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[bookmark: sec:orgacf9516]Introduction
Atherosclerotic cardiovascular events are the leading cause of mortality and morbidity in those with diabetes1,2. Diabetes increases the risk of coronary disease, strokes including hemorrhagic strokes, deaths from vascular causes as well as heart failure and thromboembolic disease3 . The incidence of peripheral arterial disease (PAD) is also increased among those with diabetes4. Thus diabetes is essentially a vascular disease. Meta-analysis of over 100 prospective studies including almost 700,000 patients reveals that a diagnosis of diabetes confers significant additional risk for cardiovascular disease (CVD); two-fold for coronary heart disease (CHD), 2.3 for ischemic stroke, and 1.7 for vascular death, independently of other risk factors and is estimated to account for 11% of all vascular deaths (Figure 1)
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Figure 1 Risk Of Cardiovascular Events in People With Diabetes Vs Those Without
Adapted from3
When assessing life years lost, T2DM diagnosed at the age of 40 results in half a decade of life lost with about half of these deaths from vascular disease in both men and women5. In those with T1DM, at 20 age years, approximately 12 years of life are lost when compared to the general population6. Cardiometabolic risk factors are multiplicative in their mortality risk; at the age of 60 years, a history of diabetes and previous myocardial infarction or stroke is associated with 12 years of reduced life expectancy rising further if additional co-morbidities are present7.
Furthermore among those presenting with cardiovascular disease clinical outcomes are much worse; they carry higher rates of subsequent recurrent heart failure, re-infarction, and death8. Even in those without a formal diagnosis of diabetes, both HbA1c and fasting blood glucose levels are associated with an increased risk of vascular events3. More recent analyses suggest a perhaps slightly lower magnitude of this effect than historical studies but nonetheless the additional attributable risk is significant and whilst diabetes is a high risk comorbid state rather than a very high risk state the lifetime risk is considerable as diabetes is progressive1,3.
Diabetes and cardiovascular disease frequently co-exist. It is not uncommon for a patient to be diagnosed with T2DM only in the weeks and months following the finding of vascular disease or conversely once a diagnosis of T2DM has been made for a patient to be found to have pre-existent cardiovascular disease such as a previous silent myocardial infarction9. Among those with metabolic syndrome, a precursor of diabetes, the increased risk of cardiovascular events is often manifest many years in advance of significant increases in blood glucose and a formal diagnosis of T2DM.
Numerous observational and epidemiological data place diabetes at a level of risk broadly equivalent to non-diabetes with proven coronary disease8,10,11. There is a wide range in cardiovascular event rate among people with diabetes. For instance findings such as the concomitant presence of microalbuminuria, nephropathy, hypertension, and degree of glycemic control all impact the additional risk conferred by a diagnosis of diabetes12. The duration of the presence of diabetes should be taken into consideration as some data suggest that it only becomes a coronary heart disease risk equivalent when it has been present for approximately a decade13. A recent population based study suggests that in the absence of microvascular disease the 10 year event rate for cardiovascular disease is about 5% increasing by approximately 5% with the presence of each manifestation of microvascular disease (retinopathy, neuropathy, nephropathy)14. Addition of microvascular disease status would re-classify a substantial proportion of those with diabetes into a higher risk group mandating more aggressive therapy. Furthermore individuals with diabetes and end stage renal disease are at a 25% higher risk of dying from cardiovascular causes than those with end stage renal disease attributable to other causes15. For patients with T1DM, proteinuria portends a particularly elevated risk of cardiovascular events, carrying a 37-fold increase in risk in contrast to 4.3 for those T1DM patients without proteinuria independently of disease duration16.
[bookmark: sec:org896bfb9]Reducing Cardiovascular Outcomes in Diabetes
[bookmark: sec:orge20d61b]Non lipid lowering Therapies
[bookmark: sec:org6a92ef7]Lifestyle
Whilst lifestyle modifications, specifically dietary and increased levels of physical activity, are considered to be first line interventions; they play an important but adjunctive role in the management of intermediate phenotypes such as atherogenic dyslipidaemia. Regular aerobic training reduces blood pressure, HbA1c, and insulin resistance; and improves endothelial function and lipid profiles17,18. Sustained, at least moderate volume, aerobic activity is associated with improved cardiovascular mortality19. Overweight subjects have been found to experience improvements in their lipid profiles, with more favorable total cholesterol (TC), TG and HDL-C levels, following weight loss facilitated through non-pharmacological and pharmacological methods. Post hoc analysis of the Action for Health in Diabetes (LOOK-AHEAD) study found that adults with diabetes undergoing intensive weight loss intervention who lost a large amount of weight (>10% of body weight in the first year) experienced a 20% reduction in CVD risk20. However, definitive evidence for reduction of cardiovascular outcomes with weight loss alone is absent in part related to the difficulty in maintaining these interventions long-term21,22. In contrast, bariatric surgery not only achieves early lipid changes such as reduced triglyceride(TG) (27%) and increased HDL(High Density Lipoprotein) (22%) but also long-term weight loss23. In long-term follow, up bariatric surgery reduced weight by 16% and the odds of developing diabetes to a quarter when compared to contemporaneously matched controls . Among those with marked elevations in TG levels however such as those with levels > 10mmol/L often where there is a polygenic basis, reducing carbohydrates and alcohol intake can significantly reduce TG levels24.
[bookmark: sec:org2a1b290]Treatment of Dysglycaemia
In contrast to the strong epidemiological association between elevated glucose and risk of cardiovascular disease, intensive control of glucose has not yielded significant impact on mortality or major cardiovascular event rates in those with diabetes25–29. Meta-analyses of relevant more vs less intensive glucose lowering studies achieving about a 0.9% lowering in HbA1c showed reductions in non-fatal myocardial infarction (MI), fatal and non-fatal MI combined but no benefit on stroke or mortality30. In absolute terms the benefits reduced CHD events more modestly than blood pressure lowering or low density lipoprotein cholesterol (LDL-C) reduction. More recently several trials of Sodium glucose co-transporter 2 (SGLT2) inhibitors and Glucagon-like peptide 1 (GLP-1) agonist have shown significant reductions in cardiovascular events despite achieving about only 1/3 of the difference in HbA1c as earlier studies31,32. In contrast, trials with DDP4 inhibitors which achieved similar reductions in HbA1c have failed to show any cardiovascular benefits33. Taken together these data suggest that it matters how you reduce HbA1c with GLP-1 agonists and SGLT2 inhibitors offering benefits beyond the magnitude of glucose reduction and may be related to pleiotropic effects of these therapies. It should be noted that, in UKPDS-23, the magnitude of the association between LDL-C and cardiovascular outcomes were stronger than for HbA1c34.
[bookmark: sec:org057014a]Blood Pressure Management
Hypertension is a causal factor for cardiovascular disease with a log-linear relationship between blood pressure and outcomes down to levels of around 110mm Hg systolic35. Randomised trials have demonstrated a stronger relationship between blood pressure reduction and stroke vs coronary disease36.
The BP trial randomised participants with T2DM to intensive or standard blood pressure reduction (120 mmHg vs 140 mmHg)37. At 1 year, a mean systolic blood pressure was 119 mm Hg in the intensive-therapy group and 134 mm Hg in the standard-therapy group. After 4.7 years, there was no differences in major cardiovascular events. Intensive-therapy blood pressure reduction did however reduce stroke.
Meta-analysis of blood pressure lowering treatment that included patients with diabetes demonstrated that each 10-mmHg reduction of systolic blood pressure provided a significantly lower risk of all-cause death, cardiovascular events, coronary heart disease, and stroke among individuals with diabetes38. This effect appeared to be independent of the anti-hypertensive medications used except for stroke.
[bookmark: sec:org82f3ac6]Diabetic Dyslipidaemia
The reasons for the increased incidence of atherosclerotic disease in diabetes is multifactorial, but a significant contributor is the high prevalence of a specific dyslipidaemic profile, so called ’diabetic dyslipidaemia’.This profile is characterized by elevated triglyceride , triglyceride‐rich lipoproteins (TRL), small dense Low Density Lipoprotein particles, and reduced High Density Lipoprotein levels39,40. Whereas this pattern of lipid abnormalities very commonly seen in those T2DM it is less common in T1DM unless glycemic control is poor2
[bookmark: sec:orgf69cc1d]Aetiology and Pathophysiology
The complete pathophysiology of dyslipidaemia and accelerated atherogenesis in those with diabetes is incompletely characterised and complex. Factors contributing to impaired lipid metabolism and atherogenesis in diabetes include hyperglycemia, insulin resistance, hyperinsulinemia, abnormalities in adipokines and adipocytokines41.
Hyperinsulinemia is associated with increased hepatic production of highly atherogenic very low density lipoprotein (VLDL), and their remnants, with longer half-lives resulting in smaller more dense LDL particles as well dysfunctional HDL42 (Figure 3). This highly atherogenic lipid profile is a pivotal contributor to the increased risk of CVD observed in those with diabetes10.
VLDL and their remnants are not routinely measured but these particles are rich in triglyceride and thus elevated triglycerides serves as a proxy for non-LDL apoB containing lipoproteins such as VLDL. Remnant cholesterol levels can be approximated as total cholesterol minus HDL cholesterol minus LDL cholesterol (Figure 2). Remnant cholesterol is likely directly atherogenic and elevations of plasma triglycerides, VLDL and chylomicrons have indirect effects on LDL and HDL composition and thus their functional capacity as pro-atherogenic mediators of atherosclerosis43,44.
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Figure 2. Atherogenic Particles
Impaired adipose tissue fat storage is likely to be the primary abnormality of insulin resistance. Due to increased adipose mass, overall fatty acid flux is increased with consequent increased accumulation of lipids in insulin-responsive tissues other than adipose tissue, which is referred to as ectopic lipid deposition. Insulin mediated suppression of lipolysis of dietary triglycerides in chylomicrons is impaired in states of insulin resistance45.
It is likely that hyperinsulinaemia (via PI3-kinase and SREBP1c), rather than insulin resistance per se, contributes to hepatic steatosis and increased VLDL and triglycerides levels. Despite increased free fatty acid flux, mice and patients with insulin receptor mutations do not manifest hepatic steatosis, increased trigyclerides or VLDL46. The VLDL secreted in this context is triglyceride enriched and larger than usual. Elevations in serum triglycerides levels often shortly precede the onset of T2DM47 . Postprandial triglyceride levels are a superior independent predictor of future cardiovascular events than fasting levels and are greatly contributed to by chylomicrons48,49. Chylomicron secretion is normally tightly regulated and impacted by circulating and dietary glucose, insulin, body weight, and free fatty acids. Increased production and reduced clearance of chylomicrons is seen in insulin-resistant states and contribute to the postprandial hypertriglyceridemia observed in diabetes.50.
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Figure 3. Development of Atherogenic Dyslipidaemia in Insulin Resistance
Whilst absolute LDL-C values in diabetes are often quantitatively similar to those without diabetes, the LDL particles themselves are qualitatively different41,51. More informative indices such as apoB, or more the more cost-effective and widely available non-HDL cholesterol (Non-HDL-C), take into account the total atherogenic cargo are therefore more informative40,52. Non-HDL-C, which can simply be calculated by subtracting HDL-C from total cholesterol, accounts for all atherogenic lipoproteins.
In diabetes, there is a higher rate of movement of cholesteryl ester into circulating triglyceride-rich lipoproteins[TRLs] which is mediated by enhanced activity of cholesteryl ester transfer protein53. These triglyceride-rich lipoproteins (chylomicrons and VLDL) are key to the generation of small dense LDL cholesterol in diabetes. Following hepatic lipase mediated triglyceride removal, secreted HDL and LDL particles are dense and small, the former becoming less atheroprotective and the latter more atherogenic54. Triglyceride enrichment of HDL enhances the clearance of circulating HDL apo A-I55. In addition, hypertriglyceridemia induces quantitative and qualitative alterations of HDL and impairs reverse cholesterol transport56. Even in the presence of relative normoglycemia, in diabetes LDL particles are more likely to be glycated and thereby more resistant to breakdown, and more susceptible to oxidation by free radicals42. Small dense LDL exhibits enhanced permeation into the subendothelial space increasing the development and progression of atherosclerosis (Figure 4)51,57. In those with diabetes, increases in levels of small dense LDL molecules are independently associated with the development of coronary atheroma progression and coronary events51. In T1DM, hypertriglyceridemia is not as pronounced or prevalent, and HDL-C cholesterol levels are often normal or high unless nephropathy is present or glycemic control is poor30. However this HDL is frequently small and dysfunctional, and not as protective against atherogenesis41,42. In the presence of nephropathy or HDL glycation, HDL catabolism is increased58. Low HDL-C cholesterol in itself maybe a risk factor for the development of diabetes, HDL normally has a protective role for pancreatic beta cells by preventing apoptosis59. Diabetic dyslipidaemia acts in concert with other metabolic and vascular abnormalities to further compound vascular risk. Chronic hyperglycemia induces endothelial dysfunction via a variety of mechanisms; reducing vasodilation, increasing vasoconstriction, increasing exposure to free radicals, and impaired endothelial cell function with a net effect of providing pro-atherogenic conditions60. Increased activity of the renin-angiotensin axis is also seen further increasing oxidative stress61.
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Figure 4 Putative Role of Triglycerides and remnant cholesterol in intimal inflammation and atherosclerois Adapted from43
Inflammation is an integral part of atherogenesis and of plaque vulnerability to rupture. Diabetes is associated with a pro-inflammatory state in part mediated by increased expression of cell adhesion molecules and inflammatory cytokines which drive inflammatory cell aggregation towards the sites of atherosclerotic plaques4. Macrophages ingest LDL, VLDL and oxidised lipoproteins becoming the classic foam cell. In dyslipidaemic states, such as with high levels of VLDL and LDL, excessive lipid uptake by macrophages is enhanced and together with defective cholesterol trafficking from the atherosclerotic lesion, promotes a pro-inflammatory M1 macrophage phenotype and resultant accelerated atherogenesis62,63. Pro-inflammatory states frequently accompany a pro-thrombotic phenotype as evidenced by increased platelet aggregation and a pro-coagulopathic tendencies, as evidenced by increased levels of fibrinogen and plasminogen activator inhibitor-14,60.
[bookmark: sec:orgcece1bf]Epidemiology/ Genetic Studies
As is the case in those without diabetes, serum cholesterol and triglycerides levels are significantly correlated with the development of cardiovascular disease47,64. The magnitude of the association of elevated triglyceride levels with coronary artery disease in diabetes is particularly strong and independent of other risk factors47,65. This excess risk is greater in those with particularly high levels of triglycerides66,67. Whilst LDL-C levels are undisputedly a major predictor of cardiovascular events in all populations; levels of triglycerides, TRLs and remnant cholesterol are also predictive and pertinent in risk prediction and monitoring of therapeutic response44,68,69.
Measurement of LDL-C levels do not capture the atherogenic risk from pro-atherogenic lipids such as TRLs. This is particularly apparent in patients with elevated triglyceride. Mendelian randomization data suggests that lifetime higher triglyceride-rich lipoprotein-cholesterol (TRL-C) are causally related to cardiovascular disease70. Guidelines are starting to acknowledge the importance of these lipid parameters as either a co-primary target alongside LDL-C or as a secondary target71,72. Thus a practical option is to move towards using non-HDL-c or apo B with the advantage that these can be performed in the non-fasting state. There are several studies that now suggest that apoB offers little advantage over LDL-C in general populations when they are concordant, but prediction of risk with apo B is far superior to LDL-C when apoB and LDL-C are discordant73.
When assessing causal factors and targets for drug therapy, genetic studies can provide unconfounded causal inferences using genes as an instrument variable for drug effects. Following the observation that some cholesteryl ester transfer protein (CETP) inhibitors lowered low-density lipoprotein cholesterol (LDL-C) levels without reducing cardiovascular events a question arises; does the risk benefit of lowering LDL-C depend on how LDL-C is lowered? Data from over 350000 participants using genetic variants that mimicked CETP inhibitors as monotherapy were associated with concordant reductions in LDL-C and apoB and a lower risk of cardiovascular events that was proportional to the absolute change in LDL-C (or apoB)74. Genetic variants that mimicked CETP inhibitors on a background of statin therapy were associated with discordant changes in LDL-C and apoB (due to an attenuated change in apoB) and a lower risk of cardiovascular events that was proportional to the absolute change in apoB, but less than expected per unit lower LDL-C suggesting that, it is the change in atherogenic particle number (apoB) that is the driver of benefit.
Recent advances in genetic association studies now strongly points towards a causal role for triglyceride containing lipoproteins/ pathwayss, and apoB containing lipoproteins as being common causally factor in atherogenesis. Loss of function mutations in the APOC3 gene are associated with 40% lower plasma TG levels and a 40-50% reduced risk of developing CHD75,76. Differences in plasma TGs, LDL-C and apolipoprotein B (apoB) levels can be predicted by lipoprotein lipase (LPL) and LDL-R genetic scores77. Gene variants that encode the targets of therapies that lower TG via the LPL pathway (e.g. fibrates, apoC3/ANGPTL3 inhibitors) and therapies that lower LDL via the LDLR (e.g. statins, ezetimibe, Proprotein convertase subtilisin/kexin type 9 [PCSK9] inhibitors, CETP inhibitors) and are all associated with the same reduction in risk of CHD per apoB particle. There is a log-linear relationship between the absolute change in apoB and reduction in CHD risk for variants and the LPL, LDLR, and APOB scores. In multivariable Mendelian randomization analyses, the associations between TG and LDL-C with the risk of CHD becomes negated once adjusted for apoB suggesting that it is the apoB particle number that is the key determinant of CHD risk. High apoB levels are seen both in those with high triglyceride levels, as apo B containing VLDL and remnants, and in those with high LDL-C as apoB containing LDL particles. This is particularly pertinent in T2DM given the propensity towards elevated triglycerides and hence triglyceride rich lipoproteins.
[bookmark: sec:org04913d0]Lipid Lowering Treatments and CVD Risk Reduction
[bookmark: sec:org64d30fa]Statins
Lipid lowering therapy with statins increases atherogenic lipoprotein clearance resulting in reduced serum cholesterol levels principally through reductions in LDL cholesterol. The Collaborative Atorvastatin Diabetes Study (CARDS )trial demonstrated that atorvastatin 10mg in patients with diabetes without abnormal lipids derived benefit in a primary prevention setting78. After almost 4 years of follow up a 40% reduction in LDL-C resulted in a relative risk reduction of 37% (Absolute Risk Reduction [ARR], 3.2%) in cardiovascular events. The benefits were consistent regardless of baseline cholesterol. These results have been replicated in other studies with other statins79. The investigators estimated that about 5 years of treatment would prevent approximately 45 people with diabetes and no previous CVD history per 1000 from a major vascular event and, for those 45 people, prevent another 70 first or subsequent events during the 5 years. In both the Heart Protection Study and CARDS, there was no lower threshold of LDL-C or total cholesterol demonstrated.
The landmark Cholesterol Treatment Trialists (CTT) meta-analysis of 14 randomised trials including 18,686 patients with diabetes (10% with T1DM) with a follow-up of 4.3 years demonstrated significant benefits in all-cause mortality (9% RRR, 1.2% ARR) and major cardiovascular events (RRR 21%) per mmol/L reduction in LDL-C which was independent of baseline LDL-C, vascular disease history, or other co-morbidities61. As with the general population, those with diabetes on statin therapy gained a 9% relative decrease in overall mortality when compared to untreated patients61.. The benefit was log-linearly proportional to the absolute decrease in LDL cholesterol blood levels without any lower threshold. Whilst the RRR gained with statin use may appear to be similar in those with and without diabetes , given the higher cardiovascular event rate associated with diabetes the elevated ARR translates through into a lower numbers needed to treat in those with diabetes80.
There are no trials of high intensity statins in primary prevention but only in secondary prevention. Post hoc analysis of the Treating to New Targets (TNT) trial demonstrated that those with diabetes derive a greater absolute benefit from more intensive statin therapy and achieving a lower LDL of about 2 mmol/L vs 2.6mmol/L81. A further analysis of TNT data set by Deedwania et al. shows that treatment with the intensive regimen (to a mean LDL cholesterol level of 2.0 mmol/l) although it attenuated the residual risk attributable to components of the metabolic syndrome, event rates remained higher if HDL-C was low or TG was high and even higher if both were present82. Thus there may be patients who require additional lipid lowering beyond high-intensity statin therapy due to high residual risk. In a more recent analysis from the same study increased TRL-C levels were associated with increased cardiovascular event risk, with those in the highest quintile having their risk increased by half83. Intensive lipid lowering therapy achieving as little as a further 0.6mmol/L lowering in LDL-C vs standard doses of statins resulted in a significantly greater cardiovascular risk reduction among patients with higher TRL-C levels vs those with lower TRL-C levels. TRL-C or TG were a marker of greater absolute benefit from more intensive statins24. Observational data from the same study suggested that reductions in TRL-C were associated with reductions in risk independent of reductions in LDL-C.
[bookmark: sec:orgfee0ecd]Ezetimibe
Ezetimibe impairs proximal gut absorption of cholesterol reducing serum LDL-C on average by one fifth84. This effect is seen both with ezetimibe monotherapy and when used as adjunctive therapy with a statin and may offer greater reduction of LDL-C in high risk patients that uptitration of statin dose84. The Improved Reduction of Outcomes: Vytorin Efficacy International Trial (IMPROVE-IT) study, in which over a quarter of subjects had diabetes, demonstrated that the addition of ezetimibe to statin in the context of a recent acute coronary syndrome reduced LDL-C and this translated through into an absolute reduction in cardiovascular events by 2%85. A retrospective cohort study suggests that addition of ezetimibe is associated with a reduction in ischemic stroke rates in patients with diabetes86. Small scale studies of vascular flow and lipoprotein profiles in those with T2DM receiving ezetimibe suggest additional positive effects on vascular function87. Adverse events with ezetimibe are rare but include myalgia and transaminitis88.
Post-hoc exploratory analysis of the IMPROVE-IT data assessing the endpoints of the trial stratified by concomitant type 2 diabetes and concomitant polyvascular disease, showed that those with polyvascular disease and concomitant type 2 diabetes sustained the highest level of risk89. This highest-risk subgroup derived the greatest cardiovascular absolute risk reduction from the administration of ezetimibe.
[bookmark: sec:org88bcdf9]Bile Acid Sequestrants
Bile acid sequestrants bind bile acids preventing uptake into the circulation with the resulting decrease in bile acid promoting the upregulation of enzymes facilitating cholesterol catabolism, thereby reducing LDL-C and TC in the circulation. When utilised at high dosages, bile acid sequestrants can reduce LDL-C up to a quarter90. Bile acid sequestrants are not commonly used in routine clinical practice; they have however been found in meta-analyses to reduce cardiovascular event rates91. When compared to statins, the magnitude of benefit seen with these agents is small and the high rate of side effects, predominately gastrointestinal upset, limits their role predominately to those with multiple drug intolerances91.
[bookmark: sec:org8257b00]PCSK9 Inhibitors
The PCSK9 inhibitors are a novel class of pharmacological agents that have been developed to target this pathway and two agents, evolocumab and alirocumab, have been demonstrated in phase III trials to significantly reduce LDL-C levels and cardiovascular outcomes among patients with established cardiovascular disease92–94. Current generation PCSK9 inhibitors are monoclonal antibodies that bind and inactivate circulating PCSK9 for 2 to 4 weeks, resulting in dramatically reduced LDL-C levels. The benefit was proportional to the absolute reduction in LDL-C and lower in the first year and greater from year 2. The baseline LDL-C was about 2.4 mmol/L and fell to 0.78 mmol/L in the Further Cardiovascular Outcomes Research with PCSK9 Inhibition in Subjects with Elevated Risk (FOURIER) trial with evolocumab. The LDL-C baseline levels and LDL-C reduction was similar among those with and without diabetes95. Importantly as the absolute risk of cardiovascular events was higher among those with diabetes a greater absolute benefit was observed among those with diabetes than those without e.g. 37 patients with diabetes would need to be treated for 3 years, versus 62 for those without, to prevent a major cardiovascular event95.
Currently there is clinical uncertainty as to the best therapeutic approach in patients with diabetes who are on statins but have high TG and thus a high non-HDL-C. The Efficacy and Safety of Alirocumab Versus Usual Care on Top of Maximally Tolerated Statin Therapy in Patients With Type 2 Diabetes and Mixed Dyslipidemia (ODYSSEY DM-DYSLIPIDEMIA) trial assessed the efficacy and safety of alirocumab against usual care (fibrates or eztemibe or fish oil or other agent) in those with T2DM and mixed dyslipidaemia96. In this trial, investigators selected, prior to randomization, the most appropriate choice from a range of 5 therapeutic usual care add on options based on their usual clinical practice; not to add any additional lipid lowering agents, or to add one of ezetimibe, fenofibrate, omega-3 fatty acids or nicotinic acid as per current guidelines. Participants were then randomised to receive, in addition to maximally tolerated statin (or no statin if intolerant), either open-labeled alirocumab or usual care for 24weeks. The novel primary endpoint used in ODYSSEY DM-DYSLIPIDEMIA was the percentage change in non-HDL-C, a superior marker of atherogenic cholesterol and cardiovascular risk particularly in diabetic dyslipidaemia, between alirocumab and standard care following 24 weeks of therapy97. Given that some current guidelines recommend the use of fenofibrate in treating those with elevated triglycerides, an additional prespecified analysis comparing the superiority of alirocumab vs fenofibrate was performed71,98. Baseline LDL was ~2.9 mmol/L, Non HDL-C was ~4.1 mmol/L, TG was ~2.4 mmol/L. Alirocumab demonstrated significant superior efficacy in reducing non-HDL-C, ApoB, Lp(a), total cholesterol and measured LDL cholesterol and LDL particle number when compared to usual care. Notably 67% of alirocumab-treated individuals achieved the current guideline target for non-HDL-C of <2.59mmol/L as opposed to only 18% of those on usual care and similarly 70.8% achieved LDL cholesterol levels <1.81mmol/L vs 16.3% which is consistent from findings demonstrated in other subgroup or post hoc analyses of PCSK9 inhibition99–105.
An important finding was that the addition of fenofibrate to statins resulted in little or no reduction in atherogenic lipoproteins but similar reduction in TG as alirocumab. Similar data were observed when alirocumab was compared against fish oils (average dose 2g) or ezetimibe. Taken together these findings provide a strong rationale for the use of PCSK9 inhibitors among those with diabetes and high cardiovascular risk due to the presence of multiple comorbidities (high absolute cardiovascular risk) and in whom TG levels are high (hence high non-HDL-C or apo B). In this population PCSK9 inhibitors may be a highly effective method of reducing causal lipid related risk.
[bookmark: sec:org8850426]Fibrates
Fibrates have multiple pharmacological actions with overall effect of reduction of TG, VLDL, modest reduction in LDL-C and an increase in HDL-C which offers a conceptually excellent choice for use in diabetic dyslipidaemia. Prior to the routine use of statins, fibrates were considered a first line agent. Both the Veterans Affairs High-Density Lipoprotein Cholesterol Intervention Trial and the Helsinki Heart Study had demonstrated significant reductions in cardiovascular risk versus placebo in the general population and in those with diabetes106,107.
However, in the post statin era both the Action to Control Cardiovascular Risk in Diabetes study (ACCORD-Lipid) and the Fenofibrate Intervention and Event Lowering in Diabetes (FIELD) trials found little additional outcomes advantage with the routine addition of fibrates to statin therapy in those with T2DM108,109.
In ACCORD-Lipid, patients with T2DM on background therapy of simvastatin were randomised to receive either fenofibrate or placebo and followed for an average of 4.7 years109.. Despite substantial reductions in plasma triglycerides and mild increases in HDL cholesterol, combination therapy with fenofibrate/statin did not reduce major cardiovascular events. Analysis of a subgroup of ACCORD participants with significant hypertriglyceridemia and low HDL-C experienced a lowering of cardiovascular event rates by almost a third110.. The FIELD trial randomised patients to fenofibrate or a placebo108. However, the study was particularly confounded by the large amount of patients in the placebo arm crossing over to receive statin therapy and although fenofibrate reduced overall cardiovascular events, driven by reduced nonfatal myocardial infarction and coronary revascularization at 5 years, the primary endpoint of major coronary events was not significantly reduced by fenofibrate compared with placebo.
A meta-analysis of more than 45 000 in trials of fibrate therapy suggests, in contrast to individual trials, that therapy with ﬁbrates reduces the risk of major cardiovascular events by approximately 10%, driven mainly by a reduction in coronary events but with no benefit on all-cause mortality111. Those with higher baseline triglyceride levels gained the greatest proportional risk reduction which is consistent with the results of subgroup analyses performed for a number of the individual trials111.
Given substantial evidence pointing towards both TRLs and low HDL-C as key mediators of atherosclerosis and residual risk there are still hopes for an effective adjunctive therapy that can specifically improve these aspects of the lipid profile. Pemafibrate is a recently developed highly selective and potent fibrate112. The Pemafibrate to Reduce cardiovascular OutcoMes by reducing triglycerides IN diabetic patiENTs (PROMINENT) will randomise 10,000 T2DM subjects with or without cardiovascular disease, who are already receiving moderate to high intensity statins, and have mild-to-moderate hypertriglyceridemia and low HDL-C to pemafibrate or placebo for a period of 5 years and assess the impact on cardiovascular outcomes.
[bookmark: sec:org1844090]Fish Oils
Omega-3 fatty acids lower triglycerides, and stabilise atheroma plaques; they display minimal effect on HDL-C and LDL-C and a recent large trial failed to demonstrate a reduction in cardiovascular events with their use. Among patients with DM there is no demonstrable cardiovascular benefit from 1 g of fish oils113. However, in the REDUCE IT trial which included patients with CVD and elevated TG and primary prevention patients with DM and elevated TG, 4g of eicosapentaenoic acid (EPA) reduced major cardiovascular events by 4.8% and cardiovascular death by 0.9%114. Benefits were observed in primary and secondary prevention. It is not clear whether this is related to reductions in TG per se as TG levels reductions were modest and the benefits disproportionate to the reduction in TG. Thus it is unclear if this is a phenomenon of EPA, high dose fish oils or TG lowering per se. In support of the hypothesis that perhaps high doses of EPA have benefits over and above the triglyceride lowering effect achieved is the data from 1.8 g of EPA used in a predominantly primary prevention population in Japan115. Here LDL-C and TG lowering were 25% (similar to the statin control group) and 9% respectively but the relative reduction in the primary composite endpoint of any major coronary event was 19%., however no impact on sudden cardiac or coronary deaths was demonstrated. This would suggest potential beneficial effects of EPA per se at high doses beyond reductions in lipid parameters.
[bookmark: sec:orgb364901]Nicotinic Acid and CETP Inhibitors
Nicotinic acid, lowers LDL-C, lipoprotein (a) and raises HDL-C and in the pre statin era, long-term follow up of trials suggested a reduction in cardiovascular disease. More recently two trials have tested whether this therapy was beneficial on top of statins. In the first of these the trial tested specifically HDL-c raising as a means to reduce CVD and added ezetimibe if needed to achieve little difference in LDL-c between nicotinic acid and placebo. HDL-C differences were modest between arms and there was no meaningful difference in LDL-C between groups and unsurprisingly no difference in outcomes116. A much larger study included people on statins with baseline LDL-C of 1.64 mmol/L117. The increase in HDL-C was 17% and the reduction in LDL-C with nicotinic acid was 20% but given the low starting baseline level of LDL-C the absolute reduction in LDL-c was modest which in part may explain the modest non-significant difference in outcomes (HR 0.94). The benefit appeared slightly stronger in relative terms among those with higher baseline LDL_C which perhaps suggests given the modest average reduction in LDL-C with this therapy a higher baseline LDL-C would perhaps have been a better population to study as CTT suggests the relative benefits are proportional to the absolute reductions in LDL-C.
Dalcetrapib had little or no effect on apoB and LDL-C but increased HDL-C by about 30%118. In contrast evacetrapib reduced LDL by about 30% and raised HDL-C by about 133% and did not reduce CVD119. In contrast anacetrapib which the largest of these studies enrolling over 30 000 patients and had double the number of events as prior studies with twice the follow up and was powered on putative LDL-C difference rather than HDL-C raising showed a 8.5% relative reduction in CVD120. The reduction in LDL-C was 41% using direct assays but reduction in non-HDL-c and apoB were more modest (18%) and meta-regression suggested that the benefit was proportional to apoB or non-HDL-C rather than direct measurements of LDL-C which overestimated the likely treatment effect. This is consistent with data suggesting that with the exception of CETP inhibitors, all lipid modification therapies tend to have CV benefits proportional to absolute difference in LDL-C91. Furthermore CETP inhibition likely changes the destruction of cholesterol within apo B containing lipoproteins and HDL particles without reducing atherogenic particle number consistent with the genetic data discussed earlier.
[bookmark: sec:orga97c81c]Conclusions
Intensive treatment of diabetic dyslipidemia reduces the risk of major cardiovascular events. Initial focus should be directed at lowering non-HDL-C and LDL-C to at least guideline recommended levels and possibly lower, which is now possible. As cited by the recent American College of Cardiology’s Expert Consensus Decision for Cardiovascular Risk Reduction in Patients with Type 2 Diabetes, cardiovascular risk prevention in those with Diabetes should be the focus of care and Diabetes should not be seen just as a condition of abnormal glucose metabolism. Reducing the impact of cardiovascular disease for people with type 2 diabetes by optimizing lipid lowering for level of absolute risk is essential to improving quality and length of life121 . To this end we now have available new lipid lowering therapies that significantly improve cardiovascular risk in those with diabetes when added to statins. An important concept is treating to absolute risk which implies that for those at highest risk of atherosclerotic cardiovascular disease the aim should be to lower LDL-C. non-HDL-C and apo B to very low levels. Whilst ezetimibe added to statins may well be more cost effective it offers a modest benefit and PCSK9 inhibitors appear much more potent and will become increasingly cost effective as prices continue to fall. A more challenging question is whether patients with elevated TG are better served with high dose EPA or a PCSK9 inhibitor? In this regard there are no head to head comparisons and choice may well be guided by the availability of the therapy, cost of the therapy and tolerability. In summary for high risk patients with diabetes and in particular those with atherogenic dyslipdaemia, statin monotherapy should be considered the exception rather than the rule and physicians should actively question which of the add on lipid modification therapies best suits their patient’s clinical needs.
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