo) among those selected for omega-3 index measures 

reported non-compliance with their omega-3 FA capsules or placebo, 

providing limited power to assess differences. However, as expected, the 

omega-3 index did not rise significantly from baseline in the one non-

compliant participant. 

The effects on the omega-3 index were not significantly influenced by self-

reported omega-3 fatty acid supplement use at baseline (Table 4.10), but 

only 15 participants reported such use. For those reporting baseline use, 

there was still a 25% (9%-44%) increase in the index, but this was not 

significantly different from the overall results (p for heterogeneity 0.5). By 

contrast, those with a baseline omega-3 FA index >8% (i.e. a high baseline 

level), only increased by a 11% (1% to 22%) during the trial versus placebo 

compared with a 41% (33% to 48%) increase vs placebo in those with a low 

baseline omega-3 FA index <8% (p for heterogeneity <0.001).  

Tables 4.11 and 4.12 show the impact of accounting for baseline FA index 

and baseline use of omega-3 supplementation but does not change the 

overall message. 
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Table 4.11: Omega-3 Index on-trial allowing for baseline index (No fatty acid use reported at baseline) in ASCEND substudy 

Arm 

Active Omega-3 arm  Placebo Omega-3 arm  Percent increase 

on-trial in Omega-

3 arm vs. Placebo 

arm 

(95% CI) 

P-value 

for effect 

P-value 

for 

hetero- 

geneity N

Geometric mean (95% CI) 

N

Geometric mean (95% CI) 

Baseline On-trial Baseline On-trial 

Overall 64 7.11 (6.74 to 7.49) 9.08 (8.75 to 9.41) 69 6.47 (6.13 to 6.84) 6.44 (6.08 to 6.81) 33% (26% to 39%) <0.0001 

Aspirin allocation 

Active aspirin 33 7.12 (6.65 to 7.61) 9.04 (8.62 to 9.48) 35 6.35 (5.84 to 6.90) 6.37 (5.87 to 6.90) 33% (23% to 43%) 0.8 

Placebo aspirin 31 7.10 (6.54 to 7.70) 9.11 (8.62 to 9.63) 34 6.60 (6.14 to 7.10) 6.51 (6.00 to 7.06) 34% (25% to 45%) 

Compliance with brown 

capsules 

No 1 7.77 6.79 3 6.60 (5.35 to 8.14) 7.07 (5.84 to 8.57) -13% (-38% to 22%) 0.01 

Yes 59 7.04 (6.66 to 7.45) 9.17 (8.84 to 9.52) 66 6.47 (6.11 to 6.85) 6.41 (6.04 to 6.80) 36% (29% to 43%) 

Baseline Omega-3 index 

High (8%+) 21 8.75 (8.34 to 9.17) 9.57 (8.93 to 10.26) 13 9.20 (8.67 to 9.77) 8.95 (8.29 to 9.66) 10% (-1% to 21%) <0.0001 

Low (<8%) 43 6.42 (6.09 to 6.77) 8.84 (8.50 to 9.20) 56 5.97 (5.71 to 6.24) 5.96 (5.67 to 6.26) 43% (35% to 51%) 

Percent increase and p-values are from Generalised Linear Models and allow for baseline Omega-3 index Note: No patient had fatty acid supplements noted on their on-trial blood 

sample form. 
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Table 4.12: Omega-3 Index on-trial allowing for baseline index (fatty acid use reported at baseline) in ASCEND substudy 

Arm 

Active Omega-3 arm  Placebo Omega-3 arm  Percent increase 

on-trial in Omega-

3 arm vs. Placebo 

arm 

(95% CI) 

P-value 

for effect 

P-value 

for 

hetero- 

geneity N

Geometric mean (95% CI) 

N

Geometric mean (95% CI) 

Baseline On-trial Baseline On-trial 

Overall 12 7.16 (6.58 to 7.80) 9.21 (8.33 to 10.18) 7 7.79 (6.92 to 8.77) 7.72 (6.78 to 8.79) 33% (26% to 39%) <0.0001 

Aspirin allocation 

Active aspirin 5 7.21 (6.39 to 8.15) 9.48 (8.44 to 10.65) 3 7.72 (7.21 to 8.26) 8.01 (7.70 to 8.33) 25% (4% to 51%) 0.8 

Placebo aspirin 7 7.12 (6.29 to 8.07) 9.01 (7.71 to 10.54) 4 7.85 (6.33 to 9.73) 7.51 (5.93 to 9.52) 30% (11% to 53%) 

Compliance with brown 

capsules 

Yes 11 7.26 (6.64 to 7.93) 9.26 (8.31 to 10.33) 7 7.79 (6.92 to 8.77) 7.72 (6.78 to 8.79) 28% (13% to 44%) 

Baseline Omega-3 index 

High (8%+) 2 9.03 (8.49 to 9.59) 11.50 (10.78 to 12.27) 2 9.35 (7.06 to 12.40) 9.21 (6.89 to 12.31) 28% (-1% to 65%) 1.0 

Low (<8%) 10 6.84 (6.37 to 7.34) 8.80 (7.98 to 9.71) 5 7.24 (6.83 to 7.68) 7.20 (6.51 to 7.96) 27% (10% to 47%) 

Type of fatty acid supplement at 

baseline 

Cod liver oil capsule 10 7.09 (6.40 to 7.84) 9.07 (8.06 to 10.22) 5 7.41 (6.89 to 7.97) 7.13 (6.52 to 7.79) 32% (15% to 50%) 0.5 
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Arm 

Active Omega-3 arm  Placebo Omega-3 arm  Percent increase 

on-trial in Omega-

3 arm vs. Placebo 

arm 

(95% CI) 

P-value 

for effect 

P-value 

for 

hetero- 

geneity N

Geometric mean (95% CI) 

N

Geometric mean (95% CI) 

Baseline On-trial Baseline On-trial 

Omega-3/fish oil supplement 2 7.54 (7.17 to 7.93) 9.89 (9.47 to 10.33) 2 8.83 (5.95 to 13.10) 9.43 (7.38 to 12.04) 18% (-8% to 51%) 

Percent increase and p-values are from Generalised Linear Models and allow for baseline Omega-3 index 

Note: No patient had fatty acid supplements noted on their on-trial blood sample form. 
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4.3 Results of biochemical effects of aspirin  

Among the participants randomly sampled allocated to receive active aspirin, 

the geometric mean (95% CI) of UTxB2 concentration at baseline was 3453 

(3069-3895) pg/mg (n=70) which decreased to 1190 (1100-1287) pg/mg 

(n=167) during the trial (Table 4.10). Among those allocated the placebo 

white tablet, UTxB2 was 3499 (3114-3931) pg/mg (n=69) at baseline and 

3607 (3312-3929) pg/mg (n=170) during the trial. This represented 67% (63-

70%) decrease compared to placebo among those allocated active aspirin 

and was highly statistically significant with a p-value of <0.0001 (Table 4.10). 

Allocation to omega-3 FA in both active and placebo aspirin groups had no 

significant effect on change in UTxB2 concentrations (p for heterogeneity 

=0.80).  Only 14 participants (6 active aspirin and 8 on placebo) among those 

selected for UTxB2 measures reported non-compliance with aspirin or 

placebo providing limited power to say anything useful. However, as 

expected, UTxB2 did not reduce significantly from baseline in the 6 non-

compliant participants. The 8 non-compliant participants in placebo groups 

reduced UTxB2 indicating that they may have been on prescribed aspirin 

after they had stopped taking trial tablets. 

These results were not influenced by reported time since taking their aspirin 

or placebo tablet in compliant patients. In those who reported taking their 

tablet between 0-12 hours prior to the urine sample, the reduction in UTxB2 
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was 67% (63-72%) and in those who reported taking their treatment 12-24 

hours prior to sampling the reduction was 70% (64-74%) (Table 4.10) P =0.6. 

These results were not influenced by self-reported non-study NSAID use at 

baseline nor by on-trial supplement use or baseline UTxB2 results (high 

(>3000) and low (0-3000)) (Table 4.10)  

Figure 4.11 gives the results of creatinine-adjusted UTxB2 in-trial and at 

baseline by allocation to active vs placebo aspirin and non-study NSAID use.
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Table 4.13: Main results of measurement of urinary Thromboxane B2 in ASCEND substudy 

Arm 

Active Aspirin arm Placebo Aspirin arm Percent decrease 
on-trial in Aspirin 

arm vs. Placebo arm
(95% CI) 

P-value for 
effect  

(on-trial) 

P-value for 
hetero- 
geneity  

(on-trial) 

Baseline On-trial Baseline On-trial

N
Geometric mean 

(95% CI) N
Geometric mean 

(95% CI) N
Geometric mean 

(95% CI) N
Geometric mean 

(95% CI) 

Overall 70 3453 (3061-3895) 167 1190 (1100-1287) 69 3499 (3114-3931) 170 3607 (3312-3929) 67% (63% to 70%) <0.0001 

Omega-3 allocation 
Active Omega 35 3294 (2750-3945) 77 1070 (967-1184) 36 3303 (2787-3914) 86 3337 (2957-3765) 68% (62% to 72%) 0.8 
Placebo Omega 35 3620 (3083-4252) 90 1303 (1163-1460) 33 3726 (3181-4364) 84 3907 (3468-4402) 67% (61% to 71%) 

Compliance with white tablets 
No 6 2344 (1108-4959) 6 2053 (998-4223) 8 3243 (2141-4912) 8 1449 (730-2874) -42% (-143% to 17%) <0.0001 
Yes 64 3581 (3205-4000) 161 1166 (1081-1257) 59 3465 (3067-3915) 160 3783 (3497-4091) 69% (65% to 72%) 

Time since white tablet last 
taken(in compliant patients) 

0-12 hours 49 3581 (3129-4097) 99 1127 (1024-1242) 43 3180 (2758-3667) 93 3489 (3166-3845) 67% (63% to 72%) 0.6 
12-24 hours 9 3669 (2887-4662) 56 1259 (1106-1432) 11 4283 (3451-5316) 62 4168 (3643-4769) 70% (64% to 74%) 

Baseline thromboxane 
(Original dataset only) 

High (>3000) 45 4534 (4153-4949) 45 1180 (997-1396) 46 4541 (4160-4957) 46 3574 (2999-4258) 67% (58% to 74%) 0.7 
Low (0-3000) 25 2115 (1770-2528) 25 761 (624-927) 23 2077 (1783-2419) 23 2472 (1945-3143) 69% (57% to 78%) 

Non-study NSAID at baseline 
No 64 3725 (3368-4120) 153 1191 (1096-1294) 62 3658 (3271-4091) 153 3699 (3384-4044) 68% (63% to 71%) 0.2 
Yes 6 1538 (804-2943) 14 1181 (939-1485) 7 2357 (1386-4009) 17 2877 (2176-3803) 59% (40% to 72%) 

Non-study NSAID on-trial 
No 67 3497 (3087-3962) 160 1194 (1101-1295) 62 3685 (3297-4119) 157 3780 (3473-4114) 68% (64% to 72%) 0.05 
Yes 3 2597 (2047-3295) 7 1094 (920-1301) 7 2208 (1340-3637) 13 2053 (1477-2853) 48% (16% to 68%) 

Compliance with white tablets 
and non-study NSAID on-trial 

Non-compliant and no NSAID 6 2344 (1108-4959) 6 2053 (998-4223) 7 3260 (2019-5264) 7 1603 (752-3418) -28% (-121% to 26%) <0.0001 
Non-compliant and NSAID 0 0 1 3131 1 713 
Compliant and no NSAID 61 3638 (3245-4079) 154 1169 (1081-1265) 53 3670 (3282-4105) 148 3946 (3652-4264) 70% (66% to 73%) 
Compliant and NSAID 3 2597 (2047-3295) 7 1094 (920-1301) 6 2083 (1172-3702) 12 2242 (1653-3040) 52% (23% to 70%) 
Unknown and no NSAID 0 0 2 6309 (4736-8407) 2 3117 (2439-3984) 

Non-study NSAID at baseline 
and/or on-trial 

Neither 63 3744 (3381-4146) 151 1193 (1097-1298) 59 3738 (3333-4192) 150 3765 (3449-4110) 68% (64% to 72%) 0.3 
Baseline only 4 1195 (494-2893) 9 1212 (858-1712) 3 2793 (1866-4178) 7 4105 (3033-5555) 70% (50% to 82%) 
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Arm 

Active Aspirin arm Placebo Aspirin arm Percent decrease 
on-trial in Aspirin 

arm vs. Placebo arm
(95% CI) 

P-value for 
effect  

(on-trial) 

P-value for 
hetero- 
geneity  

(on-trial) 

Baseline On-trial Baseline On-trial

N
Geometric mean 

(95% CI) N
Geometric mean 

(95% CI) N
Geometric mean 

(95% CI) N
Geometric mean 

(95% CI) 
On-trial only 1 2700 2 1015 (690-1494) 3 2398 (2214-2596) 3 1528 (675-3460) 41% (-51% to 77%) 
Both 2 2547 (1695-3826) 5 1127 (911-1394) 4 2076 (822-5240) 10 2243 (1567-3211) 50% (12% to 71%) 

Percent decrease and p-values are from Generalised Linear Models (adjusted for original versus additional dataset) On-trial Creatinine Adjusted Urinary Thromboxane, Adjusted for 
original versus additional dataset, unadjusted for baseline Creatinine Adjusted Urinary Thromboxane. 
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Figure 4.10: Creatinine adjusted UTxB2 on trial and at baseline by allocation to active vs placebo aspirin and non-study 
NSAID use 
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4.4 Summary of results 

The OTTC meta-analysis of tabular data from 10 large RCTs involving  

77,906 participants demonstrated that allocation to omega-3 FA supplements 

for an average duration of 4.4 years had no effect on fatal CHD, non-fatal MI, 

stroke, revascularisation events or any major vascular events. Importantly, 

this meta-analysis also showed no beneficial effect on major vascular events 

in any particular subgroups. Likewise, the present meta-analysis indicated no 

evidence of any hazards of omega-3 FA supplements on cancer or on all-

cause mortality. 

The biochemical effects of study medications were consistent with the 

expected effects. Allocation to omega-3 FA supplements was associated with 

a 33% increase in the omega-3 FA index (consistent with the previous report) 

with no effect among allocated placebo. Similarly, allocation to active aspirin 

was associated with the expected reduction in UTxB2 illustrating the 

suppression of TxA2 resulting from COX-1 inhibition.  Allocation to aspirin 

significantly reduced UTxB2 even up to 24 hours after ingestion with no 

evidence of any loss of effect.  There was no interference of allocation of 

aspirin on omega-3 FA biochemical effectiveness or vice visa. These effects 

were only apparent in participants who reported that they were compliant with 

their allocated treatments. 
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5 Discussion and Conclusion 

5.1 Discussion of findings from the Omega-3 Treatment Trialists’ 

meta-analysis of large randomised trials  

This meta-analysis of 10 large RCTs involving 77,906 participants 

demonstrated that allocation to omega-3 FA supplements for an average 

duration of 4.4 years had no effect on fatal CHD, non-fatal MI, stroke, 

revascularisation events or any major vascular events. Importantly, this meta-

analysis also showed no beneficial effect on major vascular events in any 

particular subgroups. Likewise, the present meta-analysis indicated no 

evidence of any hazards of omega-3 FA supplements on cancer or on all-

cause mortality. 

The chief strength of this study was the availability of tabular data extracted 

by the trial Principal Investigators for all trials included in this meta-analysis 

(with the exception of the JELIS trial (206), where published data were used). 

The definitions of events were more directly comparable than in previous 

meta-analyses of the published results (214, 218, 222). Secondly, this meta-

analysis had strict eligibility criteria for selection of trials, involving 

comparisons of omega-3 FA supplementation trials, involving 500 or more 

participants, and a treatment duration of at least one year. Thirdly, this meta-

analysis also examined effects of treatment in pre-specified subgroups of 

major vascular events.  
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The reasons for the discrepant results of the previous trials of omega-3 FA 

supplements on fatal and non-fatal CHD events are not fully understood. In 

contrast with the null findings for most recent trials e.g. the Alpha omega trial, 

the Omega trial and SU-FOL-OM3, the older GISSI-P trial (153) reported a 

14% reduction in major vascular events, chiefly due to a reduction in cardiac 

deaths and the JELIS trial reported a 19% (95% CI 5-31%) reduction in major 

CHD events, albeit based on only 586 events, chiefly due to a reduction in 

non-fatal CHD events. Both the GISSI-P and the JELIS trial used an open-

label design where placebo capsules were lacking. In the GISSI-P trial for 

patients surviving a recent MI, supplementation of omega-3 FA 900 mg per 

day reduced significantly fatal CVD by 30%, fatal CAD by 35%, and sudden 

death by 45%. In the GISSI-HF trial, where heart failure patients were 

included, fatal CVD was only reduced by 10%, sudden death non-

significantly by 7%, and first hospital admissions for ventricular arrhythmias 

significantly by 28% with the same dose of omega-3 FA supplementation. 

The JELIS trial showed the reduction of only major coronary events (fatal and 

non-fatal CAD, unstable angina, percutaneous coronary intervention, and 

coronary artery bypass grafting) with 1.8 g intake of EPA. Another possible 

explanation in addition to different study design could be that whether 

differences in prior disease, use of statins or other secondary prevention 

treatments may explain some of the conflicting results of individual trials 

(characteristic of included trials as described in section 4.1.2). Participants in 

the more recent trials were very well treated not only by antithrombotics but 

also by antihypertensives and statins. Compared with the recent trials, the 

treatment level with statins was low in the GISSI-P trial (29%). This could be 
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the reason for the high risk of fatal CAD and sudden death in the GISSI-P 

trial compared with the Alpha Omega Trial (85%), the omega trial (94%) and 

the SU-FOL-OM3 (83%). Previous reports suggested that the effects of 

omega-3 FA treatment may vary by prior use of statins (234, 235). For 

example, the Alpha Omega trial reported that low dose omega-3 FA reduced 

the risk of major vascular events in patients with prior MI not treated with 

statins (235). Importantly, the present meta-analysis demonstrated no 

heterogeneity of the effects of omega-3 FA on CHD death or non-fatal MI 

between the individual trials. The present meta-analysis also reported no 

differential effects of omega-3 FA on major vascular events by subgroups of 

those with or without prior cardiovascular disease or diabetes, or those with 

below or above average lipid levels or by prior use of statin therapy. The 

results of the present meta-analysis were unaltered with or without the 

inclusion of the JELIS trial (206), in which all were also treated with statins.  

Although several possible mechanisms of effects of omega-3 FA on fatal 

CHD have been suggested, including anti-arrhythmic effects, anti-thrombotic 

effects, anti-inflammatory effects, plaque stabilisation and vasodilatation or 

triglycerides lowering effects (234, 236), these trials were unable to evaluate 

any of these mechanisms. It is possible that the discrepant results of the 

observational studies of n-3 fatty acid biomarkers and fatal CHD (237),  and 

the effects on fatal CHD in this meta-analysis of the RCTs may reflect 

confounding by the healthy lifestyle of individuals with high versus low 

plasma levels of biomarkers of omega-3 FA intake in the observational 

studies. Results of observational prospective cohort studies and randomized 
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trials published before the year 2000 demonstrated that diets with higher 

amounts of omega-3 FA or supplements with omega-3 FA reduced 

cardiovascular mortality. The American Heart Association Guidelines, that 

people with established coronary arterial disease should be advised to take 

900–1000 mg of omega-3 FA (EPA–DHA combined) per day. Most recently 

reported RCTs with null findings of omega-3 FA supplementation on 

cardiovascular outcomes did not have dietary fish intake data to investigate 

whether dietary intake or therapeutic supplements are the best source of 

omega-3 fatty acids is yet to be determined. Alternatively, the absence of any 

beneficial effect of omega-3 FA on MVE may reflect an insufficient dose of 

omega-3 FA used in the existing trials. 

Previous meta-analyses of omega-3 FA trials (214, 218, 222, 238), were 

limited by being incomplete (214), including trials of dietary advice to 

increase fish consumption (214, 222) or by failing to distinguish effects of 

omega-3 FA on fatal versus non-fatal CHD outcomes (214, 218, 222, 238). 

Importantly, the results of the present meta-analysis differ from previous 

meta-analyses which suggested that omega-3 FA had a beneficial effect on 

fatal CHD (218, 222). In contrast, the present meta-analysis restricted to all 

eligible trials and tabular data supplied by individual trialists (except for the 

JELIS trial (206), reported no significant effect of omega-3 FA supplements 

on fatal CHD events. The present meta-analysis reported weak evidence of 

heterogeneity between the results of open and blinded trials for any CHD, 

which may reflect either chance or greater compliance in the open than in the 

blinded trials. An individual participant data meta-analysis (IPD) may have a 
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greater chance of detecting effects of omega-3 FA supplements on subtypes 

of fatal CHD (i.e. sudden death or ventricular arrhythmias) in a wider range of 

subgroups, but the overall null results of the present meta-analysis provide 

little encouragement for such an approach. Moreover, when I carried out 

OTTC as part of my MD project during my research time out of clinical 

training, I aimed to complete within the allocated time frame of 2 years and 

hence tabular meta-analysis methodology was adopted over IPD.  In contrast 

to the previous meta-analyses of these trials, the present meta-analysis, 

involving 5 years of treatment and 3271 incident cancer events, indicated no 

adverse effects of omega-3 FA on cancer incidence. While these findings 

confirmed the safety of omega-3 FA on overall risk of cancer, no data were 

available on site-specific cancer. An additional limitation of the present meta-

analysis involved the use of tabular rather than individual-level data. Hence, it 

was not possible to conduct additional analyses of the effects of omega-3 FA 

on major vascular events in subgroups by smoking or other cardiovascular 

risk factors. However, since the overall results and results in subtypes of 

disease were null, it is very unlikely that the results of a meta-analysis using 

individual-level data would differ from that using study-level data. Time-to-

event analyses require individual-level data, but the results of such analyses 

are also unlikely to differ from those obtained using the Peto observed minus 

expected statistic (O-E) and its variance methodology used in this meta-

analysis. 

The 95% CI in the present meta-analysis of 10 trials, involving 78,906 high-

risk individuals, including 11,000 major vascular events and 3824 CHD 
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events, cannot exclude a 7% lower risk of MVEs and a 10% lower risk of 

CHD for the effects of omega-3 FA supplements. Several ongoing large 

RCTs, involving a total of 64,000 participants (ASCEND: n=15,480; VITAL: 

n=25,874; STRENGTH: n=13,000 and REDUCE-IT: n=8000), should provide 

additional knowledge about the effects of omega-3 FA supplements on major 

vascular events, CHD and subtypes of CHD (124, 190, 220, 239). 

Importantly, the STRENGTH and REDUCE-IT trials will test the effects of 

major vascular events of much higher doses of omega-3 FA (3-4g/day) which 

will lower plasma levels of triglycerides without risk of bleeding or effect on 

blood glucose (detail discussion in section 2.5.3). These latter trials will also 

test the triglyceride-lowering hypothesis (with relatively higher dose 

compared to previous large RCTs in OTTC) in high-risk statin-treated 

patients with persistently elevated triglyceride levels.  

The 2016 ESC/EAS Guidelines for the Management of Dyslipidaemia state 

that more data on the efficacy of omega-3 FA supplements for prevention of 

clinical outcomes are needed to justify their prescription (124). The results of 

the present meta-analysis provide no support for the recommendations to 

use of about 1g/day of omega-3 FA supplements in high-risk individuals for 

prevention of vascular events, cancer or all-cause mortality. The results of 

the ongoing trials are required to assess if higher doses of omega-3 FA (3-

4g/day) have any beneficial effects on risk of MVEs.  

In conclusion, this meta-analysis of large RCTs is the largest such meta-

analysis carried out to date and has shown no significant effect of omega-3 
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FA supplementation on non-fatal MI, sudden death or on any major vascular 

events. No beneficial effect was also seen for stroke or revascularisation. 

The results of on-going large RCTs (ASCEND and VITAL) will provide 

additional evidence in a further 35,000 participants for the effects of omega-3 

FA for prevention of CHD.  The present results do not support 

recommendations to use omega-3 FA supplements in high-risk people for 

prevention of CHD (221). (OTTC paper is now published in JAMA 

Cardiology) 

5.2 Discussion of biochemical results 

In the ASCEND sub-study of the biochemical effectiveness of study 

medications, blood and urine samples were requested to 1500 participants at 

mid randomization phase, (10% of the total study population of randomly 

selected participants who returned samples at the baseline sample 

collection). In total 1288 samples were returned (1265 returned blood and 

urine samples, 6 blood only, 17 urine only, 512 did not return any samples). 

This selective randomisation method gave the opportunity to compare the 

analysis of biochemical measurement at two time-points for each individual, 

at baseline and post-randomisation. However, this approach may have a 

possible implication that those participants may tend to compliance more with 

study medication compared with non-responders to sample request in the 

first place. The percentage response rate of blood and urine sample 

collection for ASCEND on both time points was similar (around 78%-84%). 

About 98% of returned samples arrived to the central laboratory within the 

calculated time frame of 10 days from blood and urine collection at their local 
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surgery. Urine samples were frozen on arrival until measured. The impact of 

this was evaluated as part of the assays validation process (detail in section 

3.4.2) and showed no significant variation in the measurement of UTxB2. The 

methodology of adopting randomization between treatment group and 

placebo group for this sub-study should have given the reliable and 

meaningful results between groups. There was a plasma sparing effect by 

choosing red-cell membrane omega-3 index measurement by dried blood 

spots which allow stored plasma samples for future biochemical 

measurement in ASCEND.  

Biochemical results of Omega-3 index 5.2.1

Follow-up omega-3 index was increased by 33% (95% CI 26%-39%) from 

baseline in those allocated omega-3 FA compared to placebo. Our finding 

suggested that the increment was higher in patients with low omega-3 Index 

at baseline compared to a group of patients with high omega-3 index (>8%). 

Our findings are in agreement with a previously reported range of increase in 

measurement with omega-3 FA supplement. In a sub-study of the 

Framingham offspring cohort study for fish oil supplement, it was reported 

that omega-3 index increased by 41% (95% CI- 31-52%) in the active 

treatment group (200). The previously reported dose-response study 

reported that omega-3 index (mean +/-CI) increased from 4.7% (+/-0.9) to 

7.9% (+/-1.7) with 0.5 g/day omega-3 FA supplement, to 9.9% (+/-2.9) with 
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1g/day and to 11.6% (+/-2.4) with 2g/day. Supplementation of 1 g Omega-3 

FA in the ASCEND trial increased omega-3 FA index to 9.1% (8.79-9.41) in 

the active treatment group compared with placebo consistent with previously 

reported response of the omega-3 index after supplementation. 

The omega-3 index has been used in various trials in different populations. In 

a diabetic population, the mean level was reported as 3.47% (CI +/-1.20) in 

line with the baseline estimates in ASCEND. One US study reported results 

in patients with major depression in the USA showing the omega-3 index was 

very low at 2.9% (+/-1.5) (240). Trials of patients with end-stage renal failure 

having haemodialysis, peritoneal dialysis or renal transplant reported high 

omega-3 index level which was thought to be due to significant alterations in 

erythrocyte membrane FA by the dialysis method and the omega-3 FA 

supplementation (241). Fish consumption had a major effect on omega-3 

Index by 13% (p< 0.0001) increase for each serving level increase in oily fish 

intake (198). Diet was not included in the follow-up questionnaires in 

ASCEND, however, in this sub-study which measured omega-3 FA index at 

two time points (baseline and on-trial), the results indicate the desired 

increase in treatment group (follow-up omega-3 index was increased by 33% 

(95% CI 26%-39%) in those allocated omega-3 FA compared to placebo 

(p<0.0001, geometric mean 9.10% versus 6.54%).  

In the Gruppo Italiano per lo Studio della Sopravvivenza nell'Infarto 

Miocardico-Heart Failure (GISSI-HF) study, the omega-3 index was 

measured in a subset of patients (n=461 out of 6975 randomised), at 
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baseline and after 3 months of omega-3 FA supplementation (1 g daily). After 

treatment, the omega-3 index increased from 4.8±1.7% to 6.7±1.9% in the 

treatment group but was unchanged in the placebo group (4.7±1.7 to 

4.8±1.5%) (P<.0001) (242). Previously omega-3 index has been suggested 

as a risk factor for cardiac death and was inversely associated with risk for 

CHD mortality coding >8% of the omega-3 index with the greatest 

cardioprotection (243). Based on this data the proposed cutoffs for healthy 

levels of the omega-3 index were thought to be in the range of desirable 

>8%, intermediate level 4%-8% and undesirable high-risk level of <4% for 

cardioprotective effect (243). Overall, in the ASCEND trial,  omega-3 Index 

(mean 95% CI) in the treatment group was 9.10% (8.79 to 9.41) compared to 

6.54% (6.20 to 6.91) in the placebo group in the trial. Biochemically the 

finding has confirmed that supplementation with 1g daily EPA+DHA 

increased the omega-3 index to a level believed to be cardioprotective. 

Previous omega-3 FA trials with null results were criticized for low 

bioavailability, and issues in study design (small sample size and insufficient 

duration). It was also assumed that with no difference in levels of omega-3 

FA between treatment and placebo groups, a difference in study outcome 

may not be possible (240). However, the large randomised ASCEND trial 

(N>15,000) with a mean duration of >7 years follow-up and biochemical 

confirmation of biochemical effectiveness measured by the omega-3 index, 

should provide reliable evidence for the effects of omega-3 FA 

supplementation on cardiovascular outcomes. 
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Discussion of the results of the Urinary Thromboxane 5.2.2

B2 measures 

Several groups have reported that the antiplatelet activity of aspirin in people 

with diabetes may be reduced or variable leading to aspirin resistance due to 

hyperglycaemia or rapid platelet turnover (138, 139, 143, 144, 244). In one 

study the prevalence of aspirin resistance was reported as being up to 18% 

in diabetic patients suggesting that such patients were at risk of arterial 

thrombotic events despite aspirin therapy (244). However, our results show a 

significant reduction in UTxB2 level (67% (95% CI 61%-74%)) reflecting 

suppression of TXA production due to COX 1 inhibition in diabetic patients 

with aspirin allocation compared to placebo group (p<0.0001) in the 

ASCEND trial. Our findings do not support the previously reported high 

prevalence of aspirin resistance in a diabetic population but show that aspirin 

has a similar biochemical effect in diabetes as seen in other populations. 

However, the limitation of this pilot study to add to consideration included a 

small number (n=337), randomly selected from those 1260 participants who 

sent their blood and urine samples at both time points (baseline and 3.5 

years follow-up) of sample collection. In addition, by being a mailed-based 

sample, aspirin ingestion was not witnessed and therefore the exact time 

difference between aspirin ingestion and sample collection was self-reported. 

It has also been suggested that diabetic patients require higher doses or 

more frequent dosing of aspirin to have the desired biochemical effect and 
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preventive effect on atherosclerotic events (136, 144, 245). In our study, in 

compliant participants, there was no evidence of a decrease in effect by time 

since ingestion of the active/placebo aspirin tablet (reductions 67% [95% CI 

63%-72%] at 0-12 hours and 70% [64%-74%] at 12-24 hours). Our results do 

not suggest rapid recovery of TxB2 generation with once a day dosing nor 

higher UTxB2 measurement after 12-hour post-aspirin intake.  

Measurement of serum thromboxane is regarded as the preferred method of 

assessment for COX inhibition by aspirin rather than UTxB2. However, we 

have shown that UTxB2 can also be used to reliably assess the biochemical 

effect of aspirin. Using measures of UTxB2 will allow trials to collect samples 

by mail or without any requirement for on-site sample preparation as it is a 

stable metabolite. One study has shown discrepancies between serum and 

urine thromboxane results and this may be related to a variety of factors (e.g.

BMI) but in the context of this randomised trial, it appears that UTxB2 levels 

were suppressed as expected (136). Although it was well recognized that 

UTxB2 level can be influenced by various factors, it has shown the 

percentage difference on a comparison between treatment group and 

placebo group in our pilot study. 

Another concern is that the preparation of aspirin with an enteric coating may 

lead to a failure to achieve complete inhibition of TxB2 generation due to 

incomplete absorption leading to possible aspirin resistance in diabetic 

patients (246). In ASCEND, the preparation was enteric coated aspirin and 

our results do not suggest less bioavailability as shown by the desired 
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significant reduction of UTxB2 after aspirin ingestion. Medication adherence 

might play a large role in aspirin resistance, and may, in fact, be the largest 

contributory factor and this should be fully investigated before “aspirin 

resistance” is invoked. 

Considering possible side effects of aspirin with bleeding risk, using higher or 

frequent dosing of aspirin should not be taken lightly especially with a recent 

report from The Japanese Primary Prevention Project (JPPP) for elderly 

people with multiple cardiovascular risk factors (N = 14,464, aged 60 to 85 

years) (247). The study was terminated early by the Data Monitoring 

Committee after a median follow-up of 5.02 years based on likely futility. The 

5-year cumulative primary outcome event rate was not significantly different 

between the groups (2.77% [95% CI, 2.40%-3.20%] for aspirin vs 2.96% 

[95% CI, 2.58%-3.40%] for no aspirin; hazard ratio [HR], 0.94 [95% CI, 0.77-

1.15]; P = 0.54) (247). However, it showed significantly increased the risk of 

extracranial hemorrhage requiring transfusion or hospitalization (HR, 1.85 

[95% CI, 1.22-2.81]; P = 0.004). The ongoing, ASPREE (a double-blind, 

randomised, placebo-controlled trial of oral 100mg enteric-coated 

acetylsalicylic acid (ASA) or matching placebo being conducted in Australian 

and US populations), will examine whether the potential primary prevention 

benefits of low-dose aspirin outweigh the risks in healthy older individuals 

(248). ASCEND will complete and results will be available in 2018 to answer 

whether aspirin reduces the risk of cardiovascular events in individuals with 

diabetes who do not already have diagnosed occlusive arterial disease and 

whether such benefits outweigh any potential hazards from bleeding. A study 
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with n=>15,000 should have excellent power (95% Power 2p<0.01) to detect 

a 12-15% proportional reduction in the cardiovascular event rate among such 

patients with biochemical confirmation that aspirin inhibiting COX1 as shown 

by reduction in UTxB2. 

The work described in the present thesis has demonstrated the reliability of 

questionnaire-based, self-reported compliance with study medication for this 

large mail based trial. Whether the biochemical effects will translate into 

beneficial effects on clinical outcomes will become clear on completion of 

ASCEND in mid-2018. 

Aspirin: continuing clinical uncertainty  5.2.3

Substantial uncertainty still persists about whether or not aspirin should be 

recommended for the primary prevention of cardiovascular disease in people 

with diabetes. This uncertainty is reflected by the discrepant 

recommendations for use of aspirin in cardiovascular prevention guidelines. 

When ASCEND was designed, the American Diabetes Association 

recommended aspirin use for primary prevention in people with diabetes with 

one additional risk factor (249) but, at that time, the UK and European 

guidelines were more circumspect (250, 251). More recently, the UK National 

Institute for Health and Care Excellence (NICE) 2015 Guideline for Type 2 

Diabetes has included recommendations not to offer antiplatelet therapy for 

adults with type 2 diabetes without cardiovascular disease (252) and similarly 

the most recent European Guidelines (124). By contrast the U.S. Preventive 
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Services Task Force now recommends initiating low-dose aspirin use for the 

primary prevention of cardiovascular disease and colorectal cancer in adults 

aged 50 to 59 years who have a predicted risk for MI or stroke of at least 

10% over 10 years, are not at increased risk for bleeding, and are willing to 

take low-dose aspirin daily for at least 10 years, irrespective of their diabetes 

status (253) For the analogous group aged 60-69 the recommendation is 

“optional”.  

The ATTC meta-analyses have shown that the absolute risks for 

cardiovascular disease and for bleeding events are positively correlated. A 

diagnosis of diabetes increases an individuals’ risk both of occlusive vascular 

disease and of bleeding. Without direct evidence of the balance of benefits 

and harm of antiplatelet therapy in this population, it is difficult to make clear 

recommendations. Furthermore, since the ASCEND trial started, the potential 

role of aspirin for the prevention of cancer has emerged as an important 

additional factor to be considered.  

In addition to ASCEND, there are other ongoing trials in intermediate-risk 

populations which will provide further data. The Aspirin and Simvastatin 

Combination for Cardiovascular Events Prevention Trial in Diabetes 

(ACCEPT-D) study in Italy originally aimed to randomize 5170 diabetic 

patients aged over 50 years to aspirin 100mg daily versus open control, with 

follow-up until there have been 515 primary endpoints (CV death, MI, stroke 

or hospitalisation for vascular disease) (254) ACCEPT-D represented the 

only other major trial in diabetes but recruitment stopped at 2100 participants, 
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significantly reducing its ability to produce a reliable answer in the next few 

years. The ASPREE (ASPirin in Reducing Events in the Elderly) trial has 

randomized 19,000 healthy people over the age of 70 years from Australia 

and the USA to aspirin 100mg daily versus placebo but the proportion of 

patients with diabetes is likely to be under 10% (~1500); results are expected 

in 2018 (248). Finally, the ARRIVE study (Aspirin to Reduce the Risk of Initial 

Vascular Events) Study has recruited over 12,000 participants at moderate 

risk of major CHD events (estimated 10-20% 10 year CHD risk), but patients 

with diabetes at an estimated risk >20% over 10-year risk are excluded; the 

expected completion date is 2018. 

(https://clinicaltrials.gov/ct2/show/NCT00501059).  

Therefore, in the next 2-3 years, there should be substantially more data 

about the relevance of aspirin for primary prevention of cardiovascular 

disease. ASCEND will provide almost half of the available data in diabetes. In 

addition, there will be considerably more evidence in other intermediate-risk 

groups including healthy elderly people. It is likely that a meta-analysis of all 

of these trials will be needed to provide reliable evidence about the effects of 

aspirin in people with diabetes. It is, therefore, data from ASCEND will be 

combined with data from the other relevant trials in a further meta-analysis 

coordinated by the ATTC.  

Omega 3 fatty acids and OTTC results on ASCEND 5.2.4

Since ASCEND started, several large trials have reported their results with 

no clear evidence to support the use of omega-3 fatty acid supplementation 
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for the prevention of cardiovascular disease. Given OTTC data, it is unlikely 

that ASCEND will show benefits from allocation to omega-3 FA on risk. 

Nevertheless, it will provide additional randomised evidence on both efficacy 

and safety which may help elucidate whether there are particular groups who 

might benefit from omega-3 FA supplementation.  
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Impact of this thesis on current literature 

1. Trial methodology describing large randomised trial by mail (paper 

published in Trial in 2016 (190)). 

2. Design and baseline characteristics of the ASCEND trial (Published in 

AHJ (182)). 

3. Meta-analysis of omega 3 FA: no significant effects on the 

cardiovascular outcome (Paper published JAMA Cardiology (221)). 

4. Biochemical measurement supporting the compliance of trial 

medication in a mail-based trial (abstract submitted to ESC Congress 

2017 and presented in August 2017 at Barcelona). 



198 

6  Bibliography 

1. Collaboration TGBoMRFfCD. Cardiovascular disease, chronic kidney disease, and 
diabetes mortality burden of cardiometabolic risk factors from 1980 to 2010: a comparative 
risk assessment. The lancet Diabetes & endocrinology. 2014;2(8):634-47. Epub 2014/05/21. 
2. Collaboration NRF. Worldwide trends in diabetes since 1980: a pooled analysis of 
751 population-based studies with 4.4 million participants. Lancet. 2016;387(10027):1513-
30. Epub 2016/04/12. 
3. Danaei G, Finucane MM, Lu Y, Singh GM, Cowan MJ, Paciorek CJ, et al. National, 
regional, and global trends in fasting plasma glucose and diabetes prevalence since 1980: 
systematic analysis of health examination surveys and epidemiological studies with 370 
country-years and 2.7 million participants. Lancet.378(9785):31-40. Epub 2011/06/28. 
4. World Health Organisation WHO. Diabetes. Available from: 
http://www.who.int/mediacentre/factsheets/fs312/en/. 
5. Shaw JE, Sicree RA, Zimmet PZ. Global estimates of the prevalence of diabetes for 
2010 and 2030. Diabetes Res Clin Pract.87(1):4-14. Epub 2009/11/10. 
6. Guariguata L, Whiting DR, Hambleton I, Beagley J, Linnenkamp U, Shaw JE. Global 
estimates of diabetes prevalence for 2013 and projections for 2035. Diabetes Res Clin Pract. 
2014;103(2):137-49. Epub 2014/03/19. 
7. UK D. State of Nation Report: Time to take control of diabetes. 2016. 
8. The Emerging Risk Factors C. Diabetes mellitus, fasting blood glucose concentration, 
and risk of vascular disease: a collaborative meta-analysis of 102 prospective studies. The 
Lancet.375(9733):2215-22. 
9. Marcinkiewicz A, Ostrowski S, Drzewoski J. Can the onset of heart failure be delayed 
by treating diabetic cardiomyopathy? Diabetology & metabolic syndrome. 2017;9:21. Epub 
2017/04/12. 
10. Association AD. 8. Cardiovascular Disease and Risk Management. Diabetes Care. 
2016;39 Suppl 1:S60-71. Epub 2015/12/24. 
11. Seshasai SR, Kaptoge S, Thompson A, Di Angelantonio E, Gao P, Sarwar N, et al. 
Diabetes mellitus, fasting glucose, and risk of cause-specific death. N Engl J 
Med.364(9):829-41. Epub 2011/03/04. 
12. Peters SA, Huxley RR, Woodward M. Diabetes as a risk factor for stroke in women 
compared with men: a systematic review and meta-analysis of 64 cohorts, including 775 385 
individuals and 12 539 strokes. Lancet. 2014. Epub 2014/03/13. 
13. Kissela BM, Khoury J, Kleindorfer D, Woo D, Schneider A, Alwell K, et al. 
Epidemiology of ischemic stroke in patients with diabetes: the greater Cincinnati/Northern 
Kentucky Stroke Study. Diabetes Care. 2005;28(2):355-9. Epub 2005/01/29. 
14. Newman AB, Siscovick DS, Manolio TA, Polak J, Fried LP, Borhani NO, et al. Ankle-
arm index as a marker of atherosclerosis in the Cardiovascular Health Study. Cardiovascular 
Heart Study (CHS) Collaborative Research Group. Circulation. 1993;88(3):837-45. Epub 
1993/09/01. 
15. Jude EB, Oyibo SO, Chalmers N, Boulton AJ. Peripheral arterial disease in diabetic 
and nondiabetic patients: a comparison of severity and outcome. Diabetes Care. 
2001;24(8):1433-7. Epub 2001/07/27. 
16. Stamler J, Vaccaro O, Neaton JD, Wentworth D. Diabetes, other risk factors, and 12-
yr cardiovascular mortality for men screened in the Multiple Risk Factor Intervention Trial. 
Diabetes Care. 1993;16(2):434-44. Epub 1993/02/01. 
17. Tancredi M, Rosengren A, Svensson AM, Kosiborod M, Pivodic A, Gudbjornsdottir S, 
et al. Excess Mortality among Persons with Type 2 Diabetes. N Engl J Med. 
2015;373(18):1720-32. Epub 2015/10/29. 



199 

18. Matuleviciene-Anangen V, Rosengren A, Svensson AM, Pivodic A, Gudbjornsdottir S, 
Wedel H, et al. Glycaemic control and excess risk of major coronary events in persons with 
type 1 diabetes. Heart. 2017;103(21):1687-95. Epub 2017/07/16. 
19. World Health Organisation (WHO) Diabetes. 2013; Available from: 
http://www.who.int/mediacentre/factsheets/fs312/en/. 
20. Bourne R, Price H, Taylor H, Leasher J, Keeffe J, Glanville J, et al. New systematic 
review methodology for visual impairment and blindness for the 2010 Global Burden of 
Disease study. Ophthalmic epidemiology. 2013;20(1):33-9. Epub 2013/01/29. 
21. Leasher JL, Bourne RR, Flaxman SR, Jonas JB, Keeffe J, Naidoo K, et al. Global 
Estimates on the Number of People Blind or Visually Impaired by Diabetic Retinopathy: A 
Meta-analysis From 1990 to 2010. Diabetes Care. 2016;39(9):1643-9. Epub 2016/08/25. 
22. Moss SE, Klein R, Klein BE. The 14-year incidence of visual loss in a diabetic 
population. Ophthalmology. 1998;105(6):998-1003. Epub 1998/06/17. 
23. Yau JW, Rogers SL, Kawasaki R, Lamoureux EL, Kowalski JW, Bek T, et al. Global 
prevalence and major risk factors of diabetic retinopathy. Diabetes Care.35(3):556-64. Epub 
2012/02/04. 
24. Wong TY, Mwamburi M, Klein R, Larsen M, Flynn H, Hernandez-Medina M, et al. 
Rates of progression in diabetic retinopathy during different time periods: a systematic review 
and meta-analysis. Diabetes Care. 2009;32(12):2307-13. Epub 2009/11/27. 
25. Molitch ME, DeFronzo RA, Franz MJ, Keane WF, Mogensen CE, Parving HH, et al. 
Nephropathy in diabetes. Diabetes Care. 2004;27 Suppl 1:S79-83. Epub 2003/12/25. 
26. MacIsaac RJ, Cooper ME. Microalbuminuria and diabetic cardiovascular disease. 
Curr Atheroscler Rep. 2003;5(5):350-7. Epub 2003/08/13. 
27. Bakris GL. Recognition, pathogenesis, and treatment of different stages of 
nephropathy in patients with type 2 diabetes mellitus. Mayo Clin Proc.86(5):444-56. Epub 
2011/05/03. 
28. Pyram R, Kansara A, Banerji MA, Loney-Hutchinson L. Chronic kidney disease and 
diabetes. Maturitas.71(2):94-103. Epub 2011/12/06. 
29. Stino AM, Smith AG. Peripheral Neuropathy in Prediabetes and the Metabolic 
Syndrome. Journal of diabetes investigation. 2017. Epub 2017/03/08. 
30. Boulton AJ, Vileikyte L, Ragnarson-Tennvall G, Apelqvist J. The global burden of 
diabetic foot disease. Lancet. 2005;366(9498):1719-24. Epub 2005/11/18. 
31. Singh N, Armstrong DG, Lipsky BA. Preventing foot ulcers in patients with diabetes. 
JAMA. 2005;293(2):217-28. Epub 2005/01/13. 
32. Brownrigg JR, Davey J, Holt PJ, Davis WA, Thompson MM, Ray KK, et al. The 
association of ulceration of the foot with cardiovascular and all-cause mortality in patients 
with diabetes: a meta-analysis. Diabetologia.55(11):2906-12. Epub 2012/08/15. 
33. Riederer P, Korczyn AD, Ali SS, Bajenaru O, Choi MS, Chopp M, et al. The diabetic 
brain and cognition. J Neural Transm (Vienna). 2017;124(11):1431-54. Epub 2017/08/03. 
34. Ott A, Stolk RP, Hofman A, van Harskamp F, Grobbee DE, Breteler MM. Association 
of diabetes mellitus and dementia: the Rotterdam Study. Diabetologia. 1996;39(11):1392-7. 
Epub 1996/11/01. 
35. Ruis C, Biessels GJ, Gorter KJ, van den Donk M, Kappelle LJ, Rutten GE. Cognition 
in the early stage of type 2 diabetes. Diabetes Care. 2009;32(7):1261-5. Epub 2009/04/16. 
36. Cukierman T, Gerstein HC, Williamson JD. Cognitive decline and dementia in 
diabetes--systematic overview of prospective observational studies. Diabetologia. 
2005;48(12):2460-9. Epub 2005/11/12. 
37. Biessels GJ, Staekenborg S, Brunner E, Brayne C, Scheltens P. Risk of dementia in 
diabetes mellitus: a systematic review. Lancet Neurol. 2006;5(1):64-74. Epub 2005/12/20. 
38. Li W, Huang E. An Update on Type 2 Diabetes Mellitus as a Risk Factor for 
Dementia. Journal of Alzheimer's disease : JAD. 2016;53(2):393-402. Epub 2016/05/11. 
39. Economic costs of diabetes in the U.S. in 2012. Diabetes Care. 2013;36(4):1033-46. 
Epub 2013/03/08. 



200 

40. Economic costs of diabetes in the U.S. In 2007. Diabetes Care. 2008;31(3):596-615. 
Epub 2008/03/01. 
41. Diabetes expenditure, burden of disease and management in 5 EU countries. 2012; 
Available from: 
http://www2.lse.ac.uk/LSEHealthAndSocialCare/research/LSEHealth/MTRG/LSEDiabetesRe
port20Jan2012.pdf. 
42. Ferrannini E, Simonson DC, Katz LD, Reichard G, Jr., Bevilacqua S, Barrett EJ, et al. 
The disposal of an oral glucose load in patients with non-insulin-dependent diabetes. 
Metabolism. 1988;37(1):79-85. Epub 1988/01/01. 
43. Gonzalez EL, Johansson S, Wallander MA, Rodriguez LA. Trends in the prevalence 
and incidence of diabetes in the UK: 1996-2005. Journal of epidemiology and community 
health. 2009;63(4):332-6. Epub 2009/02/26. 
44. Ozougwu JC, Obimba, K. C.2, Belonwu, C. D.3, and Unakalamba, C. B.4. The 
pathogenesis and pathophysiology of type 1 and type 2 diabetes mellitus. Journal of 
physiology and pathophysiology. 2013;4 (4). 
45. Ryden L, Grant PJ, Anker SD, Berne C, Cosentino F, Danchin N, et al. ESC 
Guidelines on diabetes, pre-diabetes, and cardiovascular diseases developed in 
collaboration with the EASD: the Task Force on diabetes, pre-diabetes, and cardiovascular 
diseases of the European Society of Cardiology (ESC) and developed in collaboration with 
the European Association for the Study of Diabetes (EASD). Eur Heart J. 2013;34(39):3035-
87. Epub 2013/09/03. 
46. Brownlee M. The pathobiology of diabetic complications: a unifying mechanism. 
Diabetes. 2005;54(6):1615-25. Epub 2005/05/28. 
47. Giacco F, Brownlee M. Oxidative stress and diabetic complications. Circulation 
research. 2010;107(9):1058-70. Epub 2010/10/30. 
48. Hossain P, Kawar B, El Nahas M. Obesity and diabetes in the developing world--a 
growing challenge. N Engl J Med. 2007;356(3):213-5. Epub 2007/01/19. 
49. Saltiel AR, Kahn CR. Insulin signalling and the regulation of glucose and lipid 
metabolism. Nature. 2001;414(6865):799-806. Epub 2001/12/14. 
50. Kim JA, Montagnani M, Koh KK, Quon MJ. Reciprocal relationships between insulin 
resistance and endothelial dysfunction: molecular and pathophysiological mechanisms. 
Circulation. 2006;113(15):1888-904. Epub 2006/04/19. 
51. Shah MS, Brownlee M. Molecular and Cellular Mechanisms of Cardiovascular 
Disorders in Diabetes. Circulation research. 2016;118(11):1808-29. Epub 2016/05/28. 
52. Rehman K, Akash MS. Mechanisms of inflammatory responses and development of 
insulin resistance: how are they interlinked? Journal of biomedical science. 2016;23(1):87. 
Epub 2016/12/04. 
53. Gastaldelli A. Role of beta-cell dysfunction, ectopic fat accumulation and insulin 
resistance in the pathogenesis of type 2 diabetes mellitus. Diabetes Res Clin Pract.93 Suppl 
1:S60-5. Epub 2011/09/01. 
54. Schalkwijk CG, Stehouwer CD. Vascular complications in diabetes mellitus: the role 
of endothelial dysfunction. Clin Sci (Lond). 2005;109(2):143-59. Epub 2005/07/22. 
55. Nicholls SJ, Lundman P, Tardif JC. Diabetic dyslipidemia: extending the target 
beyond LDL cholesterol. Eur J Cardiovasc Prev Rehabil. 2010;17 Suppl 1:S20-4. Epub 
2010/05/28. 
56. Hobbs FD. Reducing cardiovascular risk in diabetes: beyond glycemic and blood 
pressure control. Int J Cardiol. 2006;110(2):137-45. Epub 2005/11/18. 
57. Melgarejo JD, Maestre GE, Thijs L, Asayama K, Boggia J, Casiglia E, et al. 
Prevalence, Treatment, and Control Rates of Conventional and Ambulatory Hypertension 
Across 10 Populations in 3 Continents. Hypertension. 2017;70(1):50-8. Epub 2017/05/10. 
58. Mills KT, Bundy JD, Kelly TN, Reed JE, Kearney PM, Reynolds K, et al. Global 
Disparities of Hypertension Prevalence and Control: A Systematic Analysis of Population-
Based Studies From 90 Countries. Circulation. 2016;134(6):441-50. Epub 2016/08/10. 



201 

59. Lastra G, Syed S, Kurukulasuriya LR, Manrique C, Sowers JR. Type 2 diabetes 
mellitus and hypertension: an update. Endocrinology and metabolism clinics of North 
America. 2014;43(1):103-22. Epub 2014/03/04. 
60. Stamler J, Wentworth D, Neaton JD. Is relationship between serum cholesterol and 
risk of premature death from coronary heart disease continuous and graded? Findings in 
356,222 primary screenees of the Multiple Risk Factor Intervention Trial (MRFIT). JAMA. 
1986;256(20):2823-8. Epub 1986/11/28. 
61. Lewington S, Clarke R, Qizilbash N, Peto R, Collins R. Age-specific relevance of 
usual blood pressure to vascular mortality: a meta-analysis of individual data for one million 
adults in 61 prospective studies. Lancet. 2002;360(9349):1903-13. Epub 2002/12/21. 
62. Lewington S, Whitlock G, Clarke R, Sherliker P, Emberson J, Halsey J, et al. Blood 
cholesterol and vascular mortality by age, sex, and blood pressure: a meta-analysis of 
individual data from 61 prospective studies with 55,000 vascular deaths. Lancet. 
2007;370(9602):1829-39. Epub 2007/12/07. 
63. Vijayaraghavan K. Treatment of dyslipidemia in patients with type 2 diabetes. Lipids 
in health and disease. 2010;9:144. Epub 2010/12/22. 
64. Kearney PM, Blackwell L, Collins R, Keech A, Simes J, Peto R, et al. Efficacy of 
cholesterol-lowering therapy in 18,686 people with diabetes in 14 randomised trials of statins: 
a meta-analysis. Lancet. 2008;371(9607):117-25. Epub 2008/01/15. 
65. Lakier JB. Smoking and cardiovascular disease. Am J Med. 1992;93(1A):8S-12S. 
Epub 1992/07/15. 
66. Doll R, Hill AB. Lung cancer and other causes of death in relation to smoking; a 
second report on the mortality of British doctors. British medical journal. 1956;2(5001):1071-
81. Epub 1956/11/10. 
67. Hammond EC, Horn D. Smoking and death rates; report on forty-four months of 
follow-up of 187,783 men. I. Total mortality. Journal of the American Medical Association. 
1958;166(10):1159-72. Epub 1958/03/08. 
68. Doll R, Peto R. Mortality in relation to smoking: 20 years' observations on male British 
doctors. British medical journal. 1976;2(6051):1525-36. Epub 1976/12/25. 
69. Doll R, Gray R, Hafner B, Peto R. Mortality in relation to smoking: 22 years' 
observations on female British doctors. British medical journal. 1980;280(6219):967-71. Epub 
1980/04/05. 
70. Willett WC, Green A, Stampfer MJ, Speizer FE, Colditz GA, Rosner B, et al. Relative 
and absolute excess risks of coronary heart disease among women who smoke cigarettes. N 
Engl J Med. 1987;317(21):1303-9. Epub 1987/11/19. 
71. Price JF, Mowbray PI, Lee AJ, Rumley A, Lowe GD, Fowkes FG. Relationship 
between smoking and cardiovascular risk factors in the development of peripheral arterial 
disease and coronary artery disease: Edinburgh Artery Study. Eur Heart J. 1999;20(5):344-
53. Epub 1999/04/17. 
72. Haffner SM. Relationship of metabolic risk factors and development of cardiovascular 
disease and diabetes. Obesity (Silver Spring). 2006;14 Suppl 3:121S-7S. Epub 2006/08/26. 
73. Flint AJ, Rexrode KM, Hu FB, Glynn RJ, Caspard H, Manson JE, et al. Body mass 
index, waist circumference, and risk of coronary heart disease: a prospective study among 
men and women. Obes Res Clin Pract.4(3):e171-e81. Epub 2010/12/01. 
74. Whitlock G, Lewington S, Sherliker P, Clarke R, Emberson J, Halsey J, et al. Body-
mass index and cause-specific mortality in 900 000 adults: collaborative analyses of 57 
prospective studies. Lancet. 2009;373(9669):1083-96. Epub 2009/03/21. 
75. Fox CS, Coady S, Sorlie PD, Levy D, Meigs JB, D'Agostino RB, Sr., et al. Trends in 
cardiovascular complications of diabetes. JAMA. 2004;292(20):2495-9. Epub 2004/11/25. 
76. Preis SR, Pencina MJ, Hwang SJ, D'Agostino RB, Sr., Savage PJ, Levy D, et al. 
Trends in cardiovascular disease risk factors in individuals with and without diabetes mellitus 
in the Framingham Heart Study. Circulation. 2009;120(3):212-20. Epub 2009/07/08. 



202 

77. Ford ES. Trends in the risk for coronary heart disease among adults with diagnosed 
diabetes in the U.S.: findings from the National Health and Nutrition Examination Survey, 
1999-2008. Diabetes Care.34(6):1337-43. Epub 2011/04/21. 
78. Wong ND, Zhao Y, Patel R, Patao C, Malik S, Bertoni AG, et al. Cardiovascular Risk 
Factor Targets and Cardiovascular Disease Event Risk in Diabetes: A Pooling Project of the 
Atherosclerosis Risk in Communities Study, Multi-Ethnic Study of Atherosclerosis, and 
Jackson Heart Study. Diabetes Care. 2016;39(5):668-76. Epub 2016/05/22. 
79. Stratton IM, Adler AI, Neil HA, Matthews DR, Manley SE, Cull CA, et al. Association 
of glycaemia with macrovascular and microvascular complications of type 2 diabetes 
(UKPDS 35): prospective observational study. BMJ. 2000;321(7258):405-12. Epub 
2000/08/11. 
80. Holman RR, Paul SK, Bethel MA, Matthews DR, Neil HA. 10-year follow-up of 
intensive glucose control in type 2 diabetes. N Engl J Med. 2008;359(15):1577-89. Epub 
2008/09/12. 
81. Launer LJ, Miller ME, Williamson JD, Lazar RM, Gerstein HC, Murray AM, et al. 
Effects of intensive glucose lowering on brain structure and function in people with type 2 
diabetes (ACCORD MIND): a randomised open-label substudy. Lancet Neurol.10(11):969-
77. Epub 2011/10/01. 
82. Patel A, MacMahon S, Chalmers J, Neal B, Billot L, Woodward M, et al. Intensive 
blood glucose control and vascular outcomes in patients with type 2 diabetes. N Engl J Med. 
2008;358(24):2560-72. Epub 2008/06/10. 
83. Reaven PD, Moritz TE, Schwenke DC, Anderson RJ, Criqui M, Detrano R, et al. 
Intensive glucose-lowering therapy reduces cardiovascular disease events in veterans affairs 
diabetes trial participants with lower calcified coronary atherosclerosis. Diabetes. 
2009;58(11):2642-8. Epub 2009/08/05. 
84. Kelly TN, Bazzano LA, Fonseca VA, Thethi TK, Reynolds K, He J. Systematic review: 
glucose control and cardiovascular disease in type 2 diabetes. Ann Intern Med. 
2009;151(6):394-403. Epub 2009/07/22. 
85. Ray KK, Seshasai SR, Wijesuriya S, Sivakumaran R, Nethercott S, Preiss D, et al. 
Effect of intensive control of glucose on cardiovascular outcomes and death in patients with 
diabetes mellitus: a meta-analysis of randomised controlled trials. Lancet. 
2009;373(9677):1765-72. Epub 2009/05/26. 
86. Mannucci E, Monami M, Lamanna C, Gori F, Marchionni N. Prevention of 
cardiovascular disease through glycemic control in type 2 diabetes: a meta-analysis of 
randomized clinical trials. Nutr Metab Cardiovasc Dis. 2009;19(9):604-12. Epub 2009/05/12. 
87. Turnbull FM, Abraira C, Anderson RJ, Byington RP, Chalmers JP, Duckworth WC, et 
al. Intensive glucose control and macrovascular outcomes in type 2 diabetes. Diabetologia. 
2009;52(11):2288-98. Epub 2009/08/06. 
88. Wu H, Xu MJ, Zou DJ, Han QJ, Hu X. Intensive glycemic control and macrovascular 
events in type 2 diabetes mellitus: a meta-analysis of randomized controlled trials. Chin Med 
J (Engl).123(20):2908-13. Epub 2010/11/03. 
89. Boussageon R, Bejan-Angoulvant T, Saadatian-Elahi M, Lafont S, Bergeonneau C, 
Kassai B, et al. Effect of intensive glucose lowering treatment on all cause mortality, 
cardiovascular death, and microvascular events in type 2 diabetes: meta-analysis of 
randomised controlled trials. BMJ.343:d4169. Epub 2011/07/28. 
90. Hemmingsen B, Lund SS, Gluud C, Vaag A, Almdal T, Hemmingsen C, et al. 
Intensive glycaemic control for patients with type 2 diabetes: systematic review with meta-
analysis and trial sequential analysis of randomised clinical trials. BMJ.343:d6898. Epub 
2011/11/26. 
91. Ismail-Beigi F, Moghissi E, Tiktin M, Hirsch IB, Inzucchi SE, Genuth S. Individualizing 
glycemic targets in type 2 diabetes mellitus: implications of recent clinical trials. Ann Intern 
Med. 2011;154(8):554-9. Epub 2011/04/20. 



203 

92. Tight blood pressure control and risk of macrovascular and microvascular 
complications in type 2 diabetes: UKPDS 38. UK Prospective Diabetes Study Group. BMJ. 
1998;317(7160):703-13. Epub 1998/09/11. 
93. Patel A, MacMahon S, Chalmers J, Neal B, Woodward M, Billot L, et al. Effects of a 
fixed combination of perindopril and indapamide on macrovascular and microvascular 
outcomes in patients with type 2 diabetes mellitus (the ADVANCE trial): a randomised 
controlled trial. Lancet. 2007;370(9590):829-40. Epub 2007/09/04. 
94. Emdin CA, Rahimi K, Neal B, Callender T, Perkovic V, Patel A. Blood pressure 
lowering in type 2 diabetes: a systematic review and meta-analysis. JAMA. 2015;313(6):603-
15. Epub 2015/02/11. 
95. Cushman WC, Evans GW, Byington RP, Goff DC, Jr., Grimm RH, Jr., Cutler JA, et al. 
Effects of intensive blood-pressure control in type 2 diabetes mellitus. N Engl J 
Med.362(17):1575-85. Epub 2010/03/17. 
96. Wright JT, Jr., Williamson JD, Whelton PK, Snyder JK, Sink KM, Rocco MV, et al. A 
Randomized Trial of Intensive versus Standard Blood-Pressure Control. N Engl J Med. 
2015;373(22):2103-16. Epub 2015/11/10. 
97. McBrien K, Rabi DM, Campbell N, Barnieh L, Clement F, Hemmelgarn BR, et al. 
Intensive and Standard Blood Pressure Targets in Patients With Type 2 Diabetes Mellitus: 
Systematic Review and Meta-analysis. Arch Intern Med.1-8. Epub 2012/08/08. 
98. Law MR, Morris JK, Wald NJ. Use of blood pressure lowering drugs in the prevention 
of cardiovascular disease: meta-analysis of 147 randomised trials in the context of 
expectations from prospective epidemiological studies. BMJ. 2009;338:b1665. Epub 
2009/05/21. 
99. Niskanen L, Hedner T, Hansson L, Lanke J, Niklason A. Reduced cardiovascular 
morbidity and mortality in hypertensive diabetic patients on first-line therapy with an ACE 
inhibitor compared with a diuretic/beta-blocker-based treatment regimen: a subanalysis of 
the Captopril Prevention Project. Diabetes Care. 2001;24(12):2091-6. Epub 2001/11/28. 
100. Lindholm LH, Hansson L, Ekbom T, Dahlof B, Lanke J, Linjer E, et al. Comparison of 
antihypertensive treatments in preventing cardiovascular events in elderly diabetic patients: 
results from the Swedish Trial in Old Patients with Hypertension-2. STOP Hypertension-2 
Study Group. J Hypertens. 2000;18(11):1671-5. Epub 2000/11/18. 
101. Weber MA, Bakris GL, Jamerson K, Weir M, Kjeldsen SE, Devereux RB, et al. 
Cardiovascular events during differing hypertension therapies in patients with diabetes. J Am 
Coll Cardiol. 2010;56(1):77-85. Epub 2010/07/14. 
102. Lindholm LH, Ibsen H, Dahlof B, Devereux RB, Beevers G, de Faire U, et al. 
Cardiovascular morbidity and mortality in patients with diabetes in the Losartan Intervention 
For Endpoint reduction in hypertension study (LIFE): a randomised trial against atenolol. 
Lancet. 2002;359(9311):1004-10. Epub 2002/04/09. 
103. Katayama S, Hatano M, Issiki M. Clinical features and therapeutic perspectives on 
hypertension in diabetics. Hypertension research : official journal of the Japanese Society of 
Hypertension. 2018. Epub 2018/02/07. 
104. Baigent C, Keech A, Kearney PM, Blackwell L, Buck G, Pollicino C, et al. Efficacy and 
safety of cholesterol-lowering treatment: prospective meta-analysis of data from 90,056 
participants in 14 randomised trials of statins. Lancet. 2005;366(9493):1267-78. Epub 
2005/10/11. 
105. Cannon CP, Steinberg BA, Murphy SA, Mega JL, Braunwald E. Meta-analysis of 
cardiovascular outcomes trials comparing intensive versus moderate statin therapy. J Am 
Coll Cardiol. 2006;48(3):438-45. Epub 2006/08/01. 
106. Collins R, Armitage J, Parish S, Sleight P, Peto R. Effects of cholesterol-lowering with 
simvastatin on stroke and other major vascular events in 20536 people with cerebrovascular 
disease or other high-risk conditions. Lancet. 2004;363(9411):757-67. Epub 2004/03/16. 
107. Armitage J, Bowman L. Cardiovascular outcomes among participants with diabetes in 
the recent large statin trials. Curr Opin Lipidol. 2004;15(4):439-46. Epub 2004/07/10. 



204 

108. Ginsberg HN, Elam MB, Lovato LC, Crouse JR, 3rd, Leiter LA, Linz P, et al. Effects of 
combination lipid therapy in type 2 diabetes mellitus. N Engl J Med.362(17):1563-74. Epub 
2010/03/17. 
109. Nayor M, Vasan RS. Recent Update to the US Cholesterol Treatment Guidelines: A 
Comparison With International Guidelines. Circulation. 2016;133(18):1795-806. Epub 
2016/05/05. 
110. Inzucchi SE, Bergenstal RM, Buse JB, Diamant M, Ferrannini E, Nauck M, et al. 
Management of hyperglycaemia in type 2 diabetes: a patient-centered approach. Position 
statement of the American Diabetes Association (ADA) and the European Association for the 
Study of Diabetes (EASD). Diabetologia. 2012;55(6):1577-96. Epub 2012/04/25. 
111. The 10-year cost-effectiveness of lifestyle intervention or metformin for diabetes 
prevention: an intent-to-treat analysis of the DPP/DPPOS. Diabetes Care.35(4):723-30. Epub 
2012/03/24. 
112. Eddy DM, Schlessinger L, Kahn R. Clinical outcomes and cost-effectiveness of 
strategies for managing people at high risk for diabetes. Ann Intern Med. 2005;143(4):251-
64. Epub 2005/08/17. 
113. Palmer AJ, Roze S, Valentine WJ, Spinas GA, Shaw JE, Zimmet PZ. Intensive 
lifestyle changes or metformin in patients with impaired glucose tolerance: modeling the long-
term health economic implications of the diabetes prevention program in Australia, France, 
Germany, Switzerland, and the United Kingdom. Clin Ther. 2004;26(2):304-21. Epub 
2004/03/25. 
114. Lindstrom J, Louheranta A, Mannelin M, Rastas M, Salminen V, Eriksson J, et al. The 
Finnish Diabetes Prevention Study (DPS): Lifestyle intervention and 3-year results on diet 
and physical activity. Diabetes Care. 2003;26(12):3230-6. Epub 2003/11/25. 
115. Ramachandran A, Snehalatha C, Mary S, Mukesh B, Bhaskar AD, Vijay V. The 
Indian Diabetes Prevention Programme shows that lifestyle modification and metformin 
prevent type 2 diabetes in Asian Indian subjects with impaired glucose tolerance (IDPP-1). 
Diabetologia. 2006;49(2):289-97. Epub 2006/01/05. 
116. Pan XR, Li GW, Hu YH, Wang JX, Yang WY, An ZX, et al. Effects of diet and 
exercise in preventing NIDDM in people with impaired glucose tolerance. The Da Qing IGT 
and Diabetes Study. Diabetes Care. 1997;20(4):537-44. Epub 1997/04/01. 
117. Wilmot EG, Edwardson CL, Achana FA, Davies MJ, Gorely T, Gray LJ, et al. 
Sedentary time in adults and the association with diabetes, cardiovascular disease and 
death: systematic review and meta-analysis. Diabetologia. Epub 2012/08/15. 
118. Wing RR, Bolin P, Brancati FL, Bray GA, Clark JM, Coday M, et al. Cardiovascular 
effects of intensive lifestyle intervention in type 2 diabetes. N Engl J Med. 2013;369(2):145-
54. Epub 2013/06/26. 
119. Gillies CL, Abrams KR, Lambert PC, Cooper NJ, Sutton AJ, Hsu RT, et al. 
Pharmacological and lifestyle interventions to prevent or delay type 2 diabetes in people with 
impaired glucose tolerance: systematic review and meta-analysis. BMJ. 2007;334(7588):299. 
Epub 2007/01/24. 
120. Sjostrom L, Narbro K, Sjostrom CD, Karason K, Larsson B, Wedel H, et al. Effects of 
bariatric surgery on mortality in Swedish obese subjects. N Engl J Med. 2007;357(8):741-52. 
Epub 2007/08/24. 
121. Wentworth JM, Playfair J, Laurie C, Ritchie ME, Brown WA, Burton P, et al. 
Multidisciplinary diabetes care with and without bariatric surgery in overweight people: a 
randomised controlled trial. The lancet Diabetes & endocrinology. 2014. Epub 2014/04/16. 
122. Hemmingsson E, Johansson K, Eriksson J, Sundstrom J, Neovius M, Marcus C. 
Weight loss and dropout during a commercial weight-loss program including a very-low-
calorie diet, a low-calorie diet, or restricted normal food: observational cohort study. Am J 
Clin Nutr. 2012;96(5):953-61. Epub 2012/09/20. 



205 

123. Leslie WS, Taylor R, Harris L, Lean ME. Weight losses with low-energy formula diets 
in obese patients with and without type 2 diabetes: systematic review and meta-analysis. Int 
J Obes (Lond). 2017. Epub 2017/03/16. 
124. Piepoli MF, Hoes AW, Agewall S, Albus C, Brotons C, Catapano AL, et al. 2016 
European Guidelines on cardiovascular disease prevention in clinical practice: The Sixth 
Joint Task Force of the European Society of Cardiology and Other Societies on 
Cardiovascular Disease Prevention in Clinical Practice (constituted by representatives of 10 
societies and by invited experts)Developed with the special contribution of the European 
Association for Cardiovascular Prevention & Rehabilitation (EACPR). Eur Heart J. 
2016;37(29):2315-81. Epub 2016/05/26. 
125. Kaushansky K. The molecular mechanisms that control thrombopoiesis. The Journal 
of clinical investigation. 2005;115(12):3339-47. Epub 2005/12/03. 
126. Patrono C, Baigent C, Hirsh J, Roth G. Antiplatelet drugs: American College of Chest 
Physicians Evidence-Based Clinical Practice Guidelines (8th Edition). Chest. 2008;133(6 
Suppl):199S-233S. Epub 2008/07/24. 
127. Ames PR, Batuca JR, Muncy IJ, De La Torre IG, Pascoe-Gonzales S, Guyer K, et al. 
Aspirin insensitive thromboxane generation is associated with oxidative stress in type 2 
diabetes mellitus. Thromb Res. Epub 2012/04/24. 
128. Frelinger AL, Li Y, Linden MD, Tarnow I, Barnard MR, Fox ML, et al. Aspirin 
'resistance': role of pre-existent platelet reactivity and correlation between tests. J Thromb 
Haemost. 2008;6(12):2035-44. Epub 2008/11/06. 
129. Patrono C, Andreotti F, Arnesen H, Badimon L, Baigent C, Collet JP, et al. 
Antiplatelet agents for the treatment and prevention of atherothrombosis. Eur Heart 
J.32(23):2922-32. Epub 2011/10/25. 
130. Collaborative meta-analysis of randomised trials of antiplatelet therapy for prevention 
of death, myocardial infarction, and stroke in high risk patients. BMJ. 2002;324(7329):71-86. 
Epub 2002/01/12. 
131. Baigent C, Blackwell L, Collins R, Emberson J, Godwin J, Peto R, et al. Aspirin in the 
primary and secondary prevention of vascular disease: collaborative meta-analysis of 
individual participant data from randomised trials. Lancet. 2009;373(9678):1849-60. Epub 
2009/06/02. 
132. Zhang C, Sun A, Zhang P, Wu C, Zhang S, Fu M, et al. Aspirin for primary prevention 
of cardiovascular events in patients with diabetes: A meta-analysis. Diabetes Res Clin 
Pract.87(2):211-8. Epub 2009/10/27. 
133. Simpson SH, Gamble JM, Mereu L, Chambers T. Effect of aspirin dose on mortality 
and cardiovascular events in people with diabetes: a meta-analysis. J Gen Intern Med. 
2011;26(11):1336-44. Epub 2011/06/08. 
134. Calvin AD, Aggarwal NR, Murad MH, Shi Q, Elamin MB, Geske JB, et al. Aspirin for 
the primary prevention of cardiovascular events: a systematic review and meta-analysis 
comparing patients with and without diabetes. Diabetes Care. 2009;32(12):2300-6. Epub 
2009/09/11. 
135. Smith JP, Haddad EV, Taylor MB, Oram D, Blakemore D, Chen Q, et al. Suboptimal 
inhibition of platelet cyclooxygenase-1 by aspirin in metabolic syndrome. 
Hypertension.59(3):719-25. Epub 2012/02/09. 
136. Rocca B, Santilli F, Pitocco D, Mucci L, Petrucci G, Vitacolonna E, et al. The 
Recovery of Platelet Cyclooxygenase Activity Explains Interindividual Variability in 
Responsiveness to Low-Dose Aspirin in Patients With and Without Diabetes. J Thromb 
Haemost. Epub 2012/04/05. 
137. Catella F, FitzGerald GA. Paired analysis of urinary thromboxane B2 metabolites in 
humans. Thromb Res. 1987;47(6):647-56. Epub 1987/09/15. 
138. Eikelboom JW, Hirsh J, Weitz JI, Johnston M, Yi Q, Yusuf S. Aspirin-resistant 
thromboxane biosynthesis and the risk of myocardial infarction, stroke, or cardiovascular 



206 

death in patients at high risk for cardiovascular events. Circulation. 2002;105(14):1650-5. 
Epub 2002/04/10. 
139. Szczeklik W, Stodolkiewicz E, Rzeszutko M, Tomala M, Chrustowicz A, Zmudka K, et 
al. Urinary 11-Dehydro-Thromboxane B2 as a Predictor of Acute Myocardial Infarction 
Outcomes: Results of Leukotrienes and Thromboxane In Myocardial Infarction (LTIMI) Study. 
Journal of the American Heart Association. 2016;5(8). Epub 2016/08/03. 
140. Evangelista V, Totani L, Rotondo S, Lorenzet R, Tognoni G, De Berardis G, et al. 
Prevention of cardiovascular disease in type-2 diabetes: how to improve the clinical efficacy 
of aspirin. Thromb Haemost. 2005;93(1):8-16. Epub 2005/01/05. 
141. Belch J, MacCuish A, Campbell I, Cobbe S, Taylor R, Prescott R, et al. The 
prevention of progression of arterial disease and diabetes (POPADAD) trial: factorial 
randomised placebo controlled trial of aspirin and antioxidants in patients with diabetes and 
asymptomatic peripheral arterial disease. BMJ. 2008;337:a1840. Epub 2008/10/18. 
142. Ogawa H, Nakayama M, Morimoto T, Uemura S, Kanauchi M, Doi N, et al. Low-dose 
aspirin for primary prevention of atherosclerotic events in patients with type 2 diabetes: a 
randomized controlled trial. JAMA. 2008;300(18):2134-41. Epub 2008/11/11. 
143. Pulcinelli FM, Biasucci LM, Riondino S, Giubilato S, Leo A, Di Renzo L, et al. COX-1 
sensitivity and thromboxane A2 production in type 1 and type 2 diabetic patients under 
chronic aspirin treatment. Eur Heart J. 2009;30(10):1279-86. Epub 2009/04/07. 
144. DiChiara J, Bliden KP, Tantry US, Hamed MS, Antonino MJ, Suarez TA, et al. The 
effect of aspirin dosing on platelet function in diabetic and nondiabetic patients: an analysis 
from the aspirin-induced platelet effect (ASPECT) study. Diabetes. 2007;56(12):3014-9. 
Epub 2007/09/13. 
145. Goncalves LH, Dusse LM, Fernandes AP, Gomes KB, Soter MO, Alves MT, et al. 
Urinary 11-dehydro thromboxane B(2) levels in type 2 diabetic patients before and during 
aspirin intake. Clin Chim Acta.412(15-16):1366-70. Epub 2011/04/23. 
146. Rocca B, Petrucci G. Variability in the responsiveness to low-dose aspirin: 
pharmacological and disease-related mechanisms. Thrombosis. 2012;2012:376721. Epub 
2012/01/31. 
147. Rocca B, Santilli F, Pitocco D, Mucci L, Petrucci G, Vitacolonna E, et al. The recovery 
of platelet cyclooxygenase activity explains interindividual variability in responsiveness to 
low-dose aspirin in patients with and without diabetes. J Thromb Haemost. 2012;10(7):1220-
30. Epub 2012/04/05. 
148. Bethel MA, Harrison P, Sourij H, Sun Y, Tucker L, Kennedy I, et al. Randomized 
controlled trial comparing impact on platelet reactivity of twice-daily with once-daily aspirin in 
people with Type 2 diabetes. Diabet Med. 2016;33(2):224-30. Epub 2015/06/05. 
149. Gebauer SK, Psota TL, Harris WS, Kris-Etherton PM. n-3 fatty acid dietary 
recommendations and food sources to achieve essentiality and cardiovascular benefits. Am 
J Clin Nutr. 2006;83(6 Suppl):1526S-35S. Epub 2006/07/18. 
150. Calder PC. Mechanisms of action of (n-3) fatty acids. J Nutr. 2012;142(3):592S-9S. 
Epub 2012/01/27. 
151. Bang HO, Dyerberg J, Nielsen AB. Plasma lipid and lipoprotein pattern in 
Greenlandic West-coast Eskimos. Lancet. 1971;1(7710):1143-5. Epub 1971/06/05. 
152. Burr ML, Fehily AM, Gilbert JF, Rogers S, Holliday RM, Sweetnam PM, et al. Effects 
of changes in fat, fish, and fibre intakes on death and myocardial reinfarction: diet and 
reinfarction trial (DART). Lancet. 1989;2(8666):757-61. Epub 1989/09/30. 
153. Dietary supplementation with n-3 polyunsaturated fatty acids and vitamin E after 
myocardial infarction: results of the GISSI-Prevenzione trial. Gruppo Italiano per lo Studio 
della Sopravvivenza nell'Infarto miocardico. Lancet. 1999;354(9177):447-55. Epub 
1999/08/28. 
154. Tavazzi L, Maggioni AP, Marchioli R, Barlera S, Franzosi MG, Latini R, et al. Effect of 
n-3 polyunsaturated fatty acids in patients with chronic heart failure (the GISSI-HF trial): a 



207 

randomised, double-blind, placebo-controlled trial. Lancet. 2008;372(9645):1223-30. Epub 
2008/09/02. 
155. Kromhout D, Yasuda S, Geleijnse JM, Shimokawa H. Fish oil and omega-3 fatty 
acids in cardiovascular disease: do they really work? Eur Heart J.33(4):436-43. Epub 
2011/09/22. 
156. Bang HO, Dyerberg J, Sinclair HM. The composition of the Eskimo food in north 
western Greenland. Am J Clin Nutr. 1980;33(12):2657-61. Epub 1980/12/01. 
157. Mozaffarian D, Wu JH. Omega-3 fatty acids and cardiovascular disease: effects on 
risk factors, molecular pathways, and clinical events. J Am Coll Cardiol.58(20):2047-67. 
Epub 2011/11/05. 
158. Harris WS, Bulchandani D. Why do omega-3 fatty acids lower serum triglycerides? 
Curr Opin Lipidol. 2006;17(4):387-93. Epub 2006/07/13. 
159. Hartweg J, Farmer AJ, Perera R, Holman RR, Neil HA. Meta-analysis of the effects of 
n-3 polyunsaturated fatty acids on lipoproteins and other emerging lipid cardiovascular risk 
markers in patients with type 2 diabetes. Diabetologia. 2007;50(8):1593-602. Epub 
2007/06/02. 
160. Friedberg CE, Janssen MJ, Heine RJ, Grobbee DE. Fish oil and glycemic control in 
diabetes. A meta-analysis. Diabetes Care. 1998;21(4):494-500. Epub 1998/05/08. 
161. Wei MY, Jacobson TA. Effects of eicosapentaenoic acid versus docosahexaenoic 
acid on serum lipids: a systematic review and meta-analysis. Curr Atheroscler 
Rep.13(6):474-83. Epub 2011/10/07. 
162. Jacobson TA, Glickstein SB, Rowe JD, Soni PN. Effects of eicosapentaenoic acid 
and docosahexaenoic acid on low-density lipoprotein cholesterol and other lipids: a review. J 
Clin Lipidol.6(1):5-18. Epub 2012/01/24. 
163. Friday KE, Childs MT, Tsunehara CH, Fujimoto WY, Bierman EL, Ensinck JW. 
Elevated plasma glucose and lowered triglyceride levels from omega-3 fatty acid 
supplementation in type II diabetes. Diabetes Care. 1989;12(4):276-81. Epub 1989/04/01. 
164. Glauber H, Wallace P, Griver K, Brechtel G. Adverse metabolic effect of omega-3 
fatty acids in non-insulin-dependent diabetes mellitus. Ann Intern Med. 1988;108(5):663-8. 
Epub 1988/05/01. 
165. Djousse L, Gaziano JM, Buring JE, Lee IM. Dietary omega-3 fatty acids and fish 
consumption and risk of type 2 diabetes. Am J Clin Nutr.93(1):143-50. Epub 2010/10/29. 
166. Montori VM, Farmer A, Wollan PC, Dinneen SF. Fish oil supplementation in type 2 
diabetes: a quantitative systematic review. Diabetes Care. 2000;23(9):1407-15. Epub 
2000/09/08. 
167. Hartweg J, Perera R, Montori V, Dinneen S, Neil HA, Farmer A. Omega-3 
polyunsaturated fatty acids (PUFA) for type 2 diabetes mellitus. Cochrane Database Syst 
Rev. 2008(1):CD003205. Epub 2008/02/07. 
168. Wu JH, Micha R, Imamura F, Pan A, Biggs ML, Ajaz O, et al. Omega-3 fatty acids 
and incident type 2 diabetes: a systematic review and meta-analysis. Br J Nutr.107 Suppl 
2:S214-27. Epub 2012/05/25. 
169. Calo L, Martino A, Tota C. The anti-arrhythmic effects of n-3 PUFAs. Int J Cardiol. 
2013;170(2 Suppl 1):S21-7. Epub 2013/09/11. 
170. Richardson ES, Iaizzo PA, Xiao YF. Electrophysiological mechanisms of the anti-
arrhythmic effects of omega-3 fatty acids. J Cardiovasc Transl Res.4(1):42-52. Epub 
2010/12/03. 
171. Matthan NR, Jordan H, Chung M, Lichtenstein AH, Lathrop DA, Lau J. A systematic 
review and meta-analysis of the impact of omega-3 fatty acids on selected arrhythmia 
outcomes in animal models. Metabolism. 2005;54(12):1557-65. Epub 2005/11/29. 
172. Siscovick DS, Raghunathan TE, King I, Weinmann S, Wicklund KG, Albright J, et al. 
Dietary intake and cell membrane levels of long-chain n-3 polyunsaturated fatty acids and 
the risk of primary cardiac arrest. JAMA. 1995;274(17):1363-7. Epub 1995/11/01. 



208 

173. Mozaffarian D, Marchioli R, Macchia A, Silletta MG, Ferrazzi P, Gardner TJ, et al. 
Fish oil and postoperative atrial fibrillation: the Omega-3 Fatty Acids for Prevention of Post-
operative Atrial Fibrillation (OPERA) randomized trial. JAMA.308(19):2001-11. Epub 
2012/11/07. 
174. Raitt MH, Connor WE, Morris C, Kron J, Halperin B, Chugh SS, et al. Fish oil 
supplementation and risk of ventricular tachycardia and ventricular fibrillation in patients with 
implantable defibrillators: a randomized controlled trial. JAMA. 2005;293(23):2884-91. Epub 
2005/06/16. 
175. Brouwer IA, Zock PL, Camm AJ, Bocker D, Hauer RN, Wever EF, et al. Effect of fish 
oil on ventricular tachyarrhythmia and death in patients with implantable cardioverter 
defibrillators: the Study on Omega-3 Fatty Acids and Ventricular Arrhythmia (SOFA) 
randomized trial. JAMA. 2006;295(22):2613-9. Epub 2006/06/15. 
176. Jenkins DJ, Josse AR, Beyene J, Dorian P, Burr ML, LaBelle R, et al. Fish-oil 
supplementation in patients with implantable cardioverter defibrillators: a meta-analysis. 
CMAJ : Canadian Medical Association journal = journal de l'Association medicale 
canadienne. 2008;178(2):157-64. Epub 2008/01/16. 
177. Jeansen S, Witkamp RF, Garthoff JA, van Helvoort A, Calder PC. Fish oil LC-PUFAs 
do not affect blood coagulation parameters and bleeding manifestations: Analysis of 8 clinical 
studies with selected patient groups on omega-3-enriched medical nutrition. Clin Nutr. 2017. 
Epub 2017/04/22. 
178. Wachira JK, Larson MK, Harris WS. n-3 Fatty acids affect haemostasis but do not 
increase the risk of bleeding: clinical observations and mechanistic insights. Br J Nutr. 
2014;111(9):1652-62. Epub 2014/01/30. 
179. Gajos G, Zalewski J, Rostoff P, Nessler J, Piwowarska W, Undas A. Reduced 
thrombin formation and altered fibrin clot properties induced by polyunsaturated omega-3 
fatty acids on top of dual antiplatelet therapy in patients undergoing percutaneous coronary 
intervention (OMEGA-PCI clot). Arterioscler Thromb Vasc Biol.31(7):1696-702. Epub 
2011/05/28. 
180. Gerstein HC, Bosch J, Dagenais GR, Diaz R, Jung H, Maggioni AP, et al. Basal 
insulin and cardiovascular and other outcomes in dysglycemia. N Engl J Med. 
2012;367(4):319-28. Epub 2012/06/13. 
181. Gerich JE, Meyer C, Woerle HJ, Stumvoll M. Renal gluconeogenesis: its importance 
in human glucose homeostasis. Diabetes Care. 2001;24(2):382-91. Epub 2001/02/24. 
182. Louise Bowman MM, William Stevens,Richard Haynes,Theingi Aung, Fang Chen, 
Georgina Buck, Rory Collins, and Jane Armitage. ASCEND: A Study of Cardiovascular 
Events iNDiabetes: Characteristics of a randomised trial of aspirin and of omega-3 fatty acids 
upplementation in 15,480 people with diabetes. Am Heart J. 2018;198. 
183. A Study of Cardiovascular Events iN Diabetes [database on the Internet]. 2012. 
Available from: https://www.ctsu.ox.ac.uk/ascend/. 
184. Rolka DB, Fagot-Campagna A, Narayan KM. Aspirin use among adults with diabetes: 
estimates from the Third National Health and Nutrition Examination Survey. Diabetes Care. 
2001;24(2):197-201. Epub 2001/02/24. 
185. UK Prospective Diabetes Study 6. Complications in newly diagnosed type 2 diabetic 
patients and their association with different clinical and biochemical risk factors. Diabetes 
Res. 1990;13(1):1-11. Epub 1990/01/01. 
186. Peto R, Gray R, Collins R, Wheatley K, Hennekens C, Jamrozik K, et al. Randomised 
trial of prophylactic daily aspirin in British male doctors. Br Med J (Clin Res Ed). 
1988;296(6618):313-6. Epub 1988/01/30. 
187. Final report on the aspirin component of the ongoing Physicians' Health Study. 
Steering Committee of the Physicians' Health Study Research Group. N Engl J Med. 
1989;321(3):129-35. Epub 1989/07/20. 
188. Christen WG, Gaziano JM, Hennekens CH. Design of Physicians' Health Study II--a 
randomized trial of beta-carotene, vitamins E and C, and multivitamins, in prevention of 



209 

cancer, cardiovascular disease, and eye disease, and review of results of completed trials. 
Ann Epidemiol. 2000;10(2):125-34. Epub 2000/02/26. 
189. Rexrode KM, Lee IM, Cook NR, Hennekens CH, Buring JE. Baseline characteristics 
of participants in the Women's Health Study. J Womens Health Gend Based Med. 
2000;9(1):19-27. Epub 2000/03/16. 
190. Aung T, Haynes R, Barton J, Cox J, Murawska A, Murphy K, et al. Cost-effective 
recruitment methods for a large randomised trial in people with diabetes: A Study of 
Cardiovascular Events iN Diabetes (ASCEND). Trials. 2016;17(1):286. Epub 2016/06/15. 
191. Fekete K, Marosvolgyi T, Jakobik V, Decsi T. Methods of assessment of n-3 long-
chain polyunsaturated fatty acid status in humans: a systematic review. Am J Clin Nutr. 
2009;89(6):2070S-84S. Epub 2009/05/08. 
192. Harris WS, Thomas RM. Biological variability of blood omega-3 biomarkers. Clin 
Biochem.43(3):338-40. Epub 2009/09/08. 
193. Sun Q, Ma J, Campos H, Hankinson SE, Hu FB. Comparison between plasma and 
erythrocyte fatty acid content as biomarkers of fatty acid intake in US women. Am J Clin Nutr. 
2007;86(1):74-81. Epub 2007/07/10. 
194. Katan MB, Deslypere JP, van Birgelen AP, Penders M, Zegwaard M. Kinetics of the 
incorporation of dietary fatty acids into serum cholesteryl esters, erythrocyte membranes, 
and adipose tissue: an 18-month controlled study. J Lipid Res. 1997;38(10):2012-22. Epub 
1997/11/28. 
195. Patterson AC, Metherel AH, Hanning RM, Stark KD. The percentage of DHA in 
erythrocytes can detect non-adherence to advice to increase EPA and DHA intakes. Br J 
Nutr. 2014;111(2):270-8. Epub 2013/08/08. 
196. Harris WS. The omega-3 index: clinical utility for therapeutic intervention. Curr Cardiol 
Rep.12(6):503-8. Epub 2010/09/03. 
197. Flock MR, Skulas-Ray AC, Harris WS, Etherton TD, Fleming JA, Kris-Etherton PM. 
Determinants of erythrocyte omega-3 fatty acid content in response to fish oil 
supplementation: a dose-response randomized controlled trial. Journal of the American Heart 
Association. 2013;2(6):e000513. Epub 2013/11/21. 
198. Block RC, Harris WS, Pottala JV. Determinants of Blood Cell Omega-3 Fatty Acid 
Content. Open Biomark J. 2008;1:1-6. Epub 2008/01/01. 
199. Harris WS. The omega-3 index: from biomarker to risk marker to risk factor. Curr 
Atheroscler Rep. 2009;11(6):411-7. Epub 2009/10/27. 
200. Harris WS, Pottala JV, Vasan RS, Larson MG, Robins SJ. Changes in Erythrocyte 
Membrane Trans and Marine Fatty Acids between 1999 and 2006 in Older Americans. The 
Journal of Nutrition. 2012;142(7):1297-303. 
201. Morrow JD, Minton TA. Improved assay for the quantification of 11-
dehydrothromboxane B2 by gas chromatography-mass spectrometry. Journal of 
chromatography. 1993;612(2):179-85. Epub 1993/02/26. 
202. Squellerio I, Porro B, Songia P, Veglia F, Caruso D, Tremoli E, et al. Liquid 
chromatography-tandem mass spectrometry for simultaneous measurement of thromboxane 
B2 and 12(S)-hydroxyeicosatetraenoic acid in serum. Journal of pharmaceutical and 
biomedical analysis. 2014;96:256-62. Epub 2014/05/03. 
203. Lawson JA, Brash AR, Doran J, FitzGerald GA. Measurement of urinary 2,3-dinor-
thromboxane B2 and thromboxane B2 using bonded-phase phenylboronic acid columns and 
capillary gas chromatography--negative-ion chemical ionization mass spectrometry. 
Analytical biochemistry. 1985;150(2):463-70. Epub 1985/11/01. 
204. McAdam BF, Byrne D, Morrow JD, Oates JA. Contribution of cyclooxygenase-2 to 
elevated biosynthesis of thromboxane A2 and prostacyclin in cigarette smokers. Circulation. 
2005;112(7):1024-9. Epub 2005/08/10. 
205. Eikelboom JW, Hankey GJ, Thom J, Bhatt DL, Steg PG, Montalescot G, et al. 
Incomplete inhibition of thromboxane biosynthesis by acetylsalicylic acid: determinants and 
effect on cardiovascular risk. Circulation. 2008;118(17):1705-12. Epub 2008/10/08. 



210 

206. Yokoyama M, Origasa H, Matsuzaki M, Matsuzawa Y, Saito Y, Ishikawa Y, et al. 
Effects of eicosapentaenoic acid on major coronary events in hypercholesterolaemic patients 
(JELIS): a randomised open-label, blinded endpoint analysis. Lancet. 2007;369(9567):1090-
8. Epub 2007/04/03. 
207. Kromhout D, Giltay EJ, Geleijnse JM. n-3 fatty acids and cardiovascular events after 
myocardial infarction. N Engl J Med.363(21):2015-26. Epub 2010/10/12. 
208. Rauch B, Schiele R, Schneider S, Diller F, Victor N, Gohlke H, et al. OMEGA, a 
randomized, placebo-controlled trial to test the effect of highly purified omega-3 fatty acids on 
top of modern guideline-adjusted therapy after myocardial infarction. 
Circulation.122(21):2152-9. Epub 2010/11/10. 
209. Galan P, Kesse-Guyot E, Czernichow S, Briancon S, Blacher J, Hercberg S. Effects 
of B vitamins and omega 3 fatty acids on cardiovascular diseases: a randomised placebo 
controlled trial. BMJ.341:c6273. Epub 2010/12/01. 
210. Einvik G, Klemsdal TO, Sandvik L, Hjerkinn EM. A randomized clinical trial on n-3 
polyunsaturated fatty acids supplementation and all-cause mortality in elderly men at high 
cardiovascular risk. Eur J Cardiovasc Prev Rehabil.17(5):588-92. Epub 2010/04/15. 
211. Roncaglioni MC, Tombesi M, Avanzini F, Barlera S, Caimi V, Longoni P, et al. n-3 
fatty acids in patients with multiple cardiovascular risk factors. N Engl J Med.368(19):1800-8. 
Epub 2013/05/10. 
212. Bonds DE, Harrington M, Worrall BB, Bertoni AG, Eaton CB, Hsia J, et al. Effect of 
Long-Chain omega-3 Fatty Acids and Lutein + Zeaxanthin Supplements on Cardiovascular 
Outcomes: Results of the Age-Related Eye Disease Study 2 (AREDS2) Randomized Clinical 
Trial. JAMA internal medicine. 2014;174(5):763-71. Epub 2014/03/19. 
213. Iso H, Kobayashi M, Ishihara J, Sasaki S, Okada K, Kita Y, et al. Intake of fish and n3 
fatty acids and risk of coronary heart disease among Japanese: the Japan Public Health 
Center-Based (JPHC) Study Cohort I. Circulation. 2006;113(2):195-202. Epub 2006/01/13. 
214. Bucher HC, Hengstler P, Schindler C, Meier G. N-3 polyunsaturated fatty acids in 
coronary heart disease: a meta-analysis of randomized controlled trials. Am J Med. 
2002;112(4):298-304. Epub 2002/03/15. 
215. Hooper L, Thompson RL, Harrison RA, Summerbell CD, Ness AR, Moore HJ, et al. 
Risks and benefits of omega 3 fats for mortality, cardiovascular disease, and cancer: 
systematic review. BMJ. 2006;332(7544):752-60. Epub 2006/03/28. 
216. Marik PE, Varon J. Omega-3 dietary supplements and the risk of cardiovascular 
events: a systematic review. Clin Cardiol. 2009;32(7):365-72. Epub 2009/07/18. 
217. Basal Insulin and Cardiovascular and Other Outcomes in Dysglycemia. New England 
Journal of Medicine.0(0):null. 
218. Kwak SM, Myung SK, Lee YJ, Seo HG. Efficacy of Omega-3 Fatty Acid Supplements 
(Eicosapentaenoic Acid and Docosahexaenoic Acid) in the Secondary Prevention of 
Cardiovascular Disease: A Meta-analysis of Randomized, Double-blind, Placebo-Controlled 
Trials. Arch Intern Med. Epub 2012/04/12. 
219. Efficacy of n-3 polyunsaturated fatty acids and feasibility of optimizing preventive 
strategies in patients at high cardiovascular risk: rationale, design and baseline 
characteristics of the Rischio and Prevenzione study, a large randomised trial in general 
practice. Trials.11:68. Epub 2010/06/01. 
220. Manson JE, Bassuk SS, Lee IM, Cook NR, Albert MA, Gordon D, et al. The VITamin 
D and OmegA-3 TriaL (VITAL): Rationale and design of a large randomized controlled trial of 
vitamin D and marine omega-3 fatty acid supplements for the primary prevention of cancer 
and cardiovascular disease. Contemp Clin Trials. Epub 2011/10/12. 
221. Aung T, Halsey J, Kromhout D, Gerstein HC, Marchioli R, Tavazzi L, et al. 
Associations of Omega-3 Fatty Acid Supplement Use With Cardiovascular Disease Risks: 
Meta-analysis of 10 Trials Involving 77917 Individuals. JAMA cardiology. 2018. Epub 
2018/02/02. 



211 

222. Rizos EC, Ntzani EE, Bika E, Kostapanos MS, Elisaf MS. Association between 
omega-3 fatty acid supplementation and risk of major cardiovascular disease events: a 
systematic review and meta-analysis. JAMA.308(10):1024-33. Epub 2012/09/13. 
223. Kotwal S, Jun M, Sullivan D, Perkovic V, Neal B. Omega 3 Fatty Acids and 
Cardiovascular Outcomes: Systematic Review and Meta-Analysis. Circ Cardiovasc Qual 
Outcomes. Epub 2012/11/01. 
224. Chen Q, Cheng LQ, Xiao TH, Zhang YX, Zhu M, Zhang R, et al. Effects of omega-3 
Fatty Acid for sudden cardiac death prevention in patients with cardiovascular disease: a 
contemporary meta-analysis of randomized, controlled trials. Cardiovasc Drugs 
Ther.25(3):259-65. Epub 2011/06/01. 
225. Filion KB, El Khoury F, Bielinski M, Schiller I, Dendukuri N, Brophy JM. Omega-3 fatty 
acids in high-risk cardiovascular patients: a meta-analysis of randomized controlled trials. 
BMC Cardiovasc Disord.10:24. Epub 2010/06/08. 
226. Zhao YT, Chen Q, Sun YX, Li XB, Zhang P, Xu Y, et al. Prevention of sudden cardiac 
death with omega-3 fatty acids in patients with coronary heart disease: a meta-analysis of 
randomized controlled trials. Annals of medicine. 2009;41(4):301-10. Epub 2009/01/17. 
227. Brockhaus AC, Bender R, Skipka G. The Peto odds ratio viewed as a new effect 
measure. Statistics in medicine. 2014;33(28):4861-74. Epub 2014/09/23. 
228. Brockhaus AC, Grouven U, Bender R. Performance of the Peto odds ratio compared 
to the usual odds ratio estimator in the case of rare events. Biometrical journal Biometrische 
Zeitschrift. 2016;58(6):1428-44. Epub 2016/11/03. 
229. Greenland S, Salvan A. Bias in the one-step method for pooling study results. 
Statistics in medicine. 1990;9(3):247-52. Epub 1990/03/01. 
230. Fleiss JL. The statistical basis of meta-analysis. Statistical methods in medical 
research. 1993;2(2):121-45. Epub 1993/01/01. 
231. Ishikawa Y, Yokoyama M, Saito Y, Matsuzaki M, Origasa H, Oikawa S, et al. 
Preventive effects of eicosapentaenoic acid on coronary artery disease in patients with 
peripheral artery disease. Circ J.74(7):1451-7. Epub 2010/05/21. 
232. Gerstein H, Yusuf S, Riddle MC, Ryden L, Bosch J. Rationale, design, and baseline 
characteristics for a large international trial of cardiovascular disease prevention in people 
with dysglycemia: the ORIGIN Trial (Outcome Reduction with an Initial Glargine 
Intervention). Am Heart J. 2008;155(1):26-32,  e1-6. Epub 2007/12/18. 
233. Bosch J, Gerstein HC, Dagenais GR, Diaz R, Dyal L, Jung H, et al. n-3 fatty acids 
and cardiovascular outcomes in patients with dysglycemia. N Engl J Med.367(4):309-18. 
Epub 2012/06/13. 
234. Saravanan P, Davidson NC, Schmidt EB, Calder PC. Cardiovascular effects of 
marine omega-3 fatty acids. Lancet.376(9740):540-50. Epub 2010/07/20. 
235. Eussen SR, Geleijnse JM, Giltay EJ, Rompelberg CJ, Klungel OH, Kromhout D. 
Effects of n-3 fatty acids on major cardiovascular events in statin users and non-users with a 
history of myocardial infarction. Eur Heart J. 2012;33(13):1582-8. Epub 2012/02/04. 
236. Kris-Etherton PM, Harris WS, Appel LJ. Fish consumption, fish oil, omega-3 fatty 
acids, and cardiovascular disease. Circulation. 2002;106(21):2747-57. Epub 2002/11/20. 
237. Del Gobbo LC, Imamura F, Aslibekyan S, Marklund M, Virtanen JK, Wennberg M, et 
al. omega-3 Polyunsaturated Fatty Acid Biomarkers and Coronary Heart Disease: Pooling 
Project of 19 Cohort Studies. JAMA internal medicine. 2016;176(8):1155-66. Epub 
2016/07/01. 
238. Hooper L, Thompson RL, Harrison RA, Summerbell CD, Moore H, Worthington HV, 
et al. Omega 3 fatty acids for prevention and treatment of cardiovascular disease. Cochrane 
Database Syst Rev. 2004(4):CD003177. Epub 2004/10/21. 
239. Outcomes Study to Assess STatin Residual Risk Reduction With EpaNova in HiGh 
CV Risk PatienTs With Hypertriglyceridemia (STRENGTH). Available from: 
https://clinicaltrials.gov/ct2/show/NCT02104817. 



212 

240. von Schacky C. Omega-3 index and cardiovascular health. Nutrients. 2014;6(2):799-
814. Epub 2014/02/26. 
241. An WS, Kim SE, Kim KH, Lee S, Park Y, Kim HJ, et al. Comparison of fatty acid 
contents of erythrocyte membrane in hemodialysis and peritoneal dialysis patients. Journal of 
renal nutrition : the official journal of the Council on Renal Nutrition of the National Kidney 
Foundation. 2009;19(4):267-74. Epub 2009/06/23. 
242. Harris WS, Masson S, Barlera S, Milani V, Pileggi S, Franzosi MG, et al. Red blood 
cell oleic acid levels reflect olive oil intake while omega-3 levels reflect fish intake and the 
use of omega-3 acid ethyl esters: The Gruppo Italiano per lo Studio della Sopravvivenza 
nell'Infarto Miocardico-Heart Failure trial. Nutr Res. 2016;36(9):989-94. Epub 2016/09/17. 
243. Harris WS. Omega-3 fatty acids and cardiovascular disease: a case for omega-3 
index as a new risk factor. Pharmacological research. 2007;55(3):217-23. Epub 2007/02/28. 
244. Eskandarian R, Razavi M, Fattah A, Ghods K, Forozeshfard M. Prevalence of aspirin 
resistance in patients with type II diabetes: a descriptive-analytical study. International journal 
of clinical pharmacology and therapeutics. 2016. Epub 2016/12/28. 
245. Patrono C, Coller B, Dalen JE, FitzGerald GA, Fuster V, Gent M, et al. Platelet-active 
drugs : the relationships among dose, effectiveness, and side effects. Chest. 2001;119(1 
Suppl):39S-63S. Epub 2001/02/07. 
246. Bhatt DL, Grosser T, Dong JF, Logan D, Jeske W, Angiolillo DJ, et al. Enteric Coating 
and Aspirin Nonresponsiveness in Patients With Type 2 Diabetes Mellitus. J Am Coll Cardiol. 
2017;69(6):603-12. Epub 2017/01/17. 
247. Ikeda Y, Shimada K, Teramoto T, Uchiyama S, Yamazaki T, Oikawa S, et al. Low-
dose aspirin for primary prevention of cardiovascular events in Japanese patients 60 years or 
older with atherosclerotic risk factors: a randomized clinical trial. JAMA. 2014;312(23):2510-
20. Epub 2014/11/18. 
248. Study design of ASPirin in Reducing Events in the Elderly (ASPREE): a randomized, 
controlled trial. Contemp Clin Trials. 2013;36(2):555-64. Epub 2013/10/12. 
249. Colwell JA. Aspirin therapy in diabetes. Diabetes Care. 2004;27 Suppl 1:S72-3. Epub 
2003/12/25. 
250. Joint British recommendations on prevention of coronary heart disease in clinical 
practice. British Cardiac Society, British Hyperlipidaemia Association, British Hypertension 
Society, endorsed by the British Diabetic Association. Heart. 1998;80 Suppl 2:S1-29. Epub 
1999/04/08. 
251. Wood D. European and American recommendations for coronary heart disease 
prevention. Eur Heart J. 1998;19 Suppl A:A12-9. Epub 1998/03/31. 
252. McGuire H, Longson D, Adler A, Farmer A, Lewin I. Management of type 2 diabetes 
in adults: summary of updated NICE guidance. BMJ. 2016;353:i1575. Epub 2016/04/08. 
253. Bibbins-Domingo K. Aspirin Use for the Primary Prevention of Cardiovascular 
Disease and Colorectal Cancer: U.S. Preventive Services Task Force Recommendation 
Statement. Ann Intern Med. 2016;164(12):836-45. Epub 2016/04/12. 
254. De Berardis G, Sacco M, Evangelista V, Filippi A, Giorda CB, Tognoni G, et al. 
Aspirin and Simvastatin Combination for Cardiovascular Events Prevention Trial in Diabetes 
(ACCEPT-D): design of a randomized study of the efficacy of low-dose aspirin in the 
prevention of cardiovascular events in subjects with diabetes mellitus treated with statins. 
Trials. 2007;8:21. Epub 2007/08/30. 



213 

7 Appendices 

Appendix 1: Ethic approved documents for blood and urine 

collection 

Appendix 2: ASCEND study protocol 

Appendix 3: Published papers from this thesis 



214 

Appendix 1: Ethic approved documents for blood and urine collection  
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[Date] 

Dear Colleague 

Request for blood sample for the ASCEND trial

Your patient is participating in the ASCEND (A Study of Cardiovascular Events iN 
Diabetes), which is a nationwide study with over 15,000 men and women with 
diabetes taking part. It is a randomised trial assessing the benefits and risks of 
aspirin and/or omega-3 fatty acids in patients with diabetes with no previous history 
of cardiovascular disease. Further information about this study is available on 
www.ctsu.ox.ac.uk/ascend. 

An optional, but we believe valuable, part of the study involves obtaining blood and 
urine samples to measure glycaemic control, lipids, renal function and biochemical 
measurement of the effect of the study medications. 

We should be very grateful, therefore, if you would help us by collecting a blood 
sample and transferring the urine specimen brought by the participant to the two 
different containers. In addition, it would be most helpful if you could record both the 
time of the last dose of study aspirin/placebo and their current medication on the 
enclosed consent form. Detailed instructions are printed on the back of this letter. 

We apologise for troubling you with this request, but your collaboration would be 
extremely helpful. Many thanks. 

ASCEND
Clinical Trial Service Unit 
(CTSU) 
Richard Doll Building 
University of Oxford 
Old Road Campus 
Headington 
Oxford 
OX3 7LF 

Office telephone: 01865 743888 
Office fax: 01865 743981 
Freefone: 0800 585323 
e-mail: ascend@ctsu.ox.ac.uk 
Website: www.ctsu.ox.ac.uk/ascend

ASCEND    
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Yours sincerely 

Professor Jane Armitage                                Dr Louise Bowman 

Study Coordinators 

Instructions for collecting and mailing of blood and urine samples

1. Please check that the name of the study participant corresponds to that on the 
enclosed barcode labels and consent form. 

2. Ensure that the consent form has been completely filled-in, signed and dated. 
(N.B. If the patient has not brought the consent form, please call the Freefone 
number below and ask for a copy to be faxed to you.) 

3. Please measure the patient's weight and record this on the consent form as 
indicated. Please fill in the list of medication the patient is currently taking. 

4. Collect 9ml of blood into the purple-topped vacuette [EDTA] and label this 
using one of the blood sample labels from the enclosed sheet. Please attach 
the label as straight as possible lengthways, and as close to the bung as 
possible. Then place the labelled vacuette (top upright) in one lined, green-
topped, opaque white plastic tube, ensuring that the cotton-wool bung 
provided is inserted into the green lid, before securing it tightly. 

 (N.B. If the vacuette fails or is broken we should be most grateful if you would 
use one of your own ETDA-containing vacutainers (9ml if possible, otherwise 
5ml). A spare blood sample barcode label is enclosed should you need it. 

5. Using the pipette, transfer 5ml of urine from the universal container brought by 
the participant to the small white topped tube and 10 ml of urine to the white 
top tube which contains small white tablet (a preservative), and label those 
using the urine sample labels from the enclosed sheet. Then place the 
labelled tubes (top upright) in the green-topped plastic tubes provided, again 
ensuring that the cotton-wool bungs are inserted into the green lids before 
securing those tightly. Then discard the universal container with remaining 
urine. 

6. Please indicate on the consent form that a blood and/or urine sample has 
been obtained and date the form. 

7. Put three green-topped mailing tubes in the cardboard box and secure the lid. 
(Please do not write on the box.) Put this, together with the completed 
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consent form, in the pre-addressed reinforced white envelope (no stamp 
required). 

8. Please mail the envelope today, as any delay will result in sample 
degradation. 

Please call the ASCEND study office on Freefone 0800 585323 if 
you have 

any queries regarding this. 

Many thanks for your collaboration.  
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[Date] 

[Our GP ref] 

[GP address] 

Dear Dr [GP name], 

[Patient name], [DOB], [address] 
ASCEND Study Ref: [100-1234] 

[Blood] [and] [urine] results from the ASCEND trial 

As you know [Mr Patient] [is participating in the ASCEND study. He recently provided 
[a non-fasting blood sample] [and] [a urine specimen] which was mailed to our central 
laboratory. Routine analysis of [this sample] [these samples] revealed the following 
results: 

Total cholesterol:     mmol/L  
HbA1C DCCT:    % 
HbA1C IFCC :    mmol/mol 
HDL-cholesterol:    mmol/L 

Urinary microalbumin/creatinine ratio*:   mg/mmol creatinine 

* NICE guidelines: microalbuminuria defined as ratio ≥ 2.5 mg/mmol [men] or 3.5 
mg/mmol [women] 

Please feel free to telephone Freefone 0800 585323 if you wish to discuss any 
aspect of the study. Many thanks for your help. 

ASCEND    
ASCEND
Clinical Trial Service Unit 
(CTSU) 
Richard Doll Building 
University of Oxford 
Old Road Campus 
Headington 
Oxford 
OX3 7LF 

Office telephone: 01865 743888 
Office fax: 01865 743981 
Freefone: 0800 585323 
e-mail: ascend@ctsu.ox.ac.uk 
Website: www.ctsu.ox.ac.uk/ascend
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Yours sincerely 

Dr Jane Armitage                                        Dr Louise Bowman                             

Study Coordinators 
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Consent for additional blood and urine collection, storage, and analysis 

Please cross (      ) each of the following statements to which you agree: 

 I confirm that I have read and understood the information about blood and urine sampling. I understand 
that providing a blood and urine sample is optional, and I am free to continue taking part in the trial 
without agreeing to my blood or urine being taken. 

 I agree to my samples being used for immediate measurements of glucose control, lipids (cholesterol), 
kidney function and biochemical tests to assess the study treatment effects, and for relevant results to be 
provided to my general practitioner. 

 I agree that samples of my blood and urine may be stored for future biochemical tests to help understand 
the effects of the study treatment and the causes of diabetes and circulatory disease. This is the 
understanding that the investigations will be for medical research only and my results will be kept 
confidential. 

PRINTED name of participant  Signature  Date 

THANK YOU FOR YOUR HELP 

Current drug list 

Are you currently 
taking the study white 
tablets? 

 Are you 
currently 
taking the 
study brown 
capsule? 

Please give date and 
time last dose of 
white study tablet was 
taken  

Time 

Weight: Kgs 
or Stones lbs 

Has a blood sample 
been obtained? 

Is a urine 
sample 
provided? 

ASCEND    

To be completed by the practice nurse (in blue or black ink). If possible, please 

Yes          No 

Yes          No 

Yes          No 

X

Day Month Year

2 0 1

Day  Month  Year 

 0 4  2 0 0 3 2 0 1 0 4  2 0 0 3 

Yes          No 

Yes          No Yes          No 

Yes          No 
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Date and time blood 
sample was taken: 

Time 

Name of person 
taking blood sample 

Signature       

Contact Telephone 
No. 

Dear «Title» «Surname», 
Optional blood and urine tests for the ASCEND study 

Thank you for continuing to take part in ASCEND (A Study of Cardiovascular Events 
iN Diabetes). 

A worthwhile, but optional, part of this research study, involves the analysis of blood 
and urine samples from study participants. More information about this aspect of the 
study is included in the enclosed leaflet. Please read the leaflet carefully. If you are 
prepared to provide a sample of blood and urine for the ASCEND study, please do 
the following: 

1. Read, sign and date the consent form overleaf, remembering to cross (X) a 
“Yes” or “No” box for each statement.  

2. Make an appointment for a blood test either at your GP surgery, diabetes clinic 
or local hospital. (Some GP practices are unable to offer a blood test service. 
We would advise you to phone to check first.) Ideally, your appointment should 
be early in the week, i.e. on a Monday, Tuesday or Wednesday. N.B. This does 
not need to be a fasting blood sample. 

3. On the day of this appointment, fill the large clear plastic container (white screw-
top) with a specimen of urine. 

4. Hand this specimen to the nurse, along with the blood sampling kit, labels, letter 
with instruction sheet and completed consent form. 

Please ensure that the participant has read and signed the consent above and return the completed form with the blood and/or urine sample to the 

ASCEND coordinating centre in the Freepost envelope provided. Please mail it today as delays in the post can affect the measurements. If you require 

«MergeDate» ASCEND Document Ref: «Reference» 

«Title» «Forename» «Surname» 

«Address1» 

«Address2» 

«Address3» 

«Address4» 

Day  Month  Year 

 0 4  2 0 0 3 2 0 1 0 4  2 0 0 3 
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If you are willing, we would also like to obtain a measurement of your weight and a 
list of your current medications. In most cases, this can be done when you go to have 
your blood sample taken. 

The results of the blood and urine tests will be sent to your GP. We will also send you 
a copy of the signed consent form for you to keep. If you feel unable to provide either 
one or both samples you are still a valuable member of the study and are strongly 
encouraged to continue in ASCEND. 

Should you have any questions about this, or any other part of the study please call 
the ASCEND study office (Freefone 0800 585323) and speak to a study nurse or 
doctor. 
Thank you for your help. 

Yours sincerely 

Professor Jane Armitage Dr Louise Bowman 
Study Coordinators 

Enc: Sample kit, labels, instructions letter, sampling information leaflet



223 

[Date] 

[Our GP ref] 

[GP address] 

Dear Dr [GP name], 

[Patient name], [DOB], [address] 
ASCEND Study Ref: [100-1234] 

[Blood] [and] [urine] results from the ASCEND trial 

As you know [Mr Patient] [is participating in the ASCEND study. He recently provided 
[a non-fasting blood sample] [and] [a urine specimen] which was mailed to our central 
laboratory. Routine analysis of [this sample] [these samples] revealed the following 
results: 

Total cholesterol:     mmol/L  
HbA1C DCCT:     % 
HbA1C IFCC :    mmol/mol 
HDL-cholesterol:    mmol/L 

Urinary microalbumin/creatinine ratio*:   mg/mmol creatinine 

Please feel free to telephone Freefone 0800 585323 if you wish to discuss any 
aspect of the study. Many thanks for your help. 

Yours sincerely 

Dr Jane Armitage                                        Dr Louise Bowman                             

Study Coordinators 

ASCEND    
ASCEND
Clinical Trial Service Unit 
(CTSU) 
Richard Doll Building 
University of Oxford 
Old Road Campus 
Headington 
Oxford 
OX3 7LF 

Office telephone: 01865 743888 
Office fax: 01865 743981 
Freefone: 0800 585323 
e-mail: ascend@ctsu.ox.ac.uk 
Website: www.ctsu.ox.ac.uk/ascend
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Appendix 2: ASCEND study protocol 

ASCEND (A Study of Cardiovascular Events iN 
Diabetes): 

A randomised 2x2 factorial design study of aspirin versus placebo, 
and of omega-3 fatty acid supplementation versus placebo, for the 

primary prevention of cardiovascular events in people with diabetes 

Should aspirin be used routinely in people with diabetes but no vascular 
disease? 

The role of antiplatelet therapy (chiefly aspirin) for the secondary prevention of 
cardiovascular disease is firmly established for many high-risk groups with diagnosed 
occlusive arterial disease, and the proportional reductions in heart attacks and 
strokes appear to be similar whether or not these patients have diabetes. But, most 
younger and middle-aged people with diabetes do not have manifest arterial disease 
– although they are still at significant cardiovascular risk – and yet the available 
randomised evidence for the use of antiplatelet therapy in such individuals is sparse. 
As a result, there is major uncertainty about the role of antiplatelet therapy for the 
primary prevention of cardiovascular events among people with diabetes, and only a 
small minority receives it. 

ASCEND aims to demonstrate whether aspirin reduces the risk of cardiovascular 
events in individuals with diabetes who do not already have diagnosed occlusive 
arterial disease and whether such benefits outweigh any potential hazards from 
bleeding. In order to do this reliably, at least 15,000 patients with diabetes and no 
clinical evidence of occlusive arterial disease will be randomly allocated to receive 
100mg aspirin daily or matching placebo tablets for at least 7 years. A study of this 
size should have excellent power to detect a 12-15% proportional reduction in the 
cardiovascular event rate among such patients. 

Do omega-3 fatty acids (fish oils) reduce cardiovascular risk in people with 
diabetes?  

There is consistent evidence from observational studies of lower rates of 
cardiovascular disease (particularly cardiac and sudden death) in people with higher 
intakes, or higher blood levels, of omega-3 fatty acids (FA). Randomised evidence
among people who have survived a heart attack suggests modest, but potentially 
worthwhile, reductions in coronary events of 15-20%. There is, however, no large-
scale randomised evidence for the use of omega-3 fatty acids in the primary 
prevention of vascular events. People with diabetes are at increased cardiovascular 
risk, and may gain particular benefit from the effects of omega-3 fatty acid 
supplementation on platelet aggregation and dyslipidaemia. Hence, participants in 
ASCEND will also be randomly allocated in a 2x2 factorial design to receive 1g 
omega-3 FA daily or matching placebo capsules for at least 7 years. Such a study 
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design allows all randomised patients to contribute fully to the assessment of the 
separate effects of aspirin therapy and of omega-3 fatty acids.  

ASCEND: A streamlined, mail-based trial collecting only essential data 
The reliable assessment of the important questions that ASCEND is addressing 
requires the randomisation of a very large number of people with diabetes, and their 
long-term treatment and follow-up. In order to be able to study 15,000 people with 
diabetes for at least 7 years at low cost, ASCEND is streamlined and being 
undertaken predominantly by mail (supplemented by central records). If it can reliably 
demonstrate that aspirin and/or omega-3 fatty acids safely reduces the risk of 
cardiovascular events and deaths in patients with diabetes who do not have pre-
existing occlusive arterial disease, then this would be relevant to some tens of 
millions of people world-wide (who are currently not receiving such therapy) and 
could save tens of thousands of lives each year. Consequently the British Heart 
Foundation is supporting this large streamlined trial. 
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1. BACKGROUND AND RATIONALE 

1.1 Reliable assessment of the effects of aspirin for primary prevention of 
cardiovascular events in diabetes mellitus 

1.1.1 Diabetes mellitus: An increasingly common cause of cardiovascular disease
Diabetes mellitus affects about 150 million individuals worldwide, with at least 40 million cases 
in the Established Market Economies and over one million diagnosed cases in the UK.1
Moreover, the prevalence is increasing rapidly, and it is estimated that there will be 300 million 
people worldwide with type 2 diabetes mellitus by 2025, and a further 30 million with type 1 
disease.2 Patients with diabetes of either type are at substantially increased risk of 
cardiovascular events and death, and the majority (60-70%) of deaths in both types of diabetes 
are attributed to vascular causes.3,4 However, among prevalent cases of diabetes in younger 
and middle age, the majority will not have a history of vascular disease.5,6

1.1.2 Lack of reliable evidence for benefit with antiplatelet therapy in patients with  
diabetes 
In the “secondary” prevention of cardiovascular disease, there is reliable randomised evidence 
that antiplatelet therapy (chiefly aspirin) reduces the risk of further cardiovascular events by 
about one-quarter among a wide range of different high-risk groups with occlusive arterial 
disease,7,8 and the benefits appear to be similar whether or not such patients also had diabetes 
(Figure 1). As a consequence, most patients with diabetes who have diagnosed vascular 
disease are currently receiving antiplatelet therapy9,10 and its use is widely included in 
guidelines for secondary prevention.11,12

Figure 1: Absolute effects of antiplatelet therapy on vascular events among patients with 
occlusive arterial disease in the absence and presence of diabetes7

However, the majority of people with diabetes do not have manifest occlusive arterial disease5,6

(at least 0.5 million in Britain and several tens of million worldwide), and for them there is no 
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direct evidence of benefit with aspirin or any other antiplatelet agent. The main randomised 
evidence currently available on the effects of antiplatelet therapy in such patients with diabetes 
comes from 9 trials involving a total of about 5000 patients, and a meta-analysis of their results 
indicates a much smaller proportional reduction in cardiovascular events than has been found 
in the secondary prevention setting (just 7% compared with about 20-25%: Figure 2).8 Even in 
aggregate, however, those studies in people with diabetes involved relatively few events, and 
the confidence interval for the estimated effect is wide, ranging from a 23% risk reduction to an 
8% hazard.  

Given the consistency of the beneficial effect in other high-risk settings (including patients with 
diabetes with arterial disease: Figure 1), it seems likely that the true effect of antiplatelet 
therapy in people with diabetes alone is similar to the reduction of about one-quarter seen 
overall in high-risk patients as, for example, has been shown with cholesterol-lowering13 and 
anti-hypertensive therapies14). 

Figure 2:  Proportional effects of antiplatelet therapy on vascular events in 195 trials 
among high-risk patients subdivided by disease category8 

1.1.3 Aspirin increases the risk of major bleeding (but appears to be relatively safe in 
diabetes) 
In the meta-analysis of previous trials among people with occlusive arterial disease, antiplatelet 
therapy was found to increase the risk of cerebral haemorrhage by about 25% and the risk of 
major extracranial bleeds by about 60%, with similar proportional increases in the different 
types of patient studied.8 Among such high-risk patients, the absolute reductions in heart 
attacks and ischaemic strokes with antiplatelet therapy substantially outweighed the relatively 
small absolute risks of cerebral haemorrhage and major extracranial bleeds. There is also good 
evidence from the previous trials that antiplatelet therapy is not associated with any special 

Category of patient No of trials
with data

No of
patients Allocated

antiplatelet

Percent with vascular event

Adjusted
control

Odds ratio (CI)
Antiplatelet:Control

%Odds
reduction

(SE)

Previous myocardial
infarction

12 20000 13.5 17.0 25(4)

Acute myocardial
infarction

15 19300 10.4 14.2 30(4)

Previous stroke/TIA 21 12000 17.8 21.4 22(4)

Coronary artery
disease

55 17500 6.2 8.9 37(5)

High risk of embolism 14 5200 13.5 16.8 26(7)

Peripheral arterial
disease

42 9700 5.8 7.1 23(8)

Other vascular conditions 20 3400 4.2 6.4 32(13)

Diabetes mellitus 9 5100 15.7 16.7 7(8)

ALL TRIALS 195 144100 10.7 13.2 22(2)

Antiplatelet better Antiplatelet worse

0.0 0.5 1.0 1.5 2.0
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risks in patients with diabetes. In particular, the Early Treatment Diabetic Retinopathy Study 
(ETDRS) of 650 mg aspirin daily versus placebo among 3700 people with diabetes indicated 
that aspirin did not increase the risk of retinal or vitreous haemorrhage.15 Nevertheless, there is 
a lack of reliable direct evidence that the balance of benefits and risks of antiplatelet therapy 
among patients with diabetes alone is favourable. 

1.1.4 Large-scale randomised evidence is required to demonstrate directly that the 
benefits of aspirin outweigh any risks in people with diabetes 
The emergence of reliable evidence about the substantial net benefits produced by aspirin in 
people with occlusive arterial disease has rapidly lead to its widespread use in such patients 
(with, for example, over 80% of those with a history of previous heart attacks or strokes 
receiving some form of antiplatelet therapy).10 Based on extrapolation from the evidence in 
these other high-risk settings, the American Diabetes Association (ADA) has recommended the 
use of aspirin in people with type 2 diabetes and at least one additional risk factor (e.g. 
hypertension or hypercholesterolaemia).16 By contrast, UK and European guidelines are more 
circumspect in their recommendations about aspirin use for people with diabetes alone.11,12 

Presumably as a result of the current uncertainties about the net benefit of antiplatelet therapy 
in this setting, surveys in the US and UK indicate that only about 10-20% of patients with 
diabetes without diagnosed occlusive arterial disease are taking antiplatelet therapy 
regularly.17,18 Similarly, less than 20% of diabetic patients without vascular disease were taking 
aspirin regularly in the United Kingdom Prospective Diabetes Study (UKPDS) and the 
MRC/BHF Heart Protection Study19 (HPS) conducted in Britain, as well as in the ongoing FIELD 
trial conducted in Australia, New Zealand and continental Europe. Data from the Anglo-
Scandinavian Cardiac Outcomes Trial (ASCOT) also indicate that less than 20% of the 
hypertensive patients with diabetes and no occlusive vascular disease were taking aspirin in the 
last 6 months of the study in Sweden, Denmark and Norway (personal communication). 

Currently, the only ongoing comparison of antiplatelet therapy versus no antiplatelet therapy in 
patients with diabetes without pre-existing occlusive arterial disease involves 2000 of the 
participants in the Women’s Health Study (WHS), which is too few to assess the effects of 
treatment in such individuals reliably (see below). The Prevention of Progression of 
Asymptomatic Diabetic Arterial Disease (POPADAD)20 study involves the assessment of aspirin 
among a further 1600 patients with diabetes, but all of the participants in that trial have 
diagnosed peripheral arterial disease. Further information about the effects of antiplatelet 
therapy among diabetic patients without pre-existing arterial disease will emerge from a 
collaborative meta-analysis of individual participant data from all of the previous “primary” 
prevention aspirin trials. But, preliminary results among the 3000 low-risk diabetic participants 
involved in that analysis indicate only a non-significant 25% (SD 16) reduction in coronary 
events (59 [3.9%] aspirin-allocated versus 71 [4.9%] placebo-allocated events; 2P=0.1) during 
median follow-up of 5 years (personal communication). Hence, there is a real need to initiate a 
much larger randomised trial of antiplatelet therapy in people with diabetes without occlusive 
arterial disease for whom there is not considered to be any clear indication for such treatment.

1.1.5 Aspirin 100mg (enteric coated) daily: an effective and well-tolerated antiplatelet 
regimen 
The Anti-Thrombotic Trialists’ (ATT) collaborative meta-analysis of previous trials found that 
high doses of 500-1500mg aspirin daily (which are more gastrotoxic21) are no more effective 
than lower doses of 75-100mg/day either in direct comparisons or in indirect comparisons 
(Figure 3).7 As a consequence, daily doses of 75-150mg are generally preferred for long-term 
treatment as protection against serious vascular events in high-risk patients. The use of enteric-



232 

coating delays the dissolution of the contents of the tablet until the higher pH of the duodenum 
is reached, and so may reduce gastric injury and symptoms.22 Hence, a regimen of 100mg daily 
enteric-coated aspirin is to be used in this study. 

1.2 Reliable assessment of the effects of dietary supplementation with  
omega-3 fatty acids 

1.2.1 Higher intake of omega-3 fatty acids is associated with less coronary heart 
disease
Omega-3 fatty acids are long-chained polyunsaturated fatty acids (PUFA) with their first double-
bond found at the third carbon atom from the methyl group (which is why they are referred to as 
n-3 or omega-3 fatty acids). Man is unable to manufacture these omega-3 fatty acids (FA) and 
is reliant upon intake from plants and animals. The richest dietary sources of the two principal 
omega-3 fatty acids, eicosapentaenoic acid (EPA; 20:5n-3) and docosahexaenoic acid (DHA; 
22:6n-3), are marine animals.23 Consumption of oily fish 2-3 times per week provides about 
500mg daily of EPA and DHA combined, but consumption is less than about 50mg per day in 
people who do not eat fish regularly.24

The possible link between high intake of omega-3 FA and prevention of coronary heart disease 
was first noted in the 1940s when the diets of Greenland Eskimos, among whom coronary 
disease was rare, were compared with those of Danes living in Denmark where coronary heart 
disease (CHD) rates were about 10 times higher.25 Despite similar total fat intake (about 40% of 
total calories), eskimo diets contained significantly greater proportions of omega-3 FA (>4%) 
compared with the Danes (<0.1%). These observations stimulated a large number of 
observational studies of omega-3 FA intake and heart disease risk in different populations. A 
1999 systematic review of all of the observational data concluded that in high-risk populations 
consumption of the equivalent of 40-60 grams of fish per day (providing about 0.2-1g daily of 
omega-3 FA depending on the type of fish) is associated with 40-60% lower rate of cardiac 
death.26 More recently, other observational studies have found similar protective associations of 

Aspirin dose mg/day

No of trials
with data

No of
patients Allocated

aspirin

Percent with vascular event

Adjusted
control

Odds ratio (CI)
Aspirin: Control

%Odds
reduction

(SE)

500-1500 34 22500 14.5 17.2 19(3)

160-325 19 26500 11.5 14.8 26(3)

75-150 12 6800 10.9 15.2 32(6)

<75 3 3700 17.3 19.4 13(8)

Any aspirin 65 59400 12.9 16.0 23(2)

Antiplatelet better Antiplatelet worse

0.0 0.5 1.0 1.5 2.0
Figure 3: Proportional effects of different 

doses of aspirin on vascular events in 
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fish consumption and incidence of CHD,27-29 (including among 5000 women with diabetes 
followed for about 9 years30) and stroke.24

1.2.2 Randomised trials of omega-3 FA supplementation in post-MI patients suggest  
15-20% reductions in cardiovascular events but there is no information in diabetes 
In the only large randomised trial of omega-3 FA supplementation that has been conducted to 
date, 11,000 heart attack survivors in Italy were allocated to receive 1g daily of n-3 PUFA 
(containing 0.4g of EPA and 0.3g of DHA) versus no PUFA treatment for 3.5 years.31 Marginally 
significant reductions of 13% (95% CI 1-24%, p=0.04) in coronary events (i.e. non-fatal 
myocardial infarction [MI] or coronary death) and of 17% (95% CI 3-29%, p=0.02) in 
cardiovascular deaths, were observed among those allocated PUFA capsules in this GISSI-
Prevenzione trial. This was despite 80-90% of patients in both groups eating fish at least once a 
week, and high use of cardioprotective drugs (including aspirin). In another randomised trial, 
2000 men with a history of myocardial infarction in Wales were allocated to a recommended 
intake of at least 2 portions of fatty fish per week (or 1.5g Maxepa capsules daily, which contain 
about 0.5g EPA) versus no change in fish intake for 2 years.32 There was a non-significant trend 
towards 17% fewer (95% CI 35% reduction to 8% excess) coronary events among patients 
allocated increased fish intake, and cardiac deaths were by 35% (95% CI 13-52%, p=0.004). 
Background intake of fish in that Welsh population was low, and only about 10% of the patients 
were taking aspirin. In a meta-analysis of all of the available unconfounded randomised 
evidence for increased omega-3 FA intake from these two trials and 9 much smaller trials33,34

(which tested doses of EPA and DHA in the range 1-6g per day among a total of about 2000 
patients), there was a highly significant reduction in coronary events of 18% (95% CI 8-27%, 
p=0.0008). Based on these studies – which were conducted chiefly among people with vascular 
disease – it would seem plausible that omega-3 FA supplementation might produce a 15-20% 
reduction in coronary and other occlusive vascular events among high or intermediate risk 
populations, including people with diabetes. 

1.2.3 Cardioprotective effects of omega-3 fatty acids may be additional to those of 
aspirin 
Aspirin irreversibly inhibits platelet cyclo-oxygenase, the enzyme that controls the conversion of 
arachidonic acid to prostaglandins and thromboxanes, which reduces the formation of 
thromboxane A2 in platelets and produces a potent anti-aggregatory effect.21 But, aspirin also 
reduces the formation of prostacyclin, which is a potent vasodilator, and so may lead to 
vasoconstriction. Omega-3 FA (particularly EPA) compete with arachidonic acid for cyclo-
oxygenase,23 and so reduce thromboxane A2 production in platelets (albeit to a lesser extent 
than aspirin). Unlike aspirin, however, omega-3 FA enhance prostacyclin production in 
endothelial cells. Moreover, when aspirin and omega-3 FA are given together, there is a shift 
towards increased prostacyclin formation in endothelial cells and vasodilatation.35

Consequently, any beneficial effects of aspirin and omega-3 FA on vascular disease that are 
mediated through these effects on prostaglandins and thromboxanes should be 
complementary.35 Omega-3 FA might also have other cardioprotective effects, including: 
reducing myocardial susceptibility to ventricular arrhythmias;36 increasing the stability of 
atherosclerotic plaques through anti-inflammatory effects that are mediated by prostaglandins 
and leukotrienes;37 reducing blood pressure;38 and reducing plasma concentrations of 
triglycerides (TG) and very-low-density lipoproteins, and inhibiting post-prandial lipaemia.39-41

These effects of omega-3 FA on lipoproteins are seen both in the presence, and in the 
absence, of statin therapy.34 As cardiovascular disease in diabetes derives both from platelet 
activation42 and from disordered triglyceride metabolism,3 omega-3 FA may be particularly 
worthwhile for people with diabetes. 
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1.2.4 Omega-3 fatty acids are considered safe and well tolerated 
The Food and Drug Administration (FDA) consider omega-3 FA doses of up to at least 3g daily 
to be safe,23 with no significant risk of bleeding. In the large GISSI Prevenzione trial,31 90% of 
participants were taking aspirin, but no excess of bleeding was observed with the addition of 1g 
omega-3 FA daily. The only side-effects reported in that open-label study were a slight fishy 
after-taste and some gastrointestinal disturbances, but only 3.8% of participants stopped their 
omega-3 FA supplements because of these side effects. Omega-3 FA have no effect on 
glycaemic control in diabetes40,43 and their small, potentially adverse, effects on plasma 
concentrations of LDL-cholesterol may be offset by beneficial changes in lipoprotein particle 
size.39,41 For the present trial, a daily dose of approximately 1g of omega-3 FA  (0.4g EPA and 
0.3g DHA is to be used (as in GISSI), which can be conveniently provided in 1 capsule of the 
concentrated preparation (with matching placebo capsules containing olive oil). 

1.2.5 Need for a large-scale study of omega-3 FA supplementation in people with 
diabetes
As discussed above, diabetes is associated with a 2-4 fold increase in the risk of cardiovascular 
disease and the incidence of diabetes worldwide is increasing rapidly. Consequently, the 
demonstration that an inexpensive and readily available food supplement – such as omega-3 
FA – reduces cardiovascular risk in patients with diabetes would have important public health 
consequences. By adopting a 2x2 factorial design within this large streamlined study, it will be 
possible to assess the separate and combined effects of both aspirin and omega-3 FA 
supplementation in a particularly cost-effective manner. 

1.3 Mail-based studies for efficiency and cost-effectiveness 

1.3.1 Previous successful experience of conducting cost-effective randomised trials by 
mail 
Both aspirin and omega-3 FA are widely available and used, the hazards are low and well 
characterised, and neither requires biochemical monitoring. Several large randomised trials 
have been conducted using mailed drug supply and follow-up, including the CTSU-coordinated 
British Doctors’ Study44 and the (first) US Physicians Health Study45 of aspirin for the prevention 
of myocardial infarction. Currently, there are 3 large studies46-48 of either aspirin or various 
supplements being conducted entirely by mail in the US: the (second) US Physicians’ Health 
Study ll, the Women’s Antioxidant Study (WACS) and the Women’s Health Study (WHS). The 
latter study includes 40,000 American women from a wide range of educational and social 
backgrounds randomised to aspirin or matching placebo, and in a factorial design to different 
vitamin and mineral combinations. Experience from these studies shows that - with appropriate 
attention to the wording of information leaflets, consent forms and questionnaires, - good 
response rates and compliance can be achieved and reliable information about medical events 
gathered.49 In addition, the 24-hour Freefone service established by CTSU for other large heart 
disease trials will allow study participants to discuss any aspects of the study with experienced 
clinical staff, and so help ensure good compliance and the early identification of serious 
problems. 

2. PLAN OF INVESTIGATION 

2.1 Study aims: assessment of outcomes 
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The aim of ASCEND is to determine whether 100mg daily aspirin and/or supplementation with 1 
gram capsules containing 90% omega-3 fatty acids (0.41g EPA, 0.34g DHA) daily prevents 
cardiovascular events in patients with diabetes who do not already have clinically manifest 
arterial disease (without leading to significant bleeding or other adverse events). 

2.1.1 Primary assessments 
Aspirin therapy: The primary comparison will involve “logrank” analyses54 of “serious vascular 
events” (defined as the combination of non-fatal myocardial infarction, non-fatal stroke or 
transient ischaemic attack, or vascular death excluding confirmed cerebral haemorrhage during 
the scheduled treatment period among all those allocated aspirin tablets versus all those 
allocated placebo tablets (i.e. “intention-to-treat” comparisons). (Vascular death includes ICD 
I00-I52 and I63-99 in the 10th International Classification of Diseases.) 

Omega-3 fatty acid supplementation: The primary comparison will involve “logrank” analyses 
of “serious vascular events” during the scheduled treatment period among all those allocated 
omega-3 fatty acid capsules versus all those allocated placebo capsules. 

2.1.2 Secondary assessments 
The principal subsidiary comparisons will be of the effect of allocation to aspirin versus 
allocation to placebo tablets and, separately, of allocation to omega-3 FA versus allocation to 
placebo capsules on: 

(i) The incidence of serious vascular events, and the combined endpoint of “serious 
vascular events or revascularisations” (i.e. serious vascular event, or coronary or 
non-coronary revascularisation) in various prognostic subgroups (e.g. older 
versus younger, men versus women, longer versus shorter duration diabetes); 
and in the presence and absence of the other study treatments 

(ii) The incidence of confirmed cerebral haemorrhage and, separately of other “major 
haemorrhage” (defined as any other bleeding episode that requires hospitalisation 
or transfusion, or is fatal or disabling). 

2.1.3 Tertiary assessments 
In addition, comparisons will be made of the effects during the scheduled treatment period of 
each of the study treatment allocations on: total and cause-specific mortality (coronary, other 
vascular and non-vascular death separately); total coronary events (ie. non-fatal myocardial 
infarction, coronary death or coronary revascularisations [i.e. CABG and PTCA]); non-
haemorrhagic strokes or transient ischaemic attacks; venous thromboembolism; total and site-
specific cancers; and hospitalisations for various other causes. Allowance for multiple 
hypothesis testing in these analyses will be made using the “Bonferroni” correction. 

2.2 Sample size and predicted number of events 

 2.2.1 Random allocation of at least 15,000 patients with diabetes without arterial 
disease should provide good statistical power to detect plausible effects 
One particular cohort of people with diabetes and no evident cardiovascular disease had a 
coronary event rate of around 3% per annum.55 However, although that study is widely quoted, 
event rates may not be as high in diabetic populations with lower levels of other risk factors. For 
example, among the 5000 men and women with newly diagnosed type 2 diabetes (mean age 
53 years) randomised in the UKPDS,56 annual rates were 1.6% for coronary events and 1.1% 
for death due to macrovascular disease (i.e. fatal MI, stroke or sudden death). Similarly, among 
about 3000 people with diabetes (mean age 63) without diagnosed occlusive arterial disease 
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randomised in HPS,13,57 the annual overall rate of cardiovascular events (fatal or non-fatal 
myocardial infarction or stroke) was 2.2%. Hence, it would seem prudent to base sample size 
calculations for any randomised trials in patients with diabetes and no arterial disease on 
serious vascular event rates of no more than about 2% per annum.  

Aspirin has been shown to reduce cardiovascular event rates by about one quarter in a wide 
range of high-risk groups with arterial disease, with similar proportional reductions irrespective 
of whether or not diabetes is present (see Figure 1).7 Hence, as in other high-risk populations, it 
seems plausible that aspirin might reduce the risk of serious vascular events by around one-
quarter in patients with diabetes who do not have clinical evidence of arterial disease. Similarly 
omega-3 FA have reduced risk of cardiovascular events by 15-20% in high-risk populations. 
Proportional reductions of 15-20% among people with diabetes without diagnosed arterial 
disease would still correspond to substantial absolute benefits (see Table 1). But, even if such 
benefits do exist, at least 10,000 patients with diabetes would need to be randomised and 
followed for 5 years to detect these effects reliably. During the trial it is intended that blinded 
event rates (i.e. active and placebo groups combined) will be monitored and, if they are 
substantially lower than anticipated, the Steering Committee will have the option of increasing 
the sample size or prolonging the scheduled treatment period (see below)  

Table 1: Statistical power to detect 15-20% proportional reductions in serious vascular 
events among 10,000 randomised patients (based on 10% 5 year control group event 

rate)   

Proportional 
reduction 

Control group 
5000 

Active group 
5000 

Power at
2P<0.01 

Power at 
2P<0.05 

Events avoided/ 
1000 over 5 years

25% 500 375 >95% >95% 25 

20% 500 400 80% >90% 20 

15% 500 425 60% 70% 15 

Protocol addition January 2011: Accumulating evidence from within ASCEND, suggests that 
the overall (i.e. blinded) annual event rate (including transient ischaemic attacks) is likely to be 
about 1.2%, i.e. somewhat lower than the initial estimate of 2% pa in the control group. In 
addition, a recent meta-analysis of primary prevention trials of aspirin suggests that reductions 
in serious vascular events of 12-15% may be more likely than reductions of 20-25%.58 Table 2 
indicates that, with an annual event rate of 1.2% in the control group, randomisation of 15,000 
patients with follow-up of 7.5 years would provide robust statistical power to detect plausible 
risk reductions of 12-15%. Hence, the Steering Committee agreed during 2010 to increase the 
sample size to 15,000 and the duration of follow-up to at least 7 years. 

Table 2: Statistical power to detect plausible effect sizes with 15,000 participants 
followed for up to 7.5 years at 1.2% per annum serious vascular event rate in the control 

group. 

15,000 patients randomised  

Proportional 
reduction 

Median 
duration of 

Number of events (%) Power  
Control (7500) Active (7500) 2p<0.05 2p<0.01 Events avoided/1000 
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follow-up 
(years) 

over 7.5 years 

10% 5 450   (6%) 405   (5.4%) 60% 36%  
7.5 675   (9%) 608   (8.1%) 79% 58% 9 

12% 5 450   (6%) 398   (5.3%)  76% 54%  
7.5 675   (9%) 593   (7.9%) 92% 78% 11 

15% 5 450   (6%) 383   (5.1%) 92 79%  
7.5 675   (9%) 570   (7.6%) 99 95% 14 

2.2.2 Full efficiency of a 2 x 2 factorial design: separate assessment of both study 
questions without any material effect on non-drug cost or sample size requirements. 
A factorial design will be used, with at least 7500 patients being randomly allocated to receive 
aspirin tablets versus 7500 patients allocated to receive matching placebo tablets (see Figure 
4). Similarly, at least 7500 patients will be separately randomised to receive omega-3 FA 
capsules versus 7500 patients allocated to receive placebo capsules. The primary analyses will 
involve two-way comparisons of all those allocated aspirin versus all those allocated matching 
placebo tablets, irrespective of the omega-3 FA allocation (Figure 4: subtotal A versus subtotal 
B), and of all those allocated omega-3 FA versus all those allocated matching placebo capsules 
irrespective of the aspirin allocation (i.e. subtotal 1 versus subtotal 2). Hence, reliable 
assessment of the effects of aspirin will not interfere with reliable assessment of omega-3 FA 
(or vice versa), as outcomes among all those allocated active aspirin can still be compared with 
those among all those allocated placebo aspirin (even though half of each group will have 
received omega-3 FA). Use of such a factorial design instead of a simple 2-way design has little 
or no effect on the statistical sensitivity with which the overall effects can be assessed, or on the 
total number of patients required in the study.53

Figure 4: Factorial design of trial 

Aspirin
Tablets

Placebo
Tablets 

Omega-3 
FA 

capsules

3750  
Aspirin +  

Omega-3 FA 

3750 

Omega-3 FA 

Subtotal 1: 
7500 

Omega-3 FA 

Placebo 
capsules

3750 
Aspirin 

3750 
Neither 

Subtotal 2: 
7500 

Placebo 

Subtotal A: 
7500  

Aspirin

Subtotal B: 
7500 

Placebo  
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2.3 Data and safety monitoring 

2.3.1 Interim analyses: role of the Data Monitoring Committee and Steering Committee 
During the study, the independent Data Monitoring Committee will review unblinded interim 
analyses, at least annually, of mortality, of cardiovascular events and of other serious adverse 
events, along with any other analyses requested. In the light of these analyses and the results 
of any other relevant trials or meta-analyses of trials, the Data Monitoring Committee will advise 
the Steering Committee if, in their view, the randomised comparisons in the study have 
provided both (a) "proof beyond reasonable doubt"* that for all patients, or for some specific 
types, aspirin therapy is clearly indicated or clearly contraindicated in terms of a net difference 
in mortality, and (b) evidence that might reasonably be expected to influence materially the 
patient management of many clinicians who are already aware of any other main trial results. 
The Steering Committee can then decide whether to end or modify the study (or to seek extra 
data). Unless this happens, the Steering Committee, the collaborators and the coordinating 
centre staff (except those who supply the confidential analyses) will remain ignorant of the 
interim results on mortality and morbidity until the study is terminated. Collaborators, and all 
others associated with the study, may write (preferably through the Oxford coordinating centre) 
to the chairman of the Data Monitoring Committee, drawing attention to any worries they may 
have about the possibility of particular side-effects, or about particular categories of patient 
requiring special consideration, or about any other matters that may be relevant. 

2.3.2 Monitoring of any serious adverse events believed to be due to the study 
treatment  
Throughout the trial, all serious adverse events believed with a reasonable probability to be due 
to study treatment are to be reported immediately by telephoning the 24-hour telephone service 
(see Section 3.6). A “serious” adverse event is defined as any untoward medical occurrence 
which results in death, is life-threatening, requires hospitalisation or the prolongation of existing 
hospitalisation, results in persistent or significant disability or incapacity, or is a congenital 
anomaly or birth defect. During this telephone call, standard information (i.e. identity of the 
patient and of the person reporting the event, nature and date of event, and reasons for 
attribution to study treatment) will be recorded directly on the coordinating centre computer. 
These reports will be reviewed immediately, blind to treatment allocation, by the clinical 
coordinators, and any further information required sought urgently. Confirmed reports will then 
be promptly forwarded “unblinded” to the chairman of the Data Monitoring Committee. and to 
Bayer Healthcare AG or to Abbott Products Operations AG, as appropriate and included in the 
Annual Safety Report sent to the Research Ethics Committee (REC). Any such serious adverse 
events that are also unexpected will be reported in an expedited fashion to the REC and 
relevant drug regulatory agencies.  

2.4 Central Coordination 

2.4.1 Central coordination and local collaboration 
The Clinical Trial Service Unit (CTSU) at Oxford University is coordinating this study and will 
have overall responsibility for the administration and coordination of the study. There will be a 

* Appropriate criteria of proof beyond reasonable doubt cannot be specified precisely, but in general a difference of at least
3 standard deviations in an interim analysis of a major endpoint would be needed to justify halting, or modifying, such a 
study prematurely, especially if the comparison was based on relatively few events (e.g. less than 100). If this criterion were 
to be adopted, it would have the practical advantage that the exact number of interim analyses would be of little 
importance, and so no fixed schedule is proposed 53. 
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Steering Committee to oversee the trial conduct (back page). CTSU is responsible for obtaining 
Multicentre Research Ethics Committee approval; for the training and monitoring of all staff 
directly involved in the study; for the supply of conveniently packaged study drugs and other 
study materials; for the identification, with the assistance of the local medical collaborators, of 
potentially eligible participants; for obtaining any relevant permissions to invite suitable patients 
to participate; for the initial invitation of participants and subsequent randomisation and follow-
up by mail; for the provision of a 24-hour Freefone telephone service (for queries from 
participants or medical staff, for unblinding when medically necessary, and reporting of any 
serious adverse events believed to be due to study treatment); and for the collection and 
analysis of data, and blood samples. The medical collaborators around the UK are responsible, 
with the help of the Oxford coordinating centre, for obtaining local ethics committee approval 
and for assisting in the identification of potentially eligible individuals with diabetes (including 
liaison with hospital medical records staff). (This is summarised below, and is described in 
detail in the coordinating centre standard operating procedures [SOP].)

2.4.2 Training and monitoring 
The administrative and nursing staff in the Oxford coordinating centre will be trained in correct 
study procedures (as summarised in Section 3 of the protocol and described in detail in the 
SOPs). The coordinating centre staff will also arrange regular meetings of all the collaborators 
to discuss the progress of the study and other general issues, and to provide an update on the 
results of any other relevant studies. Collaborators will be encouraged to contact the 
coordinating centre office (or 24-hour telephone service for urgent queries) if they wish to 
discuss some problem or other issue related to the study. 

2.4.3 Supply of study materials
Aspirin and matching placebo tablets are to be manufactured and provided by Bayer Healthcare 
AG. Omega-3 FA capsules and matching placebo capsules are to be provided by Abbott 
Products Operations AG (formerly Solvay Pharmaceuticals). Both treatments are to be 
delivered in bulk to Brecon Pharmaceuticals for packaging and labeling prior to dispatch to 
participants. All study medication will be supplied in convenient treatment packs appropriate for 
mailing which contain the appropriate number of blister-strips for each period of the study. An 
inventory of study drug supply will be maintained on the coordinating centre computer, and any 
study drug not required by participants is to be returned to the coordinating centre for disposal. 

2.4.4 Data handling 
Lists of potentially eligible people with diabetes will be sought, preferably in computerized 
format, by the Oxford coordinating centre from medical collaborators who have access to 
diabetes registers, from trial databases and from general practitioners (GPs). This information 
will be used by the coordinating centre to generate invitations, in the name of the local medical 
collaborator, for patients to join the study (see Section 3.3). Hospital collaborators, general 
practitioners or practice nurses will also be able to offer a standard “invitation pack” (containing 
patient information leaflet, screening questionnaire and freepost envelope) to potentially eligible 
participants when they are seen for routine care in their clinic. In addition, randomised 
participants will have the option to recommend any friend or relative they think may be eligible 
and interested in participating in the study and potential participants can volunteer themselves if 
they hear about the study from any source. Responses from participants will be collected on 
questionnaires which are to be returned to the coordinating centre either on paper or 
electronically. Any coding that is required will be undertaken and data will then be entered into 
the coordinating centre computer (following an operating procedure for data handling). Any 
failure by participants to return Follow-up questionnaires will result in two mailed reminders 
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being sent. Subsequently, when necessary, study coordinating staff will undertake a telephone 
follow-up. 

Errors or omissions in the completion of study forms will result, if appropriate, in computer-
generated correction requests being sent to participants for completion. All such corrections to 
the data will be entered on the central computer with an appropriate audit trail. The coordinating 
centre is also responsible for seeking confirmation and additional information about any 
relevant clinical events reported during follow-up, and for obtaining details from national 
registries of any deaths, non-fatal cancers or other relevant events available among study 
participants (see Section 3.7). 

2.4.5 Laboratory measurements and sample storage 
Blood and urine samples taken at GP practices from those patients who agree to start Run-in 
treatment (Section 3.3.2) and samples taken from a randomly selected group of patients during 
follow up (Section 3.3.1) will be mailed to the coordinating centre laboratory in Oxford. The 
central laboratory will use part of each blood sample for immediate assays, with the remainder 
being frozen for subsequent assays. The laboratory uses a number of internal and external 
quality control procedures and follows a standard operating procedure (in accordance with 
Good Laboratory Practice guidelines). Checked assay results will be transferred to the central 
computer and linked to the patients’ other data.  

2.4.6 Source documents and archiving 
The lists of potentially eligible patients provided to the Oxford coordinating centre by 
collaborators, the returned questionnaires from these patients, the additional information 
obtained on reported outcome measures and other relevant events, the death certificates, the 
blood assay results and the drug supply records constitute the “source documents” for the 
study. The coordinating centre will retain these data and records for at least 15 years. 
Regulatory agencies and the companies providing the study medications will have the right, in 
accordance with Good Clinical Practice guidelines, to commission a confidential audit of such 
records kept in the coordinating centre, as long as this does not result in unblinding of the 
interim results while the study is still in progress. 

2.4.7 Source of support and non-negligent liability cover 
Funding has been obtained from the British Heart Foundation to cover the administrative and 
coordination costs of the trial. A supply of aspirin and matching placebo is to be provided by 
Bayer Healthcare AG, and a supply of omega-3 FA and matching placebo capsules by Abbott 
Products Operations AG (formerly Solvay Pharmaceuticals), with some funding from each 
company to cover drug packaging.  

The trial is to be conducted, analysed and interpreted by CTSU entirely independently of the 
funding sources, which have no representation in its organisation and will, like the Steering 
Committee, remain blind to the main results as they accumulate. This arrangement is intended 
to ensure that no suggestions of lack of objectivity of the findings can be justified.  

2.4.8 Publication in the names of all the collaborators  
The success of this study depends on the wholehearted collaboration of a large number of 
doctors, nurses and patients. For this reason, chief credit for the main results will be given not 
to the central organizers, but to all those who have collaborated in the study. Draft copies of any 
manuscripts will be provided to all collaborators for review prior to their publication and will be 
published in the name of the collaboration. 
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3. SUMMARY OF PRACTICAL PROCEDURES  

POTENTIALLY ELIGIBLE
 Diabetes mellitus (type 1 or 2) 
 Male or female 
 No diagnosed occlusive arterial disease 
 Aged ≥ 40 years 
____________________________________________________________________ 

IDENTIFICATION AND INVITATION
 Potentially eligible patients identified from existing diabetes registers or databases 

and other sources 
 Invited by GP, diabetologist or study coordinators, either in person or by mail. 

Invitation includes Information Leaflet, Consent Form and brief Screening 
Questionnaire  

 Central Freefone number for any questions 
____________________________________________________________________ 

SCREENING PROCESS (-2 months) 
 Screening Questionnaire returned, which identifies eligible and consenting patients 
 Run-in pack with 2-month supply of placebo treatment mailed to patient 
 GP informed of patient's possible participation, and asked to return form if patient 

not to be randomised 
 Blood and urine samples (optional) collected locally and mailed to central laboratory 
 Freefone number (0800 585323) for medical advice and any questions 
____________________________________________________________________ 

RANDOMISATION (0 months) 
 Randomisation Questionnaire sent to re-confirm eligibility, and to characterize the 

patient more fully 
 Randomisation Questionnaire returned, and eligible patient randomised by central 

computer 
 Allocated treatment pack mailed to patient: 100 mg aspirin daily or matching 

placebo tablet, and 1g omega-3 FA daily or matching placebo capsule 
 GP informed of patient's randomisation 

___________________________________________________________________ 

FOLLOW-UP QUESTIONNAIRES (6-monthly)
 Follow-up Questionnaires and treatment packs sent 6-monthly  
 Freefone number (0800 585323) for medical advice and any questions 
 Further details sought from responsible clinicians about any relevant events 

reported on Follow-up questionnaires  
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 Flagging for mortality and cancer at central registries
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3.1  Eligibility for ASCEND 

Men or women aged at least 40 years at the time of invitation for Screening are eligible for the 
study, provided they fulfil all of the following criteria: 

 Clinical diagnosis of diabetes mellitus: The participant’s own doctor considers them 
to have type 1 or type 2 diabetes (based on standard WHO or ADA diagnostic 
criteria50,51); 

 No clear indication for aspirin: The participant has no diagnosed occlusive arterial 
disease (i.e. a history of myocardial infarction, angina pectoris, coronary or non-coronary 
revascularisation procedure [i.e. peripheral arterial bypass surgery or angioplasty], stroke 
or transient ischaemic attack); 

 No clear contra-indication to aspirin: The participant is not at high risk of bleeding due 
to: gastrointestinal haemorrhage or peptic ulcer within the previous 6 months; active 
hepatic disease such as cirrhosis or active hepatitis; use of warfarin, or other anti-
coagulant therapy; or has a history of aspirin allergy; 

 Substantial uncertainty about whether antiplatelet or omega-3 FA therapy confers 
worthwhile benefit: Neither the participant nor the participant’s own doctor considers 
there to be a definite need for the patient to take aspirin or omega-3 FA supplements 
regularly (or a definite need not to do so);

 No other predominant life-threatening medical problem: The participant does not 
have some condition (other than diabetes) that might limit compliance with 5 years of 
study treatment, such as cancer (other than non-melanoma skin cancer).

3.2 Identification of participants 

3.2.1 Large numbers of potentially eligible patients can be identified through diabetes 
registers, trial databases and general practice 
Based on our previous experience, large numbers of potentially suitable individuals may need 
to be approached to randomise at least 15,000 eligible patients into this long-term trial. People 
with diabetes will be sought from 3 main sources: diabetes registers, trial databases and 
general practice. Diabetologists from around the UK will be invited to collaborate and allow 
invitation of potentially suitable individuals from locally held diabetes registers (such as those 
held for retinopathy screening or for service provision). Such registers vary in size from a few 
thousand to many thousands and at least one third of participants are expected to be recruited 
from these sources. Other people with diabetes will be identified from among the populations 
taking part in HPS and other diabetes trials. In order to streamline the invitation process, the 
contact details of potentially eligible people will be sought electronically whenever possible to 
allow central mailings in the name of the local doctor. This approach has allowed large numbers 
to be recruited by CTSU into the HPS and SEARCH trials, and is more efficient and cost-
effective than mailings sent from individual centres or practices. It also allows over-selection of 
certain groups (e.g. older individuals) to ensure an appropriate balance of different types of 
participant. The third source will be directly from general practice. Diabetologists and other 
collaborators will be asked to identify 20-30 local general practices with computerized diabetes 
registers, and to seek their agreement to mailing a single batch of letters to potentially eligible 
individuals. Experience of screening notes in general practice indicates that ~3.5% of patients 
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aged 50-65 have diabetes without diagnosed arterial disease. Hence, a typical group practice of 
about 10,000 registered patients may have 100-150 potentially eligible individuals. To 
complement these 3 main methods of recruitment, hospital collaborators, general practitioners 
or practice nurses will also be able to offer a standard “invitation pack” (containing patient 
information leaflet, screening questionnaire and freepost envelope) to potentially eligible 
participants when they are seen for routine care in their clinic, or directly by mail if they have 
previously agreed to be approached for research. In addition, randomised participants will have 
the option to recommend any friend or relative they think may be eligible and interested in 
participating in the study and potential participants may volunteer themselves if they hear about 
the study from any source. 

3.3 Screening (- 2 months) 

3.3.1 Establishing eligibility 
Patients with diabetes that are identified from any source as being possibly suitable will be 
invited by letter to take part. An invitation letter will be sent enclosing an information leaflet 
(Appendix 1) and a brief one-page Screening questionnaire to determine eligibility and to seek 
consent (Appendix 2), along with a Freepost envelope. Preliminary eligibility for the pre-
randomisation Run-in phase will be based on information provided on the completed Screening 
questionnaire (i.e. diagnosis of diabetes, no history of diagnosed occlusive arterial disease, no 
contraindication to regular aspirin and signed consent to participate). 

3.3.2 Pre-randomisation Run-in treatment and optional blood and urine sampling 
Eligible patients will be sent a Run-in pack of medication (containing placebo tablets and 
placebo capsules) and asked to take one tablet and one capsule daily for 2 months. An 
information sheet about the medication will be provided and a copy of their signed agreement to 
participate will also be sent to them. About 2-4 weeks later, participants will be sent an optional 
blood and urine sampling kit, and asked to take this kit to their general practice for sample 
collection (and for measurement of blood pressure, height and weight), with this sample then 
mailed to the central laboratory in the containers provided. A supplementary information leaflet 
is to be provided and separate consent sought for this 5-10ml blood and urine collection which 
will allow baseline stratification by important biochemical prognostic variables (such as blood 
HbA1C, lipids and markers of renal function, and urinary albumin/creatinine ratio).  

During the Run-in period, the participant's general practitioner will be informed by letter of their 
patient's possible involvement in the study and asked to return a form if they consider there to 
be any reason not to randomise their patient (in which case the patient would be informed of 
their GP’s decision and withdrawn before randomisation). Patients are to be randomised only if, 
at the end of the Run-in period, they seem likely to comply with the study protocol for several 
more years. By this process, many potential drop-outs should be excluded before becoming 
part of the randomised comparison, with a consequent improvement in statistical sensitivity of 
the “intention-to-treat” analyses.52 Patients who are not eligible will be thanked for completing 
the questionnaire, but will not proceed further. 

3.4 Randomisation (0 months) 

3.4.1 Final check of eligibility and compliance before randomisation 
About 2 months after they have been sent their Run-in pack, participants will be sent a further 
more detailed Randomisation questionnaire asking about any significant problems (including 
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any cardiovascular events) and their compliance with the study treatments during the Run-in 
period. Details of their diabetes history (in particular to allow classification as type 1 or 2), 
current medication, ethnic group, and smoking history will be sought to allow baseline risk 
stratification.59 Participants will be asked to reiterate their commitment to a 7-year study and 
also, if willing, to provide details of a friend or relative living at a different address who may be 
contacted in the event of loss of contact with the participant. 

3.4.2 Random allocation of aspirin 100mg daily versus placebo, and of 1g daily 
capsules containing omega-3 fatty acids versus placebo 
Participants who indicate on the randomisation questionnaire that they remain eligible and 
willing to continue into the long-term part if the study will be randomised by the central computer 
in CTSU, using a minimisation algorithm to ensure balance by important baseline variables.60

Eligible patients will be randomised in a 2 x 2 factorial blinded design between:  
 Aspirin 100mg daily versus matching placebo  
 Omega-3 fatty acid capsules 1 daily versus placebo 

One aspirin tablet and one capsule are to be taken each day for about 7 years unless some 
clear reason to stop develops.  

They will then be mailed a pack containing a 24-week supply of their allocated study treatment, 
along with relevant information about the medication and the CTSU Freefone number for any 
trial-related queries. The patient's general practitioner will be informed by letter of their patient's 
randomisation into the trial and the results of any relevant blood tests taken during Run-in (e.g. 
lipid profile and HbA1C). 

3.5 Post-randomisation Follow-up 

 3.5.1  6-Monthly follow-up questionnaires sent by mail (with telephone 
back-up) 
Follow-up questionnaires asking about cardiovascular events, other serious adverse events 
(including bleeding episodes), compliance with study treatment and use of relevant non-study 
treatments will be sent 6-monthly with a further supply of the participant’s allocated study 
treatment. All randomised patients - irrespective of whether or not they continue to take study 
treatments - are to be encouraged to return their questionnaire with up to 2 mailed reminders 
sent routinely. Failure to return a questionnaire will result in a study administrator telephoning 
the patient in order to complete the Follow-up questionnaire. Those who do not agree to being 
contacted in this way will be followed via their GPs and central registries. 

3.5.2 Modifying study treatment 
The aspirin component of the study treatment will be discontinued if a patient starts to use 
regular non-study aspirin or warfarin or is considered to have developed some other clear 
contraindication to the study aspirin (e.g. high risk of bleeding or aspirin allergy). 
(N.B. Patients who stop the aspirin component of the study will be encouraged to continue the 
omega-3 FA component, unless this is thought to be clearly contraindicated.) 

The study treatments will also be stopped if a serious adverse experience believed with a 
reasonable probability to be due to study treatment is reported (see Section 3.6). Patients may 
also stop either study treatment at their own request, or at the request of their own doctors. But, 
any patient who stops the study medications would still be encouraged to continue returning 
their Follow-up questionnaires and, if appropriate, to continue taking either study treatment 
alone if the other is to be stopped. 
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 3.5.3 Follow-up of deaths and of non-fatal cancers through central registries 
All randomised patients will be flagged through the Office for National Statistics and other 
central registries for death, cancer and other relevant events. Consequently, unbiased cause-
specific mortality and site-specific cancer incidence data for all patients can be obtained, 
independent of whether they are still complying with study medication or responding to 
questionnaires. 

3.6  Reporting serious adverse events 

3.6.1 Immediate reporting of expected and unexpected serious adverse events believed 
with a reasonable probability to be due to study treatment 
To fulfil regulatory authority requirements, serious adverse events believed with a reasonable 
probability to be due to study treatment are to be reported immediately by telephoning the 24-
hour Freefone service, where a few brief details will be recorded. For the purposes of this study, 
the only adverse events that need to be reported in this way are those that are both: 

 (i) serious (defined as any untoward medical occurrence which results in death is life-
threatening, requires hospitalisation or the prolongation of existing hospitalisation, results 
in persistent or significant disability or incapacity, congenital abnormality, or the result of 
an overdose); and

 (ii) believed with a reasonable probability to be due to study treatment. 

All such serious drug related adverse events (whether expected or not) will be reported 
(unblinded) to the Chairman of the independent Data Monitoring Committee, and included in the 
Annual Safety Report for the Research Ethics Committee, to Bayer Healthcare AG and to 
Abbott Products Operations AG (formerly Solvay Pharmaceuticals). Any such serious drug 
related adverse events which are unexpected (SUSARs) will be reported, unblinded in an 
expedited fashion to the Medicines and Healthcare products Regulatory Agency (MHRA) and to 
the companies. Expected aspirin related serious adverse events might include those due to 
bleeding, gastro-intestinal perforation, broncho-spasm or other recognised side-effects of 
aspirin; there are no expected omega-3 fatty acid related serious adverse events.  

3.6.2 Reporting of other serious adverse events on routine follow-up questionnaires 
Any serious adverse events that are not thought to be due to study treatment, including study 
endpoints, should not be reported in this way. Such events are, however, to be routinely 
recorded on the Follow-up questionnaires (see Section 3.5) for central analysis and regular 
review by the Data Monitoring Committee (see Section 2.3). 

3.6.3 Unblinding of study treatment allocation 
Unblinding of study treatment allocation is available via the 24-hour Freefone service, where all 
such unblindings are logged. In general, unblinding of patients is only likely to be necessary if 
knowledge of treatment allocation will influence immediate patient management or for onward 
reporting of serious drug related adverse events (see Section 3.6.1). 

3.7 Central ascertainment of biochemical effects and confirmation of 
reported vascular events, cancers and death 

3.7.1 Assessing biochemical efficacy of study treatments by random sampling 
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As well as asking all participants routinely about their compliance with allocated study 
treatments, compliance will be assessed in a random sample of participants at intervals during 
the study. A randomly selected sub-set of randomised participants (5-10%) will be sent a kit for 
blood collection by their GP and mailing to the coordinating centre. Assays of serum or urine 
thromboxane levels to assess aspirin effects61 and blood markers of omega-3 FA intake,62 will 
be measured to estimate compliance with study treatments. At least once during follow-up 
assessments will be made in a random sample of participants of the effects of study treatments 
on blood HbA1c, lipids and markers of renal function, and on urinary albumin/creatinine ratio. 

3.7.2 Confirmation of patient reported cardiovascular and other significant serious 
adverse events using mail-based systems 
The coordinating centre will seek confirmation and additional information (including, if 
necessary, any relevant hospital discharge records) from the participant’s GPs about each 
suspected myocardial infarction, stroke, coronary or non-coronary angioplasty, arterial surgery, 
cancer, or other relevant hospitalisation or serious adverse event recorded on Follow-up 
questionnaires or reported by participants during telephone calls or other contact. Similarly, 
further information will be sought from participant’s GPs and other relevant sources about all 
cancers and deaths identified from national registries. All such information will then be 
reviewed, blind to treatment allocation, by coordinating centre clinical staff and coded in 
accordance with pre-specified criteria. The diagnosis of myocardial infarction (MI) requires 
information about either: (i) the presence of two or more of: (a) typical ischaemic chest pain, 
pulmonary oedema, syncope or shock; (b) development of pathological Q-waves and/or 
appearance or disappearance of localised ST-elevation followed by T-wave inversion in two or 
more of twelve standard electrocardiograph leads; and (c) increase in concentration of 
biochemical markers consistent with MI (e.g. CK >2xULN, or elevated troponins); or (ii) 
necropsy findings of MI of an age corresponding to time of onset of symptoms. (Silent 
myocardial infarctions are not to be included.) Stroke is defined as rapid (or uncertain) onset of 
focal or global neurological deficit lasting >24 hours or leading to death and transient ischaemic 
attack is defined by the same symptoms lasting <24 hours. Information (e.g. CT/MRI scan 
results) will be sought to ascertain the likely aetiology of the stroke (i.e. haemorrhagic or not). 
These procedures for reviewing reports from patients and other sources of possible study 
outcomes was developed by CTSU for the MRC/BHF Heart Protection Study, and allowed over 
98% of such reports to be successfully confirmed or refuted. 
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Appendix 1: Information leaflet for potentially eligible patients 

 ASCEND: Invitation to join a large medical research project 
A randomised study of aspirin and of natural oils for the primary prevention of cardiovascular 

events in diabetes 

You are being invited to take part in a research study. Before you decide whether to participate, it is 
important for you to understand why the research is being done and what is involved. Please take 
time to read the following information carefully and discuss it with friends or relatives if you wish. You 
are entirely free to decide whether or not to take part in this trial. If you choose not to take part, the 
standard of care you are given by your own doctors will not be affected. If there is anything that is not 
clear, or if you would like more information, please telephone the ASCEND Freefone number (0800 
585323) and speak to a study nurse or doctor. The study is to be conducted mainly by mail, so no 
extra clinic visits will be required. 

 Aspirin, heart disease and strokes 
Patients with diabetes may be at increased risk of developing heart disease or suffering a stroke. 
Aspirin prevents heart attacks and strokes in people who have existing problems with their heart or 
blood circulation. But it is not known whether aspirin would be helpful in people with diabetes who 
have not yet been diagnosed with heart or circulatory problems. Serious (but uncommon) 
complications from the regular use of aspirin are bleeding in the stomach or intestinal tract. Typically 
this might happen in only about 1 per 1000 people taking aspirin regularly each year. Extremely 
rarely, aspirin may cause bleeding in the brain (about 1-2 per 10,000 people taking aspirin each 
year). Previous studies in people with known circulatory problems have shown that about 10 times as 
many people given aspirin have avoided a heart attack or stroke as have experienced a serious 
complication. However, in people with diabetes and no circulatory problems, it is not known whether 
the benefits of aspirin will outweigh the possible risks. 

Omega-3 fatty acids and diabetes 
Naturally occurring oils that are rich in omega-3 fatty acids (such as fish oils) may reduce the 
chances of a recurrent heart attack among people who have survived at least one heart attack. 
These oils have not been widely tested in people with diabetes, but there are reasons to hope that 
they may be helpful (although this is unproven). Taking regular supplements of such oils may have 
little or no beneficial effect among people living in a country (such as Britain) where most people eat 
a balanced diet. It is also possible that the long term use of these oils could, on balance, be slightly 
harmful – but this too is unknown.

What the study hopes to answer 
The main purpose of the ASCEND study, is to find out whether long-term treatment with aspirin in 
people with diabetes who are not already known to have heart or circulatory problems, produces 
benefits by preventing heart attacks and strokes which outweigh the possible risks of bleeding. 
ASCEND will also help establish whether oils rich in omega-3 fatty acids are of any importance in 
reducing the chances of having a heart attack in people with diabetes who have not yet got 
circulatory problems. 

Why have I been chosen? 
ASCEND will involve at least ten thousand men and women from around Britain, who like you, are 
being invited to take part because they have diabetes. This invitation has come from either your own 
GP or a local Specialist because they think you might be suitable for the study. Alternatively you may 



CTSU, University of Oxford                                                                   Protocol 

[V9.0_140111] 

250

have been recommended by a friend or relative who is already taking part in the study or volunteered 
yourself having read about the study. It is up to you to decide whether or not to take part in this study. 
If you do decide to take part, you would, of course, be free to withdraw from the study treatment at 
any time without necessarily giving any reason (and without adversely affecting the medical care you 
can expect from your own doctors). In particular, at the end of the first 2 months, when you finish your 
first box of treatment, you will have the chance to withdraw if you have any second thoughts or 
problems with study treatment. 

What taking part in ASCEND involves
Everyone taking part will have agreed to do so voluntarily, knowing that it may involve them in taking 
study treatment for at least 7 years. The daily study treatments (which would be sent to you by mail) 
will be a single white tablet and a single brown capsule taken from a blister pack. The white tablets 
will contain either active aspirin (100mg) or a similar looking inactive substance called a “placebo”. 
Whether or not a participant receives active or placebo tablets will be determined randomly (like 
tossing a coin). Each participant will have a 50% chance of receiving active aspirin and a 50% 
chance of receiving placebo (“dummy”) tablets. The brown capsules will each contain 1 gram of a 
naturally occurring oil, either mainly omega-3 fatty acids or mainly olive oil. Each participant will have 
a 50% chance of receiving the omega-3 containing capsules and a 50% chance of receiving olive oil 
capsules. The type of study treatment being taken will not generally be known by you or your doctor. 
This information will be known only by certain staff at the coordinating centre in Oxford, but it would 
be made available to your doctor if this were ever medically necessary. This design helps ensure that 
reliable information will be obtained about the effects of these potentially important treatments. 

 What you have to do to join the study 
If you might like to participate in this study you should complete the brief Screening Questionnaire on 
the inside of the letter, sign the Agreement to Participate and return them both in the enclosed 
Freepost envelope. We will use your answers on the questionnaire to check that you are suitable for 
the study. If you are suitable, then we will send a box of conveniently packaged study treatments, and 
ask you to start taking one tablet and one capsule each day by mouth for the next 2 months. We shall 
also inform your general practitioner of your involvement in the study and check that they are happy 
for you to continue in the study. 

Within a few weeks of receiving this first pack of study treatment, you will also be sent an optional
blood and urine sampling kit. If it is convenient for you to do so, you would be asked to attend your 
local surgery to have a small blood sample taken (about 2 teaspoons full) and to provide a urine 
specimen. Measurements of your height, weight and blood pressure would also be recorded at the 
surgery and this information, along with the sample, would then be mailed to the ASCEND 
coordinating centre.  

Long-term commitment to the study 
Towards the end of the 2 months you will be sent a second study questionnaire. This will allow you to 
indicate whether or not you would be willing to continue taking the study treatments long-term. 
Participation in the study does require a commitment to take the study treatments regularly for at 
least 7 years and to complete questionnaires regularly. If you do not think that you would be 
willing or able to do this then it would be better not to join in the first place.

If you decide to continue you would then be sent further supplies of the study treatments and asked 
to take one tablet (which would be active or dummy aspirin) and one capsule (containing one or other 
naturally-occurring oil) every day for the next several years. Further questionnaires would be sent out 
at 6-monthly intervals. We would ask you to tell us about your current medication and any changes to 
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your health since your last questionnaire. Additional supplies of study treatment would be sent to you 
6-monthly if you were willing to continue taking it. If you do stop during the first 2 months then no 
further enquiries will be made of you. But, if you decide to continue, we would like to remain in 
contact with you for the next several years – even if you stop taking the study treatment during this 
period. Throughout the study, your own doctors would remain fully responsible for all your 
other medical care as usual. However, if you develop any unexpected symptoms which you believe 
may be due to study treatment you should contact a study doctor on the 24-hour Freefone service: 
0800 585323. 

What are the side-effects and risks of taking part?
A low dose of aspirin is being used in this study in order to minimise any stomach upset or other 
gastrointestinal problems. Some minor bleeding (e.g. after having blood taken) and bruising may be 
experienced by some people, but serious bleeding is likely to be rare. We shall monitor whether 
aspirin causes an unacceptable level of bleeding during the study. Bleeding risks with aspirin may be 
somewhat greater among those who are taking warfarin (Marevan) or other blood thinning drugs (e.g. 
Acenocoumarol (Nicoumalone, Sinthrome) or Phenindione).  So, if you are taking any of these blood 
thinning drugs you would not be suitable to join the study, and if you are prescribed them later we 
recommend stopping the study aspirin/placebo tablets. People who join the study would be asked to 
avoid taking aspirin-containing painkillers, and to take an alternative, (such as paracetamol), 
whenever pain relief is necessary. All other prescribed treatments can be taken as usual. There are 
no other lifestyle or dietary restrictions required.  The doses of the naturally occurring oils being 
tested in ASCEND are not known to cause any particular problems, although some people may 
experience gastro-intestinal (“tummy”) disturbances. If you did experience any symptoms that you 
thought were related to either of the study treatments, medical advice is available at all times through 
the 24-hour Freefone service: 0800 585323. 

What are the possible benefits of taking part? 
We hope that both the study treatments may help you. However, this cannot be guaranteed. The 
information we get from this study may help us to treat future patients with diabetes better and may 
help to prevent many thousands of heart attacks and strokes. 

What if new information becomes available? 
Sometimes during the course of a research project, relevant new information becomes available 
about the treatment that is being studied. If this happens we will tell you and your general practitioner 
about it and you can discuss whether you want to continue in the study. A study doctor is available 
through the 24-hour Freefone service if either you or your GP need to discuss any new information.  

What happens at the end of the study? 
When the research study finishes, we will inform you and your GP of the study results. You will then 
be able to decide whether or not you should take aspirin and/or omega-3 fatty acids. After the study 
finishes we will no longer continue to provide study medication for you. But, if the study results 
suggest possible benefit, you could discuss with your GP whether you should take either of these 
treatments routinely. We will also publish the study results in a professional medical journal as soon 
as possible after the study finishes. You would not be identified individually in any published report. 

What if something goes wrong? 
In the unlikely event of you being harmed as a result of taking part in the ASCEND study, the 
University of Oxford provides insurance cover and you would retain the same rights of care as any 
other patient treated in the National Health Service. 

Will my taking part in this study be kept confidential? 
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The coordinating centre would seek information from participants’ own doctors and from NHS and 
other central registries about any serious illnesses (such as heart attacks, strokes, cancers etc) that 
occur. All such information would be used, in confidence, only for medical research purposes and for 
routine regulatory and audit purposes. 

Study organisation 
The ASCEND study has been designed, and is coordinated, by Oxford University’s Clinical Trial 
Service Unit. It involves the collaboration of many doctors and nurses around the country. The study 
design has been reviewed and agreed by independent Research Ethics Committees, which include 
people from outside the medical profession. The British Heart Foundation has provided a grant to 
conduct this research study, and packaged study treatment has been provided free by Bayer (makers 
of the aspirin/placebo) and Abbott (who are providing the natural oils).  An independent Data 
Monitoring Committee will review various outcomes among participants during the study, and will 
inform the organisers if any important new information has emerged that needs to be provided to 
participants and their doctors.  Any questions about the study should be directed to the coordinating 
centre in Oxford either by telephone (24-hour Freefone service: 0800 585323) or by mail to: ASCEND 
Study, CTSU, Richard Doll Building, University of Oxford, Old Road Campus, Oxford, OX3 7LF.  
Alternatively you can e-mail us on ascend@ctsu.ox.ac.uk. 


 ASCEND: Summary of invitation to join a large medical research project 

 Having diabetes may increase the risk of heart attacks and strokes 

Aspirin and omega-3 fatty acids benefit people who have survived a heart attack  

 It is not clear whether people with diabetes who have not shown signs of circulatory 
problems should take aspirin or omega-3 supplements regularly 

 Most people with diabetes and no circulatory problems do not take aspirin or 
omega-3 supplements regularly 

 Low-dose aspirin is generally very safe, but does increase the risk of bleeding 

 Omega-3 fatty acids at the doses being taken in ASCEND are also considered safe 

 The purpose of ASCEND is to find out whether aspirin and/or omega-3 fatty acid 
supplementation prevents heart attacks and strokes in people with diabetes who 
have not shown signs of circulatory problems 

 If these treatments are shown to be safe and effective for people with diabetes, then 
their widespread use could lead to the prevention of many thousands of heart 
attacks and strokes and the saving of many lives 

 With your help we can answer these questions reliably with the ASCEND study
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If you have any questions about the study then please feel free to contact the 
coordinating centre on Freefone: 0800 585323 

If you think you might be interested in joining this research study please 
complete and return the attached questionnaire and agreement to participate. 

A copy of your signed agreement to participate will be returned to you when 
your first pack of study treatment is sent out. 

Please keep this information sheet for your own records. 

THANK YOU FOR YOUR HELP
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Appendix 2: Consent form 
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Cost-effective recruitment methods for a
large randomised trial in people with
diabetes: A Study of Cardiovascular Events
iN Diabetes (ASCEND)
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Abstract

Background: Clinical trials require cost-effective methods for identifying, randomising, and following large
numbers of people in order to generate reliable evidence. ASCEND (A Study of Cardiovascular Events iN Diabetes)
is a randomised ‘2 × 2 factorial design’ study of aspirin and omega-3 fatty acid supplements for the primary
prevention of cardiovascular events in people with diabetes; this study used central disease registers and a mail-
based approach to identify, randomise, and follow 15,000 people. In collaboration with UK consultants and general
practitioners (GPs), researchers identified potentially eligible people with diabetes from centrally held registers
(e.g. for retinopathy screening) and GP-held disease registers. Permission was obtained under section 251 of the
National Health Service Act 2006 (previously section 60 of the NHS act 2001) to allow invitation letters to be
generated centrally in the name of the holder of the register. In addition, with the collaboration of the National
Institutes for Health Research (NIHR) Diabetes and Primary Care Research Networks (DRN and PCRN), general
practices sent pre-assembled invitation packs to people with a diagnosis of diabetes. Invitation packs included a cover
letter, screening questionnaire (with consent form), information leaflet, and a Freepost envelope. Eligible patients
entered a 2-month, pre-randomisation, run-in phase on placebo tablets and were only randomised if they completed a
randomisation form and remained willing and eligible at the end of the run-in. Follow-up is ongoing, using mail-based
approaches that are being supplemented by central registry data.

Results: Information on approximately 600,000 people listed on 58 centrally held diabetes registers was obtained, and
300,188 potentially eligible patients were invited to join the study. In addition, 785 GP practices mailed invitations to
120,875 patients. A further 2,340 potential study participants were identified via other routes. In total, 423,403 people
with diabetes were invited to take part; 26,462 entered the 2-month, pre-randomisation, run-in phase; and 15,480 were
randomised.

Conclusion: If sufficient numbers of potentially eligible patients can be identified centrally and the trial treatments do
not require participants to attend clinics, the recruitment and follow-up of patients by mail is feasible and cost-effective.
Wider use of these methods could allow more, large, randomised trials to be undertaken successfully and cost-effectively.
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Trial registration: Current Controlled Trials, ISRCTN60635500, registered on 14 July 2005

Keywords: Aspirin, Omega-3 fatty acids, Diabetes, Cardiovascular disease, Randomised controlled trial, Recruitment
methodology

Background
Randomised controlled trials are the cornerstone for reli-
ably evaluating the safety and efficacy of therapeutic strat-
egies [1]. For chronic conditions, where many treatments
are expected to have only moderate effects, trials need to
be large in size and long in duration to achieve sufficient
statistical power and ensure a robust result. The regula-
tions surrounding clinical trials are becoming increasingly
burdensome [2, 3], and as a result, the cost and complex-
ity of a standard approach to evaluating therapies is pro-
hibitive (typically at least £3–400 M for large clinical
outcome trials), and the model is unsustainable [4]. The
development of potentially effective drugs is often stopped
prematurely on financial, rather than scientific grounds,
and it has become more difficult to do academic trials of
important scientific questions; this difficulty has resulted
in the distortion of the scientific agenda.
Clinical trials are typically undertaken in a clinic-based

setting either in primary or secondary care, and the re-
cruitment of large numbers of participants may require
many sites, resulting in organisational complexity and
very substantial costs [4]. However, for interventions
that require no ongoing physical or laboratory safety
monitoring, conducting the trial by mail offers a cost-
effective alternative. Several large, successful, rando-
mised trials have been conducted using both a mailed
drug supply and follow-up [5–8]. Experience from these
studies shows that, with appropriate attention to the
wording of the information leaflets, consent forms and
questionnaires, good response rates and compliance can be
achieved, and reliable information about medical events,
gathered. However, previous trials had been conducted
among healthcare professionals (i.e. doctors or nurses), and
it was not known if such mail-based approaches to clinical
trials would be feasible and acceptable in people without
such a background.
ASCEND (A Study of Cardiovascular Events iN Dia-

betes) is a 2 × 2 factorial design randomised study to as-
sess whether aspirin 100 mg daily versus placebo and
separately, omega-3 fatty acids 1 g daily versus placebo,
reduce the risk of cardiovascular events in individuals
with diabetes who do not already have diagnosed occlu-
sive arterial disease, and whether any such benefits out-
weigh any hazards from bleeding. To minimise costs
sufficiently to allow ASCEND to be funded by non-
commercial sources, the study was designed to be run
mainly by mail with back-up from a 24-hour Freefone

service. The rationale and design are available on the
study website (http://www.ctsu.ox.ac.uk/ascend/further_-
pro.htm). This report describes the highly cost-effective
mail-based-recruitment methods, which allowed the ran-
domisation of 15,480 people with diabetes from around
the UK into ASCEND, making it one of the largest ever
trials in this patient group.

Methods
Trial coordination and approvals
The University of Oxford’s Clinical Trial Service Unit &
Epidemiological Studies Unit (CTSU) is coordinating the
study and has overall responsibility for the administration
and management of the study under the guidance of a
Trial Steering Committee. The University of Oxford is the
regulatory sponsor of the trial. After the study had secured
initial funding from the British Heart Foundation and a
commitment to provide packaged aspirin and matching
placebo tablets from Bayer Pharmaceuticals and omega-3
fatty acid capsules and matching placebo capsules from
Solvay Pharmaceuticals (subsequently Abbott and now
Mylan), Multi-centre Research Ethics Committee (MREC)
approval was obtained in 2003 (North West REC, ref 03/
8/087) for the study protocol and, in particular, to use cen-
trally held diabetes registers to identify potential partici-
pants. Since local doctors were not directly involved in
recruitment, the MREC approval indicated that local
ethics committees need only be informed of the study,
and site-specific approval was not required. Regulatory ap-
proval was obtained from the Medicines and Healthcare
Products Regulatory Agency (MHRA), and permission to
obtain identifiable details of people with diabetes without
their explicit consent (in order to invite them to partici-
pate in the trial) was obtained from the Patient Informa-
tion Advisory Group (PIAG), constituted under Section
60 of the NHS Act 2001 (subsequently the National Infor-
mation Governance Board under section 251 of the
National Health Service Act 2006, and more recently the
Confidentiality Advisory Group). The coordinating centre
ensured that the necessary Research Governance approvals
were also in place for the invitations to be sent from gen-
eral practices.

Identification of participants
People with diabetes were identified from two main
sources: (1) centrally held diabetes registers and (2) gen-
eral practice diabetes registers. Once potentially eligible
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individuals had responded to their invitation, subsequent
processes were identical for each route of identification
(Fig. 1).

Centrally held registers
Consultant diabetologist physicians and other relevant doc-
tors from around the UK were invited to collaborate with
the investigators in Oxford in order to allow invitation of
potentially suitable individuals with diabetes from their lo-
cally held diabetes registers (such as those held for retinop-
athy screening). To streamline the invitation process, and
in accordance with the PIAG approval, the individuals’
contact details, date of birth, and GP details were sought
electronically, and lists were sent to the coordinating

centre. Prior to contacting anyone, lists of potential invitees
were sent to the relevant GP asking that they inform the
coordinating centre if they did not wish their patients (ei-
ther specific individuals or all potentially eligible patients)
to be contacted about the study. No response from the GP
after a reminder letter was taken as agreement to contact
the patients. Immediately prior to the invitation being sent,
the vital status of the person was checked with the Office
for National Statistics (subsequently Health and Social
Care Information Centre), to help avoid inadvertent invita-
tion of people who had died (although delays in the avail-
ability of up-to-date information could not prevent this
entirely). Large-scale, automated, mailing systems were
used to generate individualised invitation letters, which

Fig. 1 Main routes of identification and invitation of potential study participants. * At the time of recruitment for ASCEND, PIAG/NIGB approval was a
separate application process. More recently it has become integrated with the central IRAS system.** ASCEND sought local R&D from every primary care
trust (PCT) in England, health board in Scotland and local health board in Wales [13]. NRES: National Research Ethics Service (now part of the Health
Research Authority); PIAG: Patient Information Advisory Group; NIGB: National Information Governance Board; ONS: Office for National Statistics; HSCIC:
Health and Social Care Information Centre
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were sent with the computer-generated signature of the
designated holder of the diabetes register. The invitation
pack included the signed cover letter, a screening question-
naire (including the consent form), the study patient infor-
mation leaflet and a Freepost return envelope addressed to
the coordinating centre (see Additional files 1 and 2). A
24-hour Freefone telephone service was available for trial-
related enquiries from both potential participants and
medical staff.

General practice registers
Consultants and other collaborators were also asked to
identify 20–30 local GPs with computerised disease reg-
isters and to seek their agreement to mail invitations to
potentially eligible individuals. In addition, the National
Institutes for Health Research (NIHR) Diabetes Research
Network (DRN) and the NIHR Primary Care Research
Network (PCRN) identified other interested general
practices and provided support for practice staff in the
recruitment process. Staff in collaborating practices per-
formed an electronic search on their practice database
for potentially eligible patients. Having reviewed the list
generated by this search to remove anyone considered
unsuitable for the trial, they informed the coordinating
centre of the number of invitation packs required, and
these were sent to the practice. At the practice, an ap-
proved invitation letter was mail-merged with the pa-
tient’s name and address onto practice headed paper,
and these invitation letters were added to the invitation
packs provided by the coordinating centre and mailed. For
practices identified via the DRN and PCRN, local network
support funding was available to help with these adminis-
trative tasks.

Other identification routes
Other potentially eligible patients with diabetes were
identified from among participants in the Medical
Research Council/British Heart Foundation (MRC/
BHF) Heart Protection Study (HPS) [9], and they were
sent similar invitation packs, with the cover letter
adapted accordingly. In addition hospital-based collab-
orators were sent pre-assembled invitation packs that
they could hand to potentially eligible patients seen in
their outpatient clinics, and randomised participants
had the option of recommending a friend or relative
they thought might be eligible and interested in partici-
pating in the study. With their friend’s or relative’s per-
mission, their contact details were sent to the
coordinating centre, and an invitation pack was mailed
directly to the individual. The study website also facili-
tated the registration of potential volunteer partici-
pants. Diabetes UK, the UK patient, healthcare
professional, and research charity, published a brief

article about the study in their patient magazine
‘Balance’, which resulted in a number of ‘self-referrals’.

Method of recruitment
People were potentially eligible if aged over 40 years,
had type 1 or 2 diabetes, and were not thought to have
occlusive vascular disease. Preliminary eligibility was
based on information provided on the completed screen-
ing questionnaire (i.e. confirmation of diabetes diagnosis,
no reported history of diagnosed occlusive arterial dis-
ease, no contraindication to regular aspirin, and signed
consent to participate – see Additional file 1). Com-
pleted screening questionnaires were returned (Freepost)
to the coordinating centre where they were logged and
then scanned using optical character recognition soft-
ware to facilitate the efficient transfer of information
into the study databases. Bespoke computer programs
were used to validate the data, with study administra-
tors, nurses, or clinicians performing additional checks
where needed or contacting participants for clarification
of responses if necessary.

Consent and pre-randomisation run-in
The screening questionnaire included specific questions
related to consent (Additional file 1), which the partici-
pants had to sign to confirm that they had understood,
and that if they had any questions, these had been ad-
dressed by study staff. The 24-hour Freefone service was
available if they had any questions about the trial or
wished to speak to a doctor about their involvement.
During the day, this was manned by the study team, and
outside working hours, a clinician was available via a
radio pager. Based on the screening questionnaire re-
sponses, willing and eligible patients, all of whom had
provided signed informed consent, entered a 2-month,
placebo, run-in phase (single-blind) and were mailed a
pre-randomisation ‘run-in’ pack of medication, which
contained 8-weeks of placebo aspirin and placebo
omega-3 fatty acids (Fig. 2). An information sheet about
the medication was provided (including a list of contra-
indicated medications – see Additional file 3), along with
a copy of the scanned image of their signed agreement
to participate.
The purpose of the run-in was to check that patients

would take the study medication and return the question-
naires regularly, thereby aiming to increase the chance
that, if randomised, they would remain compliant and
complete follow-up [10]. The run-in also provided the
time and opportunity for the coordinating centre to in-
form the GP of their patient’s provisional agreement to
enter the study, with an option for the GP to advise
against it if they wished, and for the coordinating centre
to send a blood and urine kit (see below) to the participant
to obtain baseline biological samples.
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During the run-in phase, a blood and urine sampling kit
was sent with a supplementary information leaflet and
consent form (Fig. 3 and Additional file 4). Participants
were asked to take this kit to their general practice for
sample collection and the samples were then mailed to the
central laboratory in the containers provided. With the

exception of those practices in which phlebotomy services
were very limited, this approach was widely accepted, and
most practices agreed to provide this service without
requesting additional payment. The practice nurse was also
asked to record the patient’s blood pressure and height and
weight on the form provided. This allowed minimised

Fig. 2 Packaged study drugs for mail-based trial

Fig. 3 Blood and urine sampling kit for mail-based trial
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randomisation by relevant biochemical prognostic variables
(e.g. lipids, HbA1c) as well as the collection of samples for
long-term storage and future analyses (including DNA).
Approximately 2 months after entering the run-in, the

participants were sent a randomisation questionnaire to
confirm their eligibility, collect more detail about their
diabetes and current medications, and check their com-
pliance with the study treatments during the run-in
period (Additional file 5). Participants were randomised
if they completed and returned a randomisation form
and remained willing and eligible to participate.

Results
A total of 423,403 potentially eligible individuals were
invited via the different routes, of which, 29 % (121,254
people) returned the screening questionnaires to the co-
ordinating centre (Table 1). Approximately one-third of
those returning the questionnaire agreed to join the trial.
After review of the questionnaire data, 26,462 partici-
pants (6 % of those originally invited) were willing and
eligible to join ASCEND and entered the 2-month run-
in period.
Randomisation questionnaires were sent to 22,579 pa-

tients. Of these, 15,480 people returned a completed ques-
tionnaire, remained willing and eligible to participate, and
were randomised into ASCEND using a computer-based
minimisation algorithm. Approximately 40 % of all patients
who entered the run-in dropped out before randomisation,
and half of these (approximately 5500 participants) had no
clinical reason to stop the trial but simply declined to con-
tinue. Overall, 4 % of those invited were randomised: 3 %
from centrally held registers (9013 patients) and 5 % from
GP registers (6037 patients).
The recruitment process took longer than expected

(Fig. 4) but accelerated after mid-2009 due to both the in-
creased availability of the large central registry data (re-
gional retinopathy registers) and to the support from the
DRN and PCRN. More than 700 general practices helped
with recruitment for the study, from which approximately
6000 of the randomised patients were identified. The ma-
jority of practices were identified with the help of the net-
works, whose support of ASCEND resulted in more than
5000 participants being recruited into the study (Table 2).

If a completed screening questionnaire was not received
within approximately 2 weeks of the initial invitation from
a centrally held register, a reminder questionnaire was
sent. Approximately one-fifth (38,785 of 203,083) of those
who received a reminder returned either the original or
the reminder screening questionnaire. Similarly, a re-
minder was sent if a randomisation questionnaire was not
returned within 2 weeks. Approximately two-thirds (3110
of 5101) of those to whom randomisation questionnaire
reminders were sent, replied, and this led to 2183 patients
being randomised. Overall, nearly half (4111 of 9013) of
all randomised patients recruited via the centrally held
register route were sent a reminder for at least one of the
questionnaires.
The availability of information (e.g. sex, date of birth,

and post code) from the centrally held registers allows
the response rate to the invitation to be compared
among the different types of people (Table 3). Younger
invitees were more likely to express an interest in par-
ticipating in the study, even if they were not eligible
based on their returned screening form (14 % of those <
50 years old vs 7 % of those ≥ 70 years old, trend p value
< 0.0001). However, amongst people who were eligible
for the trial and entered the run-in phase, the percent
randomised did not vary substantially according to age.
There was also a slightly better initial response from
men than women (11 % vs 8 %, chi-square p < 0.0001),
but when those who were ineligible at screening are taken
into account, the proportion randomised of those entering
run-in was similar by sex (56.2 % men vs 55.5 % women,
chi-square p = 0.4) (Table 3).
A particular advantage of the mail-based trial method-

ology used in ASCEND is that with no requirement to at-
tend study clinics, participation is not limited by
geographical proximity to a study centre. Figure 5 shows
the location of the home addresses of the randomised par-
ticipants in ASCEND, with recruitment covering both
rural and urban areas across the UK. The response to invi-
tation was slightly greater from those living in rural areas
compared with those in cities (10.9 % vs 9.7 %, p < 0.0001,
Table 3). This is likely to be in part due to differences in
the Townsend index (a measure of material deprivation
based on the subject’s home post code), in which a

Table 1 Recruitment by route of identification

Central registers General practitioner (GP) registers Othersa Total (% of those invited)

Invited 300,188 120,875b 2340 423,403

Returned valid screening form 100,563 19,478 1213 121,254 (29 %)

Entered run-in 16,091 9739 632 26,462 (6 %)

Sent randomisation form 13,481 8541 557 22,579 (5 %)

Randomised (% of those invited) 9013 (3 %) 6037 (5 %) 430 (18 %) 15,480 (4 %)
aMRC/BHF Heart Protection Study/self-referral/Friends & Family referral/consultant clinic invitations
bBased on number of screening forms sent by coordinating centre to GP practices to be mailed to participants
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substantial variation is observed from 12 % among those
in the least deprived areas to 8 % from the most deprived
areas (trend p value < 0.0001, Table 3). However, a highly
significant rural vs urban effect still persists after allowing
for Townsend index (p < 0.0001).
The number of days between mailing a study invitation

and receipt of the response could be recorded for screen-
ing questionnaires sent by the coordinating centre and for
all randomisation questionnaires. The mean (SD) time
from original invitation to response was 24 (27) days and
14 (15) days for the screening and randomisation

questionnaires, respectively. To keep study costs down,
second class postage was used for all routine mailings, so
the minimum achievable response time was, therefore,
4 days. Ninety-five percent of responses to the screening
and randomisation questionnaires were received within
approximately 2 months and 1 month, respectively.
A 24-hour Freefone telephone service for queries from

participants or their doctors was available to support the
recruitment process. Over the 6-year recruitment phase,
8800 telephone calls were logged to this service: 3500
were incoming calls with enquiries from participants or

Fig. 4 Cumulative recruitment of study participants by year

Table 2 Number of GP practices identified and participant recruitment via the Primary Care Research Network (PCRN), Diabetes
Research Network (DRN) and other routes

Number of practices recruited Number of patients invited Number of patients
entered run-in

Number of patients randomised
(% of those invited)

PCRN 512 79,471 6733 4207 (5 %)

DRN 156 24,420 1772 1065 (4 %)

Other 117 16,984 1234 765 (5 %)

Total 785 120,875 9739 6037 (5 %)
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their carers/relatives or doctors, and 5300 were outgoing
calls made by study staff, typically to clarify information
that had been written on the screening and randomisa-
tion questionnaires. Approximately half of all telephone
calls (both outgoing and incoming) related to partici-
pants who were not subsequently randomised.
Blood and urine kits were sent to 22,858 patients who

entered the pre-randomisation phase and who had not
informed the coordinating centre that they wished to
withdraw before the kits were due to be sent. Samples
(either blood or urine or both) were received by the
laboratory from 13,270 individuals, among whom 11,685
were subsequently randomised. The average delay be-
tween sample collection and receipt at the coordinating
centre laboratory (sent by first class post to limit sample
delays) was 2 days.

Discussion
ASCEND is one of the largest ever randomised trials
among people with diabetes. It achieved its recruitment
target of 15,000 participants by means of central and local
diabetes registers to identify patients who might be suitable

and by using highly cost-effective mail-based systems to
send screening and randomisation questionnaires, provide
study drugs, and collect biological samples. The trial is
funded by a grant to the University of Oxford from the
British Heart Foundation (£3.7 million), which covers the
costs of running the study over a 15-year period (to include
planning, recruitment, follow-up, and study close-out and
reporting activities). Within this budget, the costs of print-
ing and postage for the mail-based recruitment process
were less than £0.5 million, which is substantially less than
the clinic staff costs that would be required for a standard
clinic-based approach at this large scale. Study drug and
additional funding for drug packaging (£3.6 million) was
provided by Bayer and Solvay Pharmaceuticals (subse-
quently Abbott, and now Mylan). In addition, the 668 prac-
tices identified via the DRN and PCRN were eligible for
local network support funding (typically around £500 per
practice) to help with recruitment activities. Overall, the
total costs of this major trial are therefore an order of mag-
nitude lower than those of a typical commercial clinic-
based study (generally at least £3–400 M for large clinical
outcome trials [4]).

Table 3 Response to invitation; entering pre-randomisation run-in phase; and randomised by age, sex, and Townsend Index (central
register route only)

No. invited Responded and willing to participatea

(% of invited)
Entered run-in
(% of invited)

Randomised
(% of invited)

Percent of those entering run-in
who are subsequently randomised

Age (years)b

<50 12,753 1,729 (14 %) 1,262 (10 %) 694 (5 %) 55 %

≥50, < 60 59,635 7,580 (13 %) 4,914 (8 %) 2,801 (5 %) 57 %

≥60, < 70 93,526 11,040 (12 %) 6,103 (7 %) 3,543 (4 %) 58 %

≥70 134,274 9,508 (7 %) 3,812 (3 %) 1,975 (1 %) 52 %

Sex

F 130,889 10,642 (8 %) 5,931 (5 %) 3,297 (3 %) 56 %

M 169,299 19,215 (11 %) 10,160 (6 %) 5,716 (3 %) 56 %

Townsend Indexc

< -3 64,054 7,635 (12 %) 4,649 (7 %) 2,781 (4 %) 60 %

≥ -3 < 0 100,057 10,544 (11 %) 6,022 (6 %) 3,467 (3 %) 58 %

≥0 < 2 47,597 4,207 (9 %) 2,179 (5 %) 1,201 (3 %) 55 %

≥2 < 4 41,932 3,576 (9 %) 1,697 (4 %) 838 (2 %) 49 %

≥4 < 6 30,637 2,466 (8 %) 1,009 (3 %) 496 (2 %) 49 %

≥6 15,354 1,287 (8 %) 458 (3 %) 195 (1 %) 43 %

Urban/rural locationd

Urban 244,718 23,729 (10 %) 12,590 (5 %) 6,960 (3 %) 55 %

Rural 54,116 5,923 (11 %) 3,397 (6 %) 2,004 (4 %) 59 %

Unknown 1,354 205 (15 %) 104 (8 %) 49 (4 %) 47 %

Total

300,188 29,857(10 %) 16,091 (5 %) 9,013 (3 %) 56 %
aIncludes willing but ineligible responses. Eligibility likely to vary in subgroups due to differing incidence of prior vascular disease
bBased on age on the date screening invitation generated
cBased on postcode at screening (lower values indicate least deprived). Score unknown for 557 of those invited
dBased on postcode at screening (using ONS 2011 Rural-Urban Classification for Small Area Geographies)
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Detailed baseline characterisation of the randomised par-
ticipants has been possible from the information collected
on the mailed screening and randomisation questionnaires
and from mailed blood and urine samples. ASCEND illus-
trates that if large enough numbers of potentially eligible
patients can be identified, and automated methods can be
adopted, it is possible to recruit a large study population
successfully by mail.
Access to centrally held registers of potentially eligible

patients was crucial to the success of recruitment into
ASCEND. Although this required the transfer of patient-
identifiable information from the register holder to the
coordinating centre without the patient’s prior consent,
existing legislation allows this to be done within a strict
legal framework. Without access to these registries, more
than 2000 GP practices would need to have been identified

and, even if this had been possible, such an approach would
have increased the costs and time to recruit significantly.
Previous patient volunteer focus group work conducted by
CTSU for other studies has confirmed that most patients
find this approach acceptable, as long as robust information
governance standards are adhered to.
In ASCEND, a small number of complaints were re-

ceived about the transfer of data without consent. In
the majority of cases, the complainant was unaware of
the relevant legislation, and a simple verbal explanation
of the process was sufficient to clarify any concerns,
with many such individuals subsequently agreeing to
join the trial. The complainant remained dissatisfied in
only 28 cases (0.01 % of 300,188 people invited from
centrally held registers) and requested removal of per-
sonal data from the study database. The coordinating

Fig. 5 Location of randomised participants in the UK (postcode of home address)
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centre had a standard operating procedure for such re-
quests, which were acted on promptly. Whereas previ-
ous mail-based trials had successfully recruited from
populations of healthcare professionals [5–8], ASCEND
has demonstrated the acceptability of this approach in
a general diabetic population.
Overall, less than one-third of those invited replied to

the invitation to take part, and the majority of those who
did reply declined to join the study. Other groups have
reviewed possible methods to improve the response to
postal and electronic questionnaires in order to identify
effective strategies to improve recruitment to trials and
epidemiological studies. A Cochrane review reported sub-
stantial heterogeneity among trials, evaluating more than
100 different approaches to increasing the response to
postal questionnaires (typically for epidemiological stud-
ies) [11]. Strategies involving monetary incentives and the
use of recorded delivery of the questionnaire appeared to
be successful, approximately doubling the response rate to
postal questionnaires. However, such approaches would
add substantially to the cost of a large trial such as
ASCEND. Furthermore, those recruited by means of fi-
nancial incentives might not remain adequately compliant
with follow-up and study treatment in longer-term stud-
ies. Sending reminders in ASCEND was an effective strat-
egy, which substantially improved the response rate,
without which, an additional 140,000 potentially eligible
people would have needed to be invited.
Follow-up in ASCEND is ongoing, using mail-based ap-

proaches supplemented by central registry data. Study par-
ticipants receive requests every 6 months for follow-up
information. This can be provided either by means of a
paper questionnaire, by telephone to the coordinating
centre, or using a web-based interface via an internet
browser, according to the individual’s preference. For par-
ticipants who are no longer able or willing to complete
questionnaires, follow-up information is obtained from
their GP. Overall, good rates of follow-up are being
achieved using these cost-effective methods. At present,
approximately 95 % of all live study participants have
follow-up information available from within the last
12 months, and efforts are ongoing to contact those par-
ticipants for whom follow-up is due.
The currently observed compliance (blinded) with the

aspirin/placebo study treatment at the end of the first
year post-randomisation is approximately 85 %, with a
further 5–7 % decline in compliance annually thereafter.
Despite participants having no routine direct contact
with the study team, this is comparable to clinic-based
trials in similar populations [12]. However, notably, the
compliance with study treatments is somewhat lower
among those who were sent a reminder randomisation
form compared with those who replied to the initial
mailing. For example, at the study mid-point (45 months

after randomisation), 61 % of those sent a randomisation
reminder were compliant with their aspirin/placebo
study tablets versus 68 % of those where no reminder
was sent (p < 0.0001). This reduction in compliance became
apparent within the first 6 months after randomisation and,
although reminders were essential for the completion of
recruitment, the implications for reduced compliance in
those who do not readily respond to questionnaire mailings
is an important consideration.
On the other hand, the use of a pre-randomisation

run-in is a valuable methodological tool to enhance
compliance, especially in the early phase of a long-term
study [10]. Of those who entered the single-blind pla-
cebo run-in period in ASCEND, approximately 40 %
dropped out of the study before randomisation. Had
there been no run-in, these withdrawals would probably
have occurred after randomisation (most likely in the
first 6–12 months), thereby substantially reducing the
statistical power of the study.
Recruitment into ASCEND took longer than initially

hoped as a result of a variety of factors, including research
governance delays [13], the time taken to obtain the elec-
tronic records from the diabetes registers, establishing ro-
bust IT systems to monitor the study, and an increase in
the original recruitment target. However the involvement
of the former local NIHR Diabetes and Primary Care Re-
search Networks across England and Scotland provided a
valuable extra resource, which boosted recruitment and,
had they been established sooner, might have shortened the
recruitment period. A substantial infrastructure for pa-
tient recruitment to research studies continues to be
available through the NIHR Clinical Research Network.
The response to invitation was higher among those
identified from general practice compared with those in
central registries (5 % vs 3 % of those invited were
eventually randomised). This may have been partly due
to the ability to pre-screen potential participants to ex-
clude those with established vascular disease but also
because participants were more likely to respond posi-
tively to a GP whom they knew.
The design of ASCEND included an optional baseline

blood and urine sample collection during the pre-
randomisation run-in phase. This exercise was funded
by a separate project grant from the British Heart Foun-
dation (£140 k). Previous transport studies have demon-
strated that a wide range of analytes (including HbA1c
lipids and cystatin C as a measure of renal function) and
genetic polymorphisms can be reliably measured in
whole blood samples with delayed separation [14, 15].
During the past few years, extensive experience has been
gained with obtaining cardiovascular risk factor mea-
surements from mailed blood samples [16]. In ASCEND,
this approach has allowed measured baseline risk factor
information to be obtained from 75 % of those
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randomised at very low cost, which will allow the effects
of the study treatments to be assessed within subgroups
defined by biological measures.

Conclusions
ASCEND is designed to be streamlined and highly cost-
effective. When completed, the trial will have cost < £10
million overall. This includes both the NHS service sup-
port costs provided to general practices and the substan-
tial costs of drug packaging and distribution (which are
typically covered by the pharmaceutical industry and not
usually included in the budget quoted for many large-
scale outcome studies). Using the methods described,
ASCEND has randomised nearly 15,500 people with dia-
betes, making it one of the largest ever randomised trials
in this patient group. The questions it aims to address are
clinically relevant for the hundreds of millions of people
worldwide with diabetes and, with good follow-up and
compliance, will add valuable information on the balance
of benefits and risks of these treatments, including im-
portant data on the use of aspirin for cancer prevention.
The strategies which helped make recruitment successful
include (1) simple inclusion and exclusion criteria, (2) the
central coordination of recruitment, (3) the ability to iden-
tify a large pool of potentially eligible people, and (4) the
involvement of local research networks. The success of
these methods in ASCEND show that, with good plan-
ning, mail-based methodology is cost-effective and could
be more widely adopted for the assessment of interven-
tions that require little monitoring.

Additional files

Additional file 1: Example of screening questionnaire, including
consent form. (PDF 167 kb)

Additional file 2: Patient information leaflet. (PDF 367 kb)

Additional file 3: Study treatment information leaflet. (PDF 113 kb)

Additional file 4: Blood and urine sampling information leaflet.
(PDF 521 kb)

Additional file 5: Randomization questionnaire. (PDF 198 kb)

Additional file 6: ASCEND Study Collaborative Group. (PDF 19 kb)

Abbreviations
ASCEND: A Study of Cardiovascular Events iN Diabetes; BHF: British Heart
Foundation; CTSU: Clinical Trial Service Unit; DRN: Diabetes Research
Network; GP: general practitioner; MRC: Medical Research Council;
PCRN: Primary Care Research Network.

Competing interests
The authors declare that they have no competing interests.

Authors’ contributions
TA provided clinical oversight of the day-to-day running of the study and drafted
the manuscript. RH provided clinical oversight of the day-to-day running of the
study. JB contributed to the study coordination and data collection. JC developed
the computer programmes for participant invitation and data collection. AM
developed the computer programmes for participant invitation and data
collection. KM contributed to the study coordination and data collection.

ML developed the computer programs for participant invitation and data
collection JA designed and coordinated the study and drafted the manuscript.
LB designed and coordinated the study and drafted the manuscript. All authors
contributed to running the study, data collection, analysis, and interpretation. All
members of the Writing Committee and trial Steering Committee read and
approved the final manuscript. The ASCEND Study Collaborative Group members
participated in the identification and recruitment of the study participants. All
authors read and approved the final manuscript.

Acknowledgements
The most important acknowledgment is to the thousands of people with
diabetes who are taking part in ASCEND. ASCEND gratefully acknowledges
the support of the National Institute for Health Research Clinical Research
Network and the Scottish Primary Care Research Network, whose staff assisted
with recruitment activities. Members of the ASCEND Study Collaborative Group
are listed below and in Additional file 6.

Trial Steering Committee
Chairman: R Collins; Study coordinator: J Armitage; Clinical coordinator: L
Bowman; Statisticians: S Parish, R Peto; Administrative coordinator: J Barton;
Lay member: D Simpson; Other members: A Adler, T Aung, C Baigent, HJ
Bodansky, A Farmer, R Haynes, R McPherson, HAW Neil, P Sleight, P
Weissberg.

Writing committee
Theingi Aung, Richard Haynes, Jill Barton, Jolyon Cox, Aleksandra Murawska,
Kevin Murphy, Michael Lay, Jane Armitage, Louise Bowman.

Financial disclosure
ASCEND is funded by a grant to the University of Oxford from the British
Heart Foundation. Study drug and funding for drug packaging is provided
by Bayer and Solvay Pharmaceuticals (subsequently Abbott, and now Mylan),
but the study was designed, and has been conducted, analyzed, interpreted
and reported, independently by the Clinical Trial Service Unit & Epidemiological
Studies Unit (CTSU) at the University of Oxford, which is the regulatory sponsor
for the trial. CTSU receives funding from the UK Medical Research Council, the
British Heart Foundation, and Cancer Research UK.

Members of ASCEND Study Collaborative Group (Additional file 6)
Writing Committee
T Aung, R Haynes, J Barton, J Cox, A Murawska, K Murphy, M Lay, J Armitage,
L Bowman.
Steering Committee
Chairman: R Collins; Study coordinator: J Armitage; Clinical coordinator: L
Bowman; Statisticians: S Parish, R Peto; Administrative coordinator: J Barton;
Lay member: D Simpson; Other members: A Adler, T Aung, C Baigent, HJ
Bodansky, A Farmer, R Haynes, R McPherson, HAW Neil, P Sleight, P
Weissberg.
Data Monitoring Committee
Chair: P Sandercock; Members: H Gerstein, R Gray, C Hennekens.

Coordinating Office (Clinical Trial Service Unit, Nuffield Department of
Population health, University of Oxford):
Administration and support: J Barton, L Fletcher, K Murphy (coordinators); P
Achiri, A Armitage, S Bateman, V Booker, K Brown, F Butcher, E Butler, S
Butler, L Cobb, L Cobb, A Collett, P Colmenero, J Crowther, S Fathers, K
Frederick, E Goodfellow, E Goodwin, C Hope, A Karnad, V Keyte, M King, S
Knight, R Lee, O Machin, N Mohammed, L Pank, A Papadaki, E Pearson-
Burton, S Pickworth, A Radley, E Roberts, K Roby, J Sayer, S Smith, S Suther-
land, H Thorne, A Timadjer, M Willett, M Wincott, C Wise, J Woods, S Yates.
Clinical support and adjudication: A Alexander, J Armitage, T Aung, S Beebe, L
Bowman, L Bromhall, R Bulbulia, F Chen, H Cowan, T Dasgupta, K Gaba, R
Haynes, W Herrington, L Hirt, A Isaew, J James, P Judge, A Lawson, D Lewis,
R Llewellyn-Bennett, H Lochhead, M Mafham, W Majoni, C Murray, K Naessens,
T Porter, K Rahimi, C Reith, E Sammons, B Storey, M Taylor-Clarke, V Toghill, J
Tomson, K Walter, E Waters, L Young.
Statistics and computing: P Harding, M Lay, S Parish (coordinators); D Bennett, C
Berry, J Booth, Y Bu, G Buck, G Coates, J Cox, M Craig, P Dalton, C Daniels, C
Dawe, A Delmestri, A McDougall, Y Mostefai, A Murawska, M Nunn, N Prajapati,
W Stevens, S Syed, M Turakani, K Wallendszus, A Young.

Aung et al. Trials  (2016) 17:286 Page 11 of 12

dx.doi.org/10.1186/s13063-016-1354-9
dx.doi.org/10.1186/s13063-016-1354-9
dx.doi.org/10.1186/s13063-016-1354-9
dx.doi.org/10.1186/s13063-016-1354-9
dx.doi.org/10.1186/s13063-016-1354-9
dx.doi.org/10.1186/s13063-016-1354-9


CTSU Wolfson Laboratory: S Clark, K Emmens, M Hill, K Kourellias, M Radley, J
Wintour (coordinators); M Allworth, L Boggs, T Chavagnon, R Cox, J Cwikowska,
T Glass, N Goodwin, A Gordon, J Gordon, C Guest, C Hickman, J Hill, R Hrusecka,
N Illingworth, JM Ji, M Lacey, N Luker, K Nafousi, S Norris, N Plunkett, L Sansom,
R Shellard, J Taylor, P Taylor, J Wheeler, T Williams, M Yeung.

Collaborators

Addenbrooke's Hospital, Cambridge: A Adler; Ashford Hospital: U Meyer-
Bothling; Bolton Diabetes Centre: J Dean; Charing Cross Hospital: J Car, A
Dornhorst; Chesterfield Royal Hospital: R MacInerney; City Hospital,
Birmingham: P De; Colchester General Hospital: C Bodmer; NHS Cumbria: R
Wagstaff; NHS Derby City: M Browne; NHS Derbyshire County: T Humphries;
Dewsbury & District Hospital: T Kemp; Frimley Park Hospital, Surrey: G Menon;
Gloucester Royal Hospital: T Ulahannan; Harrogate District Hospital: P
Hammond; Hemel Hempstead General Hospital: C Johnston; Hospital of St
Cross, Warwickshire: JP O'Hare; Huddersfield Royal Infirmary: T Burrows, H
Griffiths; Hull Royal Infirmary: S Atkin, C Walton; Ipswich Hospital: P Twomey;
James Cook University Hospital, Middlesbrough: R Bilous; Kidderminster
Hospital: P Newrick; King's Mill Hospital, Nottinghamshire: I Idris, R Lloyd-
Mostyn; Lavender Hill Group Practice, London: J Gray; Leeds General
Infirmary: HJ Bodansky; Leighton Hospital, Cheshire: S Mallya; Lincoln County
Hospital: K Sands; Macclesfield District General Hospital: Z Hasan; Manchester
Royal Infirmary: R Malik; Newcastle General Hospital: G Hawthorne, C Jones-
Unwin; Newham University Hospital, London: S Gelding; NIHR Clinical
Research Network: West Midlands: M Porcheret; North Tyneside General
Hospital: S Bennett, N Lewis-Barned; Peninsula Medical School (Primary Care),
Exeter: P Evans; Peterborough City Hospital: S Martin; Pilgrim Hospital,
Lincolnshire: C Nyman, S Olczak; Pontefract General Infirmary: C White; Poole
General Hospital: A McLeod; Princess Royal Hospital, Telford: N Capps; Queen
Alexandra Hospital, Portsmouth: M Cummings; Queen's Hospital, Burton-on-
Trent: T Reynolds; Queen's Medical Centre, Nottingham: T Gazis; Rotherham
District General Hospital: R Muthusamy, S Muzulu; Royal Albert Edward Infirmary
Wrightington, Wigan: S Natha; Royal Berkshire Hospital: H Simpson; Royal Black-
burn Hospital: S Ramtoola; Royal Bolton Hospital: A Hutchesson; Royal Cornwall
Hospital: S Fleming; Royal Derby Hospital: GD Tan; Royal Devon & Exeter Hospital: K
MacLeod (deceased); Royal Hallamshire Hospital, Sheffield: C Brand; Royal Liverpool
University Hospital: D Broadbent, J Vora; Royal Oldham Hospital: D Bhatnagar, B
Mishra; Royal United Hospital Bath: J Reckless; Sandwell District General Hospital: E
Hughes, D Robertson; South Tyneside District Hospital: C Thomas; St Helier Hospital:
S Hyer, A Rodin; St James's University Hospital, Leeds: S Gilbey; St Mary's Hospital,
London Paddington: D Gable; St Peter's Hospital, Chertsey: M Baxter; Stepping Hill
Hospital, Stockport: P Hale, N Kong, G Burrows; The Royal London Hospital: T
Chowdhury, D Peterson; Torbay Hospital: R Paisey; University Hospital of Wales: R
McPherson; Warrington Hospital: P Chattington; Watford General Hospital: M
Clements;Weston General Hospital: P Singhal;William Harvey Hospital, Ashford: A
Jafree, C Williams; Worthing Hospital: G Caldwell, M Signy; Wycombe General
Hospital: I Gallen; York District Hospital: P Jennings.

Author details
1Nuffield Department of Population Health (NDPH), Clinical Trial Service Unit
& Epidemiological Studies Unit (CTSU), Richard Doll Building, Old Road
Campus, Oxford OX3 7LF, UK. 2Royal Berkshire NHS Foundation Trust,
Reading, UK.

Received: 24 December 2015 Accepted: 22 April 2016

References
1. Collins R, MacMahon S. Reliable assessment of the effects of treatment on

mortality and major morbidity, I: clinical trials. Lancet. 2001;357:373–80.
2. Califf RM. Clinical trials bureaucracy: unintended consequences of well-

intentioned policy. Clin Trials. 2006;3:496–502.
3. Reith C, Landray M, Devereaux PJ, Bosch J, Granger CB, Baigent C, et al.

Randomized clinical trials–removing unnecessary obstacles. N Engl J Med.
2013;369:1061–5.

4. Eisenstein EL, Collins R, Cracknell BS, Podesta O, Reid ED, Sandercock P, et al.
Sensible approaches for reducing clinical trial costs. Clin Trials. 2008;5:75–84.

5. Peto R, Gray R, Collins R, Wheatley K, Hennekens C, Jamrozik K, et al.
Randomised trial of prophylactic daily aspirin in British male doctors. BMJ
(Clin Res Ed). 1988;296:313–6.

6. Steering Committee of the Physicians' Health Study Research Group. Final
report on the aspirin component of the ongoing Physicians' Health Study.
N Engl J Med. 1989;321:129–35.

7. Rexrode KM, Lee IM, Cook NR, Hennekens CH, Buring JE. Baseline characteristics
of participants in the Women's Health Study. J Womens Health Gend Based
Med. 2000;9:19–27.

8. Christen WG, Gaziano JM, Hennekens CH. Design of Physicians' Health Study
II—a randomized trial of beta-carotene, vitamins E and C, and multivitamins, in
prevention of cancer, cardiovascular disease, and eye disease, and review of
results of completed trials. Ann Epidemiol. 2000;10:125–34.

9. Heart Protection Study Collaborative Group. MRC/BHF Heart Protection
Study of cholesterol-lowering with simvastatin in 5963 people with diabetes: a
randomised placebo-controlled trial. Lancet. 2003;361:2005–16.

10. Lang JM, Buring JE, Rosner B, Cook N, Hennekens CH. Estimating the effect
of the run-in on the power of the Physicians' Health Study. Stat Med. 1991;
10:1585–93.

11. Edwards PJ, Roberts I, Clarke MJ, Diguiseppi C, Wentz R, Kwan I, et al. Methods
to increase response to postal and electronic questionnaires. Cochrane
Database Syst Rev. 2009;3, MR000008.

12. Belch J, MacCuish A, Campbell I, Cobbe S, Taylor R, Prescott R, et al. The
prevention of progression of arterial disease and diabetes (POPADAD) trial:
factorial randomised placebo controlled trial of aspirin and antioxidants in
patients with diabetes and asymptomatic peripheral arterial disease. BMJ.
2008;337:a1840.

13. Haynes R, Bowman L, Rahimi K, Armitage J. How the NHS research governance
procedures could be modified to greatly strengthen clinical research. Clin Med.
2010;10:127–9.

14. Clark S, Youngman LD, Palmer A, Parish S, Peto R, Collins R. Stability of
plasma analytes after delayed separation of whole blood: implications for
epidemiological studies. Int J Epidemiol. 2003;32:125–30.

15. Peakman TC, Elliott P. The UK Biobank sample handling and storage validation
studies. Int J Epidemiol. 2008;37 Suppl 1:i2–6.

16. Clarke R, Breeze E, Youngman L, Sherliker P, Bell P, Shah S, et al. Re-survey
of the Whitehall study of London civil servants: changes in risk factors for
cardiovascular disease during 29 years of follow-up. J Cardiovasc Risk. 2000;
7:251–7.

•  We accept pre-submission inquiries 

•  Our selector tool helps you to find the most relevant journal

•  We provide round the clock customer support 

•  Convenient online submission

•  Thorough peer review

•  Inclusion in PubMed and all major indexing services 

•  Maximum visibility for your research

Submit your manuscript at
www.biomedcentral.com/submit

Submit your next manuscript to BioMed Central 
and we will help you at every step:

Aung et al. Trials  (2016) 17:286 Page 12 of 12



ASCEND: A Study of Cardiovascular Events iN
Diabetes: Characteristics of a randomized
trial of aspirin and of omega-3 fatty acid
supplementation in 15,480 people
with diabetes
Louise Bowman,MBBS, FRCP, a,b MarionMafham,MRCP,MD, a,bWilliamStevens, PhD, a,b RichardHaynes,DM, FRCP, a,b

Theingi Aung, MRCP, c Fang Chen, PhD, MBBS, a,b Georgina Buck, MSc, a,b Rory Collins, FRCP, FRS, a,b and
Jane Armitage, FRCP, FFPH a,b, The ASCEND Study Collaborative Group Headington, Oxford; Reading, UK

Objectives The use of aspirin for the secondary prevention of cardiovascular disease (CVD) is firmly established, and the
proportional reductions in heart attacks and strokes appear to be similar in people with and without diabetes. Uncertainty
remains about the role of antiplatelet treatments for primary prevention of CVD, and guidelines vary in their recommendations.
It has also been hypothesized that long-term aspirin can prevent gastro-intestinal and other cancers.
Observational studies suggest associations between higher intakes of omega-3 fatty acids (FA) and lower rates of CVD, but
there is no large-scale randomized evidence to support using prophylactic omega-3 FA supplementation in primary prevention.
ASCEND is a randomized trial assessing whether 100 mg daily aspirin safely prevents CVD and cancer in patients with
diabetes without known arterial disease. It is also assessing whether supplementation with 1 g omega-3 FA daily prevents
CVD. This paper describes the methods and baseline characteristics of the randomized participants.

Methods and results Between 2005 and 2011, using mail-based methods, 15,480 people with diabetes were
randomized to aspirin versus placebo and, in a factorial design, to omega-3 FA supplementation versus placebo. Blood and
urine samples were collected to allow baseline stratification by biochemical prognostic variables (e.g. HbA1c, blood lipids).
Follow-up is for a median of at least 7 years.

Conclusions Demonstrating that prophylactic aspirin safely reduces the risk of CVD or cancer in the primary prevention
setting, or that omega-3 FA supplementation prevents CVD, would be relevant to hundreds of millions of people worldwide who
are currently not receiving such therapies. The results of ASCEND will be reported in 2018. (Am Heart J 2018;198:135-144.)

ASCEND is a randomized placebo-controlled trial
aiming to determine whether 100 mg daily aspirin
prevents cardiovascular events or cancer in 15,480 UK
patients with diabetes who are not already known to have

occlusive arterial disease, without leading to significant
bleeding or other adverse events that outweigh any
benefits. It is also assessing whether supplementation
with 1 g omega-3 fatty acids (FA) daily prevents CVD.

Aspirin in primary prevention
The Anti-Thrombotic Trialists' Collaboration (ATTC)

demonstrated conclusively that antiplatelet therapy
(chiefly aspirin) reduces the risk of myocardial infarction
(MI), stroke or cardiovascular death by about one-quarter
in people with occlusive vascular disease, including
among those who have diabetes.1 However, most of the 3
million people with diabetes in the UK, and the estimated
400 million worldwide,2 do not have manifest vascular
disease. The 2009 ATTC individual-patient-data meta-
analysis of 95,000 patients in 6 primary prevention trials
found that allocation to aspirin yielded a 12% (95% CI, 6%-
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18%) proportional reduction in occlusive vascular events,
mainly due to a reduction in non-fatal MI of about one
fifth.3 However, given the approximate 50% proportional
increase in the risk of bleeding with aspirin, on average
the bleeding hazard counterbalanced much of the benefit
in these low-risk primary prevention patients. Among the
participants in these primary prevention trials, only about
4% had diabetes and the relative risk reduction among
them was similar to that observed in those without
diabetes. Consequently, since people with diabetes are
generally at 2- to 3-fold higher risk of vascular events than
those without it,4 the absolute risk reduction with aspirin
is likely to be greater than for healthy volunteers.
However, the ATTC analyses also found that people
with diabetes had a higher risk of both major extra-cranial
bleeds (rate ratio [RR], 1.55; 95% CI 1.13–2.14) and of
hemorrhagic stroke (RR, 1.74; 95% CI, 0.95-3.17,
respectively) compared to those who did not have
diabetes irrespective of aspirin allocation.3

A further four trials of aspirin for primary prevention of
cardiovascular events have reported results since the ATTC
analyses were published in 2009: two specifically in
diabetes,5,6 and two in wider populations that included
people with diabetes.7,8 The Prevention of Progression of
Arterial Disease and Diabetes (POPADAD) trial in 1276
patients with diabetes and reduced ankle-brachial index
observed no effect on vascular events over 6.7 years (18.2%
vs 18.3%; HR, 0.98; 95% CI, 0.76-1.26), while the Japanese
Primary Prevention of Atherosclerosis With Aspirin for
Diabetes Trial (JPAD) in 2539 patients with type 2 diabetes
and no history of atherosclerotic disease followed for 4.4
years observed a non-significant reduction in vascular
events based on a very low event rate (1.36% vs 1.70%; HR,
0.80; 95% CI, 0.58-1.10). Neither of these trials reported
detailed information about bleeding, so the balance of
benefits and riskswith aspirin use for primary prevention in
diabetes remains uncertain.

Aspirin in primary prevention of cancer
Recent retrospective meta-analyses of randomized trials

have suggested that aspirin may produce 15% to 20%
proportional reductions in cancer incidence or death,
with 30% to 40% reductions in gastrointestinal cancers
(particularly colorectal cancer), and that these effects
increase with more prolonged exposure.9-13 If such effects
on cancer are confirmed prospectively in randomized trials
of sufficient duration, they could have significant implica-
tions for the balance of benefits and hazards of using aspirin
for primary prevention. ASCEND provides the opportunity
to test this hypothesis prospectively with good statistical
power since there about as many incident cancers
(approximately 1500 during the scheduled treatment
period) as in the meta-analyses that generated the
hypothesis of protection against cancer and it involves
prolonged exposure to aspirin (amedian of at least 7 years),
with longer-term follow-up available from central registers.

Omega-3 fatty acids in diabetes: adding to the
randomized evidence
A possible link between intake of omega-3 fatty acids

(FA) and prevention of coronary heart disease (CHD) was
first noted in the 1940s when the diets of Greenland
Eskimos, among whom CHD was rare despite a high fat
intake largely due to sea food, were compared with those
of Danes in Denmark who had similarly high fat intake
from more mixed diets but CHD rates that were about 10
times higher.14 A large number of observational studies of
omega-3 FA intake and heart disease risk were subse-
quently conducted in different populations. A systematic
review of these observational data concluded that
consumption of the equivalent of 40–60 grams of fish
per day (providing about 0.2–1 g daily of omega-3 FA,
depending on the type of fish) is associated with about a
halving in rates of cardiac death.15 However, there were
only limited data available from randomized controlled
trials of the effects of increasing omega-3 FA intake on
cardiovascular disease outcomes. The results in one small
randomized trial involving 2000 male heart attack
survivors were consistent with the observational studies,
with a 29% (95% CI, 7–46%) significant reduction in total
mortality and a 16% (95% CI, +7 to 24%) non-significant
reduction in ischemic heart disease events.16 Similarly, in
a trial of omega-3 FA (1 g daily) among 11,000 patients
who had survived a myocardial infarction, there was a
13% (95% CI, 1–24%) proportional reduction in coronary
events but, both this and the 10% (95% CI, 1–18%)
reduction in the primary outcome of cardiovascular
events, were only marginally significant.17 As a conse-
quence, several large randomized trials (including the
present ASCEND trial) were started in order to generate
more reliable evidence about the effects of omega-3 FA
supplementation. Some of those trials have now reported
their results, and combined in a tabular data meta-analysis
of 10 such trials that each included at least 500
participants treated for at least 1 year involved over
11,000 vascular events in 78,000 participants.18 Alloca-
tion to omega-3 FA supplements (weighted mean daily
dose of 1.1 g) for an average duration of 4.4 years
appeared to have no significant effect on major vascular
events, either overall (RR 0.97; 95% CI 0.93-1.01) or in any
particular subgroup. ASCEND will contribute important
additional data on both efficacy and safety of such
supplementation and, given its large size and longer
duration than any previous trial, may be able to detect any
modest effects of omega-3 FA supplementation.

Methods
Objectives
The aim of ASCEND is to determine whether daily

100 mg aspirin prevents cardiovascular events or cancer
in patients with diabetes who are not known to have
occlusive arterial disease, as well as to assess the
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magnitude of any effects on significant bleeding or other
serious adverse events. It is also assessing whether
supplementation with daily 1 g capsules containing 90%
omega-3 fatty acids (0.41 g eicosapentaenoic acid, 0.34 g
docosahexaenoic acid) prevents CVD.

Eligibility
Men or women aged at least 40 years at the time of

invitation for screening were eligible for the study,
provided they fulfilled all of the following criteria:

i) Clinical diagnosis of diabetes mellitus: the
participant's own doctor considered them to
have type 1 or type 2 diabetes (based on standard
WHO or ADA diagnostic criteria19,20);

ii) No clear indication for aspirin: the participant
had no diagnosed occlusive arterial disease (i.e. a
history of MI, angina pectoris, coronary or non-
coronary revascularization procedure [ie, periph-
eral arterial bypass surgery or angioplasty], stroke
or transient ischemic attack);

iii) No clear contra-indication to aspirin: The
participant was not at high risk of bleeding due
to gastrointestinal hemorrhage or peptic ulcer
within the previous 6 months, active hepatic
disease (such as cirrhosis or active hepatitis), or
use of warfarin or other anti-coagulant therapy;
and had no history of aspirin allergy;

iv) Substantial uncertainty about whether anti-
platelet or omega-3 FA therapy confers worth-
while benefit: the participant and their own
general practitioner (GP) did not consider there to
be a definite need to use aspirin or omega-3 FA
supplements regularly (or a definite need not to do
so);

v) No other predominant life-threatening medical
problem: the participant did not have some
condition (other than diabetes) that might be
expected to prevent them from taking at least
5 years of study treatment.

Participant recruitment and follow-up
In order to be cost-effective, UK-wide recruitment into

ASCEND was conducted by mail. The highly streamlined
recruitment methods have been described previously.21

The coordinating center provided a 24-hour Freefone
service to answer questions about the trial from
participants and their GPs.
Invitation and screening. In collaboration with

medical consultants and GPs around the UK, and
supported by the National Institutes for Health Research
(NIHR) Diabetes and Primary Care Research Networks
(DRN and PCRN), potentially eligible patients with
diabetes were identified from centrally-held registers

(e.g. for retinopathy screening) and GP-held disease
registers. Potential study participants were mailed an
invitation pack, including a cover letter, screening
questionnaire (to determine eligibility and to seek consent),
Freepost envelope and Information Leaflet.
Pre-randomization run-in period. Willing and

eligible patients entered a pre-randomization run-in
phase and were sent a run-in pack of medication (single
blind: containing placebo aspirin tablets and placebo
omega-3 FA capsules) and asked to take one tablet and
one capsule daily for 2 months. During the run-in period,
the participant's GP was informed by letter of their
patient's possible involvement in the study and asked to
return a form if they considered there to be any reason
not to randomize their patient. Patients were randomized
only if, at the end of the run-in period, they seemed likely
to comply with the study protocol for several more years.
By this process, many potential dropouts could be
excluded before becoming part of the randomized
comparison, with a consequent improvement in statisti-
cal sensitivity of the “intention-to-treat” analyses.22

Randomization. About 2 months after starting the
run-in, participants were sent a more detailed randomi-
zation questionnaire asking about any significant prob-
lems (including any cardiovascular events), their
compliance with the study treatments during the run-in
period, details of their diabetes history (to allow
classification as type 1 or 2),23 current medication,
ethnic group and smoking history.
Participants who remained eligible based on the

randomization questionnaire and were willing to contin-
ue on the study were randomized centrally at the Clinical
Trial Service Unit (CTSU), University of Oxford, using a
minimization algorithm to ensure balance by prognostic
variables (age, sex, duration of diabetes, history of treated
hypertension, smoking status, ethnic origin, and, if
available from centrally measured blood and urine
samples [see below], total cholesterol, HbA1c, and
urinary albumin/creatinine ratio). Eligible patients were
randomized in a 2 × 2 factorial blinded design between
aspirin 100 mg daily and matching placebo, and,
separately, between omega-3 fatty acid capsules 1 g
daily and placebo.
Post-randomization follow-up. Follow-up was also

conducted largely by mail, supplemented by information
from central registries. Randomized participants received
a follow-up questionnaire 6-monthly (either paper or via a
weblink to a secure online version24) asking about the
occurrence of any cardiovascular events, bleeding events,
cancer diagnoses, compliance with study medication and
use of other relevant medications (such as anti-platelet
agents or anti-coagulants). Confirmation and further
information was then sought from GPs about reports of
possible cardiovascular events and serious bleeds. All
such information is reviewed by coordinating center
clinicians, blind to treatment allocation, and events are
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adjudicated according to pre-specified criteria. Additional
follow-up for death, cancer and hospitalizations is being
obtained from NHS Digital (formerly the Health and
Social Care Information Centre) in England andWales and
the Information Services Division of NHS Scotland. Ethics
approval has been obtained for additional follow-up after
the scheduled treatment period via these central regis-
tries to assess the longer-term effects on cancer and on
other outcomes.

Central biological sample assays
About 2 to 4 weeks after entering the pre-randomization

run-in period, participants were sent an optional blood and
urine sampling kit, and asked to take it to their general
practice or other usual phlebotomy service for sample
collection. The kit was sent with an information leaflet
explaining the reasons for sample collection, a consent
form for sample storage and assay (which included a
section for recording blood pressure, pulse, height and
weight measured by the practice nurse), a letter for the
practice nurse with instructions for sample collection, and
barcoded labels for the sample tubes. The completed
consent form and blood (EDTA whole blood) and urine
samples were to be mailed to the central laboratory at
CTSU. Previous transport studies have demonstrated that a
wide range of analytes (including HbA1c, lipids and
cystatin C as a measure of renal function) and genetic
polymorphisms can be reliably measured in whole blood
samples despite delayed separation.25,26

Blood levels of total cholesterol, HDL-cholesterol,
apolipoprotein-B, apolipoprotein-A1, HbA1c and cystatin
C, and urinary creatinine and albumin were assayed (see
Supplementary Appendix 1 for methods) in the central
CTSU laboratory, which is a UKAS accredited testing
laboratory. Aliquots of plasma, urine, red cells and DNA-
containing buffy coat from all participants who provided
samples have been stored in liquid nitrogen for future
analyses (consistent with consent provided by
participants).

Sample size and predicted number of events
When ASCEND was designed in 2003, it was anticipat-

ed that 10,000 participants followed for 5 years with an
expected 2% annual rate (based on previous trials in
similar populations) of the composite primary efficacy
outcome of non-fatal MI, non-fatal stroke or vascular
death (excluding confirmed intracranial hemorrhage)
would provide sufficient power to detect a relative
reduction in vascular risk of 20–25%. However, as
specified in the protocol, the Steering Committee
monitored the overall (i.e. blinded) vascular event rate
among the randomized participants in order to decide
whether the original sample size assumptions remained
valid or whether changes might be needed.
Based on information that subsequently became

available from the ATTC meta-analysis of primary

prevention trials,3 a relative reduction in the risk of
occlusive vascular events with aspirin therapy seemed
more likely to be only about 12% to 15%. In addition, the
rate of the composite primary outcome observed among
the first few thousand randomized participants during the
first few years of the study was significantly lower than
anticipated, at around 0.6% per annum. Consequently,
the Trial Steering Committee decided to modify the trial
design blind to any treatment related results in the
following ways:
Inclusion of transient ischemic attacks (TIA) in

the primary efficacy outcome. Patients are now
routinely started on aspirin after a TIA,27 so its inclusion
in the primary efficacy outcome increases the chances of
detecting any effects of aspirin on cerebrovascular events
(rather than having them diluted by post-TIA treatment).
Increase in sample size. The availability of

large regional retinopathy registers from which
potential participants could be invited provided an
opportunity to increase the study population to 15,000
in a cost-effective manner.
Increase in study duration. It was possible to secure

additional funding and drug supplies to extend median
duration from 5 to at least 7 years.
Revised power calculations based on a 1.3% per annum

rate of the revised primary efficacy outcome of serious
vascular events (SVE: defined as non-fatal MI, non-fatal
stroke, or vascular death, excluding confirmed intracra-
nial hemorrhage but including TIA) indicate that ASCEND
has good statistical power (ie, N90% at 2P b .05) to detect
a 15% proportional reduction during extended follow-up
of 7.5 years. The expected 1300 incident vascular events
will approximately double the information currently
available about the effects of using aspirin for primary
prevention in people with diabetes. Consequently,
inclusion of these data in an updated meta-analysis should
help determine whether there are particular types of
diabetic patient (eg, those at higher vascular risk) who
would benefit.

Planned comparisons of outcome
For aspirin therapy, the primary efficacy comparison

will involve log-rank analyses of SVEs during the
scheduled treatment period among all those allocated
aspirin tablets versus all those allocated placebo tablets
(ie, “intention-to-treat” comparisons). Similarly, for the
omega-3 fatty acid supplementation, the primary efficacy
comparison will involve log-rank analyses of SVEs during
the scheduled treatment period among all those allocated
omega-3 fatty acid capsules versus all those allocated
placebo capsules. No allowance will be made for multiple
hypothesis testing in these 2 separate primary compar-
isons (see Data Analysis Plan).
A key secondary outcome for aspirin will be the

incidence of gastrointestinal tract cancers during the
scheduled treatment period. However, little or no
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treatment effect is expected before about 3 years,9

limiting the statistical power to detect plausible effects of
aspirin during the scheduled treatment period. There are
expected to be ~430 GI tract cancers during the 7.5 years
of follow-up. These numbers provide ~86% power at 2P b
.05 to detect a 40% reduction in risk and 60% power at
2P b .05 for a 30% reduction in risk. Analyses excluding
the first 3 years of follow-up are prespecified to assess
whether effects are increasing with time from randomiza-
tion. However, the main focus of the cancer analyses will be
during longer term follow-up, when there will be much
better power to detect plausible differences between the
arms due to larger numbers of events. At about 5 years after
the scheduled treatment period, there will be N90% at 2P b
.01 to detect a 30%or greater risk reduction andN90%at 2Pb
.05 to detect a 25% reduction in any GI tract cancer risk.
The key safety outcome for aspirin will be any major

bleed, defined as any confirmed intracranial hemorrhage
(including intracerebral, subarachnoid, subdural or any
other intracranial hemorrhage), sight-threatening eye
bleeding, or any other serious bleeding episode (i.e.
requiring hospitalization or transfusion, or fatal or
disabling). Further details regarding pre-specified com-
parisons and statistical methods are provided in the Data
Analysis Plan (see Supplementary Appendix 3).

Organization and funding
The University of Oxford is the academic sponsor

of ASCEND. The study is funded by a grant to the
University of Oxford (a Special Project Grant from 2003
to 2008 (SP/03/002), followed by two renewals of
the grant in 2009-2013 (SP/08/010/259) and 2015-2019
(SP/14/3/31114) from the British Heart Foundation (BHF)
to cover the administrative and coordination costs of the
trial. A separate BHF project grant (PG/05/013/18296)
was obtained for the addition of blood and urine sampling
to the study protocol. Aspirin and matching placebo are
being provided by Bayer AG, and omega-3 fatty acid and
matching placebo capsules by Mylan EPD (formerly by
Abbott Product Operations AG and Solvay Pharmaceuti-
cals GmbH), with funding from each company to cover
drug packaging. The MRC Population Health Research
Unit within the Clinical Trial Service Unit (CTSU) at
Oxford University supports some study staff and receives
additional funding from the British Heart Foundation and
Cancer Research UK. Staff from the National Institute for
Health Research Clinical Research Network, and the
Scottish Primary Care Research Network, assisted with
recruitment activities. The study was designed, and has
been conducted, analyzed, interpreted and reported,
independently by CTSU. The study is overseen by an
independent Steering Committee, including UK diabetol-
ogists, clinical trialists, statisticians and representatives
from the BHF. Representatives from Bayer AG and Mylan
attend Steering Committee meetings as non-voting
observers. The authors are solely responsible for the

design and conduct of this study, all study analyses, the
drafting and editing of the paper and its final contents.
The first and last authors act as guarantors for this work.

Results
Ethics, regulatory, and research governance approvals
Multi-centre Research Ethics Committee (MREC) ap-

proval was granted for ASCEND by the NorthWest MREC.
Doctors and Dentists Exemptions (DDXs) for the use of
aspirin and omega-3 fatty acids in ASCEND were obtained
from the Medicines and Healthcare products Regulatory
Agency (MHRA) prior to 1 May 2004. These DDXs were
automatically converted to clinical trial authorizations
following the implementation of the Medicines for Human
Use (Clinical Trials) Regulations 2004. A separate application
for research governance approval was made to all relevant
NHS Trusts (both Hospital Trusts and Primary Care Trusts
(PCTs), including Local Health Boards (LHBs) in Wales
and Scotland).

Participant recruitment
A total of 423,403 potentially eligible individuals were

invited via the different routes of recruitment,21 of which
29% (121,254 people) returned a screening question-
naire. About two-thirds of those who responded declined
to join the trial and a further 14,000 did not meet the
eligibility criteria (Table I). After review of the question-
naire data, 26,462 participants (6% of those originally
invited) were willing and eligible to join ASCEND and
entered the 2-month run-in period (Figure).
About 40% of all patients who entered the run-in

dropped out before randomization. Supplementary Table
I gives the reasons for withdrawal: about half had no
clinical reason but simply declined to continue. Without
this pre-randomization phase, many such withdrawals
might instead have occurred early after randomization,
resulting in a substantial reduction in statistical power.
Towards the end of the 2-month run-in, randomization
questionnaires were sent to 22,579 individuals, of whom
15,480 responded that they remained willing and eligible,
and were randomized into ASCEND (Figure). Overall
3.7% of those invited were randomized.

Baseline characteristics of randomized participants
In total 15,480 people (9684 men and 5796 women),

average age 63.3 years (SD 9.2) were randomized
between June 2005 and July 2011 (Table II). Participants
had diabetes (94% type 2) diagnosed a median of about 7
years before randomization. For 16% of participants, their
diabetes was managed by diet alone; 25% were using
insulin at baseline (with or without other agents); and
58% were using hypoglycemic agents but not insulin. The
majority (85%) were overweight or obese at baseline
(BMI ≥25 kg/m2), and 62% reported taking treatment for
hypertension. In those participants forwhombaseline blood
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pressure measurements were available (at the time of blood
sampling), themean systolic blood pressurewas 136mmHg.
Blood and urine kits were sent to 22,858 patients who

entered the pre-randomization phase and who had not
informed the coordinating center that they wished to
withdraw before the kits were due to be sent. Samples

(either blood or urine or both) were received by the
laboratory from 13,270 individuals, among whom 11,685
were subsequently randomized. Samples received from
about 1800 participants were not deemed usable as a
result of inadequate sample volume, incomplete consent
or delays in sample receipt at the central laboratory.

Table I. Reasons for not entering run-in at screening.

Reason for not entering run-in Number of patients

Declined to join the study 66,498 (70%)
Ineligible at screening* 14,004 (15%)

Prior coronary artery disease 6406
Declined to stop pre-study aspirin 3928
Declined to avoid non-study aspirin 3657
Prior stroke or transient ischemic attack 2374
On warfarin/acenocoumarol/phenindione 1312
Allergic to aspirin or omega-3 1224
Cancer in the last 5 years 871
Gastrointestinal bleeding in the last 6 months 780
Active peptic ulcer in the last 6 months 605
Did not have diabetes 501
Other serious illness 408
Prior non-coronary revascularization 230
Liver disease 158
Too young† 22

Incomplete questionnaire - unable to process 2465 (3%)
Potentially eligible at screening but subsequently ineligible‡ 447 (b1%)
Screening form not processed as recruitment target reached 11,378 (12%)
Total (completed a screening form but did not enter run-in) 94,792 (100%)

*More than one reason may apply per patient.
† This includes some individuals who recorded their date of birth incorrectly.
‡ This includes individuals who were potentially eligible on the basis of their screening form but who did not enter run-in for a variety of reasons including technical difficulties in
processing the form or further information from the patient indicating that they were ineligible or unwilling to take part.

Figure

Trial profile: Flow of participants through the ASCEND trial.
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Baseline biochemical measures are shown in Table III.
Among the 9813 participants with baseline HbA1c
available, only 31% achieved target levels for glucose
control of b6.5% (48 mmol/mol). By contrast, 4554
participants (46% of those with measures available) had a
total cholesterol b4.0 mmol/L. Supplementary Table II
provides the baseline characteristics of those participants
with a usable baseline blood sample and indicates that they
were generally representative of the full study population.
Non-study medication use was reported on the random-

ization form and is shown in Supplementary Table III.
Three quarters of participants reported taking a statin, and

over a third were previously on aspirin but had no clear
clinical indication for it (and they and their GP were
agreeable to stopping this in order to take part in ASCEND).

Post-randomization follow-up
Follow-up of ASCEND participants is scheduled to

finish in 2017, by which time there will be a median
duration of follow-up of at least 7 years. Follow-up
questionnaires are sent 6-monthly. In order to ensure
completeness of follow-up, if no reply is received to the
initial follow-up questionnaire (paper or emailed re-
quest), two reminders are sent to non-responders,

Table II. Baseline characteristics of study population.

Male Female Total

Total randomized 9684 (63%) 5796 (37%) 15,480 (100%)
Age at randomization (years)

b50 582 (6%) 507 (9%) 1089 (7%)
≥50, b60 2888 (30%) 1613 (28%) 4501 (29%)
≥60, b70 3944 (41%) 2303 (40%) 6247 (40%)
≥70 2270 (23%) 1373 (24%) 3643 (24%)
Mean age (SD) 63.3 (9.1) 63.1 (9.4) 63.3 (9.2)

Body mass index (kg/m2)⁎
b25 1385 (14%) 864 (15%) 2249 (15%)
≥25, b30 3883 (40%) 1646 (28%) 5529 (36%)
≥30, b35 2666 (28%) 1574 (27%) 4240 (27%)
≥35 1449 (15%) 1512 (26%) 2961 (19%)
Unknown 301 (3%) 200 (3%) 501 (3%)
Mean body mass index (SD) 30.1 (5.6) 31.7 (7.1) 30.7 (6.3)

Type of diabetes†

Type 1 518 (5%) 393 (7%) 911 (6%)
Type 2 9166 (95%) 5403 (93%) 14,569 (94%)

Diabetes management
Diet only 1502 (16%) 1027 (18%) 2529 (16%)
Any hypoglycemic agent but not insulin 5816 (60%) 3204 (55%) 9020 (58%)
Insulin +/− other hypoglycemic agent 2366 (24%) 1565 (27%) 3931 (25%)

Duration of diabetes (years)
b5 2991 (31%) 1900 (33%) 4891 (32%)
≥5, b10 2728 (28%) 1606 (28%) 4334 (28%)
≥10, b20 2287 (24%) 1250 (22%) 3537 (23%)
≥ 20 1150 (12%) 712 (12%) 1862 (12%)
Unknown 528 (5%) 328 (6%) 856 (6%)
Median duration of diabetes (IQR) 7 (3–13) 7 (3–12) 7 (3–13)

Systolic blood pressure (mmHg)‡

b130 1961 (20%) 1433 (25%) 3394 (22%)
≥130, b140 1931 (20%) 1160 (20%) 3091 (20%)
≥140 2965 (31%) 1590 (27%) 4555 (29%)
Unknown 2827 (29%) 1613 (28%) 4440 (29%)
Mean systolic blood pressure (SD) 136.9 (15.2) 134.9 (15.3) 136.2 (15.3)

Other Factors§

Reported treated hypertension (n = 15,368) 5854 (60%) 3679 (63%) 9533 (62%)
Current smoker (n = 15,307) 778 (8%) 501 (9%) 1279 (8%)
Diabetic retinopathy (n = 15,336) 1875 (19%) 1148 (20%) 3023 (20%)

Ethnic origin
White 9331 (96%) 5604 (97%) 14,935 (96%)
Indian/Pakistani/Bangladeshi 141 (1%) 43 (b1%) 184 (1%)
African/Caribbean 79 (b1%) 61 (1%) 140 (b1%)
Other/unknown 133 (1%) 88 (2%) 221 (1%)

⁎Based on self-reported height and weight
†Based on a broad clinical definition involving age at diagnosis of diabetes, use of insulin within one year of diagnosis and BMI
‡ From blood and urine consent form, generally before randomization
§Reported by participant on randomization questionnaire.
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followed by a telephone call by coordinating centre
staff. In late 2014, the option of completing a follow-up
form via the internet was introduced,24 and around 15%
to 20% of responses are now received online. In
addition, electronic information about all deaths and
cancers is received periodically from central NHS
registries.

Discussion
There remains continuing clinical uncertainty about

whether or not aspirin should be recommended for the

primary prevention of cardiovascular events in people
with diabetes.13 This is reflected in the differing and
changing recommendations in cardiovascular prevention
guidelines. When ASCEND was designed, the American
Diabetes Association recommended aspirin use for
primary prevention in people with diabetes with one
additional risk factor28 but, at that time, the UK and
European guidelines were more circumspect.29,30 More
recently, both the 2015 UK National Institute for Health
and Care Excellence (NICE) guideline for type 2 diabetes31

and the 2016 European Guidelines32 have advised not
offering antiplatelet therapy for adults with type 2 diabetes

Table III. Biochemical measures assessed during pre-randomization run-in phase.

Male Female Total

Total cholesterol (mmol/L) (n = 9819)
b4.0 3175 (52%) 1379 (37%) 4554 (46%)
≥4.0, b 5.0 2193 (36%) 1602 (43%) 3795 (39%)
≥5.0 716 (12%) 754 (20%) 1470 (15%)
Mean (SD) 4.0 (0.8) 4.4 (0.9) 4.2 (0.9)

HDL cholesterol (mmol/L) (n = 9800)
b1.0 1751 (29%) 419 (11%) 2170 (22%)
≥1.0, b 1.5 3466 (57%) 2057 (55%) 5523 (56%)
≥1.5 855 (14%) 1252 (34%) 2107 (22%)
Mean (SD) 1.2 (0.3) 1.4 (0.4) 1.3 (0.4)

Non-HDL cholesterol (mmol/L) (n = 9800)
b2.5 2187 (36%) 1203 (32%) 3390 (35%)
≥2.5, b 3.5 2693 (44%) 1700 (46%) 4393 (45%)
≥3.5 1192 (20%) 825 (22%) 2017 (21%)
Mean (SD) 2.9 (0.8) 3.0 (0.9) 2.9 (0.8)

Apolipoprotein B (mg/dL) (n = 9779)
b70 1900 (31%) 947 (25%) 2847 (29%)
≥70, b 90 2386 (39%) 1516 (41%) 3902 (40%)
≥90 1766 (29%) 1264 (34%) 3030 (31%)
Mean (SD) 80.8 (20) 84.3 (21) 82.1 (21)

Apolipoprotein A1 (mg/dL) (n = 9799)
b130 1781 (29%) 403 (11%) 2184 (22%)
≥130, b 160 3030 (50%) 1669 (45%) 4699 (48%)
≥160 1259 (21%) 1657 (44%) 2916 (30%)
Mean (SD) 143.5 (23) 159.3 (26) 149.5 (25)

HbA1c DCCT % (IFCC mmol/mol) (n = 9813)
b6 (42) 734 (12%) 454 (12%) 1188 (12%)
≥6 (42), b 6.5 (48) 1077 (18%) 744 (20%) 1821 (19%)
≥6.5 (48), b 7 (53) 1317 (22%) 790 (21%) 2107 (21%)
≥7 (53), b 7.5 (58) 1057 (17%) 651 (17%) 1708 (17%)
≥7.5 (58) 1895 (31%) 1094 (29%) 2989 (30%)
Mean (SD) 7.2 (55) (1.2 (13)) 7.1 (55) (1.2 (13)) 7.2 (55) (1.2 (13))

eGFR (ml/min/1.73m2) (n = 9815)⁎
≥90 2966 (49%) 1557 (42%) 4523 (46%)
≥60, b 90 2413 (40%) 1603 (43%) 4016 (41%)
≥45, b 60 490 (8%) 379 (10%) 869 (9%)
≥30, b 45 167 (3%) 155 (4%) 322 (3%)
b30 46 (b1%) 39 (1%) 85 (b1%)
Mean (SD) 86.9 (21) 82.3 (21) 85.2 (21)

Urinary albumin/creatinine ratio (mg/mmol) (n = 9774)
b3 5176 (85%) 3350 (90%) 8526 (87%)
≥3, b 30 764 (13%) 324 (9%) 1088 (11%)
≥30 123 (2%) 37 (b1%) 160 (2%)
Median 0.59 0.51 0.55

HDL, High-density lipoprotein; IFCC, International Federation of Clinical Chemistry
⁎Calculated from blood cystatin c concentration using the CKD-EPI formula.
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but without cardiovascular disease. By contrast, the US
Preventive Services Task Force now recommends low-dose
aspirin for the primary prevention of cardiovascular disease
and colorectal cancer in adults aged 50–59 years who have
a 10-year cardiovascular risk of at least 10% and are not
considered at increased risk for bleeding, irrespective of
their diabetes status.33

In addition to ASCEND, three other randomized trials of
aspirin therapy in similar intermediate-risk populations
are anticipated to announce their results during the next
2–3 years,34-36 providing substantially more data than is
currently available about the value of using aspirin in the
primary prevention setting. ASCEND will be responsible
for almost half of the available data in diabetes and, in
addition, will provide one of the first large-scale
prospective tests of aspirin for the prevention of cancer.
If aspirin is shown to be effective for cancer chemopre-
vention then this could significantly alter the balance of
benefits and risks for its use in primary prevention.
Given recent data, it is unlikely that ASCEND will show

benefits from the omega-3 fatty acid allocation of the
magnitude that had been anticipated. Nevertheless, the
increase in size and duration of exposure beyond that
originally planned means that its ability to detect more
modest effects of omega-3 fatty acids has increased. In
addition, it should be large enough to determine whether
(or not) any particular types of patient benefit to a
worthwhile extent from such supplementation.

Conclusion
The current global epidemic of diabetes makes robust

evidence about the effects of low-cost prophylactic
interventions especially important. For example, demon-
strating that primary prevention with aspirin prevents
cardiovascular events or cancers, and that the benefits
outweigh the risks of bleeding, would be relevant to some
hundreds ofmillions of peopleworldwidewho are at risk of
such events but are currently not taking low-dose aspirin.
On the other hand, if the risks of serious bleeding outweigh
any benefits then these risks could be avoided by the very
large numbers of peoplewho are currently using aspirin for
primary prevention.
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Associations of Omega-3 Fatty Acid Supplement Use
With Cardiovascular Disease Risks
Meta-analysis of 10 Trials Involving 77 917 Individuals
Theingi Aung, MBBS, FRCP; Jim Halsey, BSc; Daan Kromhout, PhD; Hertzel C. Gerstein, MD; Roberto Marchioli, MD; Luigi Tavazzi, MD;
Johanna M Geleijnse, PhD; Bernhard Rauch, MD; Andrew Ness, PhD, FFPH; Pilar Galan, MD, PhD; Emily Y. Chew, MD; Jackie Bosch, PhD;
Rory Collins, FMedSci, FRCP; Sarah Lewington, DPhil; Jane Armitage, FRCP, FFPH; Robert Clarke, MD, FRCP, FFPH;
for the Omega-3 Treatment Trialists’ Collaboration

IMPORTANCE Current guidelines advocate the use of marine-derived omega-3 fatty acids
supplements for the prevention of coronary heart disease and major vascular events in
people with prior coronary heart disease, but large trials of omega-3 fatty acids have
produced conflicting results.

OBJECTIVE To conduct a meta-analysis of all large trials assessing the associations of omega-3
fatty acid supplements with the risk of fatal and nonfatal coronary heart disease and major
vascular events in the full study population and prespecified subgroups.

DATA SOURCES AND STUDY SELECTION This meta-analysis included randomized trials that
involved at least 500 participants and a treatment duration of at least 1 year and that
assessed associations of omega-3 fatty acids with the risk of vascular events.

DATA EXTRACTION AND SYNTHESIS Aggregated study-level data were obtained from 10 large
randomized clinical trials. Rate ratios for each trial were synthesized using observed minus
expected statistics and variances. Summary rate ratios were estimated by a fixed-effects
meta-analysis using 95% confidence intervals for major diseases and 99% confidence
intervals for all subgroups.

MAIN OUTCOMES AND MEASURES The main outcomes included fatal coronary heart disease,
nonfatal myocardial infarction, stroke, major vascular events, and all-cause mortality, as well
as major vascular events in study population subgroups.

RESULTS Of the 77 917 high-risk individuals participating in the 10 trials, 47 803 (61.4%) were
men, and the mean age at entry was 64.0 years; the trials lasted a mean of 4.4 years. The
associations of treatment with outcomes were assessed on 6273 coronary heart disease
events (2695 coronary heart disease deaths and 2276 nonfatal myocardial infarctions) and
12 001 major vascular events. Randomization to omega-3 fatty acid supplementation
(eicosapentaenoic acid dose range, 226-1800 mg/d) had no significant associations with
coronary heart disease death (rate ratio [RR], 0.93; 99% CI, 0.83-1.03; P = .05), nonfatal
myocardial infarction (RR, 0.97; 99% CI, 0.87-1.08; P = .43) or any coronary heart disease
events (RR, 0.96; 95% CI, 0.90-1.01; P = .12). Neither did randomization to omega-3 fatty acid
supplementation have any significant associations with major vascular events (RR, 0.97; 95%
CI, 0.93-1.01; P = .10), overall or in any subgroups, including subgroups composed of persons
with prior coronary heart disease, diabetes, lipid levels greater than a given cutoff level, or
statin use.

CONCLUSIONS AND RELEVANCE This meta-analysis demonstrated that omega-3 fatty acids
had no significant association with fatal or nonfatal coronary heart disease or any major
vascular events. It provides no support for current recommendations for the use of such
supplements in people with a history of coronary heart disease.

JAMA Cardiol. doi:10.1001/jamacardio.2017.5205
Published online January 31, 2018.

Supplemental content

Author Affiliations: Author
affiliations are listed at the end of this
article.

Corresponding Author: Robert
Clarke, MD, FRCP, FFPH, Nuffield
Department of Population Health,
Big Data Institute, University of
Oxford, Old Road Campus,
Oxford OX3 7LF, United Kingdom
(robert.clarke@ndph.ox.ac.uk).

Research

JAMA Cardiology | Original Investigation

(Reprinted) E1

© 2018 American Medical Association. All rights reserved.

Downloaded From:  on 02/11/2018

http://jama.jamanetwork.com/article.aspx?doi=10.1001/jamacardio.2017.5205&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamacardio.2017.5205
http://jama.jamanetwork.com/article.aspx?doi=10.1001/jamacardio.2017.5205&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamacardio.2017.5205
mailto:robert.clarke@ndph.ox.ac.uk


O bservational studies in Western and Asian popula-
tions have reported that regular consumption of fish
once or twice a week is associated with lower risks of

death from coronary heart disease (CHD).1,2 These observa-
tions, together with the lower rates of CHD in populations that
consumed large amount of foods rich in very-long-chain poly-
unsaturated fatty acids containing omega-3 fatty acids have
prompted interest in assessing whether consumption of marine-
derived very-long-chain omega-3 fatty acids (abbreviated
“omega-3 FA” in this article) may be protective for CHD.3 These
marine-derived omega-3 FAs include eicosapentaenoic acid
(EPA) and docosahexanoic acid (DHA) found in fish and other
seafood, but not alpha-linolenic acid, which is plant-derived.

The initial Diet and Reinfarction Trial-1 study4 examined
the associations of consumption of oily fish twice or more per
week with CHD risk in men who had had a myocardial infarc-
tion and reported that fish consumption was associated with
a significant reduction in fatal CHD and all-cause mortality but
had no association with nonfatal myocardial infarction (MI)
recurrence.4 However, the subsequent Diet and Reinfarction
Trial-2 study in men with angina reported that consumption
of fish or fish oil supplements increased the risk of CHD death.5

Subsequently, several large trials have reported conflicting re-
sults of the associations of supplementation with omega-3 FA
supplements vs placebo or untreated controls on fatal and
nonfatal vascular events.6-16

Ten large randomized trials6-15 have been conducted com-
paring the associations of treatment with omega-3 FA supple-
mentation vs placebo or no treatment for at least 12 months
in populations with prior CHD, stroke, or high risk of cardio-
vascular disease (CVD). These trials have reported conflicting
results for the associations of treatment with fatal CHD, non-
fatal CHD, or other subtypes of CVD. The Gruppo Italiano per
lo Studio della Sopravvivenza nell'Infarto Miocardico (GISSI)-
Prevenzione trial,6 an open-label trial involving 11 323 recent
survivors of MI, reported that patients who received supple-
mentation with omega-3 FAs experienced a 10% reduced risk
of major cardiovascular events compared with untreated con-
trols. The Japan EPA Lipid Intervention Study (JELIS) trial, an
open-label trial involving 18 645 participants with total cho-
lesterol of 243.24 mg/dL (to convert to mmol/L, multiply by
0.0259) or greater, of whom only 20% with prior CHD, also
reported14 that supplementation with fish oil was associated
with a 19% reduction in major CHD events (95% CI, 5%-31%).
None of the other large placebo-controlled trials reported any
significant association with CHD or mortality. Hence, it is un-
clear whether the discrepant results reflect different associa-
tions of omega-3 FAs with CHD subtypes, different outcomes
in primary vs secondary prevention of CHD, increasing use of
statins with better control of lipid levels, or an artifact of chance
or bias in open-label trials. Previous meta-analyses of these
trials of omega-3 FA supplements16-18 appeared to suggest a sig-
nificant beneficial association of omega-3 FAs with fatal CHD
but not nonfatal CHD. However, these meta-analyses were con-
strained because they included trials of dietary advice to eat
fish17 or excluded trials that did not include a placebo control.18

The Omega-3 Treatment Trialists’ Collaboration was es-
tablished to conduct a collaborative meta-analysis based on

aggregated study-level data obtained from the principal
investigators of all large randomized clinical trials of omega-3
FA supplements for the prevention of cardiovascular disease,
using a prespecified protocol and analysis plan. The aims of
this meta-analysis were to assess the associations of supple-
mentation with omega-3 FAs on (1) fatal CHD, nonfatal MI,
stroke, major vascular events, and all-cause mortality and
(2) major vascular events in prespecified subgroups.

Methods
We performed a systematic search of randomized clinical trials
in PubMed and Medline data sets, supplemented by manual
hand-searching of reference lists from individual trials, re-
view articles, or previous meta-analyses of omega-3 FAs and
CVD (eFigure 1 in the Supplement). Search terms included
“omega-3 FA,” “omega-3 polyunsaturated fat,” “fish oils,” and
“ω-3 FA” and “cardiovascular disease” or “coronary heart dis-
ease” or “stroke” (eFigure 1 in the Supplement). The prespeci-
fied eligibility criteria were randomized clinical trials of marine-
derived very-long-chain omega-3 FA supplements vs placebo
or open-label control, with a sample size of at least 500 par-
ticipants and a scheduled duration of treatment of at least 1
year. All eligible trials required use of supplements, but no mini-
mum daily dose of EPA or DHA was specified. The prespeci-
fied end points included nonfatal MI; death caused by CHD;
ischemic, hemorrhagic, and unclassified stroke; coronary or
noncoronary arterial revascularization events; major vascu-
lar events (a composite of first occurrence of nonfatal MI or
death caused by CHD; nonfatal or fatal stroke; or any revas-
cularization procedure); and all-cause mortality. Deaths caused
by CHD included sudden cardiac deaths, deaths due to ven-
tricular arrhythmias, and heart failure in patients with CHD,
MI, or deaths occurring after coronary revascularization or
heart transplant.

All included trials were also assessed for risk of bias.
Individual trials had approval from their respective institu-
tional review boards, and all participants provided written
informed consent. No additional ethical approval was
required for this meta-analysis.

Key Points
Question Does supplementation with marine-derived omega-3
fatty acids have any associations with reductions in fatal or
nonfatal coronary heart disease in people at high risk of
cardiovascular disease?

Findings This meta-analysis of 10 trials involving 77 917 participants
demonstrated that supplementation with marine-derived omega-3
fatty acids for a mean of 4.4 years had no significant association with
reductions in fatal or nonfatal coronary heart disease or any major
vascular events.

Meaning The results provide no support for current recommendations
to use omega-3 fatty acid supplements for the prevention of fatal
coronary heart disease or any cardiovascular disease in people who
have or at high risk of developing cardiovascular disease.
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A protocol outlining the eligibility criteria, prespecified
analyses, and plans for publication together with standard-
ized data request forms were sent to the principal investiga-
tors of all eligible trials. The study used the PRISMA guide-
lines for the conduct of meta-analysis of randomized trials.19

Aggregated study-level (tabular) data were successfully
obtained from 9 of the 10 trials (Table; eTable in the
Supplement).6-13,15 The JELIS trial14 declined to participate in
this collaboration, but the published results of the trial were
sufficiently detailed to allow its inclusion in this study. Any dis-
crepancies between data supplied and the published reports
were clarified by contacting trial investigators.

Statistical Analysis
The association of treatment with outcomes in each trial was
analyzed separately, and summary statistics were calculated
for each trial. For each trial, we calculated the observed mi-
nus expected statistic (O−E) and its variance (V) from the num-
ber of patients who developed the relevant end point and the
total number of patients in each treatment group, using stan-
dard formulas for 2 × 2 contingency tables. One O−E value from
each trial was summed to produce a grand total (G), with vari-
ance (V) equal to the sum of their separate variances. The value
exp(G/V) is Peto 1-step estimate of the rate ratio (RR), and its
continuity-corrected 95% confidence interval is given by
exp(G/V ± [0.5/V + (1.96/�V)]).20 Rate ratios are given with
95% CI for the overall results for major diseases and with 99%
CI (which is calculated by replacing 1.96 in the formula above
by 2.58) for the results of individual trials or subgroups of trials
or subgroups of such major diseases. Heterogeneity between
the different subgroups is assessed by first calculating
S−(G2/V), where S is the sum of (O−E)2/V for each trial (or sub-
grouping), and then testing this statistic against a χ2 distribu-
tion with the degrees of freedom equal to 1 fewer than the num-

ber of subgroups. The meta-analysis was repeated after
excluding the JELIS trial,14 since it tested EPA alone rather than
the combination of EPA and DHA used in all other trials.6-13,15

Additional analyses of the primary outcomes assessed the
associations of treatment with major vascular events in pre-
defined subgroups, including age, sex, prior CHD, prior stroke,
prior diabetes, blood lipids (total cholesterol, triglyceride,
high-density lipoprotein, and calculated or measured low-
density lipoprotein), prior use of statins, and trial design (open-
label or blinded). In interpreting subgroup results, the chief
emphasis was placed on the overall results, unless there was
strong evidence of heterogeneity (P < .001). Sensitivity analy-
ses compared the results of the Peto method with log-rank
method in the 1 trial that had also provided individual
participant data on all events.

Results
Characteristics of Individual Trials
Study level data were obtained on a total of the 10 trials6-15 that
met the inclusion criteria. A total of 77 917 participants were in-
volved, and trials ranged in size from 563 to 18 645 partici-
pants (Table; eTable in the Supplement). Of the 10 trials, 8 had
a double-blind design and used a placebo control, and 2 trials
had an open-label design.6,14 The risk of bias of the included trials
was low, with exception of the 2 trials that did not use a placebo-
treated control group6,14 (eFigure 2 in the Supplement).

Combinations of polyunsaturated fatty acid ethyl esters
of EPA and DHA were used in all but 1 trial,14 which tested daily
dose of 1800 mg EPA alone. The daily doses of EPA varied from
226 to 1800 mg/day, and DHA varied from 0 to 1700 mg/day.
The mean duration of treatment in individual trials varied from
1.0 year to 6.2 years (weighted mean, 4.4 years).

Table. Characteristics of Included Trials

Study (Year)
Patients,
No.

Dose of
EPA/ DHA
(mg/d)

Male,
No (%)

Mean
Trial
Duration,
y

Mean (SD)
Age, y

No (%)

Prior CHD Prior Stroke Prior Diabetes Statin Use
DOIT (2010) 563 1150/800 563 (100) 3 70 (3) 133 (23.6) 37 (6.6) 46 (8.2) NA

AREDS-2 (2014) 4203 650/350 1816 (43.2) 4.5 74 (NA) 405 (9.7) 211 (5.0) 546 (13.0) 1866 (44.4)

SU.FOL.OM3
(2010)

2501 400/200 1987 (79.4) 4.7 61 (NA) 1863 (74.5) 638 (25.5) 440 (17.9) 2079 (83.1)

JELIS (2007)a,b 18 645 1800/NA 5859 (31.4) 4.6 61 (8) NA NA 3040 (16.3) 18 645 (100.0)

Alpha Omega
(2010)

4837 226/150 3783 (78.2) 3.3 69 (6) 4837 (100.0) 345 (7.2) 1014 (21.0) 4122 (85.2)

OMEGA (2010) 3818 460/380 2841 (74.4) 1 64 (NA) 796 (22.5) 192 (5.5) 948 (27.0) 3566 (94.2)

R&P (2013) 12 505 500/500 7687 (61.5) 5 64 (NA) Not stated (30) 594 (4.8) 7494 (59.9) 12 505 (100.0)

GISSI-HF (2008) 6975 850/950 5459 (78.3) 3.9 67 (11) 3614 (51.8) 346 (5.0) 1974 (28.3) NA

ORIGIN (2012) 12 536 465/375 8150 (65.0) 6.2 64 (8) 8094 (64.6) 10 877 (86.8) 11 081 (88.4) 6739 (53.8)

GISSI-Pb (1999) 11 334 850/1700 9658 (85.2) 3.5 59 (11) 11 334 (100.0) NA 2139 (18.9) NA

Total 77 917 NA 47 803 (61.4) 4.4 64 31 076/46 767
(66.4)

13 240/47 938
(27.6)

28 722 (36.9) 49 522 (83.4)

Abbreviations: AREDS-2, Age-Related Eye Disease Study 2; DOIT, Diet and
Omega-3 Intervention Trial; GISSI-HF, Gruppo Italiano per lo Studio della
Sopravvivenza nell'Infarto Miocardico-Heart Failure; GISSI-P, Gruppo Italiano
per lo Studio della Sopravvivenza nell'Infarto Miocardico-Prevenzione;
JELIS, Japan Eicosapentaenoic Acid (EPA) Lipid Intervention Study; NA, not
available; OMEGA, Effect of Omega 3-Fatty Acids on the Reduction of Sudden
Cardiac Death After Myocardial Infarction; ORIGIN, Outcome Reduction With

Initial Glargine Intervention; SU.FOL.OM3, Supplémentation en Folates
et Omega-3; R&P, Risk and Prevention Study.
a All trials used eicosapentaenoic acid and docosahexanoic acid supplements,

with the exception of the JELIS trial (eicosapentaenoic acid only).
b All trials were blind, placebo-controlled randomized clinical trials with the

exception of JELIS and GISSI-P, which were open-label without placebo.
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Of the 77 917 participants, 47 803 (61.4%) were men, and the
meanageatentrywas64years.Afteraccountingformissingdata,
abouttwo-thirdsofparticipantshadapriorhistoryofCHD(31 076/
46 767;66.4%),13 240of47 938(28%)hadpriorstroke,and28 722
of the total 77 917 participants (37%) had prior diabetes. Among
the 77 917 participants, there were a total of 12 001 major vascu-
lar events (15.4% of 77 917 participants), including 2276 incidents
ofnonfatalMI(2.9%),2695CHDdeaths(3.5%),1713strokes(2.2%),
and 6603 revascularization events (8.5%) during the study du-
ration (eTable in the Supplement). Data were available on the as-
sociation of treatment by prior use of statin therapy in 7 trials in-
volving 49 522 participants.8,10-12,14,15

Associations of Omega-3 Fatty Acid Use
With CHD and Major Vascular Events
Figure 1 shows that randomization to receive omega-3 FA supple-
mentation had no significant association with the rate ratios
(RRs) for any CHD event (RR, 0.96; 95% CI, 0.90-1.01; P = .12)
and no significant association with RRs in subgroups of CHD
events, including CHD death (RR, 0.93; 99% CI, 0.83-1.03;
P = .05) and nonfatal myocardial infarction (RR, 0.97; 99% CI,
0.87-1.08; P = .40). Likewise, randomization of patients to an
omega-3 FA supplementation regimen had no associations with
the RRs for major vascular events (RR, 0.97; 95% CI, 0.93–1.01;
P = .10), stroke (RR, 1.03; 95% CI, 0.93-1.13; P = .56), or revas-
cularization events (RR, 0.99; 95% CI, 0.94-1.04; P = .61). This
meta-analysis also showed no significant heterogeneity be-
tween the results of individual trials for nonfatal MI, CHD death,
any CHD events, or all major vascular events (Figure 2). The as-
sociation of omega-3 FA supplementation with major vascular
events were unaltered after excluding the JELIS trial14 (odds ra-
tio [OR], 0.98; 95% CI, 0.94-1.02; P = .30) (eFigure 3 in the
Supplement). Additional sensitivity analyses in 1 trial12 that com-
pared the results of the Peto method (O−E statistic) with the log-
rank method demonstrated that analysis of individual partici-

pant and study-level data yielded identical results for association
of omega-3 FA supplementation with major vascular events
(eFigure 4 in the Supplement).

Associations of Omega-3 Fatty Acid Use
With Major Vascular Events in Prespecified Subgroups
Figure 3 shows that after adjustment for multiple testing, ran-
domization of patients to study arms involving supplementation
by omega-3 FAs had no significant association with major vas-
culareventsinanyoftheprespecifiedsubgroups, includingthose
defined by sex, history of CHD, history of diabetes, pretreatment
levels of total cholesterol, high-density lipoprotein levels, low-
density lipoprotein levels, triglyceride levels, or prior use of stat-
in therapy. However, there was some evidence of heterogeneity
in the associations of omega-3 FAs with major vascular events
by age (unadjusted P = .02) and by history of stroke (P = .06), re-
spectively. While it was not possible to assess the associations
of treatment with race, the results were unaltered after exclusion
of the JELIS trial,14 which was conducted in a Japanese popula-
tion only (eFigure 3 in the Supplement).

Associations of Omega-3 Fatty Acid Use
With CHD Events by Study Design
Figure 4 demonstrates that randomization of patients to receive
omega-3 FAs had no significant association with their experience
ofnonfatalMI,CHDdeath,oroverallCHDintrialsthatusedeither
an open-label and blind design. However, there was some evi-
dence of heterogeneity between the results of open-label trials
vs blind trials for all participants with CHD (open-label trials: RR,
0.85; 99% CI, 0.72-0.99; P = .01; blinded trials: RR, 0.99; 99% CI,
0.91-1.07; P = .69; heterogeneity P = 0.03), but not for either fatal
CHD or nonfatal MI, respectively. Overall, the results of this meta-
analysis demonstrated no significant association of supplemen-
tation with omega-3 FAs for a mean duration of 4.4 years with the
risk of fatal CHD, nonfatal MI, any CHD, or any major vascular
events in the full study population and in all relevant subgroups.

Figure 1. Associations of Omega-3 Fatty Acids With Major Vascular Events
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Figure 2. Associations of Omega-3 Fatty Acids With Subtypes of Coronary Heart Disease
and Major Vascular Events, by Trial
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della Sopravvivenza nell'Infarto
Miocardico-Prevenzione;
JELIS, Japan Eicosapentaenoic Acid
(EPA) Lipid Intervention Study;
OMEGA, Effect of Omega 3-Fatty
Acids on the Reduction of Sudden
Cardiac Death After Myocardial
Infarction; ORIGIN, Outcome
Reduction With Initial
Glargine Intervention;
Su.Fol.Om3, Supplémentation
en Folates et Omega-3; R&P, Risk and
Prevention Study. Rate ratios for
individual trials or subgroups of trials
are indicated by squares and the 99%
CIs by the horizontal lines. Overall
totals and their 95% confidence
intervals are represented by
diamonds. Arrowheads indicate error
bars that extend beyond the area
shown. Heterogeneity between all
trials (χ 2

9 in all cases) for nonfatal
myocardial infarction, coronary heart
disease death, any coronary heart
disease, and major vascular events
were 10.18 (P = .34), 12.3 (P = .20),
12.92 (P = .17), and 7.68 (P = .57),
respectively.
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Associations of Omega-3 Fatty Acid Use
With All-Cause Mortality
Randomization to omega-3 FA intervention had no signifi-
cant association with RRs of all-cause mortality (RR, 0.96; 95%
CI, 0.92-1.01; P = .16). Further information is presented in
eFigure 5 in the Supplement.

Discussion
This meta-analysis of 10 randomized clinical trials, involving
77 917 participants, demonstrated that randomization to trial
arms with omega-3 FA supplementation for a mean of 4.4 years
had no significant effect on either of fatal CHD, nonfatal MI,

stroke, revascularization events, or any major vascular events.
Importantly, this meta-analysis also demonstrated no signifi-
cant effect on major vascular events in any particular sub-
groups, including prior vascular disease, diabetes, lipid lev-
els, or statin use. Likewise, the present meta-analysis showed
no significant association of omega-3 FA supplementation with
all-cause mortality or cancer (data not shown). Moreover, the
overall results were unaltered after exclusion of the JELIS trial,14

which tested the effects of EPA alone rather than EPA and DHA
combined.

The chief strength of this study was the availability of
study-level data extracted by the trial principal investigators
for all prespecified outcomes in this meta-analysis (with the
exception of the JELIS trial,14 in which the published data

Figure 3. Associations of Omega-3 Fatty Acids With Major Vascular Events, in Prespecified Subgroups
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Symbols and conventions as in
Figure 1. Total cholesterol,
high-density lipoprotein cholesterol,
low-density lipoprotein cholesterol,
and triglycerides were measured in
mg/dL (to convert cholesterol to
mmol/L, multiply by 0.0259;
triglycerides, multiply by 0.0113).
Heterogeneity between all trials (χ 2

1

in all cases) was 0.04 (P = .84) for
sex, 5.59 (P = .02) for age, 0.0
(P = .96) for prior coronary heart
disease, 7.03 (P = .01) for prior stroke,
0.0 (P > .99) for prior diabetes, 0.87
(P = .35) for total cholesterol, 1.56
(P = .21) for high-density lipoprotein,
1.8 (P = .18) for low-density
lipoprotein, 0.02 (P = .89) for
triglycerides, and 2.55 (P = .11) for
prior statin use.
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were used). The inclusion criteria and vascular disease out-
comes differed from previous meta-analyses of the pub-
lished results.16-18 The present meta-analysis had a low risk
of selection bias or confounding because it did not include
trials testing the effects of dietary advice to eat fish nor trials
that were either too small or insufficient in treatment dura-
tion. In contrast with previous meta-analyses, the present
meta-analysis also examined effects of supplementation
with omega-3 FA supplementation in prespecified subgroups
of major vascular events by history of disease, history of dia-
betes, lipid levels, or statin use.

The reasons for the discrepant results of the previous trials
of omega-3 FA supplementation on fatal and nonfatal CHD
events are unclear. In contrast with the null findings for most
trials, the GISSI-Prevenzione trial6 reported a 14% reduction
in major vascular events, chiefly owing to an 11% reduction in
cardiac deaths. But the JELIS trial reported a 19% (95% CI, 5%-
31%) reduction in major CHD events (albeit based on only 586
events), chiefly owing to a reduction in nonfatal CHD events.14

It is unclear whether differences in inclusion criteria for prior
diseases, concomitant use of statins, or other secondary pre-
vention treatments may explain some of the conflicting
results of individual trials.

For example, previous reports had suggested that the ef-
fects of omega-3 FA use may vary by patients’ prior use of statin
medications.21,22 The Alpha Omega trial reported that use of
low-dose omega-3 FAs reduced the risk of major vascular events
in patients with prior MI who were not treated with statin
medications.22 However, the present meta-analysis demon-
strated no heterogeneity in the effects of omega-3 FA supple-
mentation on CHD death or nonfatal MI between the indi-
vidual trials and reported no differences in the effects of
omega-3 FAs on major vascular events by subgroups of those
with or without prior cardiovascular disease or diabetes; those
with lipid levels less than or greater than specified cutoff points;
or those who had histories of statin therapy. The results of the
present meta-analysis were also unaltered by the exclusion of

the JELIS trial,14 in which all participants were also treated with
statin medications.

The present meta-analysis reported weak evidence of
heterogeneity between the results of open-label vs blind trials
for any CHD. This may reflect reporting bias, chance, or greater
compliance in the open-label trials than in the blinded trials.

Previous meta-analyses of omega-3 FA trials,16-18 which
were limited by being incomplete, including trials of dietary
advice to increase fish consumption,16,17 or failure to distin-
guish the effects on a wide range of subtypes of CVD.16-18,23,24

In contrast, the present meta-analysis demonstrated that
omega-3 FA supplementation had no significant effect on fa-
tal CHD or any other CVD subtypes. Moreover, the conclu-
sions of the present meta-analysis are consistent with those
of a 2016 report24 for the US Agency for Healthcare Research
and Quality that also involved study-level data from the same
10 large trials for prevention of major vascular events, and con-
cluded that omega-3 FA supplementation had no association
with the risk of major vascular events, all-cause mortality, sud-
den cardiac death, or revascularization. In contrast with this
report, the present article was able to assess effects on a wide
range of subtypes of CVD and on major vascular events in all
relevant subgroups.24

Limitations
This meta-analysis had several limitations. The protocol did not
prespecify assessment of the effects of treatment by smoking
status or by site-specific cancer incidence. An additional limi-
tation of this meta-analysis involved the use of aggregated study-
level data rather than individual-level data. A meta-analysis of
individual participant data may have a greater chance of de-
tecting effects of omega-3 FA supplements on subtypes of fatal
CHD events (ie, sudden death or ventricular arrhythmias) in a
wider range of subgroups. However, the overall null results of
the present meta-analysis, which assesses effects on a wide
range of prespecified CVD subtypes, provides little encourage-
ment for such an approach. In addition, sensitivity analyses

Figure 4. Associations of Omega-3 Fatty Acids With Fatal and Nonfatal Vascular Events, by Trial Design
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using data from 1 trial12 that also provided data on all indi-
vidual participants indicated identical effect estimates and
99% CI for analyses using both O-E and log-rank methods.

The 95% CI in the present meta-analysis of 10 trials, in-
volving 77 917 high-risk individuals, 12 001 major vascular
events, and 6273 CHD events, cannot exclude a 7% lower risk
of major vascular events and a 10% lower risk of CHD associ-
ated with omega-3 FA supplements. Several ongoing large ran-
domized trials involving a total of 54 354 additional partici-
pants (A Study of Cardiovascular Events in Diabetes
[ASCEND],25 n = 15 480; VITamin D and OmegA-3 TriaL
[VITAL],26 n = 25 874; STatin Residual risk reduction with
EpaNova in hiGh CV risk patienTs with Hypertriglyceridemia
[STRENGTH],27 n = 13 000 and Reduction of Cardiovascular
Events With EPA–Intervention Trial [REDUCE-IT], n = 8000)
will provide additional evidence about the associations of
omega-3 FA supplementation with the risk of major vascular
events, any CHD, and subtypes of fatal and nonfatal CHD.
Importantly, the STRENGTH27 and REDUCE-IT trials will test
the effects on major vascular events of much higher doses
of omega-3 FAs (3-4 g/d), which will lower plasma levels
of triglycerides.

Conclusions

The 2016 European Society of Cardiology and European
Atherosclerosis Society guidelines for prevention of cardio-
vascular disease28 indicated that it is debatable whether
omega-3 FAs may exert a protective effect, and the 2016
guidelines on the management of dyslipidaemia29 indicated
that more evidence on the efficacy of omega-3 FA supple-
ments for prevention of clinical outcomes is needed to
justify their prescription. In contrast, the American Heart
Association recommended30 that the use of omega-3 FAs for
prevention of CHD is probably justified in individuals with
prior CHD and those with heart failure and reduced ejection
fractions. However, the results of the present meta-analysis
provide no support for the recommendations to use
approximately 1 g/d of omega-3 FAs in individuals with a
history of CHD for the prevention of fatal CHD, nonfatal MI,
or any other vascular events. The results of the ongoing
trials are needed to assess if higher doses of omega-3 FAs
(3-4 g/d) may have significant effects on risk of major
vascular events.

ARTICLE INFORMATION

Accepted for Publication: December 5, 2017.

Published Online: January 31, 2018.
doi:10.1001/jamacardio.2017.5205

Open Access: This article is published under the
JN-OA license and is free to read on the day of
publication.

Author Affiliations: Clinical Trial Service Unit and
Epidemiological Studies Unit, Nuffield Department
of Population Health, University of Oxford, Oxford,
England (Aung, Halsey, Collins, Lewington,
Armitage, Clarke); Medical Research Council
Population Health Research Unit, Nuffield
Department of Population Health, University of
Oxford, Oxford, England (Aung, Halsey, Collins,
Lewington, Armitage, Clarke); Department of
Endocrinology, Royal Berkshire Hospital, Reading,
England (Aung); Department of Epidemiology,
University of Groningen, Groningen, Netherlands
(Kromhout); Department of Medicine McMaster
University, Hamilton Health Sciences, Hamilton,
Ontario, Canada (Gerstein); Population Health
Research Institute, McMaster University, Hamilton
Health Sciences, Hamilton, Ontario, Canada
(Gerstein, Bosch); Cardiovascular Renal Metabolic
Therapeutic Area, Medical Strategy and Science,
Therapeutic Science and Strategy Unit, Quintiles,
Milan, Italy (Marchioli); Department of
Cardiovascular Research, IRCCS Istituto di Ricerche
Farmacologiche Mario Negri, Milan, Italy
(Marchioli); Maria Cecilia Hospital, GVM Care &
Research, ES Health Science Foundation, Cotignola,
Italy (Tavazzi); Division of Human Nutrition,
Wageningen University, Wageningen, Netherlands
(Geleijnse); Institut für Herzinfarktforschung
Ludwigshafen, Ludwigshafen, Germany (Rauch);
National Institute for Health Research, Bristol
Biomedical Research Centre, University Hospitals
Bristol National Health Service Foundation Trust,
University of Bristol, Bristol, England (Ness);
Nutritional Epidemiology Research Team, Sorbonne
Paris Cité Epidemiology and Biostatistics Research

Center, Bobigny, France (Galan); Division of
Epidemiology and Clinical Applications, National
Eye Institute, National Institutes of Health,
Bethesda, Maryland (Chew); School of
Rehabilitation Science, McMaster University,
Hamilton, Ontario, Canada (Bosch).

Author Contributions: Drs Clarke and Halsey have
full access to all data in the study and take
responsibility for the integrity of the data and
accuracy of the data analysis.
Study concept and design: Aung, Marchioli,
Lewington, Armitage, Clarke.
Acquisition, analysis, or interpretation of data:
Aung, Halsey, Kromhout, Gerstein, Marchioli,
Tavazzi, Geleijnse, Rauch, Ness, Galan, Chew,
Bosch, Collins, Lewington, Clarke.
Drafting of the manuscript: Aung, Halsey, Clarke.
Critical revision of the manuscript for important
intellectual content: All authors.
Statistical analysis: Halsey, Lewington.
Obtained funding: Kromhout, Bosch, Collins.
Administrative, technical, or material support:
Kromhout, Rauch, Chew, Armitage, Clarke.
Supervision: Tavazzi, Collins, Lewington, Clarke.

Conflict of Interest Disclosures: All authors have
completed and submitted the ICMJE Form for
Disclosure of Potential Conflicts of Interest. Dr
Armitage is a principal investigator, and Dr Collins is
Chair of the Trial Steering Committee for the
ASCEND trial of omega-3 FA supplements for
prevention of vascular disease in diabetes. Dr
Collins reports grants from Mylan (formerly Solvay
and Abbott) outside the submitted work. Dr
Geleijnse reports grants from Unilever during the
conduct of the study. Dr Gerstein reports grants
and personal fees from Sanofi, grants and personal
fees from Eli Lilly, grants and personal fees from
Astra Zeneca, grants and personal fees from
Boehringer Ingelheim, personal fees from Abbot,
grants and personal fees from Novo Nordisk, grants
and personal fees from Merck, personal fees from
Amgen, and personal fees from Jannsen, all outside
the submitted work. Dr Rauch reports grants from

Trommsdorff GmbH & Co. KG during the conduct of
the study. Dr Tavazzi reports grants from Servier
and grants from CVIE Therapeutics outside the
submitted work. No other disclosures are reported.

Funding/Support: This work was supported by
grant CH/1996001/9454 from the British Heart
Foundation, a grant from British Heart Foundation
Centre for Research Excellence Oxford, and support
from Medical Research Council Clinical Trial Service
Unit A310 support to the Medical Research Council
Public Health Research Unit at the Clinical Trial
Service Unit and Epidemiological Studies Unit,
University of Oxford, where the Omega-3
Treatment Trialists’ Collaboration secretariat was
located. This unit has a policy of not accepting fees,
honoraria, or paid consultancies directly or
indirectly from any industry.

The OMEGA-3 Treatment Trialists’ Collaboration
Members: Secretariat: Theingi Aung FRCP, Jim
Halsey BSc, Rory Collins FRCP, Sarah Lewington
DPhil, Jane Armitage FRCP, Robert Clarke FRCP.
Nuffield Department of Population Health,
University of Oxford, Oxford, UK. Age-Related Eye
Disease Study 2 (AREDS-2): Denise E Bonds MD
MPH, Traci E Clemons PhD, Emily Y Chew MD.
National Eye Institute, National Institutes of Health,
Bethesda, MD, USA. Supplementation with folate,
vitamin B6 and B12 and/or omega-3 fatty acids
trial (SU.FOL.OM3): Pilar Galan MD PhD, Serge
Hercberg MD PhD. Sorbonne Paris Cité
Epidemiology and Biostatistics Research Center
(CRESS), Inserm U1153, Paris, France. ALPHA
OMEGA: Daan Kromhout PhD, University of
Groningen, Groningen, Netherlands; Eric J Giltay
MD; Johanna M Geleijnse PhD. Wageningen
University, Wageningen, Netherlands. OMEGA:
Bernhard Rauch MD, Steffen Schneider PhD,
Jochen Senges MD. Institut für
Herzinfarktforschung Ludwigshafen (IHF),
Ludwigshafen, Germany. Risk and Prevention
Study (R&P): Roberto Marchioli MD; Gianni
Tognoni MD; Maria Carla Roncaglioni MD. IRCCS-
Istituto di Ricerche Farmacologiche Mario Negri,

Research Original Investigation Meta-analysis of Associations of Omega-3 Fatty Acids and Cardiovascular Risk

E8 JAMA Cardiology Published online January 31, 2018 (Reprinted) jamacardiology.com

© 2018 American Medical Association. All rights reserved.

Downloaded From:  on 02/11/2018

http://jama.jamanetwork.com/article.aspx?doi=10.1001/jamacardio.2017.5205&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamacardio.2017.5205
http://jamanetwork.com/journals/jamacardiology/pages/instructions-for-authors#SecOpenAccess/?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamacardio.2017.5205
http://www.jamacardiology.com/?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamacardio.2017.5205


Milan, Italy. GISSI Heart Failure Trial (GISSI-HF):
Luigi Tavazzi MD, Aldo P Maggioni MD; Roberto
Marchioli MD; Dr Donata Lucci BS. IRCCS-Istituto di
Ricerche Farmacologiche Mario Negri, Milan, Italy.
Outcome Reduction With Initial Glargine
Intervention (ORIGIN): Jackie Bosch MSc; Hertzel
Gerstein MD. McMaster University and Hamilton
Health Sciences, Hamilton, Ontario, Canada.
GISSI-Prevenzione (GISSI-P): Roberto Marchioli
MD; Aldo P Maggioni MD; Gianni Tognoni MD.
IRCCS-Istituto di Ricerche Farmacologiche Mario
Negri, Milan, Italy. Diet and Reinfarction Trial
(DART): Andrew R Ness MRCP. University of
Bristol, Bristol, UK.

Role of the Funder/Sponsor: The funders had no
role in the design and conduct of the study;
collection, management, analysis, and
interpretation of the data; preparation, review, or
approval of the manuscript; and decision to submit
the manuscript for publication.

Additional Contributions: We would like to thank
Erik Giltay, MD, Wageningen University, for
contributing data from the Alpha-Omega trial;
Gunnar Einvik, PhD, University of Oslo, for
providing data from the Diet and Omega-3
Intervention Trial, Denise Bonds, MD, MPH,
National Heart, Lung and Blood Institute, National
Institutes of Health, for contributing data from the
Age-Related Eye Disease Study -2 trial; Maria Carla
Roncaglioni, MD, the IRCCS-Istituto di Ricerche
Farmacologiche Mario Negri, for contributing data
from the Risk and Prevention trial; Dr Donata Lucci,
BS, and Aldo Maggioni, MD, IRCCS-Istituto di
Ricerche Farmacologiche Mario Negri for
contributing data from the Gruppo Italiano per lo
Studio della Sopravvivenza nell'Infarto Miocardico-
Heart Failure trial, and Steffen Schneider, PhD, and
Mr Jim Halsey Clinical Trial Service Unit of the
University of Oxford, for conducting analyses. All
contributions were uncompensated.

REFERENCES

1. Kromhout D, Bosschieter EB, de Lezenne
Coulander C. The inverse relation between fish
consumption and 20-year mortality from coronary
heart disease. N Engl J Med. 1985;312(19):1205-1209.

2. Zheng J, Huang T, Yu Y, Hu X, Yang B, Li D. Fish
consumption and CHD mortality: an updated
meta-analysis of seventeen cohort studies. Public
Health Nutr. 2012;15(4):725-737.

3. Kromhout D, Yasuda S, Geleijnse JM, Shimokawa
H. Fish oil and omega-3 fatty acids in cardiovascular
disease: do they really work? Eur Heart J. 2012;33
(4):436-443.

4. Burr ML, Fehily AM, Gilbert JF, et al. Effects of
changes in fat, fish, and fibre intakes on death and
myocardial reinfarction: Diet and Reinfarction Trial
(DART). Lancet. 1989;2(8666):757-761.

5. Burr ML, Ashfield-Watt PA, Dunstan FD, et al.
Lack of benefit of dietary advice to men with
angina: results of a controlled trial. Eur J Clin Nutr.
2003;57(2):193-200.

6. GISSI-Prevenzione Investigators (Gruppo
Italiano per lo Studio della Sopravvivenza
nell'Infarto miocardico). Dietary supplementation
with n-3 polyunsaturated fatty acids and vitamin E
after myocardial infarction: results of the
GISSI-Prevenzione trial. Lancet. 1999;354(9177):
447-455.

7. Tavazzi L, Maggioni AP, Marchioli R, et al;
Gissi-HF Investigators. Effect of n-3
polyunsaturated fatty acids in patients with chronic
heart failure (the GISSI-HF trial): a randomised,
double-blind, placebo-controlled trial. Lancet.
2008;372(9645):1223-1230.

8. Kromhout D, Giltay EJ, Geleijnse JM; Alpha
Omega Trial Group. N-3 fatty acids and
cardiovascular events after myocardial infarction.
N Engl J Med. 2010;363(21):2015-2026.

9. Einvik G, Klemsdal TO, Sandvik L, Hjerkinn EM.
A randomized clinical trial on N-3 polyunsaturated
fatty acids supplementation and all-cause mortality
in elderly men at high cardiovascular risk. Eur J
Cardiovasc Prev Rehabil. 2010;17(5):588-592.

10. Bosch J, Gerstein HC, Dagenais GR, et al;
ORIGIN Trial Investigators. N-3 fatty acids and
cardiovascular outcomes in patients with
dysglycemia. N Engl J Med. 2012;367(4):309-318.

11. Rauch B, Schiele R, Schneider S, et al; OMEGA
Study Group. OMEGA, a randomized,
placebo-controlled trial to test the effect of highly
purified omega-3 fatty acids on top of modern
guideline-adjusted therapy after myocardial
infarction. Circulation. 2010;122(21):2152-2159.

12. Galan P, Kesse-Guyot E, Czernichow S, Briancon
S, Blacher J, Hercberg S; SU.FOL.OM3 Collaborative
Group. Effects of B vitamins and omega 3 fatty
acids on cardiovascular diseases: a randomised
placebo controlled trial. BMJ. 2010;341:c6273.

13. Risk and Prevention Study Collaborative Group.
N-3 fatty acids in patients with multiple
cardiovascular risk factors. Eur J Prev Cardiol. 2016;
23(9):947-955.

14. Yokoyama M, Origasa H, Matsuzaki M, et al;
Japan EPA lipid intervention study (JELIS)
Investigators. Effects of eicosapentaenoic acid on
major coronary events in hypercholesterolaemic
patients (JELIS): a randomised open-label, blinded
endpoint analysis. Lancet. 2007;369(9567):
1090-1098.

15. Bonds DE, Harrington M, Worrall BB, et al;
Writing Group for the AREDS2 Research Group.
Effect of long-chain ω-3 fatty acids and lutein +
zeaxanthin supplements on cardiovascular
outcomes: results of the Age-Related Eye Disease
Study 2 (AREDS2) randomized clinical trial. JAMA
Intern Med. 2014;174(5):763-771.

16. Bucher HC, Hengstler P, Schindler C, Meier G.
N-3 polyunsaturated fatty acids in coronary heart
disease: a meta-analysis of randomized controlled
trials. Am J Med. 2002;112(4):298-304.

17. Rizos EC, Ntzani EE, Bika E, Kostapanos MS,
Elisaf MS. Association between omega-3 fatty acid
supplementation and risk of major cardiovascular
disease events: a systematic review and
meta-analysis. JAMA. 2012;308(10):1024-1033.

18. Kwak SM, Myung SK, Lee YJ, Seo HG; Korean
Meta-analysis Study Group. Efficacy of omega-3
fatty acid supplements (eicosapentaenoic acid and
docosahexaenoic acid) in the secondary prevention
of cardiovascular disease: a meta-analysis of
randomized, double-blind, placebo-controlled
trials. Arch Intern Med. 2012;172(9):686-694.

19. Liberati A, Altman DG, Tetzlaff J, et al. The
PRISMA statement for reporting systematic reviews

and meta-analyses of studies that evaluate health
care interventions: explanation and elaboration.
PLoS Med. 2009;6(7):e1000100.

20. Baigent C, Peto R, Gray R, Parish S, Collins R.
Large-scale randomized evidence: trials and
meta-analyses of trials. In: Warrell DA, Cox TM, Firth
JD, eds. Oxford Textbook of Medicine. 5th ed. Oxford,
England: Oxford University Press; 2010:31-45.

21. Saravanan P, Davidson NC, Schmidt EB, Calder
PC. Cardiovascular effects of marine omega-3 fatty
acids. Lancet. 2010;376(9740):540-550.

22. Eussen SR, Geleijnse JM, Giltay EJ, Rompelberg
CJ, Klungel OH, Kromhout D. Effects of n-3 fatty
acids on major cardiovascular events in statin users
and non-users with a history of myocardial
infarction. Eur Heart J. 2012;33(13):1582-1588.

23. Hooper L, Thompson RL, Harrison RA, et al.
Omega 3 fatty acids for prevention and treatment
of cardiovascular disease. Cochrane Database Syst
Rev. 2004;18(4):CD003177.

24. Agency for Heathcare Research and Quality.
Omega-3 fatty acids and cardiovascular disease:
an updated systemative review; evidence
report/technology assessment no. 223. https:
//effectivehealthcare.ahrq.gov/sites/default/files
/related_files/fatty-acids-cardiovascular
-disease_executive.pdf. Accessed December 19,
2017.

25. Aung T, Haynes R, Barton J, et al; ASCEND
Study Collaborative Group. Cost-effective
recruitment methods for a large randomised trial in
people with diabetes: a study of cardiovascular
events in diabetes (ASCEND). Trials. 2016;17(1):286.

26. Manson JE, Bassuk SS, Lee IM, et al. The
VITamin D and OmegA-3 TriaL (VITAL): rationale
and design of a large randomized controlled trial of
vitamin D and marine omega-3 fatty acid
supplements for the primary prevention of cancer
and cardiovascular disease. Contemp Clin Trials.
2012;33(1):159-171.

27. US National Library of Medicine. Outcomes
study to assess STatin Residual risk reduction with
EpaNova in hiGh CV risk patienTs with
Hypertriglyceridemia (STRENGTH), 2014.
https://clinicaltrials.gov/ct2/show/NCT02104817.
Accessed December 15, 2017.

28. Piepolo MF, Hoes AW, Agewal S, et al. 2016
guidelines on cardiovascular disease prevention in
clinical practice. Eur Heart J. 2016;37(29):2315-2381.

29. Catapano AL, Graham I, De Backer G, et al;
Authors/Task Force Members; Additional
Contributor. 2016 ESC/EAS guidelines for the
management of dyslipidaemias. Eur Heart J. 2016;
37(39):2999-3058.

30. Siscovick DS, Barringer TA, Fretts AM, et al;
American Heart Association Nutrition Committee of
the Council on Lifestyle and Cardiometabolic
Health; Council on Epidemiology and Prevention;
Council on Cardiovascular Disease in the Young;
Council on Cardiovascular and Stroke Nursing;
Council on Clinical Cardiology. Omega-3
polyunsaturated fatty acid (fish oil)
supplementation and the prevention of clinical
cardiovascular disease: a science advisory from the
American Heart Association. Circulation. 2017;135
(15):e867-e884.

Meta-analysis of Associations of Omega-3 Fatty Acids and Cardiovascular Risk Original Investigation Research

jamacardiology.com (Reprinted) JAMA Cardiology Published online January 31, 2018 E9

© 2018 American Medical Association. All rights reserved.

Downloaded From:  on 02/11/2018

https://www.ncbi.nlm.nih.gov/pubmed/3990713
https://www.ncbi.nlm.nih.gov/pubmed/21914258
https://www.ncbi.nlm.nih.gov/pubmed/21914258
https://www.ncbi.nlm.nih.gov/pubmed/21933782
https://www.ncbi.nlm.nih.gov/pubmed/21933782
https://www.ncbi.nlm.nih.gov/pubmed/2571009
https://www.ncbi.nlm.nih.gov/pubmed/12571649
https://www.ncbi.nlm.nih.gov/pubmed/12571649
https://www.ncbi.nlm.nih.gov/pubmed/10465168
https://www.ncbi.nlm.nih.gov/pubmed/10465168
https://www.ncbi.nlm.nih.gov/pubmed/18757090
https://www.ncbi.nlm.nih.gov/pubmed/18757090
https://www.ncbi.nlm.nih.gov/pubmed/20929341
https://www.ncbi.nlm.nih.gov/pubmed/20389249
https://www.ncbi.nlm.nih.gov/pubmed/20389249
https://www.ncbi.nlm.nih.gov/pubmed/22686415
https://www.ncbi.nlm.nih.gov/pubmed/21060071
https://www.ncbi.nlm.nih.gov/pubmed/21115589
https://www.ncbi.nlm.nih.gov/pubmed/26525065
https://www.ncbi.nlm.nih.gov/pubmed/26525065
https://www.ncbi.nlm.nih.gov/pubmed/17398308
https://www.ncbi.nlm.nih.gov/pubmed/17398308
https://www.ncbi.nlm.nih.gov/pubmed/24638908
https://www.ncbi.nlm.nih.gov/pubmed/24638908
https://www.ncbi.nlm.nih.gov/pubmed/11893369
https://www.ncbi.nlm.nih.gov/pubmed/22968891
https://www.ncbi.nlm.nih.gov/pubmed/22493407
https://www.ncbi.nlm.nih.gov/pubmed/19621070
https://www.ncbi.nlm.nih.gov/pubmed/20638121
https://www.ncbi.nlm.nih.gov/pubmed/22301766
https://www.ncbi.nlm.nih.gov/pubmed/15495044
https://www.ncbi.nlm.nih.gov/pubmed/15495044
https://effectivehealthcare.ahrq.gov/sites/default/files/related_files/fatty-acids-cardiovascular-disease_executive.pdf
https://effectivehealthcare.ahrq.gov/sites/default/files/related_files/fatty-acids-cardiovascular-disease_executive.pdf
https://effectivehealthcare.ahrq.gov/sites/default/files/related_files/fatty-acids-cardiovascular-disease_executive.pdf
https://effectivehealthcare.ahrq.gov/sites/default/files/related_files/fatty-acids-cardiovascular-disease_executive.pdf
https://www.ncbi.nlm.nih.gov/pubmed/27296091
https://www.ncbi.nlm.nih.gov/pubmed/21986389
https://www.ncbi.nlm.nih.gov/pubmed/21986389
https://clinicaltrials.gov/ct2/show/NCT02104817
https://www.ncbi.nlm.nih.gov/pubmed/27222591
https://www.ncbi.nlm.nih.gov/pubmed/27567407
https://www.ncbi.nlm.nih.gov/pubmed/27567407
https://www.ncbi.nlm.nih.gov/pubmed/28289069
https://www.ncbi.nlm.nih.gov/pubmed/28289069
http://www.jamacardiology.com/?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamacardio.2017.5205

	Abstract
	Background
	Results
	Conclusion
	Trial registration

	Background
	Methods
	Trial coordination and approvals
	Identification of participants
	Centrally held registers
	General practice registers
	Other identification routes
	Method of recruitment
	Consent and pre-randomisation run-in


	Results
	Discussion
	Conclusions
	Additional files
	Abbreviations
	Competing interests
	Authors’ contributions
	Acknowledgements
	Trial Steering Committee
	Writing committee
	Financial disclosure
	Members of ASCEND Study Collaborative Group (Additional file 6)
	Coordinating Office (Clinical Trial Service Unit, Nuffield Department of Population health, University of Oxford):
	Author details
	References
	ASCEND: A Study of Cardiovascular Events iN Diabetes: Characteristics of a randomized trial of aspirin and of omega-3 fatty...
	Aspirin in primary prevention
	Aspirin in primary prevention of cancer
	Omega-3 fatty acids in diabetes: adding to the randomized evidence

	Methods
	Objectives
	Eligibility
	Participant recruitment and follow-up
	Invitation and screening
	Pre-randomization run-in period
	Randomization
	Post-randomization follow-up

	Central biological sample assays
	Sample size and predicted number of events
	Inclusion of transient ischemic attacks (TIA) in the primary efficacy outcome
	Increase in sample size
	Increase in study duration

	Planned comparisons of outcome
	Organization and funding

	Results
	Ethics, regulatory, and research governance approvals
	Participant recruitment
	Baseline characteristics of randomized participants
	Post-randomization follow-up

	Discussion
	Conclusion
	section26
	Acknowledgements
	Writing committee
	Author contributions
	Appendix A. Supplementary data
	References


