Efficacy and safety of alirocumab among patients with and without diabetes: prespecified analysis of a randomised placebo-controlled trial
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Research in context
Evidence before this study
In patients with acute coronary syndromes (ACS), lowering low-density lipoprotein (LDL) cholesterol to below 1·81 mmol/L (70 mg/dL) with statins, or further to around 1·42 mmol/L (55 mg/dL) with statins plus ezetimibe, reduces cardiovascular disease events. An evidence-base for lowering LDL cholesterol to between 0·65 and 1·30 mmol/L (25 and 50 mg/dL) following an ACS was lacking. The ODYSSEY OUTCOMES trial recently showed that a treat-to-target approach with the PCSK9 inhibitor alirocumab to achieve an LDL cholesterol level of between 0·65 and 1·30 mmol/L significantly reduced the risk of cardiovascular events following an ACS. However, concerns have been raised about intensive LDL cholesterol lowering because of evidence that statin therapy can increase the risk of diabetes in a dose-dependent manner. A previous large outcomes trial of the PCSK9 inhibitor evolocumab showed a consistent reduction in the relative risk of cardiovascular events in patients with or without diabetes at baseline and no increase in the risk of new-onset diabetes. However, the median and maximum durations of follow-up were relatively short (2·2 and 3·75 years, respectively) and among individuals with normoglycaemia, an excess risk was not excluded. 
Added value of this study
In this prespecified analysis of the efficacy and safety of alirocumab by glycometabolic status in the ODYSSEY OUTCOMES trial, we show that over a median follow-up of 2·8 years, the relative risk reduction for cardiovascular events achieved with alirocumab is the same regardless of being normoglycaemic or having prediabetes or diabetes at baseline. However, the event rate in patients with diabetes at baseline was double that in patients without, such that the absolute reduction with diabetes was double that achieved in those without diabetes. Reassuringly, despite achieving a median LDL cholesterol level of 0·80 mmol/L with alirocumab, there was no effect of assigned treatment on plasma glucose or incident diabetes among 13 480 patients without diabetes at baseline, including 5955 patients followed for 3−5 years. 
Implications of all the available evidence
Among patients with atherosclerotic cardiovascular disease, the presence of diabetes identifies a group with a significantly higher risk of further cardiovascular events. In the setting of either stable cardiovascular disease or acute coronary syndrome, individuals with diabetes derive greater absolute benefit from the addition of a PCSK9 inhibitor to statin to achieve LDL cholesterol levels well below current guideline recommendations. Future guidelines should give consideration to recommending LDL cholesterol in the 0·65–1·30 mmol/L range for these high-risk individuals. Overall, PCSK9 inhibitors do not appear to increase the risk of new-onset diabetes over a median 2·8 years of follow up. 

Summary
[bookmark: _Hlk534612778]Background After acute coronary syndrome (ACS), diabetes conveys an excess risk of ischaemic cardiovascular events. Lowering low-density lipoprotein cholesterol (LDL-C) to 1·42–1·81 mmol/L reduces events in ACS patients with diabetes, but it is unknown whether an LDL-C level <1·42 mmol/L is more beneficial. 
Methods In the randomised ODYSSEY OUTCOMES trial, 18 924 patients with recent ACS and elevated atherogenic lipoproteins despite high-intensity statins were randomised to alirocumab or placebo administered every 2 weeks. Alirocumab was titrated to achieve LDL-C 0·65–1·30 mmol/L. In prespecified analyses, treatment effects on the primary endpoint (coronary heart disease death, myocardial infarction, ischaemic stroke, unstable angina requiring hospitalisation) were examined across baseline glycometabolic categories (diabetes, prediabetes, normoglycaemia) and risk of new-onset diabetes among those without diabetes. ODYSSEY OUTCOMES is registered with ClinicalTrials.gov, number NCT01663402.
Findings At baseline, 5444 (28·8%) patients had diabetes, 8246 (43·6%) had prediabetes, and 5234 (27·7%) had normoglycaemia. Baseline LDL-C was 2·20 mmol/L, 2·28 mmol/L, and 2·23 mmol/L among those with diabetes, prediabetes, and normoglycaemia, respectively. At month 4, median LDL-C was lower with alirocumab (median 0·80 mmol/L) than with placebo (median 2·25–2·28 mmol/L) without differences across glycometabolic categories. In the placebo group, incidence of primary endpoint at 2·8 years was greater among patients with diabetes (16·4%) vs prediabetes (9·2%) or normoglycaemia (8·5%). Alirocumab resulted in similar relative but greater absolute reduction in the primary endpoint among patients with diabetes (−2·3%) than patients with prediabetes or normoglycaemia (−1·2%). Among patients without diabetes at baseline, including 5955 followed for 3−5 years, there was no excess risk of new-onset diabetes with alirocumab (hazard ratio 1·00, 95% confidence interval 0·89–1·11). 
Interpretation Post-ACS, alirocumab treatment targeting LDL-C levels to 0·65–1·30 mmol/L produces approximately twice the absolute reduction in cardiovascular events among patients with versus without diabetes, without increasing risk of new diabetes. 
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Introduction
Major guidelines for the prevention of cardiovascular disease are in agreement in that people with diabetes and established cardiovascular disease are in the highest risk category warranting intensive lipid lowering. However, guidelines vary with regard to the initiation threshold for intensified therapeutic approaches and potential treatment targets, reflecting the need for more evidence of absolute and relative treatment effects from intensive lipid lowering. Furthermore, in acute coronary syndromes (ACS), patients with diabetes have some of the highest reported rates of recurrent cardiovascular events,1,2 with the 2017 American College of Endocrinology guidelines referring to these patients as an extreme-risk group who should have low-density lipoprotein (LDL) cholesterol levels below 1·42 mmol/L (55 mg/dL).3 Whether such patients benefit from achieving even lower LDL cholesterol levels – ie, below current treatment goals – is unknown.4,5 
Observations that statins increase the risk of new-onset diabetes6,7 raise theoretical concerns that proprotein convertase subtilisin−kexin type 9 (PCSK9) inhibitors might also increase this risk, as has been suggested by mendelian randomisation studies.8 A pooled analysis of the phase three trials of the PCSK9 inhibitor alirocumab showed no adverse effect of treatment on glycated haemoglobin A1c (HbA1c) or excess risk of new-onset diabetes, and whilst reassuring, the number of years of exposure is relatively small.9 While there was no increased risk of new-onset diabetes with evolocumab compared with placebo over a median 2·2 years (maximum 3·75 years) of follow-up in 16 533 patients without diabetes at baseline, a hazard of risk of new-onset diabetes was observed among 6189 patients with normoglycaemia at baseline (hazard ratio [HR] 1·60, 95% confidence interval [CI] 1·13–2·28).10 Further data in large populations over a longer observation period are therefore needed to determine the glycometabolic safety of PCSK9 inhibition. The ODYSSEY OUTCOMES trial provided such opportunities, comparing alirocumab with placebo in 18 924 patients 1−12 months post-ACS followed for a median of 2·8 years, with more than 8000 patients eligible for 3−5 years of follow-up. The present prespecified analysis reports the efficacy of alirocumab on cardiovascular events by baseline glycometabolic status and the effects of treatment on measures of glycaemia and new-onset diabetes. 

Methods
Trial design and oversight
The ODYSSEY OUTCOMES trial design has been described.12 Ethics committee approval was obtained at all participating institutions. The first author wrote the first draft of the manuscript. All authors participated in critical review of the manuscript and vouch for the accuracy and completeness of the data and the fidelity of the trial to the protocol and statistical plan for this analysis. This study is registered with ClinicalTrials.gov, number NCT01663402. The study protocol is available at https://clinicaltrials.gov/ct2/show/NCT01663402.

Study design and participants 
ODYSSEY OUTCOMES was a randomised, double-blind, placebo-controlled trial, conducted at 1315 sites in 57 countries, that compared alirocumab with placebo in patients who had been hospitalised with an ACS (myocardial infarction or unstable angina) 1−12 months before randomisation.12 Enrolment (outside of China) took place between November 2012 and November 2015. In China, 613 patients were randomized between May 2016 and February 2017. Patients had an LDL cholesterol level ≥1·81 mmol/L (70 mg/dL), or a non−high-density lipoprotein (HDL) cholesterol level ≥2·59 mmol/L (100 mg/dL), or an apolipoprotein B level ≥0·8 g/L, measured after a minimum 2 weeks of stable treatment with atorvastatin 40–80 mg daily, rosuvastatin 20–40 mg daily, or the maximum-tolerated dose of one of these statins (including no statin in case of documented intolerance). 

Randomisation and masking, and procedures
Patients were randomly assigned (1:1) to treatment with alirocumab 75 mg subcutaneously every 2 weeks or matching placebo, stratified by country. Randomisation was performed centrally, with the use of an interactive voice-response or web-response system (see appendix). 
The treat-to-target design aimed to achieve an LDL cholesterol level between 0·65 and 1·30 mmol/L (25 and 50 mg/dL) among alirocumab-treated patients. Alirocumab 75 mg could be blindly up-titrated to 150 mg if the LDL cholesterol level was ≥1·30 mmol/L. If the LDL cholesterol level was <0·39 mmol/L (15 mg/dL) on two consecutive measurements on the 75 mg dose of alirocumab, placebo was blindly substituted for the remainder of the trial. In patients who were on the 150 mg dose, a down-titration to 75 mg was performed if the LDL cholesterol was <0·39 mmol/L on two consecutive measurements. The trial had a double-blind design, with patients and investigators masked to treatment assignment and lipid levels.
Patients were classified into three prespecified baseline glycometabolic categories. Diabetes was defined by one or more of the following criteria: type 1 or type 2 diabetes reported in the medical history or as an adverse event before first injection of study medication; HbA1c ≥6·5% at randomisation (or at the preceding screening visit if randomisation data were unavailable); fasting blood glucose ≥7·0 mmol/L (126 mg/dL) at both screening and randomisation visits; or use of diabetes medication before randomisation with a diabetes diagnosis confirmed by a blinded external diabetes expert committee. Prediabetes was defined by one or more of the following criteria: indication of “impaired glucose control” in the medical history or as an adverse event before first injection of study medication; HbA1c ≥5·7% and <6·5% at randomisation (or at the screening visit if randomisation data were unavailable); or fasting blood glucose ≥5·6 mmol/L at both screening and randomisation visits, but with no more than one value ≥7·0 mmol/L. Patients who did not meet the criteria for either diabetes or prediabetes were classified as having normoglycaemia.

Outcomes
As in the overall study, the primary endpoint for this prespecified analysis was the composite of death from coronary heart disease, non-fatal myocardial infarction, fatal or non-fatal ischaemic stroke, or unstable angina requiring hospitalisation. All endpoints were blindly adjudicated.
The overall safety of alirocumab in this study has been reported.13 This report focuses on prespecified measures of glycometabolic safety, including the effects of alirocumab on HbA1c, fasting glucose, and new-onset diabetes. Individuals with normoglycaemia or prediabetes at baseline were considered to have new-onset diabetes during the trial if one or more of the following criteria were met: at least one HbA1c value ≥6·5%; two fasting glucose values ≥7·0 mmol/L; an investigator-reported diabetes-related adverse event; or initiation of diabetes medication for a diagnosis of diabetes that was confirmed by a blinded external expert panel who reviewed the medical history and other documentation (appendix).

Statistical analysis
The time to first occurrence and cumulative incidence of the primary endpoint were determined within each baseline glycometabolic category. Formal power calculations were not conducted for this prespecified analysis, but statistical assumptions for the overall trial have been reported12: they include a primary endpoint incidence rate of 11·4% at 4 years in the placebo group; a median baseline LDL cholesterol of 2·33 mmol/L (90 mg/dL); a reduction in LDL cholesterol of 50% with alirocumab; and an overall 15% reduction in the HR, providing 90% power at a significance level of 0·05 with 1613 primary endpoints. For each glycometabolic category, treatment HRs and 95% CIs were estimated by Cox proportional hazards models, stratified by geographic region. P-values were determined by stratified log rank tests using an intention-to-treat analysis. Heterogeneity of alirocumab treatment effects by glycometabolic category was assessed by Cox regression models with interaction terms for relative risk reduction and Gail-Simon tests for absolute risk reduction.
Among patients without diabetes at randomisation, HbA1c and fasting glucose were analysed in repeated-measures mixed effects models with random effects for slope and intercept and fixed effects for treatment, baseline value, and time. If treatment with a diabetes medication was initiated, subsequent values of HbA1c and glucose were excluded from the analyses. 

Role of the funding source
[bookmark: _Hlk525808841][bookmark: _Hlk511475538][bookmark: _Hlk525808436]The protocol and statistical analysis plan were conceived by PGS, GGS, and MS, developed in conjunction with the other members of the executive steering committee and sponsors, and approved by the responsible regulatory authorities and ethics committees. The sponsors participated in study site selection, monitoring, and supervision of data collection. Duke Clinical Research Institute led blinded endpoint adjudication. An independent data monitoring committee monitored safety and efficacy data. Analyses were performed independently by the academic statistician in parallel with the sponsors. The manuscript was drafted by the first author with input from all authors. The executive steering committee decided to publish the paper and takes responsibility for the completeness and accuracy of the data and the fidelity of the trial to the protocol. 

Results
A total of 18 924 patients were randomised at 1315 sites in 57 countries (figure 1 in the appendix). At randomisation, 5444 (28·8%) patients had diabetes, 8246 (43·6%) patients had prediabetes, and 5234 (27·7%) patients had normoglycaemia. In each glycometabolic category, baseline characteristics were well-balanced between the alirocumab and placebo groups (table 1 and tables 1 and 2 in appendix). Most patients underwent coronary revascularisation for the index ACS event and received evidence-based treatment with dual antiplatelet therapy, beta-blockers, and inhibitors of the renin−angiotensin system. 
Baseline values of body mass index, non-HDL cholesterol, and triglycerides were highest among those with diabetes and lowest among those in the normoglycaemia group, with the converse relationship observed with HDL cholesterol levels. There was no difference in LDL cholesterol level across the three groups. Use of high-intensity statin by protocol was high overall, 88·8% at baseline, but use of ezetimibe was low, at 2·9%. Fibrate use (principally fenofibrate) was low, at 1·7%. In the overall population, 0·02% (n=47) received a glucagon-like peptide-1 receptor agonist and 0·01% (n=26) received a sodium-glucose cotransporter-2 inhibitor at baseline. Corresponding data among those with diabetes at baseline are 0·9% and 0·5%, respectively (table 1 in appendix). 
[bookmark: _Hlk530657960]Median follow-up was 2·8 years, with 8242 patients eligible for 3−5 years of follow-up. In the placebo group, the rate of the primary endpoint was 6·5, 3·4, and 3·1 per 100 person-years, respectively, for those with diabetes, prediabetes, and normoglycaemia at baseline. The corresponding unadjusted HRs for the primary endpoint among those with diabetes versus normoglycaemia and diabetes versus prediabetes were 2·09 (95% CI 1·78–2·46) and 1·90 (95% CI 1·65–2·17), respectively. Data for individual components of the primary endpoint in the placebo group are provided for each glycometabolic category in figure 1. 
Figure 2 shows the median changes in lipid parameters at month 4 in each treatment group, by baseline glycometabolic category. Changes from baseline in LDL cholesterol at month 4 were similar in each glycometabolic category (median −64% to −65% with alirocumab; +1·0% to 0% with placebo). 
In alirocumab-treated patients, median (quartile 1, quartile 3) LDL cholesterol values at month 4 were 0·80 (0·52, 1·22), 0·80 (0·54, 1·27), and 0·80 (0·54, 1·30) mmol/L among those with diabetes, prediabetes, and normoglycaemia, respectively, compared with 2·25 (1·84, 2·77), 2·25 (1·86, 2·77), and 2·28 (1·89, 2·77) mmol/L among those allocated to placebo. 
Figure 3 shows the effect of alirocumab on LDL cholesterol levels over time in each of glycometabolic categories by intention to treat. During the course of the trial, alirocumab-treated patients had significantly lower LDL cholesterol levels, irrespective of baseline glycometabolic category.  
Alirocumab produced a similar relative reduction in risk of the primary endpoint in patients with diabetes (HR 0·84, 95% CI 0·74–0·97), prediabetes (HR 0·86, 95% CI 0·74–1·00), and normoglycaemia (HR 0·85, 95% CI 0·70–1·03), with no significant interaction of baseline glycometabolic status and treatment. However, the substantially higher absolute risk among patients with diabetes resulted in a greater absolute risk reduction with alirocumab treatment (−2·3%) compared to those with prediabetes (−1·2%) or normoglycaemia (−1·2%) (figure 4, and figure 2 in the appendix). 
Of the patients without diabetes at baseline, 5955 (44·2%) had follow-up of 3−5 years (table 1). Figure 5 shows the effects of alirocumab versus placebo on HbA1c, fasting glucose, and incidence of new-onset diabetes in patients without diabetes at baseline, and separately in those with prediabetes or normoglycaemia. Among patients without diabetes at baseline, mean HbA1c after randomization was slightly lower in the alirocumab group compared with the placebo group (5·78% vs 5·80%, p<0·001), with no difference in mean fasting glucose levels (5·67 vs 5·68 mmol/L, p=0·84). Findings were similar among patients with either prediabetes or normoglycaemia at baseline. Overall, 648 patients (9·6%) in the alirocumab group developed diabetes after randomization, compared with 676 patients (10·1%) in the placebo group (HR 1·00, CI 0·89−1·11). As expected, developing diabetes during the trial occurred more commonly among those with prediabetes at baseline (13·8% in those assigned to alirocumab vs 15·0% in those assigned to placebo) than among those who were normoglycaemic at baseline (3·0% in those assigned to alirocumab vs 2·4% in those assigned to placebo). Differences in incident diabetes between randomised treatment allocations were not statistically significant (figure 5).        

Discussion
Abnormal glycometabolic status is common in patients post-ACS, with approximately one-third having diabetes and a similar proportion having prediabetes.14 Patients with diabetes and following an ACS event are at particularly high risk of recurrent ischaemic cardiovascular events, and also derive greatest absolute benefits from a given degree of lipid-lowering with high-intensity statins15 or statins plus ezetimbe.2,16 
The distribution of patients in our trial was similar to earlier studies, with diabetes or prediabetes comprising approximately 70% of the cohort.14 The presence of diabetes at baseline did not influence LDL cholesterol levels at baseline or during assigned treatment with alirocumab or placebo. In the present study, the annual event rate among those with diabetes was 6·5 per 100, compared with  3·4 per 100 among those with prediabetes and 3·1 per 100 with normoglycaemia. Although age and body mass index were higher (3 years and 2 kg/m2, respectively) among those with diabetes versus normoglycaemia, differences in lipids were only modestly worse (non-HDL cholesterol was 0·13 mmol/L higher and triglycerides were 0·34 mmol/L higher). It is unlikely that these differences alone in a study with an average follow-up duration of 2·8 years would result in a doubling of the absolute risk of cardiovascular events. Thus, our observed event rate in the placebo arm reinforces the fact that the presence of diabetes per se carries a significant excess cardiovascular risk in patients with recent ACS. The relative reduction in risk of ischaemic cardiovascular events with alirocumab compared with placebo was similar between those with and without diabetes. However, patients with diabetes, compared to those without diabetes, had a substantially higher absolute risk of recurrent cardiovascular events after ACS and approximately twice the absolute reduction in that risk with alirocumab (−2·3% vs −1·2%). These benefits were achieved on a background of extensive use of evidence-based therapies, including high-intensity statins, revascularisation for the index ACS event, dual antiplatelet therapy, and blockade of the beta-adrenergic and renin−angiotensin systems, and with good control of blood glucose with mean baseline HbA1c of 7·0% in those with diabetes at baseline. 
[bookmark: _GoBack]The current findings build upon prior evidence supporting the use of intensive lipid-lowering therapy and ezetimibe in patients with diabetes and ACS, and are aligned with the evolution of some clinical guidelines that have successively lowered LDL cholesterol treatment goals from <2·59 mmol/L17 to <1·81 mmol/L17,18 and even <1·42 mmol/L3 in these very high-risk patients. More recently, the American College of Cardiology/American Heart Association guidelines, whilst acknowledging that PCSK9 inhibitors are an option to lower LDL cholesterol to below 1·81 mmol/L in very high-risk patients, noted that they are likely to be less cost-effective than ezetimibe. This suggests there is a need to easily identify very high-risk groups who derive greater absolute benefits from these more expensive therapies. The findings of our study suggest that, among patients with recent ACS, the presence of diabetes identifies a large subgroup (approximately one-third) with significantly enhanced risk and who derive substantially greater benefits by targeting even lower LDL cholesterol levels between 0·65 and 1·30 mmol/L. The corresponding number needed to treat for a median of 2·8 years to avoid one primary endpoint event was 43 for patients with diabetes at baseline versus 82 for patients without diabetes at baseline. Accordingly, patients with diabetes and ACS are a group in whom the cost-effectiveness of alirocumab treatment is more favourable.
An additional goal of our study was to examine the glycometabolic safety of alirocumab treatment among patients without diabetes at baseline. Concerns about the effects of lipid-lowering therapies on glucose homeostasis have arisen from observations that statins increase the risk of new-onset diabetes by 9% versus placebo, and by an additional 12% when comparing high- with moderate-intensity statins.7 Furthermore, mendelian randomisation studies of genetic polymorphisms that mimic the effects of statins, ezetimibe, or PCSK9 inhibitors suggest that lifelong reductions in LDL cholesterol, irrespective of the mechanism, are associated with an increased risk of diabetes among those without diabetes at baseline.8,19-21 These findings have raised theoretical concerns about the risk of new-onset diabetes with the use of PCSK9 inhibitors.
In the present analysis, we observed no excess risk of new-onset diabetes with alirocumab in patients with either prediabetes or normoglycaemia at baseline. A post-hoc analysis of the FOURIER trial with the PCSK9 inhibitor evolocumab suggested an increased risk of new-onset diabetes among patients with normoglycaemia, but not with prediabetes at baseline, albeit with a small number of events and wide CIs.10 This was not observed in the present analysis, with no adverse effect of alirocumab on HbA1c, fasting glucose, or new-onset diabetes in patients with either normoglycemia or prediabetes at baseline. 
There are some notable differences between the methodologies used to assess glycometabolic safety in the FOURIER trial10 and in the current analysis. Our trial had longer follow-up to assess safety and efficacy and a blinded diabetes endpoint adjudication committee to determine cases of new-onset diabetes. In the present analysis, values of glucose and HbA1c obtained after initiation of diabetes medication were censored because initiation of diabetes medications would lower any subsequent measurements of glucose and HbA1c, and thus confound the assessment of any direct effect of randomised treatment assignment on these measures. Because such censoring was not employed in the analysis of FOURIER, a potential effect of study treatment on glucose or HbA1c could have been masked.9 The present findings provide greater reassurance about the glycometabolic safety of PCSK9 inhibitors as a class. It should be noted, however, that new-onset diabetes with statins was only confirmed many years after regulatory approval through meta-analyses of multiple trials. Thus, while the present results are reassuring, the long-term effects − beyond 5 years − of PCSK9 inhibitors on glycometabolic status are presently unknown. 
Mendelian randomisation analyses have shown that genetically determined loss of function of PCSK9 is associated with an increased risk of incident diabetes, but clinical trials of PCSK9 inhibitors have shown no such effect. These findings, while different, may not necessarily be inconsistent. First, the timeframe of mendelian randomisation analyses is an order of magnitude longer than that of clinical trials, providing more opportunity to observe the effects of genetic variants in PCSK9 on incident diabetes. Second, in clinical trials that enrol patients with established atherosclerosis, approximately 70% already have a glycometabolic abnormality at randomization (prediabetes or diabetes). The effects of pharmacological PCSK9 inhibition on incident diabetes in such a population may be different than the longitudinal effects of genetic variants in PCSK9 in a healthy population with a low prevalence of glycometabolic abnormality at baseline.
In most respects, analyses of the FOURIER and ODYSSEY OUTCOMES trials with regard to diabetes provide consistent findings. FOURIER used a fixed dose of evolocumab and the LDL cholesterol levels described are for patients who remained on treatment, had follow-up laboratory measurements, and had no change in background statin treatment. In contrast, the LDL cholesterol levels presented in our study report the intention-to-treat results as well as the blinded treat-to-target design. That said, the results among those with diabetes were similar. The relative risk reduction for the primary endpoint of 5-point major adverse cardiovascular event in FOURIER among those with diabetes was 17%, similar to the 16% relative risk reduction in the risk of 4-point major adverse cardiovascular event observed in ODYSSEY OUTCOMES. At 3 years, the proportion of individuals with diabetes in the placebo group who had experienced a primary endpoint was 17·1% in FOURIER, and this was reduced in absolute terms by 2·7% with evolocumab. In ODYSSEY OUTCOMES, at the median follow-up of 2·8 years, the comparable figures for individual with diabetes were a 16·4% risk of a primary endpoint among patients in the placebo group, which was reduced in absolute terms by 2·3% with alirocumab treatment.   
Whilst patients with prediabetes have been reported to have worse cardiovascular outcomes compared to those with normoglycaemia,22,23 the observed rates were similar in the present analysis. This may reflect the fact that we used both contemporary HbA1c definitions as well as fasting glucose criteria to define glycometabolic status, so that patients who might historically have been classified as having prediabetes would now be classified as having diabetes by the present definition. An alternative explanation for the similar event rates between those with prediabetes and normoglycaemia could be index event bias (ie, in a population defined by ACS, those with normoglycaemia are enriched with other competing risk factors, identifiable or not). In this regard, high use of aggressive lipid-lowering and other guideline-based secondary prevention therapies (see table 1 in the appendix) in a trial with a median follow up of 2·8 years may not have been long enough to observe the previously well-established differences in risk between those with prediabetes and normoglycaemia in population cohort studies with longer follow-up. Our findings of a consistent relative benefit of alirocumab among patients with normoglycaemia, prediabetes, or diabetes in the post-ACS setting is consistent with, and extends, prior observations in stable cardiovascular disease where those with and without diabetes derive similar relative benefits from PCSK9 inhibition.10
A limitation of our study is that it was initiated before agonists of the glucagon-like peptide-1 receptor24 and inhibitors of the sodium-glucose cotransporter 225 were shown to reduce major cardiovascular events and mortality in patients with stable cardiovascular disease and type 2 diabetes. At baseline, 0·02% of the total population received a glucagon-like peptide-1 receptor agonist, which increased to 0·9% (n=173) during the study. For sodium-glucose cotransporter-2 inhibitors, the corresponding numbers were 0·01% at baseline increasing to 1·6% (n=313) during the study. It is uncertain whether greater use of these classes of drugs would affect the magnitude of the observed benefit of alirocumab treatment in patients with ACS and diabetes, although the evidence to date suggests that the benefits of newer diabetes treatments and lipid lowering are complementary.26 Moreover, glucagon-like peptide-1 receptor agonists and sodium-glucose cotransporter-2 inhibitors have shown benefit in patients with chronic stable cardiovascular disease, but efficacy has not been demonstrated in the post-ACS setting.27 
In conclusion, patients post-ACS and diabetes, compared to patients post-ACS without diabetes, had twice the excess risk of cardiovascular events when LDL cholesterol was greater than 1·8 mmol/L despite intensive statin treatment. The patients with diabetes also derived twice as much benefit when alirocumab was used to target an LDL cholesterol level between 0·65 and 1·30 mmol/L. With a median follow-up of 2·8 years and with 5955 (44·2%) patients without diabetes eligible for 3−5 years of follow-up, alirocumab did not adversely affect measures of glycaemia or increase the risk of new-onset diabetes. These findings provide further evidence that future guidelines should recommend much lower LDL cholesterol targets for patients with vascular disease when diabetes is present.
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Figure legends

Figure 1: Incidence of cardiovascular events by baseline glycometabolic status in the placebo group
Median (Q1–Q3) follow-up: 2·8 (2·3–3·4) years.
MACE:
Diabetes vs prediabetes: HR 1·90 (95% CI 1·65–2·17); p<0·0001
Diabetes vs normoglycaemia: HR 2·09 (95% CI 1·78–2·46); p<0·0001
Coronary heart disease death:
Diabetes vs prediabetes: HR 2·14 (95% CI 1·60–2·88); p<0·0001
Diabetes vs normoglycaemia: HR 2·54 (95% CI 1·77–3·64); p<0·0001
Non-fatal myocardial infarction:
Diabetes vs prediabetes: HR 1·88 (1·59, 2·21); p<0·0001
Diabetes vs normoglycaemia: HR 1·98 (95% CI 1·63–2·40); p<0·0001
Ischaemic stroke:
Diabetes vs prediabetes: HR 2·10 (95% CI 1·48–2·99); p<0·0001
Diabetes vs normoglycaemia: HR 2·89 (95% CI 1·84–4·56); p<0·0001
Unstable angina:
Diabetes vs prediabetes: HR 1·75 (95% CI 0·98–3·15); p=0·057
Diabetes vs normoglycaemia: HR 1·56 (95% CI 0·82–2·98); p=0·17
CHD=coronary heart disease; CI=confidence interval; HR=hazard ratio; MACE=major adverse cardiovascular event; MI=myocardial infarction; UA=unstable angina; Q=quartile.

Figure 2: Lipid values at 4 months after randomisation by baseline glycometabolic status (intention-to-treat analysis)
Median within-patient percent change from baseline is presented below each bar.
HDL-C=high-density lipoprotein cholesterol; LDL-C=low-density lipoprotein cholesterol; Q=quartile.

Figure 3: LDL cholesterol levels by baseline glycometabolic status (intention-to-treat analysis): (A) with normoglycaemia; (B) with prediabetes; and (C) with diabetes
LDL-C=low-density lipoprotein cholesterol.

Figure 4: Relative and absolute risk reduction with alirocumab by baseline glycometabolic status
Median (Q1–Q3) follow-up: 2·8 (2·3–3·4) years.
ARR=absolute risk reduction; CI=confidence interval; HR=hazard ratio; MACE=major adverse cardiovascular event; Q=quartile.

Figure 5: Post-randomisation HbA1c, fasting glucose, and new-onset diabetes by baseline glycometabolic status 
Analysis method for HbA1c and fasting glucose: repeated-measures mixed effects model; random effects = slope, intercept; fixed effects = treatment, baseline value, and time. Only post-randomisation values prior to initiation of diabetes medication were included in the analysis. Difference in least squares means among all patients without diabetes was 0·02% for HbA1c and 0·003 mmol/L for fasting glucose. 
“Without diabetes” includes patients categorised as having prediabetes or normoglycaemia. CI=confidence interval; HbA1c=haemoglobin A1c.
HbA1c: All patients without diabetes: p<0·001; Prediabetes: p<0·001; Normoglycaemic: p=0·23
Glucose: All patients without diabetes: p=0·84; Prediabetes: p=0·81; Normoglycaemic: p=0·86
New-onset diabetes: All patients without diabetes: p=0·98; Prediabetes: p=0·60; Normoglycaemic: p=0·15
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