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The concept of atherosclerotic cardiovascular disease (ASCVD) as a cholesterol storage condition 

dates back to the 19th century. Beyond cholesterol, local inflammation consisting of accumulation 

of inflammatory cells (macrophages, T-cells, and mast cells), proliferation of collagen-secreting 

smooth muscle cells with ensuing accumulation of extracellular matrix also contribute to the growth 

of an atherosclerotic lesion (1). The lesion may evolve into an advanced atherosclerotic plaque in 

which cholesterol-filled macrophage foam cells die and contribute to the formation of a necrotic 

lipid core. Ultimately, the collagenous cap which typically separates the necrotic lipid core from the 

circulating blood may become thin, thereby rendering the plaque susceptible to rupture and 

provoking an arterial thrombus (2). Nonlipid risk factors such as smoking, hypertension, and 

diabetes, as well as non-traditional risk factors also contribute to the multifactorial pathogenesis of 

atherothrombosis.  

A large body of evidence supports the role of low density lipoprotein (LDL) particles in 

atherogenesis (3). First, inherited variations that lead to a life-long high LDL-cholesterol (LDL-C) 

level promote atherosclerotic events (e.g. the well-known LDL-receptor defects in familial 

hypercholesterolemia (FH) among others (3). Second, despite the prevalence of other major risk 

factors, populations such as Japanese men with very low levels of serum cholesterol have little 

coronary artery disease (CAD)(4). Third, populations in some low-income countries may have very 

low LDL-C levels, and despite a burden of inflammation due to chronic infections, as reflected in 

high C-reactive protein levels, have a low prevalence of ASCVD (5). Fourth, individuals with a 

lifelong history of reduced LDL-C levels due to nonsense mutations in the gene encoding the  

proprotein convertase subtilisin/kexin-type 9 (PCKS9), also have minimal CAD risk even in the 

presence of multiple other ASCVD risk factors (6). Finally, the reduction of ASCVD events with 

therapeutic lowering of LDL-C has validated the essential role of LDL-C in atherogenesis and its 

clinical sequelae (3).  LDL thus fulfills modified Koch’s postulates for causality. 
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However, some have construed the more recent interest in inflammation in atherosclerosis, reviving 

the ideas of Rudolf Virchow from the 19th century, as somehow overshadowing the importance of 

LDL-C in the pathogenesis of this disease. Indeed, inflammation’s contribution to atherosclerosis 

derived support from the observation that statins exert anti-inflammatory effects on atherosclerotic 

plaques, and that part of their reduction in atherosclerotic events may derive from muting 

inflammation independent of LDL-C lowering (7). Yet, even sophisticated statistical deconvolution 

cannot rigorously distinguish the benefits due to direct anti-inflammatory effects of statins from 

their ability to lower LDL-C.  

An analogy from traumatology may inform the debate regarding the relative importance of LDL 

and inflammation in ASCVD. If a foreign body, like a splinter, intrudes one’s skin, a chronic 

inflammatory reaction ensues, unless the foreign body is removed. The addition of an anti-

inflammatory therapy could, in turn, quell the response to the foreign body. In ASCVD, LDL-C 

lowering can limit the stimulus, similar to removal of a foreign body, and an anti-inflammatory 

therapy can mute the response to the stimulus. Thus, although lowering LDL-C level has a high 

priority, in selected patients lipid-lowering and anti-inflammatory treatment in tandem might 

optimise outcomes. Selection of the mode of the intensification of therapy can depend on indicators 

of residual risk. For those with LDL concentrations above target despite statin therapy, the addition 

of ezetimibe or of a PCSK9 inhibitor are most appropriate. For those with residual inflammation 

(high sensitivity C-reactive protein > 2 mg/L) after adequate LDL lowering – an add-on anti-

inflammatory therapy might be preferred, a proposition tested formally in the Canakinumab 

Antiinflammatory Thrombosis Outcome Study (CANTOS)(8-10).  

CANTOS was a placebo-controlled, randomised trial that used canakinumab - a monoclonal 

antibody that neutralizes interleukin-1 beta but does not lower LDL-C. Compared with guideline-

directed management including strict control of LDL-C, canakinumab reduced ASCVD events in 

patients with previous myocardial infarction (8) providing unequivocal trial evidence that a targeted 
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anti-inflammatory drug regimen further reduces ASCVD - despite concomitant statin treatment. The 

independent preventive role of an anti-inflammatory drug therapy derived further support from the 

Colchicine Cardiovascular Outcomes Trial (COLCOT, 11) in individuals with recent myocardial 

infarction and low dose colchicine 2 trial (LoDoCo2, 12) in individuals with chronic stable 

coronary disease.  These two large studies compared low-dose colchicine to placebo, on top of 

effective statin treatment. However, both the type of anti-inflammatory therapy and patient selection 

are probably important because treatment with low-dose methotrexate did not prevent ASCVD 

events in a high-risk patient population with stable coronary artery disease in the Cardiovascular 

Inflammation Reduction Trial (CIRT, 13). Although statins prevent ASCVD events, considerable 

residual risk often remains. Hence the need for more effective treatments. But, beyond statins, 

should one intensify LDL-C lowering or add an anti-inflammatory drug, and do these two types of 

interventions confer similar benefits?  

The introduction of the PCSK9 inhibitors evolocumab and alirocumab into the clinic ushered in a 

new era in LDL lowering. These agents profoundly lower LDL-C, and when added to atorvastatin 

(80 mg) treatment, they more than halve the LDL-C levels, even below 1 mmol/L (38.6 mg/dL). 

PCSK9 has a role in inflammation (14), but PCSK9-inhibitors do not seem to have clinically 

relevant anti-inflammatory actions, as reflected by a lack of reductions in CRP. In the FOURIER 

(15) and ODYSSEY (16) trials, the PCSK9-inhibitors significantly reduced the risk of recurrent 

ASCVD events. The FOURIER trial and the Studies of PCSK9 Inhibition and the Reduction in 

Vascular Events (SPIRE) 1 and 2 trials showed that despite receiving both statin therapy and 

bococizumab (a PCSK9 inhibitor abandoned because of an unanticipated attenuation of LDL-C-- 

lowering effect over time) the patients had a residual inflammatory risk, so leaving room for 

improvement beyond LDL-C lowering (11, 17). 

To compare the effect of more effective LDL-C lowering or anti-inflammation on clinical 

outcomes, we tabulate here summaries of five trials, three comparing anti-inflammatory drugs 
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(8,11,12) with placebo and two comparing PCSK9 inhibitors (15,16) with placebo (Table). These 

trials are all sizable, randomised, double-blind and placebo-controlled. Participants in all trials 

received effective statin treatment and the baseline LDL-C levels were similar. Two (ODYSSEY 

and COLCOT) included patients with a recent CAD event, and three (FOURIER, CANTOS, and 

LoDoCo2) included stable patients with a history of ASCVD. ASCVD risk factors and 

comorbidities differed, but were comparable between the populations having either chronic ASCVD 

or more recent qualifying events. The trials all showed significant treatment effects on the hazard 

ratio of the primary endpoint, although COLCOT was substantially shorter than the other trials.  

These recent trials provide evidence that two apparently competing hypotheses of the pathogenesis 

of atherosclerosis – lipids or inflammation – actually operate in tandem. LDL-lowering vs targeting 

inflammation presents a false dichotomy.  However, it is worth noting that in CANTOS average 

LDL-C level remained at 82 mg/dL (2.12 mmol/L) while in PCSK9 inhibitor trials LDL-C level 

was much lower at end of the trial (for example in FOURIER, median LDL was 30 mg/dL [0.78 

mmol/L], 15).  In practice, therefore, although not yet evidence-based, before considering the 

addition of an anti-inflammatory drug, LDL-C might be reduced to a level below 55 mg/dL (1.42 

mmol/L), the new target for very high-risk patients in the ESC guidelines (18).  

What does the future hold and what is needed to further optimise the treatment of ASCVD? 

Detailed presentation of the myriad of novel treatment options currently being under investigation 

(e.g., gene and stem cell therapy, mechanical replacements, anti-ageing drugs) exceeds the scope of 

this short opinion paper. Because current treatments for ASCVD usually commence late in life 

when atherogenesis has already advanced, one approach merits consideration and testing: start 

treatments earlier, more effectively, and secure adherence for individuals with high future risk 

during the subclinical stage of atherosclerosis including risk determined by polygenic risk scores 

that may provide a crystal ball into future propensity for events.(19). New treatment options of 

dyslipidemia and inflammation in ASCVD prevention may help in this regard (9,20).  The 
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introduction of bempedoic acid (an ATP citrate lyase inhibitor) adds to the armamentarium of non-

statin LDL-C lowering agents. The availability of inclisiran (a siRNA that limits the production of 

PCSK9) provides a remarkable duration of action and could be administered twice or even once a 

year.  

Large-scale clinical trials are examining the abilities of the above novel LDL-C lowering therapies 

on cardiovascular outcomes. An antisense RNA therapeutic currently investigated in a sizeable 

outcome trial targets lipoprotein (a), a particularly atherothrombotic LDL variant. Beyond LDL, a 

cardiovascular endpoint study is evaluating a novel selective peroxisome proliferation activation 

receptor alpha (PPAR-alpha) modulator in individuals with high triglycerides and low HDL-C 

levels. REDUCE-IT revealed that prescription-grade eicosapentaenoic acid can substantially reduce 

events in individuals with hypertriglyceridemia. Some, but probably not all of this benefit results 

from the lowering of triglycerides, and some may actually accrue from an anti-inflammatory action. 

Also development and testing of new therapies targeting proinflammatory cytokines or blocking 

their activation by NLRP3 inflammasome inhibitors merit testing.   

We conclude that in reality the lipid-lowering and anti-inflammatory therapies do not compete. 

Both approaches, when appropriately targeted according to the entry criteria of the rich portfolio of 

recent trials, have a place in the ongoing battle against the residual risk of atherosclerosis.  There is 

no contest between the two approaches; there are only winners: our patients and public health. 
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Table.  Summaries of Five Trials Comparing Either Anti-Inflammation or Intensive LDL-Cholesterol Lowering With Placebo a 

 CANTOS (8) 

n=10,061 

FOURIER (15) 

n=27,564 

LoDoCo2 (12), 

n=5,522 

COLCOT (11) 

n=4,745 

ODYSSEY (16)    

n=18,924  

 

  Focus of therapy 

Characteristics Anti-inflammation Intensive LDL-

cholesterol lowering 

Anti-inflammation Anti-inflammation Intensive LDL-

cholesterol lowering 

Trial population History of MI History of ASCVD Chronic coronary 

disease 

Recent MI Recent ACS 

Trial length, yr 3.7 2.2 2.4 0.4 2.8  

Age, yr 61 63 66 61 59 

Female sex, % 26 25 15 19 25 

Current smokers, % 23 28 12 30 24 

Body mass index, kg/m2, or 

weight, kg 

30 85 (mean weight) NA 28 29 

Hypertension, % 79 80 51 51 66 

Diabetes, % 40 37 18 20 29 

Heart failure, % 22 NR NA 2 14 
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Table continued 

 

     

Myocardial infarction, %      

-history 100 81 84 16 19 

-recent NA NA NA 100 83 

Statin during trial, % 91 100 94 99 100 

LDL-cholesterol, mg/dL  

-at baseline 

82 92 NA NA 92 

-during trial no change decrease by 59% NA NA decrease by 55% 

HDL-cholesterol at 

baseline, mg/dL 

45 44 NA NA 43 

Triglycerides at baseline, 

mg/dL 

139 134 NA NA 129 

High sensitivity C-reactive 

protein at baseline, mg/L 

4.2  NA NA 4.3 (subgroup) in 42%  > 2 mg/L 

-during trial decrease by 60% NA NA net decrease by 

10.1% 

NA 

Primary endpoint, hazard 

ratio (95% confidence 

interval) 

0.85 (0.74 to 0.98) 0.85 (0.79 to 0.92) 0.69 (0.57 to 0.83) 0.77 (0.61 to 0.96) 0.85 (0.78 to 0.93) 
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Abbreviations: ACS, acute coronary syndrome; ASCVD, atherosclerotic cardiovascular disease; HDL, high-density lipoprotein; LDL, low-

density lipoprotein; MI, myocardial infarction; NA data not available.  

a To convert the values for cholesterol to millimoles per liter, multiply by 0.02586. To convert the values for triglycerides to millimoles per liter, 

multiply by 0.01129. 


