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Inflammation and Cholesterol as Predictors 
of Cardiovascular Events Among 13 970 
Contemporary High-Risk Patients With  
Statin Intolerance
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BACKGROUND: Among patients treated with statin therapy to guideline-recommended cholesterol levels, residual inflammatory 
risk assessed by high-sensitivity C-reactive protein (hsCRP) is at least as strong a predictor of future cardiovascular events 
as is residual risk assessed by low-density lipoprotein cholesterol (LDLC). Whether these relationships are present among 
statin-intolerant patients with higher LDLC levels is uncertain but has implications for the choice of preventive therapies, 
including bempedoic acid, an agent that reduces both LDLC and hsCRP.

METHODS: The multinational CLEAR-Outcomes trial (Cholesterol Lowering via Bempedoic Acid, an ACL-Inhibiting Regimen 
Outcomes Trial) randomly allocated 13 970 statin-intolerant patients to 180 mg of oral bempedoic acid daily or matching 
placebo and followed them for a 4-component composite of incident myocardial infarction, stroke, coronary revascularization, 
or cardiovascular death, and for all-cause mortality. Quartiles of increasing baseline hsCRP and LDLC were assessed as 
predictors of future adverse events after adjustment for traditional risk factors and randomized treatment assignment.

RESULTS: Compared with placebo, bempedoic acid reduced median hsCRP by 21.6% and mean LDLC levels by 21.1% 
at 6 months. Baseline hsCRP was significantly associated with the primary composite end point of major cardiovascular 
events (highest versus lowest hsCRP quartile; hazard ratio [HR], 1.43 [95% CI, 1.24–1.65]), cardiovascular mortality 
(HR, 2.00 [95% CI, 1.53–2.61]), and all-cause mortality (HR, 2.21 [95% CI, 1.79–2.73]). By contrast, the relationship 
of baseline LDLC quartile (highest versus lowest) to future events was smaller in magnitude for the primary composite 
cardiovascular end point (HR, 1.19 [95% CI, 1.04–1.37]) and neutral for cardiovascular mortality (HR, 0.90 [95% CI, 
0.70–1.17]) and all-cause mortality (HR, 0.95 [95% CI, 0.78–1.16]). Risks were high for those with elevated hsCRP 
irrespective of LDLC level. Bempedoic acid demonstrated similar efficacy in reducing cardiovascular events across all 
levels of hsCRP and LDLC.

CONCLUSIONS: Among contemporary statin-intolerant patients, inflammation assessed by hsCRP predicted risk for future 
cardiovascular events and death more strongly than hyperlipidemia assessed by LDLC. Compared with placebo, bempedoic 
acid had similar efficacy for reducing cardiovascular risk across hsCRP and LDLC strata.
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In primary prevention studies initiated 30 years ago, 
inflammation (as detected by high-sensitivity C-reac-
tive protein [hsCRP]) and hyperlipidemia (as detected 

by low-density lipoprotein cholesterol [LDLC]) predicted 
future cardiovascular events with similar magnitude.1,2 
Those initial epidemiological data, crucial to the devel-
opment of the inflammation hypothesis of atherothrom-
bosis, eventually led to clinical trials demonstrating that 
anti-inflammatory agents such as canakinumab3 and 
low-dose colchicine4,5 can substantially reduce cardio-
vascular event rates without changing LDLC.

With increasingly effective therapies for cholesterol 
reduction in wide use, inflammation has emerged as an 
important source of residual cardiovascular risk. In a 
recent analysis of 31 245 contemporary patients with 
atherosclerosis receiving guideline-directed medical 
care, including statin therapy, hsCRP was a stronger 
predictor of future vascular risk than LDLC, particularly 
for cardiovascular death.6 These contemporary data 
have potential implications for the selection of adjunc-
tive therapies to lower cardiovascular risk because they 
suggest that anti-inflammatory treatments have yet to 
be fully exploited for clinical care and that focusing on 
LDLC reduction alone will unlikely eliminate all vascular 
risk. This issue has taken on greater relevance because 
low-dose colchicine has become the first anti-inflam-
matory therapy to be approved by the US Food and 
Drug Administration for use as an adjunctive therapy 
to reduce the risk of recurrent myocardial infarction, 
stroke, coronary revascularization, and cardiovascular 
death.7,8

Statins lower both hsCRP and LDLC. Thus, to address 
the relative effect of inflammation and hyperlipidemia as 
predictors of risk while avoiding the potential for thera-
peutic confounding, data are required among contempo-
rary patients not taking statins. Completion of the recent 
CLEAR-Outcomes trial (Cholesterol Lowering via Bem-
pedoic Acid, an ACL-Inhibiting Regimen Outcomes Trial)9 
comparing bempedoic acid with placebo among statin-
intolerant patients affords an opportunity to address this 
issue.

METHODS
Study Population
In the multinational CLEAR-Outcomes trial, 13 970 statin-
intolerant patients with LDLC >100 mg/dL randomly received 
180 mg of oral bempedoic acid or matching placebo between 
December 2016 and August 2019. The trial protocol was 
approved by an institutional review committee and all par-
ticipants provided written informed consent. Consistent with 
policies set in the primary CLEAR-Outcomes report,9 the data, 
analytic methods, and study materials will not be made avail-
able to other researchers for purposes of reproducing the 
results. Participants were followed for incident myocardial 
infarction, stroke, coronary revascularization, cardiovascular 
death, and all-cause mortality during a median period of 40.6 
months (maximal follow-up 5 years). The CLEAR-Outcomes 
trial was conducted at 1250 sites in 32 countries. As reported 
in detail elsewhere,9 eligible participants either had a previous 
cardiovascular event (secondary prevention cohort, n=9764) 
or were at high risk for cardiovascular events (primary preven-
tion cohort, n=4206) and reported being unable or unwilling 
to take statin therapy owing to an adverse effect that had 
started or increased during statin therapy and resolved or 
improved after statin discontinuation. The trial used a 4-week 
single-blind placebo run-in to eliminate individuals intolerant 
of placebo and to increase long-term compliance with trial 
medications.

Clinical Perspective

What Is New?
•	 Among 13 970 contemporary statin-intolerant 

patients with or at high risk of atherosclerosis, 
inflammation detected by high-sensitivity C-reactive 
protein was at least as strong a predictor of car-
diovascular events, cardiovascular death, and all-
cause mortality as was hyperlipidemia detected by 
either low-density lipoprotein cholesterol or non–
high-density lipoprotein cholesterol.

What Are the Clinical Implications?
•	 Vascular inflammation is a major determinant of 

atherosclerotic risk among statin-intolerant patients 
in a manner identical to that observed in statin-tol-
erant patients. These data suggest that targeting 
low-density lipoprotein cholesterol alone is unlikely 
to completely reduce atherosclerotic risk and that 
inflammatory pathways have yet to be fully exploited 
for patient benefit.

Nonstandard Abbreviations and Acronyms

CLEAR	� Cholesterol Lowering via 
Bempedoic Acid, an ACL-
Inhibiting Regimen Outcomes Trial

HR	 hazard ratio
hsCRP	 high-sensitivity C-reactive protein
LDLC	 low-density lipoprotein cholesterol
PROMINENT	� Pemafibrate to Reduce 

Cardiovascular Outcomes by 
Reducing Triglycerides in Patients 
with Diabetes

REDUCE-IT	� Reduction of Cardiovascular 
Events with Icosapent Ethyl - 
Intervention Trial

STRENGTH	� Long-term Outcomes Study 
to Assess Statin Residual 
Risk with Epanova in High 
Cardiovascular Risk Patents with 
Hypertriglyceridemia
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Statistical Analysis
To provide an unbiased comparison, the baseline distributions of 
hsCRP and LDLC among statin-intolerant patients were initially 
divided into quartiles. Then, for increasing quartiles of each bio-
marker, we calculated hazard ratios, 95% confidence intervals, 
and P values for the occurrence of the primary 4-component 
cardiovascular end point, and for the end points of cardiovas-
cular mortality, and all-cause mortality, as well. Proportional 
hazard models were used to estimate the adjusted relative haz-
ard for each end point among subjects in each of the 3 higher 
quartiles, relative to those in the lowest quartile. Following 
the prespecified CLEAR-Outcomes statistical analysis plan, 
adjustment was made on an a priori basis for age, sex, ethnicity, 
region, diabetes, body mass index, estimated glomerular filtra-
tion rate, blood pressure, alcohol use, smoking status, known 
atherosclerotic disease, and randomized treatment assignment. 
Proportional hazard assumptions were tested.

This analysis was repeated across 4 predefined risk groups, 
dividing the cohort on an a priori basis into 4 groups on the basis 
of median baseline hsCRP and LDLC values: those with hsCRP 
<2.3 mg/L and LDLC <135 mg/dL (the referent group); those 
with hsCRP <2.3 mg/L and LDLC ≥13 5 mg/dL; those with 
hsCRP ≥2.3 mg/L and LDLC <135 mg/dL; and those with 
hsCRP ≥2.3 mg/L and LDLC ≥135 mg/dL. For ease of clinical 
interpretation and to address generalizability, these joint-effects 
analyses were repeated using the clinical thresholds of < or 
≥2.0 mg/L for baseline hsCRP and < or ≥130 mg/dL for base-
line LDLC, values close to the trial medians.

The relative benefit of bempedoic acid compared with pla-
cebo for the primary 4-component cardiovascular outcome was 
assessed in subgroups of baseline hsCRP (< or ≥2 mg/L), 
baseline LDLC (< or ≥130 mg/dL), and the 4 risk groups 
defined above.

In sensitivity analyses, we used non–high-density lipopro-
tein cholesterol as an alternative to LDLC, and repeated all 
analyses, removing patients who were allowed to be enrolled 
in the CLEAR-Outcomes trial while receiving a very low aver-
age daily statin dose (lower than the lowest approved dose). 
On a post hoc basis, additional analyses were performed that 
censored trial participants 30 days after receiving any nontrial 
lipid-lowering therapy.

All primary analyses were performed in the intent-to-treat 
analysis set, including all randomly assigned patients. All P 
values are 2-sided with significance and confidence intervals 
computed at the 0.05 level. Multiplicity was not adjusted. The 
first and last author had full access to and vouch for the validity 
of the trial data and the statistical analyses.

Role of the Funding Sources
The CLEAR-Outcomes trial was conducted by Esperion 
Therapeutics in collaboration with the Cleveland Clinic 
Coordinating Center for Clinical Research (C5Research) and 
an academic executive committee. The first and last author 
designed the analysis plan for this article, which was then con-
ducted by the CLEAR-Outcomes trial biostatistician (LL), who 
is an employee of Esperion, Inc. The analyses were then inde-
pendently verified by statisticians at C5Reseach. The manu-
script was written by the first author, reviewed by all authors, 
and the decision to publish was made by the first and last 
authors independent of the trial sponsor.

RESULTS
Baseline clinical characteristics of the 13 970 statin-
intolerant participants in CLEAR-Outcomes have been 
previously reported in detail.9 In brief, the mean age was 
65.5 years, 48.2% had diabetes, 69.9% had a previ-
ous cardiovascular event, and the mean body mass in-
dex was 29.9 kg/m2. At trial entry, median hsCRP was 
2.30 mg/L (interquartile range, 1.15–4.47), and median 
LDLC was 134.5 mg/dL (interquartile range, 115.0–
158.5).

Over the median follow-up period of 40.6 months, 
1746 primary 4-component cardiovascular end points 
accrued. Of 854 deaths that occurred during trial follow-
up, 526 were adjudicated as cardiovascular deaths.

Relationships of Inflammation and Cholesterol 
to Future Cardiovascular Events and Mortality 
Among Statin-Intolerant Patients
Baseline hsCRP was significantly associated with the 
primary composite end point of future myocardial in-
farction, stroke, coronary revascularization, and cardio-
vascular death (highest versus lowest hsCRP quartile, 
adjusted hazard ratio [HR], 1.43 [95% CI, 1.24–1.65]; 
P<0.0001), and the end points of cardiovascular mortal-
ity (adjusted HR, 2.00 [95% CI, 1.53–2.61]; P<0.0001) 
and all-cause mortality (adjusted HR, 2.21 [95% CI, 
1.79–2.73]; P<0.0001; Table  1). By contrast, the re-
lationship of baseline LDLC quartile (highest versus 
lowest) to future cardiovascular events was of smaller 
magnitude for the primary composite end point (adjust-
ed HR, 1.19 [95% CI, 1.04–1.37]; P=0.01) and neutral 
for cardiovascular mortality (adjusted HR, 0.90 [95% 
CI, 0.70–1.17]; P=0.44) and all-cause mortality (ad-
justed HR, 0.95 [95% CI, 0.78–1.16]; P=0.60; Table 2). 
Figure 1 presents a comparison of increasing quartiles 
of hsCRP (left) to increasing quartiles of LDLC (right) 
for the end point of cardiovascular mortality.

Joint Effects of Inflammation and Cholesterol 
on Risk
As anticipated, risks for the primary composite end point, 
cardiovascular mortality, and all-cause mortality were all 
significantly higher for individuals with hsCRP and LDLC 
values above the trial median baseline levels compared 
with individuals with hsCRP and LDLC below the trial 
baseline median levels (all P values <0.001; Table S1). 
However, risks for the primary composite end point, car-
diovascular mortality, and all-cause mortality were all sig-
nificantly higher for those with above-median compared 
with below-median hsCRP, irrespective of LDLC strata 
(all P values ≤0.001). These effects were particularly 
evident for cardiovascular death and all-cause mortal-
ity where individuals with below median hsCRP had no 

https://www.ahajournals.org/doi/suppl/10.1161/CIRCULATIONAHA.123.066213


ORIGINAL RESEARCH 
ARTICLE

Circulation. 2024;149:28–35. DOI: 10.1161/CIRCULATIONAHA.123.066213� January 2, 2024 31

Ridker et al hsCRP and LDLC Among Statin-Intolerant Patients

evidence of increased risk when LDLC was above me-
dian, yet risk was almost as high for those with above 
median hsCRP and below median LDLC as among those 
with elevated levels of both biomarkers.

For ease of clinical interpretation, Table  3 presents 
comparable data using the clinical cut points of < or ≥2 
mg/L for hsCRP and < or ≥130 mg/dL for LDLC and 
Figure  2 shows comparable data for the end point of 
cardiovascular mortality.

Effects of Bempedoic Acid Compared With 
Placebo Across hsCRP and LDLC Strata
Compared with placebo among these statin-intolerant 
patients, bempedoic acid reduced median hsCRP by 
21.6% and mean LDLC levels by 21.1% at 6 months.

In the overall CLEAR-Outcomes trial, bempedoic acid 
compared with placebo reduced the primary trial com-
posite end point by 13% (HR, 0.87 [95% CI, 0.79–0.96]). 
As shown in Table 4, the relative efficacy of bempedoic 
acid compared with placebo was of similar magnitude 
across all baseline subgroups defined by either hsCRP 
or LDLC.

Sensitivity Analyses
Within the CLEAR-Outcomes trial, 22.3% of participants 
were receiving a very low average daily statin dose (low-
er than the lowest approved dose). None of the above 
analysis changed in any substantive manner when these 
individuals were excluded from analysis. Likewise, no 
substantive differences in outcomes were observed in 
sensitivity analyses on the basis of non–high-density li-
poprotein cholesterol rather than LDLC. An additional 
sensitivity analysis that censored patient data 30 days af-
ter receiving any nontrial lipid-lowering therapy revealed 
a nearly identical primary trial composite end point (HR, 
0.86 [95% CI, 0.77-0.94]) suggesting that any differen-
tial drop-in to adjunctive lipid-lowering therapy had little 
to no effect on trial outcomes. This is likely related to 
the fact that the great majority of primary composite end 
points (92.9% and 90.9% of events in the bempedoic 
acid and placebo groups, respectively) occurred before 
any nontrial adjunctive therapy was given.

DISCUSSION
Lowering LDLC with statin therapy is the most impor-
tant pharmacological intervention to reduce the risk of 

Table 1.  Predictive Value of Baseline High-Sensitivity  
C-Reactive Protein for Incident Major Adverse Cardiovascular 
Events, Cardiovascular Death, and All-Cause Mortality in the 
CLEAR-Outcomes Trial

Values 

Quartile of baseline high-sensitivity C-reactive 
protein

Quartile 1 Quartile 2 Quartile 3 Quartile 4 

Range, mg/L <1.15 1.15–2.30 2.31–4.46 >4.46

Median, mg/L 0.74 1.65 3.16 7.08

Major adverse cardiovascular event

 � n/N 349/3440 427/3456 445/3473 511/3459

 � HRadjusted 1.0 1.19 1.24 1.43

 � 95% CI referent 1.03–1.37 1.07–1.43 1.24–1.65

 � P value NA 0.02 0.004 <0.0001

Cardiovascular death

 � n/N 85/3440 117/3456 143/3473 178/3459

 � HRadjusted 1.0 1.31 1.58 2.00

 � 95% CI referent 0.99–1.73 1.20–2.07 1.53–2.61

 � P value NA 0.06 0.001 <0.0001

All death

 � n/N 131/3440 182/3456 235/3473 301/3459

 � HRadjusted 1.0 1.33 1.70 2.21

 � 95% CI referent 1.06–1.66 1.37–2.11 1.79–2.73

 � P value NA 0.01 <0.0001 <0.0001

Hazard ratios (HRs) adjusted for age, sex, ethnicity, region, diabetes, body 
mass index, estimated glomerular filtration rate, blood pressure, alcohol use, 
smoking status, known atherosclerotic disease, randomized treatment assign-
ment and low-density lipoprotein cholesterol. CLEAR-Outcomes trial indicates 
Cholesterol Lowering via Bempedoic Acid, an ACL-Inhibiting Regimen Outcomes 
Trial; and NA, not applicable.

Table 2.  Predictive Value of Baseline, Low-Density 
Lipoprotein Cholesterol for Incident Major Adverse 
Cardiovascular Events, Cardiovascular Death, and All-Cause 
Mortality in the CLEAR-Outcomes Trial

Values 

Quartile of baseline low-density lipoprotein 
cholesterol

Quartile 1 Quartile 2 Quartile 3 Quartile 4 

Range, mg/dL <115.0 115–134.5 134.5–158.5 >158.5

Median, mg/dL 103.0 124.5 145.0 177.5

Major adverse cardiovascular event

 � n/N 420/3471 418/3443 474/3551 434/3505

 � HRadjusted 1.0 1.01 1.18 1.19

 � 95% CI referent 0.88–1.15 1.03–1.35 1.04–1.37

 � P value NA 0.93 0.02 0.01

Cardiovascular death

 � n/N 152/3471 132/3443 137/3551 105/3505

 � HRadjusted 1.0 0.93 1.02 0.90

 � 95% CI referent 0.74–1.18 0.80–1.29 0.70–1.17

 � P value NA 0.57 0.89 0.44

All death

 � n/N 244/3471 214/3443 216/3551 180/3505

 � HRadjusted 1.0 0.93 0.98 0.95

 � 95% CI referent 0.77–1.12 0.81–1.18 0.78–1.16

 � P value NA 0.42 0.79 0.60

Hazard ratios (HRs) adjusted for age, sex, ethnicity, region, diabetes, body 
mass index, estimated glomerular filtration rate, blood pressure, alcohol use, 
smoking status, known atherosclerotic disease, randomized treatment assign-
ment, and high sensitivity C-reactive protein. CLEAR-Outcomes trial indicates 
Cholesterol Lowering via Bempedoic Acid, an ACL-Inhibiting Regimen Outcomes 
Trial; and NA, not applicable.
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atherosclerotic disease.10 Yet not all patients tolerate 
statin therapy, and data from the CLEAR-Outcomes trial 
of bempedoic acid provide an alternative treatment for 
such individuals. Bempedoic acid, a drug that lowers 
LDLC and hsCRP,11,12 appears to have similar efficacy 
for reducing cardiovascular event rates across baseline 
levels for both biomarkers.

We believe the finding that hsCRP predicts cardio-
vascular events and death at least as strongly as LDLC 
among contemporary statin-intolerant patients has 
clinical importance. First, the current data extend recent 
work in the PROMINENT (Pemafibrate to Reduce 
Cardiovascular Outcomes by Reducing Triglycerides in 
Patients with Diabetes), REDUCE-IT (Reduction of Car-
diovascular Events with Icosapent Ethyl - Intervention 
Trial), and STRENGTH (Long-term Outcomes Study to 
Assess Statin Residual Risk with Epanova in High Car-
diovascular Risk Patents with Hypertriglyceridemia) tri-
als, in which nearly identical findings were seen among 
31 245 contemporary individuals taking statin therapy.6 
In that previous analysis, LDLC levels were relatively low 
(median baseline LDLC=76 mg/dL), as  all participants 
were receiving statin therapy. By contrast, in the current 
contemporary data among statin-intolerant patients, 
LDLC levels are higher (median LDLC=135 mg/dL). 
These data thus confirm that low-grade inflammation 
assessed by hsCRP accurately reflects high risk across 
a full range of LDLC levels and among those taking and 
not taking statins. That the differential magnitude of 

effect for hsCRP compared with LDLC is most evident 
for cardiovascular death also confirms, as previously 
reported, that inflammation heralds potentially cata-
strophic events.

Second, the median hsCRP level of 2.3 mg/L in the 
current analysis of statin-intolerant individuals is similar 
to the median value of 2.2 mg/L observed in the previ-
ous trials of individuals taking statins. These data confirm 
that hsCRP levels are concordant across different popu-
lations and indicate that current lipid-lowering therapies 
have relatively modest effects on vascular inflammation. 
Completed randomized trials of canakinumab3 and low-
dose colchicine4,5 demonstrate that targeted anti-inflam-
matory therapy given on a background of statin therapy 
can reduce residual cardiovascular risk at least as much 
as adjunctive lipid-lowering agents.8

Third, the current data corroborate evidence from epi-
demiological studies published 30 years ago in apparently 
healthy men and women where the predictive value of 
hsCRP and LDLC was similar in magnitude among indi-
viduals not taking lipid-lowering therapy.1,2 That hsCRP 
today remains a powerful predictor of risk likely reflects 
adverse secular trends over time in the prevalence of 
obesity, insulin resistance, and metabolic syndrome, fac-
tors that promote low-grade vascular inflammation.13,14

Fourth, the current data reinforce the clinical concept 
that both LDLC and hsCRP should be measured to quan-
tify the risk of incident cardiovascular events and poten-
tially inform selection of the most appropriate targeted 

0.5 1.0 2.0 0.5 1.0 2.0

Figure 1. Relative impact of inflammation and cholesterol as independent determinants of risk for cardiovascular death.
Increasing quartiles of inflammatory risk (as assessed by hsCRP; left) and increasing quartiles of cholesterol risk (as assessed by LDLC; right) 
as predictors of cardiovascular death among 13 970 statin-intolerant patients. Hazard ratios and 95% CIs adjusted for age, sex, ethnicity, region, 
diabetes, body mass index, estimated glomerular filtration rate, blood pressure, alcohol use, smoking status, known atherosclerotic disease, and 
randomized treatment assignment. hsCRP indicates high-sensitivity C-reactive protein; and LDLC, low-density lipoprotein cholesterol.
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therapies. Likewise, these data add evidence that combi-
nation therapies that aggressively lower both LDLC and 
hsCRP may optimally address prevention of cardiovas-
cular events. After trials with interleukin-1 blockade3 and 
low-dose colchicine,4,5,8 ongoing trials of interleukin-6 
blockade are now underway to address whether vascular 
risk can be reduced with targeted anticytokine therapy in 
diverse high-risk settings, including chronic kidney dis-
ease, heart failure with preserved ejection fraction, and 
acute coronary ischemia.15

Finally, these data have implications for the primary 
prevention of atherosclerotic events. Among the 4206 
participants in the CLEAR-Outcomes trial who did not 
have a history of cardiovascular disease, random alloca-
tion to bempedoic acid compared with placebo resulted 
in a 30% reduction in the risk of first major adverse 
cardiovascular events (HR, 0.70 [95% CI, 0.54–0.89]; 
P=0.002).16 This magnitude of risk reduction is nearly as 
large as that observed in the primary prevention JUPI-
TER trial (Crestor 20 mg Versus Placebo in Prevention 
of Cardiovascular Events) of rosuvastatin compared with 
placebo in individuals with moderate levels of LDLC and 
high levels of hsCRP (HR, 0.56 [95% CI, 0.46–0.69]; 
P<0.0001).17 The current data confirm that individuals 

with LDLC <130 mg/dL but hsCRP ≥2 mg/L are at high 
risk, and that bempedoic acid offers a potential choice 
for primary and secondary prevention to patients with 
inflammatory risk who do not tolerate statin therapy.

A potential limitation of our analysis is that CLEAR-
Outcomes participants were selected for LDLC levels 
>100 mg/dL. Although we cannot eliminate bias on this 
basis, we think it unlikely that having moderately higher 
LDLC levels than in the general population would sub-
stantively affect our results, in particular, because these 
data are consistent with previous work that included 
participants with lower ranges of LDLC.6 In addition, 
although this analysis was conducted to address contro-
versies in our previous work comparing residual inflam-
matory risk and residual cholesterol risk among patients 
taking statins, the analyses presented here among statin-
intolerant patients were not prespecified in the CLEAR-
Outcomes protocol.

In conclusion, the current data among statin-intoler-
ant patients confirm and extend the recent observation 
in statin-tolerant patients that inflammation assessed 
by hsCRP predicts future cardiovascular risk at least 
as strongly as LDLC. As we previously noted among 
those taking statins,6 these data must not be construed 
to diminish the proven role of lipid-lowering therapies 
for primary and secondary prevention patients with 

Table 3.  Joint Analyses of Baseline hsCRP (< or ≥2 
mg/L) and Baseline LDLC (< or ≥130 mg/dL) as Predictors 
for Incident Major Adverse Cardiovascular Events, 
Cardiovascular Death, and All-Cause Mortality in the  
CLEAR-Outcomes Trial

Values 

LDLC<130 
mg/dL
hsCRP<2 
mg/L 

LDLC≥130 
mg/dL
hsCRP<2 
mg/L 

LDLC<130 
mg/dL
hsCRP≥2 
mg/L 

LDLC≥130 
mg/dL
hsCRP≥2 
mg/L 

Major adverse cardiovascular event

 � n/N 302/2813 370/3328 439/3288 621/4399

 � HRadjusted 1.0 1.16 1.25 1.46

 � 95% CI referent 0.99–1.35 1.08–1.45 1.26–1.68

 � P value NA 0.06 0.004 <0.0001

Cardiovascular death

 � n/N 93/2813 78/3328 157/3288 195/4399

 � HRadjusted 1.0 0.84 1.37 1.54

 � 95% CI referent 0.62–1.14 1.06–1.78 1.19–1.98

 � P value NA 0.26 0.02 0.0009

All death

 � n/N 143/2813 123/3328 264/3288 319/4399

 � HRadjusted 1.0 0.86 1.51 1.63

 � 95% CI referent 0.67–1.09 1.23–1.86 1.33–1.99

 � P value NA 0.21 0.0001 <0.0001

Hazard ratios (HRs) adjusted for age, sex, ethnicity, region, diabetes, body 
mass index, estimated glomerular filtration rate, blood pressure, alcohol use, 
smoking status, known atherosclerotic disease, and randomized treatment as-
signment. CLEAR-Outcomes trial indicates Cholesterol Lowering via Bempedoic 
Acid, an ACL-Inhibiting Regimen Outcomes Trial; hsCRP, high-sensitivity C-re-
active protein; LDLC, low-density lipoprotein cholesterol; and NA, not applicable.

0.5 1.0 2.0

Figure 2. Inflammation determines risk of cardiovascular 
death at both high and low levels of LDLC.
Joint analysis of hsCRP (≥ or <2 mg/L) and LDLC (≥ or <130 mg/
dL) as predictors of cardiovascular death among 13 970 statin-
intolerant patients. Hazard ratios and 95% CIs adjusted for age, sex, 
ethnicity, region, diabetes, body mass index, estimated glomerular 
filtration rate, blood pressure, alcohol use, smoking status, known 
atherosclerotic disease, and randomized treatment assignment. 
hsCRP indicates high-sensitivity C-reactive protein; and LDLC, low-
density lipoprotein cholesterol.
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hypercholesterolemia. Yet, as also previously noted, 
accumulating data do suggest that targeting LDLC alone 
is unlikely to completely reduce atherosclerotic risk and 
that inflammatory pathways have yet to be fully exploited 
for patient benefit.
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