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ORIGINAL RESEARCH ARTICLE

Effects of Randomized Treatment With 
Icosapent Ethyl and a Mineral Oil Comparator on 
Interleukin-1β, Interleukin-6, C-Reactive Protein, 
Oxidized Low-Density Lipoprotein Cholesterol, 
Homocysteine, Lipoprotein(a), and Lipoprotein-
Associated Phospholipase A2: A REDUCE-IT 
Biomarker Substudy
Paul M Ridker , MD, MPH; Nader Rifai, MD; Jean MacFadyen, BA; Robert J. Glynn, ScD; Lixia Jiao, PhD;  
Ph. Gabriel Steg , MD; Michael Miller , MD; Eliot A. Brinton , MD; Terry A. Jacobson, MD; Jean-Claude Tardif , MD;  
Christie M. Ballantyne , MD; R. Preston Mason , MD; Deepak L. Bhatt , MD, MPH

BACKGROUND: REDUCE-IT (Reduction of Cardiovascular Events With Icosapent Ethyl—Intervention Trial) reported a 25% 
relative risk reduction in major adverse cardiovascular events with use of icosapent ethyl compared with pharmaceutical 
grade mineral oil. The mechanisms underlying this benefit remain uncertain. We explored whether treatment allocation in 
REDUCE-IT might affect a series of biomarkers in pathways known to associate with atherosclerosis risk.

METHODS: Serum levels of interleukin-1β, interleukin-6, high-sensitivity C-reactive protein, oxidized low-density lipoprotein 
cholesterol, homocysteine, lipoprotein(a), and lipoprotein-associated phospholipase A2 (Lp-PLA2) were measured at 
baseline, at 12 months, at 24 months, and at the end-of-study visit among REDUCE-IT participants with triglyceride levels 
≥135 mg/dL and <500 mg/dL who were randomly allocated to treatment with either 4 grams daily of icosapent ethyl or 
mineral oil used as a comparator.

RESULTS: At baseline, median levels of each biomarker were similar in the 2 treatment groups. The levels of biomarkers 
associated with atherosclerosis increased over time among those allocated to mineral oil treatment; in this group at 12 
months, the median percent increases from baseline were 1.5% for homocysteine, 2.2% for lipoprotein(a), 10.9% for 
oxidized low-density lipoprotein cholesterol, 16.2% for interleukin-6, 18.5% for lipoprotein-associated phospholipase A2, 
21.9% for high-sensitivity C-reactive protein, and 28.9% for interleukin-1β (all P values <0.001), with similar changes at 
24 months. In the icosapent ethyl group, there were minimal changes in these biomarkers at 12 and 24 months. As such, 
at study conclusion, between-group treatment differences largely reflected increases in the mineral oil group with median 
percent differences of 2.4% for lipoprotein(a), 3.0% for homocysteine, 4.2% for oxidized low-density lipoprotein cholesterol, 
19.8% for interleukin-6, 26.2% for Lp-PLA2, 38.5% for high-sensitivity C-reactive protein, and 48.7% for interleukin-1β (all 
P values ≤0.007). These data are consistent with previous REDUCE-IT results in which the median percent change for low-
density lipoprotein cholesterol at 12 months was −1.2% among those allocated to icosapent ethyl and 10.9% among those 
allocated to the mineral oil comparator.
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CONCLUSIONS: Among participants in REDUCE-IT, allocation to icosapent ethyl had minimal effects on a series of biomarkers 
associated with atherosclerotic disease, whereas levels increased among those allocated to mineral oil. The effect of these 
findings on interpretation of the overall risk reductions in clinical events observed within REDUCE-IT is uncertain.

REGISTRATION: URL: https://www.clinicaltrials.gov; Unique identifier: NCT01492361.
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R
EDUCE-IT (Reduction of Cardiovascular Events 
With Icosapent Ethyl—Intervention Trial) demon-
strated a 25% reduction in first major adverse 

ischemic events (hazard ratio, 0.75 [95% CI, 0.68–0.83]; 
P<0.001) and a 30% reduction in the combination of 
first and recurrent ischemic events (hazard ratio, 0.70 
[95% CI, 0.62–0.78]; P<0.001) among patients with 
elevated triglyceride levels (≥135 mg/dL and <500 mg/

dL) treated with icosapent ethyl 4 grams daily (2 grams 
twice per day) or a pharmaceutical grade mineral oil 
comparator.1,2 The mechanisms underlying these clinical 
benefits remain uncertain. In particular, whereas icosa-
pent ethyl lowered triglyceride levels by 20%, observed 
event reductions within REDUCE-IT were similar across 
baseline triglyceride tertiles as well as across on-treat-
ment levels of triglycerides.3

Hypothesized mechanisms that could provide insight 
into the clinical benefit of icosapent ethyl include poten-
tial effects on inflammation, particularly inhibition of 
the central interleukin-1β to interleukin-6 to C-reactive 
protein pathway of innate immunity that is important for 
atherosclerosis development4,5 and where treatment with 
a targeted interleukin-1β inhibitor has demonstrated 
clinical benefit.6 Other potential mechanisms of effect 
include hypothesized beneficial effects of icosapent ethyl 
on biomarkers such as oxidized low-density lipoprotein 
cholesterol (OxLDL), homocysteine, lipoprotein(a), and 
lipoprotein-associated phospholipase A2 (Lp-PLA2).7-9 
Furthermore, in light of neutral effects in a large out-
comes trial of eicosapentaenoic acid (EPA) combined 
with docosahexaenoic acid,10,11 there has been contro-
versy regarding the use of mineral oil as a comparator 
within REDUCE-IT, an issue where biomarker and out-
come data are limited.12-14

To begin addressing these issues, levels of interleukin-
1β, interleukin-6, high-sensitivity C-reactive protein 
(hsCRP), OxLDL, homocysteine, lipoprotein(a), and Lp-
PLA2 were measured at baseline, at 12 months, at 24 
months, and at the end-of-study visit among REDUCE-IT 
participants using their archived serum samples.

METHODS
REDUCE-IT randomly allocated 8179 statin-treated patients 
with triglyceride levels >135 mg/dL and <500 mg/dL to treat-
ment with 2 grams twice daily of icosapent ethyl or mineral 
oil used as a comparator. Participants with established athero-
sclerotic disease or diabetes plus additional cardiovascular risk 
factors were included and followed over a median period of 4.9 
years (maximum 6.2 years) for major adverse cardiovascular 
events (myocardial infarction, stroke, coronary revascularization, 
hospitalization for unstable angina, or cardiovascular death). The 
methods used for participant screening, randomization, follow-
up, and end point ascertainment as well as descriptions of the 

Clinical Perspective

What Is New?
• In an evaluation of biomarkers within REDUCE-

IT (Reduction of Cardiovascular Events With 
Icosapent Ethyl—Intervention Trial), random allo-
cation to icosapent ethyl had little to no effect on 
lipoprotein(a), homocysteine, oxidized low-den-
sity lipoprotein, interleukin-6, Lp-PLA2 activity, 
interleukin-1β, high-sensitivity C-reactive protein, 
or low-density lipoprotein cholesterol levels at 12 
months, whereas increases in these biomarkers 
were observed among patients randomly allocated 
to a mineral oil comparator.

What Are the Clinical Implications?
• Our findings may have implications for understand-

ing the biologic pathways associated with clinical 
outcomes observed in REDUCE-IT.

• The effect of these findings on interpretation of the 
overall risk reductions in clinical events observed 
within REDUCE-IT is uncertain.

Nonstandard Abbreviations and Acronyms

EPA eicosapentaenoic acid

hsCRP high-sensitivity C-reactive protein

Lp-PLA2  lipoprotein-associated phospholi-
pase A2

OxLDL  oxidized low-density lipoprotein 
cholesterol

REDUCE-IT  Reduction of Cardiovascular Events 
With Icosapent Ethyl—Intervention Trial
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cohort baseline characteristics and overall effects of icosapent 
ethyl compared with mineral oil on the trial primary end point 
have been presented previously.1-3 REDUCE-IT was approved 
globally by institutional review committees and all participants 
gave informed consent before enrollment. The data that sup-
port the findings of this study may be made available from the 
corresponding author on reasonable request.

Per protocol, serum samples were archived at randomiza-
tion and on an annual basis throughout the trial, including at 
the end-of-study visit. For this analysis, biomarker levels were 
measured post hoc in up to 8175 trial participants who had 
adequate serum samples available at baseline, at 12 months, 
at 24 months, and at the end-of-study visit. Graphical displays 
of the distribution of exposure time for trial participants, overall 
and by treatment group, are provided in Figures S1 and S2. 
Samples within REDUCE-IT have been stored in a commer-
cial freezer facility at −70 °C since original collection starting at 
time of randomization through trial completion (minimum of 2 
and maximum of 9 years before analysis).

Levels of interleukin-1β, interleukin-6, and OxLDL were 
measured in the Laboratory of Clinical Chemistry, Children’s 
Hospital Medical Center in Boston, Massachusetts, a facility that 
has served as a core reference laboratory for multiple inflam-
mation biology trials. Levels of hsCRP at 48 months and end of 
study as well as all measures of homocysteine, lipoprotein(a), 
and Lp-PLA2 activity were measured by Nexelis Laboratories. 
Levels of low-density lipoprotein (LDL) cholesterol and triglyc-
erides were measured during the trial by Covance Laboratories, 
as well as levels of hsCRP at baseline and at 24 months. Details 
of each assay are provided in the Supplemental Material.

Statistical Analysis
Following the trial prespecified statistical analysis plan, the 
effects of treatment with icosapent ethyl or mineral oil were 
evaluated as the median percent change from baseline at 12 
months, 24 months, and the end-of-study visit. Analyses are 
presented both within group and between groups. Tests for sig-
nificance of within-group percent change from baseline were 
computed using Wilcoxon signed-rank tests and between-
group differences in percent change were computed using 
Wilcoxon rank-sum tests. The median differences between 
groups were computed using the Hodges-Lehmann estimation 
as described in the Supplemental Material.

To further understand interrelationships between biomark-
ers, Spearman correlation matrices for the change in biomarker 
levels over time (pooled follow-up data minus baseline data) 
were constructed between each pair of biomarkers, stratified 
by treatment.

All P values are 2-sided and all CIs computed at the 95% 
level without multiplicity adjustment.

RESULTS

At baseline, median levels of all biomarkers were similar 
in the 2 treatment groups. The levels of biomarkers as-
sociated with atherosclerosis increased over time among 
those allocated to mineral oil treatment; in this group at 
12 months, the median percent increases from baseline 
were 1.5% for homocysteine, 2.2% for lipoprotein(a), 

10.9% for OxLDL, 16.2% for interleukin-6, 18.5% for Lp-
PLA2, 21.9% for hsCRP, and 28.9% for interleukin-1β 
(all P values <0.001) with similar changes at 24 months. 
In the icosapent ethyl group, there were minimal changes 
in these biomarkers at 12 and 24 months. As such, at 
study conclusion, between-group treatment differences 
largely reflected increases in the mineral oil group with 
median percent differences of 2.4% for lipoprotein(a), 
3.0% for homocysteine, 4.2% for OxLDL, 19.8% for in-
terleukin-6, 26.2% for Lp-PLA2, 38.5% for hsCRP, and 
48.7% for interleukin-1β (all P values ≤0.007). These 
biomarker data are consistent with previous REDUCE-
IT results, in which the median percent change for LDL 
cholesterol at 12 months was −1.2% among those al-
located to icosapent ethyl and 10.9% among those al-
located to the mineral oil comparator (Table). As also 
shown in the Table for completeness, the median per-
cent change in triglycerides at 12 months was −18.3% 
in the icosapent ethyl group as compared with 2.2% in 
the mineral oil group.

Correlation matrices between each pair of biomark-
ers evaluating the changes over time (pooled 12-month, 
24-month, and end-of-study value minus baseline value) 
are presented in the Figure for the icosapent ethyl group 
(top) and for the mineral oil group (bottom). As shown, 
moderately positive pairwise correlations over time (r 
values between 0.32 and 0.53) were observed between 
the change in hsCRP and the change in interleukin-6, 
the change in Lp-PLA2 and the change in OxLDL, the 
change in LDL cholesterol and the change in Lp-PLA2, 
and the change in LDL cholesterol and OxLDL (all P val-
ues <0.001) with effect sizes similar in the mineral oil 
comparator and icosapent ethyl groups.

The distribution of trial participants by time from ran-
domization is shown for all participants in Figure S1 and 
stratified by treatment assignment in Figure S2.

DISCUSSION

Among patients with elevated triglyceride levels on pri-
mary and secondary prevention treatment with statins, 
REDUCE-IT has previously demonstrated statistically 
significant reductions in major adverse cardiovascular 
events in a randomized treatment trial of 4 grams daily of 
icosapent ethyl and mineral oil used as a comparator.1,2 
These effects, however, are not tied closely to baseline or 
achieved triglyceride levels3 and the causal mechanisms 
underlying the clinical benefits observed in REDUCE-IT 
remain uncertain.

The current data indicate that within REDUCE-IT, 
allocation to icosapent ethyl had minimal effects on a 
series of biomarkers associated with atherosclerotic 
disease, whereas levels increased among those allo-
cated to mineral oil. These data are consistent with per-
vious REDUCE-IT results in which the median percent 
change for LDL cholesterol at 12 months was −1.2% 
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Table. Effects of Treatment With Icosapent Ethyl and a Pharmaceutical-Grade Mineral Oil Comparator on Measured Biomark-

ers and Low-Density Lipoprotein Cholesterol and Triglycerides in REDUCE-IT

Marker

Mineral oil (n=4090) Icosapent ethyl (n=4089)

Between-group  

difference

Median (IQR)

Median 

change

Median 

change, 

%* P† Median (IQR)

Median 

change

Median 

change, 

%* P†

Median 

differ-

ence, %‡ P§

hsCRP, mg/L

 Baseline (n=4089:4086) 2.15 (1.07–4.50)    2.18 (1.07–4.49)      

 12 months (3077:3089) 2.80 (1.3–5.2) 0.32 21.95 <0.0001 1.90 (0.9–3.9) −0.18 −12.41 0.003 −30.48 <0.0001

 24 months (3229:3322) 2.79 (1.3–5.8) 0.47 32.26 <0.0001 1.79 (0.86–4.01) −0.18 −13.86 0.04 −39.91 <0.0001

 Last visit∥ (3113:3198) 2.79 (1.33–5.49) 0.42 30.12 <0.0001 1.69 (0.81–3.99) −0.19 −13.25 0.58 −38.48 <0.0001

Interleukin-6, pg/mL

 Baseline (n=3133:3203) 3.27 (2.16–5.17)    3.23 (2.14–5.02)      

 12 months (2875:2907) 3.76 (2.42–6.09) 0.44 16.22 <0.0001 3.09 (2.05–5.06) −0.08 −2.60 0.005 −16.29 <0.0001

 24 months (2819:2933) 3.86 (2.53–6.04) 0.50 18.21 <0.0001 3.08 (2.04–4.98) −0.05 −1.98 0.0004 −19.47 <0.0001

 Last visit∥ (2491:2654) 3.97 (2.56–6.49) 0.73 26.25 <0.0001 3.24 (2.05–5.16) 0.09 3.01 <0.0001 −19.82 <0.0001

Interleukin-1β, pg/mL

 Baseline (n=3134:3204) 0.06 (0.03–0.10)    0.06 (0.03–0.10)      

 12 months (2875:2908) 0.08 (0.04–0.13) 0.02 28.89 <0.0001 0.06 (0.03–0.10) 0.00 0.00 <0.0001 −26.06 <0.0001

 24 months (2820:2934) 0.08 (0.04–0.13) 0.02 30.68 <0.0001 0.05 (0.03–0.09) 0.00 0.00 <0.0001 −34.47 <0.0001

 Last visit∥ (2492:2655) 0.09 (0.05–0.15) 0.03 48.28 <0.0001 0.05 (0.03–0.09) 0.00 0.00 <0.0001 −48.65 <0.0001

OxLDL, mU/L

 Baseline (n=3134:3204) 45 879  

(37 523–54 088)

   44 641  

(36 863–53 483)

     

 12 months (2875:2908) 50 457  

(40 986–61 384)

4877.57 10.94 <0.0001 45 594  

(37 888–56 627)

1293.21 2.94 <0.0001 −7.37 <0.0001

 24 months (2820:2934) 48 725  

(39 607–59 661)

3493.94 7.81 <0.0001 45 410  

(36 819–55 576)

400.70 0.81 <0.0001 −6.46 <0.0001

 Last visit∥ (2492:2655) 47 838  

(38 710–58 877)

2301.78 5.06 <0.0001 45 251  

(36 669–55 529)

59.68 0.15 <0.0001 −4.23 <0.0001

Homocysteine, µmol/L

 Baseline (n=3509:3514) 12.50 (10.38–15.13)    12.64 (10.36–15.38)      

 12 months (3073:3087) 12.55 (10.40–15.64) 0.18 1.46 <0.0001 12.55 (10.38–15.51) 0.05 0.39 0.0007 −1.22 0.02

 24 months (2912:2987) 13.05 (10.70–16.04) 0.53 4.44 <0.0001 12.87 (10.52–15.8) 0.32 2.70 <0.0001 −2.19 0.0004

 Last visit∥ (2576:2725) 13.61 (11.00–16.95) 1.12 9.51 <0.0001 13.40 (11.02–16.63) 0.75 6.17 <0.0001 −2.98 0.0001

Lipoprotein(a), mg/dL

 Baseline (n=3511:3515) 11.40 (5.00–36.80)    11.60 (5.10–37.90)      

 12 months (3077:3089) 12.60 (5.20–39.90) 0.40 2.17 <0.0001 12.50 (5.40–40.00) 0.00 0.00 <0.0001 −0.91 0.07

 24 months (2920:2991) 12.60 (5.10–39.45) 0.40 2.81 <0.0001 12.40 (5.30–39.00) 0.00 0.00 <0.0001 −2.45 0.0003

 Last visit∥ (2579:2726) 13.60 (5.60–41.20) 1.15 7.6 <0.0001 13.45 (5.70–41.50) 0.70 4.41 <0.0001 −2.43 0.007

Lp-PLA2, nmol/min/mL

 Baseline (n=3485:3480) 134.00  

(113.00–159.00)

   134.00  

(113.00–157.00)

     

 12 months (3032:3057) 157.90  

(131.40–185.60)

24.00 18.46 <0.0001 129.8  

(107.50–153.30)

−4.50 −3.50 <0.0001 −21.13 <0.0001

 24 months (2894:2970) 159.65  

(132.50–191.00)

26.60 20.18 <0.0001 128.2  

(106.80–152.10)

−5.90 −4.42 <0.0001 −23.92 <0.0001

 Last visit∥ (2543:2705) 166.90  

(136.90–202.60)

33.40 25.81 <0.0001 133.2  

(111.60–159.30)

−1.70 −1.30 0.72 −26.17 <0.0001

LDL-C, Hopkins, mg/dL

 Baseline (n=4089:4086) 86.7 (75.0–98.2)    85.8(74.1–97.2)      

 12 months (3618:3672) 95.9 (81.2–112.9) 9.29 10.94 <0.0001 85.3(70.9–102.9) −1.12 −1.19 0.06 −11.42 <0.0001

(Continued )
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among those allocated to icosapent ethyl compared 
with a 10.9% median increase among those allocated 
to mineral oil.1

It is unclear why multiple biomarkers increased over 
time among REDUCE-IT participants allocated to mineral 
oil. No substantive biomarker changes were observed in 
the placebo groups over periods of 3 to 5 years for mea-
sures of LDL cholesterol, interleukin-1β, interleukin-6, or 
hsCRP in the large-scale JUPITER (Justification for the 
Use of Statin in Prevention: An Intervention Trial Evalu-
ating Rosuvastatin), CIRT (Cardiovascular Inflammation 
Reduction Trial), CANTOS (Canakinumab Anti-Inflamma-
tory Thrombosis Outcomes Study), or SPIRE (Evaluation 
of Bococizumab in Reducing the Occurrence of Major 
Cardiovascular Events in High-Risk Subjects),6,15-17 nor 
did biomarker levels increase over time in STRENGTH 
(Outcomes Study to Assess Statin Residual Risk Reduc-
tion With Epanova In High CV Risk Patients With Hypertri-
glyceridemia), which used a corn oil rather than a mineral 
oil placebo.10,11 Furthermore, no change in Lp-PLA2 over 
time was observed in the placebo arms of trials evaluat-
ing potential inhibitors of this pathway18,19 or in studies of 
stability of circulating Lp-PLA2 levels over time.20

The core design of REDUCE-IT does not make it pos-
sible to resolve convincingly whether any adverse effects 
associated with mineral oil use as a comparator may have 
affected clinical outcomes. Resolution of this controversy 
can only be addressed formally by undertaking a bio-
marker trial randomly allocating patients to pharmaceuti-
cal grade mineral oil and a fully neutral placebo or by a 
second icosapent ethyl trial using a non–mineral oil com-
parator. Whereas the former is unlikely to be conducted 
for ethical reasons, the latter would help resolve ongoing 

controversy. The only other data in this arena are a 19% 
reduction in risk of major vascular events observed in the 
open-label JELIS (Japan EPA Lipid Intervention Study), 
using icosapent ethyl, in which no placebo was used.21 
We are not aware of other prospective intervention data 
demonstrating that mineral oil at a quantity of 4 grams 
daily compared with corn oil or other forms of placebo 
has effects, direct or indirect, on the biomarkers mea-
sured here. Such data would be helpful.

What net clinical effect the current data, if taken in 
combination, might have had on outcomes in REDUCE-
IT is difficult to estimate. Regulatory agencies evaluating 
REDUCE-IT estimated that approximately 3% of the net 
clinical benefit observed with icosapent ethyl might have 
been a consequence of adverse biomarker effects on 
LDL cholesterol and hsCRP attributable to mineral oil.12 
In the context of an overall 25% relative risk reduction in 
first events and a 30% reduction in total ischemic events 
observed, a potential bias of this magnitude, even if dou-
bled in size, would be unlikely to fully attenuate the over-
all benefit of icosapent ethyl observed. At the same time, 
we are not aware of a simple or widely accepted method 
to assess in an unbiased manner what the potential mag-
nitude might be of a combination of the multiple effects 
observed here, an issue that again requires prospective 
comparison data for resolution.

Despite our large sample size and randomized dou-
ble-blind design, there are limitations to our analyses 
that merit consideration. First, care must be taken not 
to generalize these findings beyond what is presented 
here; for example, whereas we evaluated for effects in 
the canonical interleukin-1 to interleukin-6 to C-reactive 
protein pathway of innate immunity,4,5 we did not evaluate 

 24 months (3240:3339) 96.1 (80.6–113.9) 9.50 11.41 <0.0001 85.5(71.4–103.3) −0.15 −0.20 0.0001 −11.12 <0.0001

 Last visit∥ (3146:3235) 91.5 (74.7–109.0) 4.86 5.99 <0.0001 83.8(69.0–102.8) −1.43 −1.65 0.52 −7.01 <0.0001

Triglycerides, mg/dL

 Baseline (n=4089:4086) 216.0 (175.5–274.0)    216.5 (176.5–272.0)      

 12 months (3633:3689) 221.0  

(164.0–298.0)

4.50 2.24 <0.0001 175.0  

(132.0–238.0)

−39.00 −18.32 <0.0001 −19.72 <0.0001

 24 months (3257:3352) 220.0  

(164.0–294.0)

4.25 2.09 <0.0001 173.0  

(129.0–238.0)

−38.50 −18.86 <0.0001 −19.68 <0.0001

 Last visit∥ (3152:3243) 200.5  

(148.5–275.0)

−15.50 −7.57 <0.0001 169.0  

(124.0–234.0)

−46.00 −22.22 <0.0001 −13.82 <0.0001

hsCRP indicates high-sensitivity C-reactive protein; IQR, interquartile range; LDL-C, low-density lipoprotein cholesterol; Lp-PLA2, lipoprotein-associated phospholipase A2; 

OxLDL, oxidized low-density lipoprotein cholesterol; and REDUCE-IT, Reduction of Cardiovascular Events With Icosapent Ethyl—Intervention Trial.

*Change and percent change from baseline at each postbaseline visit are calculated for patients with both baseline and postbaseline values.

†Median percent change P value was from Wilcoxon signed-rank test.

‡Median percent difference was on the basis of Hodges-Lehmann estimation.

§Median percent difference P value was from Wilcoxon rank-sum test. Biomarker (lower limit of quantification): hsCRP, 0.3 mg/L; interleukin-6, 0.01 pg/mL; interleukin-1β, 

0.030 pg/mL; OxLDL, 1 mU/L; homocysteine, 2.00 µmol/L; lipoprotein(a), 3.3 mg/dL; Lp-PLA2, 10.0 nmol/min/mL. 

∥The analysis at last visit includes all available data for patients who completed the protocol-specified last visit. 

Table. Continued

Marker

Mineral oil (n=4090) Icosapent ethyl (n=4089)

Between-group  

difference

Median (IQR)

Median 

change

Median 

change, 

%* P† Median (IQR)

Median 

change

Median 

change, 

%* P†

Median 

differ-

ence, %‡ P§
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alternative pathways of inflammation that might also be 
involved in atheroprotection. Specialized pro-resolving 
and other anti-inflammatory mediators, for example, are 
powerful anti-inflammatory molecules produced from 
EPA, and EPA can reduce production of proinflamma-
tory factors from arachidonic acid competitively. None 
of these, however, has been measured in REDUCE-IT; 
nor have alternative biomarkers such as ceramides and 
glycoprotein acetylation. Second, large-scale random-
ized trials are designed to address clinical outcomes; as 
such, analyses of surrogate biomarker changes within 
trials, although of pathophysiologic interest, should not 
generally alter core clinical or therapeutic observations. 
Third, whereas pharmacologic interventions have proven 
that lowering of biomarkers such as LDL cholesterol and 
hsCRP associate with reduced risk, the contrapositive 
conclusion that elevations of these or other biomarkers 
necessarily increase risk is not proven, nor is the magni-
tude of any such effect known, even if the effects of the 
mineral oil comparator used in REDUCE-IT are taken to 
be causal.12-14

In sum, among participants in REDUCE-IT, alloca-
tion to icosapent ethyl had minimal effects on a series 
of biomarkers associated with atherosclerotic disease, 
whereas levels increased over time among those allo-
cated to placebo, findings consistent with previous 
data in this cohort for LDL cholesterol. The effect of 
these findings on the interpretation of the REDUCE-
IT trial results remains unclear and will require further 
investigation.22
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Figure. Spearman correlation matrices between biomarker changes over time in REDUCE-IT.

Spearman correlation matrices between biomarker changes over time in REDUCE-IT (Reduction of Cardiovascular Events With Icosapent Ethyl—
Intervention Trial) for patients allocated to icosapent ethyl (top) and patients allocated to the mineral oil comparator (bottom). hsCRP indicates 
high-sensitivity C-reactive protein; IL, interleukin; LDL-C, low-density lipoprotein cholesterol; Lp-PLA2, lipoprotein-associated phospholipase A2; 
LP(a), lipoprotein(a); OxLDL, oxidized low-density lipoprotein cholesterol; and TG, triglycerides.
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