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Abstract

Although low-density lipoprotein cholesterol is central 
to the development and progression of atherosclerosis, 
the role of inflammation in the atherosclerotic process is 
becoming better understood and appreciated. Chronic 
inflammatory conditions such as rheumatoid arthritis, 
lupus, psoriasis, HIV infection, and inflammatory bowel 
disease have all been shown to be associated with an 
increased blood levels of inflammatory biomarkers and 
increased risk of cardiovascular events. Evidence from 
observational studies suggests that anti-inflammatory 
therapy decreases this risk in these conditions. Clinical 
trials of anti-inflammatory drugs in patients with coronary 
disease have yielded mixed results. Drugs that have failed 
in recent trials include the P38 MAP kinase inhibitor 
losmapimod, the phospholipase A2 inhibitors darapladib 
and varespladib, and methotrexate. Canakinumab, an 
interleukin-1β inhibitor, reduced cardiovascular events in 
patients with coronary disease in the Canakinumab Anti-
inflammatory Thrombosis Outcome Study (CANTOS). 
Canakinumab increased the rate of fatal infections in 
CANTOS and is very expensive; it is thus unlikely to 
be widely used for risk reduction in cardiology. On the 
other hand, colchicine is a safe and inexpensive anti-
inflammatory drug. In the Colchicine Cardiovascular 
Outcomes Trial (COLCOT), where patients within 30 
days of a myocardial infarction were randomized to low-
dose colchicine or placebo and followed for a median of 

almost 2 years, colchicine treatment was associated with 
a 23% reduction (p=0.02) in cardiovascular events. Newer 
studies with anti-inflammatory drugs have the potential to 
improve outcomes of patients with atherosclerosis, just as 
low-density lipoprotein cholesterol-lowering drugs have 
done over the past two decades. 

Introduction

Atherosclerosis is a slowly progressive condition 
that eventually affects perfusion of various organs, 
most importantly the heart and brain. The classical risk 
factors that accelerate atherosclerosis include diabetes, 
hypertension, smoking, and hyperlipidemia, which are 
in turn influenced by genetic factors, diet and physical 
activity levels. Interactions among these factors are 
complex, and the pathogenesis of atherosclerosis is still 
incompletely understood. 

Nevertheless, the central role of low-density lipoprotein 
cholesterol (LDL-C) has been clearly established, as 
detailed in a recent consensus statement from the 
European Atherosclerosis Society.1 

A key feature of early atherosclerosis is the uptake 
of LDL-C particles by the arterial wall, where LDL-C 
is oxidized and stimulates an inflammatory response.1 
Inflammation thus becomes a powerful contributor to 
the progression of atherosclerosis. While the centrality 
of LDL-C to the development of atherosclerosis has long 
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been recognized, and LDL-C lowering has been a goal 
of therapy, the role of inflammation has been a focus of 
attention only more recently.

This review addresses two aspects of inflammation and 
cardiovascular (CV) disease. In the first section we review 
the body of evidence showing that chronic inflammatory 
diseases are associated with an increased risk of CV events, 
and that anti-inflammatory therapy reduces this risk. In 
the second section we summarize the clinical trials that 
assessed the effects of anti-inflammatory treatments on 
CV events in patients without underlying inflammatory 
conditions.

Inflammatory Conditions with Increased 
Cardiovascular Risk

Rheumatoid Arthritis
Some of the inflammatory conditions associated with 

increased risk of CV events and supporting studies2-6 are 
listed in Table 1. The link between rheumatoid arthritis 
(RA) and increased CV risk is particularly clear. In a 
meta-analysis2 including eight studies and a total of 788 
patients with RA and 1,641 controls, the presence and 
severity of coronary artery disease (CAD) was assessed 
with coronary computed tomography angiography 
(CCTA). Compared with controls, there was an increased 
risk of CAD (relative risk [RR] = 1.26, 95% confidence 
interval [CI] 1.04-1.52), and a higher prevalence of a 
coronary calcium score >100 and multivessel CAD. RA 
disease activity was linked to high-risk (non-calcified or 
mixed) coronary plaques. Methotrexate treatment was 
associated with an absence of CAD.

Other studies have shown that the presence of RA 
increases the incidence of coronary and cerebrovascular 
events. In a report from the Taiwan National Health 
Insurance Research Database, 10,568 patients with RA 
were compared to 42,272 controls matched for age, sex, 
urbanization and income.7 During a six-year follow-up, 
an increased risk was seen for ischemic stroke (HR 3.48, 
95% CI 2.16-5.61), coronary heart disease (HR 2.77, 95% 
CI 2.32-3.32), atrial fibrillation (HR 2.90, 95% CI 1.17-7.20), 
and heart failure (HR 2.88, 95% CI 2.01-4.14).

Not only are CV events more likely in patients with 
RA, they are more severe. In a matched cohort study 
from Sweden, RA subjects more frequently presented 
with sudden cardiac death and ST-segment elevation 
myocardial infarctions (STEMI),8 and had higher levels of 
troponin and more in-hospital complications compared 
with controls. The seven-day mortality after acute 
coronary syndrome (ACS) was also higher in RA patients 
compared to controls: HR 1.65 (95% CI 1.32-2.08). 

As summarized by Klingenberg and Lüscher,9 

circulating T cells of patients with ACS and of patients with 
RA are characterized by clonal restriction, with increased 
CD4+CD28null T cells. Clonal restriction indicates a reduced 
repertoire of antigens recognized by the T cell receptor 
complex and reveals similar autoimmune responses 
against specific antigens in ACS and RA.

An army of cytokines, including TNF-α, IL-1β, IL-6, 
and IL-17, contribute to the inflammatory joint damage 
in RA and are current or potential targets of therapy.10 

Some of these inflammatory mediators have been 
implicated in the pathogenesis of ACS, including TNF-α. 

Table 1 – Chronic inflammatory conditions that increase the risk of cardiovascular events

Condition Type of Study Study Endpoint Number of Patients RR/HR (95% CI)

Rheumatoid arthritis2
Meta-analysis

8 studies
Coronary Ca+

Score
785 pts

1641 controls
1.26 (1.04-1.52)

Lupus3
Meta-analysis

9 studies
Incident CAD 3320 pts 3.19 (2.15-5.35)

Psoriasis4 Prospective cohort Myocardial infarction
130,976 pts

556,995 controls
1.11 (1.07-1.17)*
1.43 (1.18-1.72)^

HIV5
Meta-analysis

80 studies
Incident CVD 793,635 pts 2.16 (1.68-2.77)

Inflammatory Bowel 
Disease6

Meta-analysis
6 studies

Incident IHD 123,907 pts 1.18 (1.08-1.31)

* hazard ratio for mild psoriasis vs controls; ^ hazard ratio for severe psoriasis vs controls
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TNF-α antagonists are now widely used in the treatment 
of RA, and have been shown to have a beneficial effect 
on cardiac risk factors,11 and on surrogate markers of 
atherosclerosis such as endothelial function12 and carotid 
intima-media thickness.13

Based on the aforementioned data, one might 
expect that TNF-α inhibition would reduce CV events 
in patients with RA. This was in fact demonstrated 
among 10,156 RA patients enrolled in the Consortium 
of Rheumatology Researchers of North America RA 
registry (CORRONA).14 Patients were treated with TNF-α 
antagonists, methotrexate, or non-biological disease-
modifying antirheumatic drugs (DMARDs). During a 
median follow-up of 22.9 months, 88 CV events occurred. 
Using a TNF-α antagonist reduced the adjusted risk of 
a CV event (HR 0.39, 95% CI 0.19-0.82) compared with 
users of DMARDs, while methotrexate was not associated 
with an adjusted reduced risk.

Although all studies examining this issue do not yield 
concordant results, findings from the British Society 
for Rheumatology Biologics Register for Rheumatoid 
Arthritis recently confirmed the benefit just described in 
the North American registry. A total of 14,258 patients 
were analyzed, 11,200 receiving TNF-α inhibitors and 
3,058 receiving DMARDs.15 There were 58 verified 
first MIs during a median follow-up of 3.5 years in the 
DMARD cohort and 194 MIs during a median follow-
up of 5.3 years in the TNF-α inhibitor cohort. The risk 
of myocardial infarction (MI) in the TNF-α inhibitor 
cohort was 0.61 (95% CI 0.41-0.89) compared with the 
DMARD cohort.

To summarize for RA, the risk of CV events is 
increased, which is likely related to inflammation, and 
is reduced by anti-inflammatory treatment.

Systemic Lupus Erythematosus
The prevalence of lupus is much lower than that of RA, 

and thus the relationship between lupus and CV events 
has not been as well documented. In a meta-analysis 
of nine studies (eight cohort and one case-control), 
including 3,320 lupus patients, the RR of CAD compared 
to controls was 3.39, 95% CI 2.15-5.35.16 This meta-
analysis, however, has limitations; for example, most of 
the included studies did not account for treatment, and 
a common treatment for lupus, glucocorticoids, can by 
itself increase the risk of CV events.

Lupus patients at highest risk for CV events are those 
with lupus nephritis. Atherosclerotic plaques in the 

carotid and femoral arteries have been reported to be more 
common in patients with lupus compared to controls, 
with the excess risk comparable to that seen in RA or in 
diabetes.17 Endothelial dysfunction is a common feature 
of lupus, even in mild cases and early in the disease.18 
This has been attributed to a variety of mechanisms 
including impaired clearance of apoptotic cells, oxidative 
stress, circulating autoantibodies, different subtypes of T 
lymphocytes, and a cascade of cytokines.18 

A distinct subset of lupus proinflammatory 
neutrophils, termed low-density granulocytes (LDGs), 
appear to play a key role in enhancing CV risk in lupus. 
In a recent study, lupus subjects and healthy controls 
underwent 18F-fluorodeoxyglucose–PET/CT imaging 
to measure vascular inflammation, a mechanism of 
arterial dysfunction, and CCTA to determine plaque 
burden; LDGs were quantified by flow cytometry and 
cholesterol efflux capacity was also measured.19 Vascular 
inflammation, arterial stiffness, and noncalcified plaque 
burden were all increased in lupus patients compared to 
controls, even after adjustment for traditional risk factors. 
In lupus subjects noncalcified plaque burden was directly 
associated with LDGs and negatively associated with 
cholesterol efflux capacity in fully adjusted models.19 

These associations suggest that LDGs may contribute to 
vascular damage and unstable coronary plaque in the 
setting of lupus.

Psoriasis
In a cohort study from the United Kingdom with 

130,976 psoriasis patients and 556,995 controls, 13,625 MIs 
were documented during a mean follow-up of 5.4 years.4 
Risk of MI was elevated in subjects with psoriasis and 
was highly dependent on age and severity of psoriasis 
(Figure 1). For example, for a 30-year-old patient with 
mild or severe psoriasis, the adjusted RR of having a MI 
was 1.29 (95% CI, 1.14-1.46) and 3.10 (95% CI, 1.98-4.86), 
respectively. For a 60-year-old patient with mild or severe 
psoriasis, the adjusted RR of having a MI is 1.08 (95% 
CI, 1.03-1.13) and 1.36 (95% CI, 1.13-1.64), respectively.4 

In a more recent study, subjects with psoriasis were 
shown to have more noncalcified coronary plaque 
and more high-risk plaques by CCTA compared to 
healthy volunteers.20 Moreover, improvement in skin 
disease severity after one year was associated both with 
a reduction in circulating levels of proinflammatory 
cytokines such as TNF-α and IL-1β, and with improvement 
in total coronary plaque burden and noncalcified plaque, 
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unexplained by traditional risk factors.20 Thus, control 
of peripheral inflammation appeared to have a salutary 
effect on coronary disease. These findings raise the 
question: would anti-inflammatory therapy in psoriasis 
reduce the risk of CV events?

The answer to this question seems to be yes. A Danish 
cohort study of 6,902 patients with severe psoriasis 
showed that relative to other therapies, methotrexate (HR 
0.53, 95% CI 0.34-0.83) and TNF-α inhibitors (HR 0.46; 
95% CI 0.22-0.98) were associated with reduced risk of 
the composite CV endpoint.21

HIV
In a recent meta-analysis including 80 studies of 

793,635 people living with HIV and a total follow-up of 
3.5 million person-years, the RR for CV disease was 2.16 
(95% CI, 1.68-2.77) compared with individuals without 
HIV.5 As shown in Figure 2, this risk is similar to the risk 
of hypertension, diabetes, lipids and smoking.22,23

Several factors increase the risk for CV disease in 
persons living with HIV in addition to inflammation.24 

Smoking is more prevalent in subjects with HIV in many 
countries. Antiretroviral treatment may increase the risk 
of CV events directly or by inducing or worsening lipid 
abnormalities, most frequently hypertriglyceridemia.25 

Improvements in antiretroviral therapy in recent years 
has led to better control of infection; the HIV population 
is aging, and thus at higher CV risk.

The mechanisms leading to HIV atherosclerosis 
are complex and poorly understood. Even when HIV 
infection is controlled, low-level transcription of HIV 
genes continues and HIV-encoded proteins induce 
inflammation and endothelial dysfunction.24 Second, 
immune abnormalities persist in successfully treated 
subjects, and these abnormalities are predictive of 
CV events.24 For example, one such abnormality, the 
CD4:CD8 ratio, is a marker of immunosenescence. Third, 
co-infection with cytomegalovirus has been linked 
to an increased CV risk through different potential 
mechanisms.24 CMV-specific T cell responses correlate 
with increased carotid intima-media thickness,25 a 
surrogate marker of increased CV risk. Fourth, an 
early feature of HIV infection is impairment of the gut 
barrier, such that microbial products leak through the 
intestinal barrier and cause immune activation, a process 
termed microbial translocation.24 Markers of microbial 
translocation, specifically plasma levels of soluble 
CD14 and lipopolysaccharide, predict progression and 
mortality of HIV disease, and are associated with higher 
levels of the inflammatory markers TNF-α and IL-6.

All the aforementioned mechanisms increase 
inflammation. High plasma levels of inflammatory and 
coagulation markers, such as C-reactive protein (CRP), 
IL-6 and d-dimer, strongly predict CV events and all-
cause mortality in subjects with HIV infection.24 These 
relationships suggest that anti-inflammatory treatment 
might reduce the risk of CV events in persons with HIV 
infection.26 Although this hypothesis has not yet been 
tested in a randomized clinical trial, a small pilot study 
of canakinumab, a monoclonal antibody targeting IL-1β, 
showed a significant reduction of plasma IL-6 and CRP 
levels.27 This was paralleled by reductions in leukopoietic 
activity, monocyte cytokine production, and arterial 
inflammation as assessed by FDG-PET CT.

Inflammatory Bowel Disease
Inflammatory bowel disease (IBD), comprising 

Crohn’s disease and ulcerative colitis, is a risk factor 
for both stroke and coronary disease. In a meta-analysis 
of five studies reporting 2,424 cerebrovascular events 
in 98,240 IBD patients, IBD conferred an increased risk 
(adjusted OR, 1.18, 95% CI 1.09-1.27).6 Similarly, the risk 
of a coronary event was increased across six studies 
reporting 6,478 ischemic heart disease events in 123,907 
patients with IBD (adjusted OR 1.18, 95% CI 1.08-1.31).6 
For both cerebrovascular and ischemic heart disease 
endpoints, the increased risk was present for both 

Figure 1 – Adjusted relative risk of myocardial infarction in 
patients with psoriasis based on age and disease severity. 
Adjusted relative risk is depicted on a log scale (y axis). 
From reference #4.
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Crohn’s disease and ulcerative colitis, and appeared to 
be greater in women than in men.

In a Danish registry-based study IBD patients had an 
increased risk of MI during flares (RR 1.49, 95% CI 1.16-
1.93), and during persistent activity (RR 2.05, 95% CI:1.58-
2.65), but no increased risk during remission (RR 1.01, 
95% CI 0.89-1.15).28 Studies reporting surrogate endpoints 
such as carotid intima-media thickness or arterial stiffness 
in IBD patients are sparse or inconclusive.29 

In contrast to some of the other inflammatory 
conditions already discussed, the effect of anti-
inflammatory therapy on CV events in IBD has not 
been well documented. A common treatment for 
IBD, 5-aminosalicylic acid (5-ASA), which might 
possess aspirin-like anti-platelet properties, has 
been reported to be associated with a reduced risk 
of CV events in IBD patients.30 In the same study a 
trend toward fewer CV events among IBD patients 
treated with TNF-α inhibitors was also seen, but 
the authors cautioned that this relationship may 
have been underestimated due to confounding by 
indication, because sicker patients were more likely 
to be treated with this drug.

Anti-inflammatory Drugs That Reduce CV Events

As discussed in the preceding section, a wide range 
of chronic inflammatory diseases are associated with 
an increased risk of CV events. The evidence is strong 
for some of these conditions that anti-inflammatory 
therapy reduces CV risk; for others, the evidence is 
weaker. However, even the strong evidence is drawn 
mainly from observational studies and is thus subject 
to bias.

These data form a basis for consideration of the role 
of anti-inflammatory therapy for the prevention of CV 
events in subjects without concurrent inflammatory 
conditions. Table 2 lists some of the anti-inflammatory 
drugs that have been tested to date in clinical trials.31-37 

Older failed trials with the P38 MAP kinase inhibitor 
losmapimod31 and the phospholipase A2 inhibitors 
darapladib32,33 and varespladib34 will not be discussed 
further, except to note that these drugs reduced 
markers of inflammation and inhibited biomarkers 
that were predictive of CV events. The results of 
trials with statins, methotrexate, canakinumab and 
colchicine will be discussed in the remainder of this 
article.

5

Figure 2 – Cardiovascular risk of HIV compared with traditional risk factors. The odds ratios for hypertension, diabetes, lipids 
and smoking are taken from the INTERHEART study23 and the relative risk for HIV from Shah et al.5 Odds ratios are not directly 
comparable to relative risk and should be adjusted downward slightly for comparison.
a risk of acute MI, adjusted for age, sex, and smoking. 
b risk of ASCVD (CVD, stroke, or MI).
c high ApoB/ApoA1 ratio.
d OR (99% CI) for current smoking; PAR for any smoking.
e PAR for 2015 using prevalence data for HIV for the 15- to 49-year-old group. Apo indicates apolipoprotein; ASCVD, atherosclerotic 
cardiovascular disease; CVD, cardiovascular disease; HIV, human immunodeficiency virus; MI, myocardial infarction; OR, odds ratio; 
PAR, population attributable risk; and RR, risk ratio. From reference #22.
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Statins
The reduction in CV events with statin treatment 

is proportional to the amount of LDL-C reduction; 
specifically, each mmol/L (38.6 mg/dl) reduction in 
LDL-C is expected to produce a 22% reduction in CV 
events, slightly less during the first year, and slightly 
more thereafter.38 In addition to LDL-C lowering, statins 
exert anti-inflammatory effects through a wide variety 
of mechanisms. Statins reduce inflammatory markers 
including C-reactive protein CRP, cytokines (IL-1β, 
IL-6, IL-8, TNF-α), and adhesion molecules (P-selectin, 
ICAM-1).39 They reduce T cell activity and monocyte 
activation and increase nitric oxide levels.39 These anti-
inflammatory effects may contribute to event reduction, 
despite the close relationship between LDL-C reduction 
and event reduction. PCSK9 inhibitors lack some of the 
anti-inflammatory properties of statins, and this has been 
suggested as an explanation for why they do not reduce 
CV events as much as expected, based on their degree 
of LDL-C lowering.40

In the JUPITER trial (Justification for the Use of 
Statins in Prevention: an Intervention Trial Evaluating 
Rosuvastatin), healthy subjects with LDL-C levels 
below 130 mg/dl and CRP levels of 2 mg/L or higher 
were randomized to rosuvastatin 20 mg/day or 
placebo and followed for a median of 1.9 years.41 The 
primary endpoint, a composite of MI, stroke, arterial 
revascularization, hospitalization for unstable angina, 
and CV death was reduced in the active treatment group 
(HR 0.56, 95% CI 0.49-0.69). Thus, targeting subjects 
with evidence of inflammation without hyperlipidemia 
markedly reduced CV events.

In patients with ACS, levels of inflammatory markers 
are high, and are reduced more rapidly and to lower levels 
by potent statins compared to placebo.42 Statins reduce CV 
events early post-ACS, and this event reduction has been 
attributed more to a decline in inflammatory markers 
than to a decline in LDL-C levels.43 Although the anti-
inflammatory effects of statins cannot be disentangled from 
their cholesterol-lowering effects, it is reasonable to assume 
that part of the benefit of this class of drugs is related to their 
effect on inflammation.

Methotrexate
Methotrexate is a folic acid antagonist with broad anti-

inflammatory effects. As previously noted, methotrexate use 
was associated with a reduction in CV events by nearly half 
in a large Danish series of patients with severe psoriasis.21 
In a cohort study of patients with RA, where information 
about CV events was obtained by questionnaire, prolonged 
methotrexate use was associated with a 15% reduction in 
CV morbidity.44 Similarly, a 21% reduction in CV events was 
reported with methotrexate treatment in a meta-analysis of 
patients with various rheumatologic diseases.45 Based upon 
this body of evidence, a trial of methotrexate to prevent CV 
events in patients with coronary disease seemed promising.

The Cardiovascular Inflammation Reduction Trial 
(CIRT) randomized 4,786 patients with previous MI or 
multivessel coronary disease who also had type 2 diabetes 
or metabolic syndrome, to low-dose methotrexate or 
placebo.35 The trial was terminated by the Data and Safety 
Monitoring Board after a median follow-up of 2.3 years 
because it had crossed the prespecified boundary for futility 
and because methotrexate did not lower IL-1β, IL-6, or CRP 

Table 2 – Anti-inflammatory drugs for the prevention of cardiovascular events

Drug Mechanism of Action Clinical Trial Result

Losmapimod P38 MAP kinase inhibitor LATITUDE-TIMI 6031 No benefit

Darapladib
Lipoprotein-associated 

phospholipase A2 inhibitor
SOLID-TIMI 5232

STABILITY33
No benefit

Varespladib
Secretory phospholipase A2 

inhibitor
VISTA-1634 Stopped early for probable harm

Methotrexate Folic acid antagonist CIRT35 Stopped early for futility

Canakinumab IL-1β inhibitor CANTOS36
15% reduction at higher doses 

(p=0.007)

Colchicine
inhibition of NLRP3 

inflammasome
COLCOT37

23% reduction in primary 
endpoint (p=0.02
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levels compared to placebo. No reduction in CV events was 
seen with methotrexate. Thus, the CIRT failed to reproduce, 
in patients with coronary disease, positive results with 
anti-inflammatory drugs reported in non-randomized 
studies on patients with chronic inflammatory conditions. 
Baseline CRP levels were not elevated in CIRT patients, and 
as pointed out by the authors, this may have accounted for 
both the lack of CRP lowering and the lack of clinical benefit 
with methotrexate.

Canakinumab
Anakinra is a humanized monoclonal antibody that 

decreases signaling via both IL-1α and IL-1β.46 It is used 
to treat RA and has been shown in pilot studies to reduce 
CRP and IL-6 after MI, as well as improve other surrogate 
measures.46 A limitation of anakinra is that it affects IL-1α 
and IL-1β, thereby interfering with immune function. 
Canakinumab, another humanized monoclonal antibody, 
neutralizes IL-1β specifically, and thus has the potential to 
favorably affect atherosclerosis without affecting immune 
function.46 In a pilot study of 556 patients with diabetes, 
canakinumab reduced CRP, fibrinogen, and IL-6 with no 
negative effects on serum lipids.47

The Canakinumab Anti-inflammatory Thrombosis 
Outcome Study (CANTOS) randomized 10,061 patients 
with previous MI and a high-sensitivity CRP level of ≥2 
mg/L to placebo or to one of three doses of canakinumab 
(50 mg, 150 mg, or 300 mg, administered subcutaneously 
every three months).36 The primary efficacy end point was 
nonfatal MI, nonfatal stroke, or CV death. More than 90% 
of study patients took statins and median LDL-C levels at 
baseline were 82 mg/dl with no change during follow-up. 
Compared to placebo, CRP levels were reduced by 26%, 
37% and 41% with increasing doses of canakinumab 
(p<0.001 for all).

At a median follow-up of 3.7 years, the HR was, in 
the 50-mg group, 0.93 (95% CI 0.80-1.07, p=0.30), in the 
150-mg group 0.85 (95% CI 0.74-0.98, p=0.021), and in the 
300-mg group 0.86 (95% CI, 0.75-0.99; p=0.031). The 150-
mg dose, but not the other doses, met the prespecified 
threshold for statistical significance adjusted for multiple 
comparisons. Canakinumab was associated with a higher 
incidence of fatal infection compared to placebo and 
there was no significant difference in all-cause mortality 
for all canakinumab doses versus placebo. These results 
demonstrate that targeting the IL-1β pathway with 
canakinumab reduced CV events among post-MI patients 
with elevated CRP levels.

Outcomes in CANTOS were related to on-treatment 
CRP levels. Trial participants allocated to canakinumab 
who achieved a CRP concentration of <2 mg/L had a 25% 
reduction in major adverse CV events (adjusted HR 0.75, 95% 
CI 0.66-0.85), whereas no significant benefit was observed 
among those with an on-treatment CRP concentration of ≥2 
mg/L (adjusted HR 0.90, 95% CI 0.79-102, p=0.11).48

The effects of canakinumab on IL-6 and IL-18, and the 
prognostic value of these interleukins were assessed in a 
subset of CANTOS patients who had these measurements at 
baseline and at three months of follow-up.49 The reductions 
in IL-6 at three months were 24.8%, 36.3%, and 43.2% for the 
50, 150, and 300 mg doses of canakinumab, but there was no 
change in IL-18 levels. Nevertheless, both on-treatment IL-6 
and IL-18 levels were predictive of prognosis. For example, 
for major adverse cardiac events, each tertile increase in IL-18 
was associated with a 15% increase in risk (95% CI 3-29%, 
p=0.016), and each tertile increase in IL-6 was associated 
with a 42% increase in risk (95% CI 26-59%, p<0.0001). These 
findings suggest that IL-6 and IL-18 are still useful biomarkers 
to predict risk in canakinumab-treated patients, but more 
importantly, that an inhibitor of IL-18 might also reduce risk.

Colchicine
Colchicine is one of the most ancient of all drugs, so that its 

safety and side effect profile are well established. However, 
its anti-inflammatory effects are complex and under ongoing 
investigation. Colchicine has anti-mitotic activity and inhibits 
neutrophil migration.50 In gout, urate crystals activate the 
NLRP3 inflammasome and colchicine inhibits it.51 Multiple 
mechanisms have been described through which colchicine 
inhibits the NLRP3 inflammasome50 and these mechanisms 
are active not only against urate crystals in gouty joints 
but also against cholesterol crystals in atherosclerotic 
coronary arteries. In a study where inflammatory markers 
were simultaneously measured in the coronary sinus and 
aorta in patients with ACS, trans-coronary gradients of 
IL-1β, IL-6 and IL-18 were observed, and were reduced by 
colchicine pretreatment.52 Thus, coronary production of 
the inflammasome-specific IL-1β and IL-18, and the more 
downstream IL-6, were blocked by colchicine in ACS.

In a retrospective cross-sectional study of 1,288 patients 
with gout, the prevalence of MI was 1.2% in colchicine 
users and 2.6% in non-users (p=0.03).53 In a small (n=59) 
randomized trial, pre-operative colchicine administration 
significantly reduced peak troponin and creatine kinase-MB 
levels after coronary bypass surgery.54 In a pilot study of 151 
patients randomized to colchicine or placebo for 5 days after 
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ST-elevation MI, infarct size as assessed by area under the 
creatine-kinase-MB curve and by MRI in a substudy of 60 
patients was significantly reduced in the colchicine group.55 

The Low-Dose Colchicine (LoDoCo) trial randomized 
532 patients with stable coronary disease to colchicine 0.5 
mg/day or no colchicine and followed them for a median of 
36 months.56 The primary outcome, a composite of ACS, out-
of-hospital cardiac arrest, or non-cardioembolic ischemic 
stroke, occurred in 15 of 282 colchicine patients (5.3%) and 
in 40 of 250 (16.0%) of those who did not (HR 0.33, 95% 
CI 0.18-0.59). Such a large treatment effect is likely to be a 
consequence of the small number of outcome events, and 
an exaggeration of any benefit of the drug. In the absence 
of placebo treatment in the control group, the adverse effect 
rate cannot be accurately ascertained; however, 32 patients 
(11%) assigned to colchicine discontinued the drug within 
30 days due to intestinal intolerance.

The Colchicine Cardiovascular Outcomes Trial 
(COLCOT) randomized 4,745 within 30 days of MI to 
colchicine 0.6 mg/day or to placebo.37 The primary efficacy 
endpoint was a composite of CV death, resuscitated 
cardiac arrest, MI, stroke, and urgent hospitalization for 
angina leading to coronary revascularization. Patients 
were followed for a median of 22.6 months. The primary 
endpoint occurred in 5.5% of colchicine patients and 7.1% of 
placebo patients (HR 0.77, 95% CI 0.61-0.96, p=0.02). Figure 
3 depicts the Kaplan-Meier curves for the primary outcome. 
Although COLCOT was underpowered to demonstrate 
a significant reduction in individual components of the 
composite endpoint, stroke and urgent hospitalization 
for angina leading to coronary revascularization were 
reduced by large, statistically significant margins, while the 
reductions for CV death and MI were much less impressive.

The incidence of diarrhea in COLCOT was not 
significantly higher in the colchicine group (9.7% versus 
8.9%, p=0.35); however, pneumonia occurred more often 
in colchicine-treated patients (0.9% versus 0.4%, p=0.03). 
Although this difference may be only a chance finding, 
pneumonia has been reported more frequently in colchicine 
users in a large database study from Taiwan.57 

Other randomized trials of colchicine in different 
populations of coronary patients are either complete or in 
their later stages. The COLCHICINE-PCI trial randomized 
714 patients to 1.2 mg of colchicine or placebo two 
hours before percutaneous coronary intervention.58 The 
primary outcome of PCI-related myocardial injury was 
seen in 57.3% of colchicine-treated and 64.2% of placebo-
treated subjects (p=0.19), and there was no difference in 

CV event rates at 30 days.58 The Low-Dose Colchicine 2 
trial (LODOCO2) randomized 5,322 patients with stable 
CAD who tolerated 0.5 mg of colchicine for one month 
to colchicine or placebo.59 This trial is event-driven and is 
nearing completion. CLEAR-SYNERGY is a randomized 
two-by-two factorial design trial comparing colchicine 0.5 
mg BID, spironolactone 25 mg/day, and corresponding 
placebos in 4,000 STEMI patients receiving a SYNERGY 
stent (ClinicalTrials.gov NCT03048825). The estimated 
completion date for this trial is December 2021.

Future Directions

Targeted anti-inflammatory drugs are not yet part of 
the treatment guidelines for patients with atherosclerosis, 
but it is possible to imagine a future where is the case.60,61 

In addition to canakinumab, other IL-1β inhibitors 
including anakinra, gevokizumab, and rilonacept, and 
the IL-6 inhibitors tocilizumab, sarilumab, sirukimab, and 
olokizumab, as well as IL-18 inhibitors may one day become 
part of our therapeutic arsenal alongside more familiar 
drugs such as statins. 

Author contributions

Conception and design of the research: Waters DD. 
Acquisition of data: Waters DD. Analysis and interpretation 
of the data: Waters DD. Statistical analysis: Waters DD. 
Writing of the manuscript: Waters DD. Critical revision 
of the manuscript for intellectual content: Waters DD. 
Supervision / as the major investigador: Waters DD.

Potential Conflict of Interest

No potential conflict of interest relevant to this article 
was reported.

 Sources of Funding

There were no external funding sources for this study.

 

Study Association

This study is not associated with any thesis or 
dissertation work.

Ethics approval and consent to participate

This article does not contain any studies with 
human participants or animals performed by any of 
the authors.

Waters

Inflammation in Cardiovascular Disease

Int J Cardiovasc Sci. 2020; 33(5):518-527

Review Article



526

1.	 Borén J, Chapman MJ, Krauss RM, Packard CJ, Bentzon JF, Binder CJ, et 
al. Low-density lipoproteins cause atherosclerotic cardiovascular disease: 
pathophysiological, genetic, and therapeutic insights: a consensus 
statement from the European Atherosclerosis Society Consensus Panel. 
Eur Heart J. 2020.(ahead of print)

2.	 Hansen PR, Feineis M, Abdulla J. Rheumatoid arthritis patients have 
higher prevalence and burden of asymptomatic coronary artery disease 
assessed by coronary computed tomography: a systematic literature 
review and meta-analysis. Eur J Int Med. 2019;62:72-9.

3.	 Li H, Tong Q, Guo L, Yu S, Li Y, Cao Q, et al. Risk of coronary artery 
disease in patients with systemic lupus erythematosus: a systematic 
review and meta-analysis. Am J Med Sci. 2018;356(5):451-63.

4.	 Gelfand JM, Neimann AL, Shin DB, Wang X, Margolis DJ, Troxel 
AB. Risk of myocardial infarction in patients with psoriasis. JAMA. 
2006;296(14):1735-41.

5.	 Shah ASV, Stelzle D, Lee KK, Beck EJ, Alam S, Clifford S, et al. Global 
burden of atherosclerotic cardiovascular disease in people living with 
HIV. Circulation. 2018;138(11):1100-12.

6.	 Singh S, Singh H, Loftus EV Jr, Pardi DS. Risk of cerebrovascular accidents 
and ischemic heart disease in patients with inflammatory bowel disease: 
a systemic review and meta-analysis. Clin Gastroenterol Hepatol. 
2014;12(3):382-93.

7.	 Chen YR, Hsieh FI, Chang CC, Chi NF, Wu HC, Chiou HY. The effect of 
rheumatoid arthritis on the risk of cerebrovascular disease and coronary 
artery disease in young adults. J Chin Med Ass. 2018;81(9):772-80.

8.	 Mantel A, Holmqvist M, Jernberg T, Wållberg-Jonsson S, Askling J. 
Rheumatoid arthritis is associated with a more severe presentation of 
acute coronary syndrome and worse short-term outcome. Eur Heart J. 
2015;36(48):3413-22.

9.	 Klingenberg R, Lüscher TF. Rheumatoid arthritis and coronary 
atherosclerosiss: two cousins engaging in a dangerous liaison. Eur Heart 
J. 2015;36(48):3423-5.

10.	 Alam J, Jantan I, Bukhari SNA. Rheumatoid arthritis: Recent advances 
on its etiology, role of cytokines and pharmacotherapy. Biomed 
Pharmacother. 2017;92:615-33.

11.	 Popa C, Netea MG, Radstake T, Meer  JW, Setalenhoef AF, Riel PL, et 
al. Influence of anti-tumour necrosis factor therapy on cardiovascular 
risk factors in patients with active rheumatoid arthritis. Ann Rheum Dis. 
2005;64(2):303-5.

12.	 Hürlimann D, Forster A, Noll G, Enseleit F, Chenevard R, Distler 
O, et al. Anti-tumor necrosis factor-alpha treatment improves 
endothelial function in patients with rheumatoid arthritis. Circulation. 
2002;106(17):2184-7.

13.	 Del Porto F, Laganà B, Lai S, Noforni I, Tinti F, Vitale M, et al. Response 
to anti-tumour necrosis factor alpha blockade is associated with reduction 
of carotid intima-media thickness in patients with active rheumatoid 
arthritis. Rheumatology (Oxford). 2007; 46(7):1111-5.

14.	 Greenberg JG, Kremer JM, Curtis JR, Hochberg MC, Reed G, Tsao 
P, et al, on behalf of the CORRONA investigators. Tumour necrosis 
factor antagonist use and associated risk reduction of cardiovascular 
events among patients with rheumatoid arthritis. Ann Rheum Dis. 
2011;70(4):576-82.

15.	 Low ASL, Symmons DPM, Lunt M, Mercer LK, Gale CP, Watson KD, et 
al. Relationship between exposure to tumour necrosis factor inhibitor 
therapy and incidence and severity of myocardial infarction in patients 
with rheumatoid arthritis. Ann Rheum Dis. 2017;76(4):654-60.

16.	 Li H, Tong Q, Guo L, Yu S, Li Y, Cao Q, et al. Risk of coronary artery 
disease in patients with systemic lupus erythematosus: a systematic 
review and meta-analysis. Am J Med Sci. 2018;356(5):451-63.

17.	 Tektonidou MG, Kravvariti E, Konstantonis G, Tentolouris N, Sifikakis 
PP, Protogerou A. Subclinical atherosclerosis in systemic lupus 
erythematosus: comparable risk with diabetes mellitus and rheumatoid 
arthritis. Autoimmun Rev. 2017;16(3):308-12.

18.	 Sciatti E, Cavazzana I, Vizzardi E, Bonadei I, Fredi M, Taraborelli M, et 
al. Systemic lupus erythematosus and endothelial dysfunction: a close 
relationship. Curr Rheumatol Rev. 2019;15(3):177-88.

19.	 Carlucci PM, Purmalek MM, Dey AK, Temesgen-Oyelakin Y, Sakhardande 
S, Joshi AA, et al. Neutrophil subsets and their gene signature associate 
with vascular inflammation and coronary atherosclerosis in lupus. JCI 
Insight. 2018;3(8):e99276.

20.	 Lerman JB, Joshi AA, Chaturvedi A, Aberra TM, Dey AK, Rodante JA, 
et al. Coronary plaque characterization in psoriasis reveals high-risk 
features that improve after treatment in a prospective observational 
study. Circulation. 2017;136(3):263-76.

21.	 Ahlehoff O, Skov L, Gislason G, Gniadeck R, Iversen L, Bryld LE, et 
al. Cardiovascular outcomes and systemic anti-inflammatory drugs in 
patients with severe psoriasis: 5-year follow-up of a Danish nationwide 
cohort. J Eur Acad Dermatol Venereol. 2015;29(6):1128-34.

22.	 Hsue PY, Waters DD. Time to recognize HIV infection as a major 
cardiovascular risk factor. Circulation. 2018;138(11):1113-5.

23.	 Yusuf S, Hawken S, Ounpuu S, Dans T, Avezum A, Lanas F, et al; 
INTERHEART Study Investigators. Effect of potentially modifiable 
risk factors associated with myocardial infarction in 52 countries (the 
INTERHEART study): case-control study. Lancet. 2004;364(9438):937-52.

24.	 Hsue PY, Waters DD. HIV infection and coronary heart disease: mechanisms 
and management. Nat Rev Cardiol. 2019;16(12):745-59.

25.	 Waters DD, Hsue PY. Lipid abnormalities in persons living with HIV 
infection. Can J Cardiol. 2019;35(3):249-59.

26.	 Hsue, PY, Hunt PW, Sinclair E, Bredt B, Franklin A, Killian M, et al. Increased 
carotid intima-media thickness in HIV patients is associated with increased 
cytomegalovirus-specific T cell responses. AIDS. 2006;20(18):2275-83.

27.	 Hsue PY, Li D, Ma Y, Ishai A, Manion M, Nahrendorf M, et al. IL-1β inhibition 
reduces atherosclerotic inflammation in HIV infection. J Am Coll Cardiol. 
2018;72(22):2809-11.

28.	 Kristensen SL, Ahlehoff O, Lindhardsen J, Erichsen R, Jensen GV, Pedersen 
CT, et al. Disease activity in inflammatory bowel disease is associated with 
increased risk of myocardial infarction, stroke and cardiovascular death - a 
Danish nationwide cohort study. PLoS One. 2013;8(2):e56944.

29.	 Rungoe C, Andersen NN, Jess T. Inflammatory bowel disease and risk of 
coronary heart disease. Trends Cardiovasc Med.  2015;25(8):699-704.

30.	 Rungoe C, Basit S, Ranthe MF, Wohlfahrt J, Langholz E, Jess T. Risk of 
ischaemic heart disease in patients with inflammatory bowel disease: a 
nationwide Danish cohort study. Gut. 2013;62(5):689-94.

31.	 O’Donoghue ML, Glaser R, Cavender MA, Aylward PE, Bonaca MP, Budaj 
A, et al. Effect of losmapimod on cardiovascular outcomes in patients 
hospitalized with acute myocardial infarction: a randomized clinical trial. 
JAMA. 2016;315(18):1591-9.

32.	 O’Donoghue ML, Braunwald E, White HD, Lukas MA, Tarka E, Steg 
PG, et al. Effect of darapladib on major coronary events after an acute 
coronary syndrome: the SOLID-TIMI 52 randomized clinical trial. JAMA. 
2014;312(10):1006-15.

33.	 White HD, Held C, Stewart R, et al. Darapladib for preventing ischemic 
events in stable coronary heart disease. N Engl J Med. 2014;370(18):1702-11.

34.	 Nicholls SJ, Kastelein JJK, Schwartz GG, Bash D, Rosenson RS, Cavender 
MA, 	 et al. Varespladib and cardiovascular events in patients with acute 
coronary syndrome. The VISTA-16 randomized clinical trial. JAMA. 
2014;311(3):252-62.

35.	 Ridker PM, Everett BM, Pradhan A, MacFadyen JG, Solomon DH, Zaharris 
E, et al. Low-dose methotrexate for the prevention of atherosclerotic events. 
N Engl J Med. 2019;380(8):752-62.

36.	 Ridker PM, Everett BM, Thuren T, MacFadyen JG, Chang WH, Ballantyne 
C, et al. Antiinflammatory therapy with canakinumab for atherosclerotic 
disease. N Engl J Med. 2017;377(12):1119-31.

References

Waters

Inflammation in Cardiovascular Disease

Int J Cardiovasc Sci. 2020; 33(5):518-527

Review Article



527

37.	 Tardif JC, Kouz S, Waters DD, Bertrand OF, Diaz R, Maggioni AP, et al. 
Efficacy and safety of low-dose colchicine after myocardial infarction. 
N Engl J Med. 2019;381(26):2497-505.

38.	 Cholesterol Treatment Trialists’ Collaboration, Baigent C, Blackwell 
L, Emberson J, Holland LE, Reith C, Bhala N, et al. Efficacy and 
safety of more intensive lowering of LDL cholesterol: a meta-analysis 
of data from 170,000 participants in 26 randomised trials. Lancet. 
2010;376(9753):1670-81.

39.	 Diamantis E, Kyriakos G, Quiles-Sanchez LV, Farmaki P, Troupis T. 
The anti-inflammatory effects of statins on coronary artery disease: an 
updated review of the literature. Curr Cardiol Rev. 2017;13(3):209-16.

40.	 Waters DD, Hsue PY. PCSK9 inhibition to reduce cardiovascular risk; 
tempering expectations. Circ Res. 2017;120(10):1537-9.

41.	 Ridker PM, Danielson E, Fonseca FA, Genest J, Gotto AM, Kastelein JJ, 
et al. Rosuvastatin to prevent vascular events in men and women with 
elevated C-reactive protein. N Engl J Med. 2008;359(21):2195-207.

42.	 Kinlay S, Schwartz GG, Olsson AG, Rifai N, Leslie SJ, Sasiela WJ, et al. 
High-dose atorvastatin enhances the decline in inflammatory markers 
in patients with acute coronary syndromes in the MIRACL study. 
Circulation. 2003;108(13):1560-6.

43.	 Kinlay S, Schwartz GG, Olsson AG, et al. Inflammation, station therapy, 
and risk of stroke after acute coronary syndrome in the MIRACL study. 
ATVB. 2008;28:142-7.

44.	 Naranjo A, Sokka T, Descalzo MA, Calvo-Álen J, Peterson K, Luukainen 
RK, et al. Cardiovascular disease in patients with rheumatoid arthritis: 
results from the QUEST-RA study. Arthr Res Ther. 2008;10(2):R30.

45.	 Micha R, Imamura F, Wyler von Ballmoos M, Solomon DH, Hernán 
MA, Ridker PM, et al. Systematic review and meta-analysis of 
methotrexate use and risk of cardiovascular disease. Am J Cardiol. 
2011;108(9):1362-70.

46.	 Aday AW, Ridker PM. Targeting residual inflammatory risk: a shifting 
paradigm for atherosclerotic disease. Front Cardiovasc Med. 2019;6:16.

47.	 Ridker PM, Howard CP, Walter V, Everett B, Libby P, Hensen J, et al. 
Effects of interleukin-1β inhibition with canakinumab on hemoglobin 
A1c, lipids, C-reactive protein, interleukin-6, and fibrinogen: a phase IIb 
randomized, placebo-controlled trial. Circulation. 2012;126(23):2739-48.

48.	 Ridker PM, MacFadyen JG, Everett BM, Libby P, Thuren T, Glynn RJ, 
on behalf of the CANTOS trial group. Relationship of C-reactive protein 
reduction to cardiovascular event reduction following treatment with 
canakinumab: a secondary analysis from the CANTOS randomized 
controlled trial. Lancet. 2018;391(10118):319-28.

49.	 Ridker PM, MacFadyen JG, Thuren T, Libby P. Residual inflammatory risk 
associated with interleukin-18 and interleukin-6 after successful interleukin-1β 
inhibition with canakinumab: further rationale for the development of targeted 
anti-cytokine therapies for the treatment of atherothrombosis. Eur Heart J. 2019 

50.	 Martínez GJ, Celermajer DS, Patel S. The NLRP3 inflammasome and the 
emerging role of colchicine to inhibit atherosclerosis-associated inflammation. 
Atherosclerosis. 2018;269:262-71.

51.	 Martinon F, Petrilli V, Mayor A, Tardivel A, Tschopp J. Gout-associated uric acid 
crystals activate the NALP3 inflammasome. Nature. 2006;440(7081):237-41.

52.	 Martinez GJ, Robertson S, Barraclough J, Xia Q, Mallat Z, Bursill C, et al. 
Colchicine acutely suppresses local cardiac production of inflammatory 
cytokines in patients with acute coronary syndrome. J Am Heart Assoc. 
2015;4(8):e002128.

53.	 Crittenden DB, Lehmann RA, Schneck L, Keenan RT, Shah B, Greenberg JD, 
et al. Colchicine use is associated with decreased prevalence of myocardial 
infarction in patients with gout. J Rheumatol. 2012;39(7):1458-64.

54.	 Giannopoulos G, Angelidis C, Kouritas VK, Dedeilias P, Fillippatos G, Cleman 
MW, et al. Usefulness of colchicine to reduce perioperative myocardial damage 
in patients who underwent on-pump coronary artery bypass grafting. Am J 
Cardiol. 2015;115(10):1376-81.

55.	 Deftereos S, Giannopoulos G, Angelidis C, Alexopoulos N, Fillippatos G, 
Papoutsidakis N, et al. Anti-inflammatory treatment with colchicine in acute 
myocardial infarction: a pilot study. Circulation. 2015;132(15):1395-403.

56.	 Nidorf SM, Eikelboom JW, Budgeon CA, Thompson PL. Low-dose colchicine 
for secondary prevention of cardiovascular disease. J Am Coll Cardiol. 
2013;61(4):404-10.

57.	 Tsai TL, Wei JCC, Yu YT, et al. The association between use of colchicine and 
pneumonia: a nationwide, population-based cohort study. Front Pharmacol. 
2019;10:908.

58.	 Shah B, Pillinger M, Zhong H, et al. Effects of acute colchicine administration 
prior to percutaneous coronary intervention: COLCHICINE-PCI randomized 
trial. Circ Cardiovasc Interv. 2020 Apr;13(4):e008717.

59.	 Nidorf SM, Fiolet ATL, Eikelboom JW, Schut A, Opstal TS, Bax WA, et al. The 
effect of low-dose colchicine in patients with stable coronary artery disease: 
the LoDoCo2 trial rationale, design and baseline characteristics. Am Heart J. 
2019;218:46-56.

60.	 Ridker PM. From CANTOS to CIRT to COLCOT to clinic: will all atherosclerosis 
patients soon be treated with combination lipid-lowering and inflammation-
inhibiting ageants? Circulation. 2020;141(10):787-9.

61.	 Samuel M, Waters DD. Will colchicine soon be part of primary and secondary 
cardiovascular prevention. Can J Cardiol (in press).

Waters

Inflammation in Cardiovascular Disease

Int J Cardiovasc Sci. 2020; 33(5):518-527

Review Article

This is an open-access article distributed under the terms of the Creative Commons Attribution License


