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BACKGROUND: Chronic kidney disease is associated with adverse outcomes among patients with established cardiovascular disease
(CVD) or diabetes. Commonly used medications to treat CVD are less effective among patients with reduced kidney function.
METHODS: REDUCE-IT (Reduction of Cardiovascular Events with Icosapent Ethyl-Intervention Trial) was a multicenter, double-blind,
placebo-controlled trial that randomly assigned statin-treated patients with elevated triglycerides (135–499 mg/dL) who had CVD
or diabetes and 1 additional risk factor to treatment with icosapent ethyl (4 g daily) or placebo. Patients from REDUCE-IT were
categorized by prespecified estimated glomerular filtration rate (eGFR) categories to analyze the effect of icosapent ethyl on the
primary end point (composite of cardiovascular death, nonfatal myocardial infarction, nonfatal stroke, coronary revascularization, or
unstable angina) and key secondary end point (a composite of cardiovascular death, nonfatal myocardial infarction, or nonfatal stroke).
RESULTS: Among the 8179 REDUCE-IT patients, median baseline eGFR was 75 mL·min–1·1.73 m–2 (range, 17–123
mL·min–1·1.73 m–2). There were no meaningful changes in median eGFR for icosapent ethyl versus placebo across study
visits. Treatment with icosapent ethyl led to consistent reduction in both the primary and key secondary composite end points
across baseline eGFR categories. Patients with eGFR <60 mL·min–1·1.73 m–2 treated with icosapent ethyl had the largest
absolute and similar relative risk reduction for the primary composite end point (icosapent ethyl versus placebo, 21.8% versus
28.9%; hazard ratio [HR], 0.71 [95% CI, 0.59–0.85]; P=0.0002) and key secondary composite end point (16.8% versus
22.5%; HR 0.71 [95% CI, 0.57–0.88]; P=0.001). The numeric reduction in cardiovascular death was greatest in the eGFR
<60 mL·min–1·1.73 m–2 group (icosapent ethyl: 7.6%; placebo: 10.6%; HR, 0.70 [95% CI, 0.51–0.95]; P=0.02). Although
patients with eGFR <60 mL·min–1·1.73 m–2 treated with icosapent ethyl had the highest numeric rates of atrial fibrillation/
flutter (icosapent ethyl: 4.2%; placebo 3.0%; HR 1.42 [95% CI, 0.86–2.32]; P=0.17) and serious bleeding (icosapent ethyl:
5.4%; placebo 3.6%; HR, 1.40 [95% CI, 0.90–2.18]; P=0.13), HRs for atrial fibrillation/flutter and serious bleeding were
similar across eGFR categories (P-interaction for atrial fibrillation/flutter=0.92; P-interaction for serious bleeding=0.76).
CONCLUSIONS: In REDUCE-IT, icosapent ethyl reduced fatal and nonfatal ischemic events across the broad range of baseline
eGFR categories.
REGISTRATION: URL: https://www.clinicaltrials.gov; Unique identifier: NCT01492361
Key Words: eicosapentaenoic acid ethyl ester ◼ fatty acids ◼ fatty acids, omega-3 ◼ lipids ◼ prevention and control
◼ renal insufficiency, chronic ◼ triglycerides
Correspondence to: Deepak L. Bhatt, MD, MPH, Brigham and Women’s Hospital Heart and Vascular Center, Harvard Medical School, 75 Francis Street, Boston, MA
02115. Email dlbhattmd@post.harvard.edu
*A complete list of the investigators in the REDUCE-IT study is provided in the Supplemental Material.
This manuscript was sent to Erin Michos, Guest Editor, for review by expert referees, editorial decision, and final disposition.
Supplemental Material is available at https://www.ahajournals.org/doi/suppl/10.1161/CIRCULATIONAHA.121.055560.
For Sources of Funding and Disclosures, see page 1757.
© 2021 The Authors. Circulation is published on behalf of the American Heart Association, Inc., by Wolters Kluwer Health, Inc. This is an open access article under the
terms of the Creative Commons Attribution License, which permits use, distribution, and reproduction in any medium, provided that the original work is properly cited.
Circulation is available at www.ahajournals.org/journal/circ

1750 November 30, 2021

Circulation. 2021;144:1750–1759. DOI: 10.1161/CIRCULATIONAHA.121.055560

Majithia et al

REDUCE-IT RENAL

What Is New?
• Icosapent ethyl reduced cardiovascular events
among patients with elevated triglycerides and
well-controlled low-density lipoprotein cholesterol
on statin therapy across a wide range of baseline
kidney function.

What Are the Clinical Implications?
• Despite having a well-controlled low-density lipoprotein cholesterol on statin therapy, patients with
elevated triglycerides have significant residual risk
for coronary events.
• Treatment with icosapent ethyl has been shown to
significantly reduce cardiovascular events and mortality in this patient population.
• These findings are applicable to patients with
chronic kidney disease across the spectrum of
baseline kidney function.

Nonstandard Abbreviations and Acronyms
CKD
CVD
eGFR

D

chronic kidney disease
cardiovascular disease
estimated glomerular filtration rate

rug therapies that target low-density lipoprotein
cholesterol in patients with established cardiovascular disease (CVD) or cardiovascular risk
factors can improve survival, prevent first or subsequent
cardiovascular events, and reduce the need for coronary
revascularization.1–4 Although hypertriglyceridemia is an
independent predictor of cardiovascular events, randomized studies of medications that lower triglyceride levels,
including niacin and fibrates, have had less consistent
success in improving cardiovascular outcomes.5–9
Contemporary studies of marine-derived long-chain
polyunsaturated n-3 fatty acid mixtures, which can effectively lower triglyceride levels, have not demonstrated
reductions in cardiovascular events among statin-treated
patients.10–13 However, clinical benefit may differ based
on the particular lipid composition of the n-3 fatty acid
formulation. Icosapent ethyl contains the ethyl ester of a
single long-chain murine omega-3 fatty acid, eicosapentaenoic acid. REDUCE-IT (Reduction of Cardiovascular
Events with Icosapent Ethyl-Intervention Trial) randomly
assigned 8179 statin-treated patients with established
CVD or diabetes and other cardiovascular risk factors
to either 4 g daily of icosapent ethyl or matching placebo.14–20 After a median follow-up period of 4.9 years,
the study drug demonstrated a 25% relative risk reduction in the primary composite end point of cardiovascular

METHODS
Study Design and Patient Characteristics
The data that support the findings of this study may be made
available from the corresponding author on reasonable request.
The study design and main results of the REDUCE-IT trial have
been published previously.
REDUCE-IT was an international, phase 3b, double-blind
trial that randomly assigned patients to treatment with icosapent ethyl 4 g daily (2 g twice daily with food) or matching
placebo. Verbal and written informed consent were obtained
from all study participants, and all sites were approved by institutional review boards.
Patients met eligibility criteria for enrollment if they had
established CVD (secondary prevention group) or if they had
type 1 or type 2 diabetes on medical treatment, and if they
were ≥50 years of age and had at least 1 other major cardiovascular risk factor (high-risk primary prevention group). All
patients were required to be on statin therapy for at least 4
weeks and to have a low-density lipoprotein cholesterol level
between 41 mg/dL and 100 mg/dL. In addition, study patients
had baseline triglyceride levels between 135 mg/dL and 500
mg/dL. Key exclusion criteria included severe heart failure,
planned coronary intervention or surgery, severe liver disease,
hemoglobin A1c level >10%, a history of pancreatitis, or known
hypersensitivity to fish, shellfish, or ingredients of icosapent
ethyl or placebo.

Measurement of Kidney Function
Estimated glomerular filtration rate (eGFR) was calculated
using the Chronic Kidney Disease Epidemiology Collaboration
equation as follows: eGFR=141×min (Scr/κ, 1)α×max(Scr/κ,
1)–1.209×0.993Age×1.018 [if female] × 1.159 [if Black],
where Scr is serum creatinine in mg/dL, κ is 0.7 for women
and 0.9 for men, α is –0.329 for women and –0.411 for men,
min indicates the minimum of Scr/κ or 1, and max indicates the
maximum of Scr/κ or 1.

End Points and Follow-Up
The primary efficacy end point was a composite of cardiovascular death, nonfatal myocardial infarction, nonfatal stroke,

Circulation. 2021;144:1750–1759. DOI: 10.1161/CIRCULATIONAHA.121.055560

November 30, 2021 1751

ORIGINAL RESEARCH
ARTICLE

Clinical Perspective

death, myocardial infarction, stroke, coronary revascularization, or unstable angina. The study further demonstrated that patients treated with icosapent ethyl had a
26% relative risk reduction in the composite of cardiovascular death, myocardial infarction, or stroke.
Among patients with chronic kidney disease (CKD),
CVD remains the leading cause of morbidity and mortality.21–23 However, because of the gaps in data and negative study results, uncertainty exists over the benefits of
applying proven CVD therapy in the general population to
the CKD population, especially in patients with advanced
kidney disease.24–27 This analysis aimed to explore the
effects of icosapent ethyl versus placebo across the
range of kidney function among patients enrolled in the
REDUCE-IT study.
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coronary revascularization, or hospitalization for unstable
angina. The key secondary end point was a composite of cardiovascular death, nonfatal myocardial infarction, or nonfatal
stroke. In addition, the application of eGFR categories to prespecified hierarchical testing of individual and composite end
points was performed. An independent committee blinded to
treatment performed end point adjudication.

Statistical Analysis
For this analysis, the effects of icosapent ethyl versus placebo
were examined within prespecified estimated eGFR categories
(eGFR <60 mL·min–1·1.73 m–2, 60 to <90 mL·min–1·1.73 m–2,
≥90 mL·min–1·1.73 m–2). As post hoc analysis, study patients
were further classified by additional eGFR categories corresponding to CKD stage (>15 to <30 mL·min–1·1.73 m–2, ≥30
to <45 mL·min–1·1.73 m–2, ≥45 to <60 mL·min–1·1.73 m–2, ≥60
mL·min–1·1.73 m–2). Demographic and baseline characteristics
were compared between treatment groups within each category. This analysis used the χ2 test for comparison of categorical variables and the Wilcoxon rank-sum test for comparison
of continuous variables. All efficacy analyses were performed
according to the intention-to-treat principle. A Kaplan-Meier
analysis stratified by cardiovascular risk category, geographic
region, and baseline ezetimibe use depicted time to first occurrences of the primary and the secondary efficacy end points
in the prespecified testing hierarchy. Hazard ratios (HRs) and
95% CIs were determined from a corresponding stratified Cox
proportional-hazards regression model. Heterogeneity of treatment effects among the eGFR categories was examined by
testing the interaction term of treatment by eGFR category in
the Cox regression model. Statistical testing was based on a
2-sided significance level of 0.05 without adjustment for multiple comparisons. Statistical analyses were performed using
SAS software, version 9.4 (SAS Institute).

RESULTS
Among the 8179 REDUCE-IT patients, the median
baseline eGFR was 75 mL·min–1·1.73 m–2 (range, 17–
123 mL·min–1·1.73 m–2). Of the patients, 1816 (22.2%)
had eGFR <60 mL·min–1·1.73 m–2, 4455 (54.5%) had
eGFR 60 to <90 mL·min–1·1.73 m–2, and 1902 (23.3%)
had eGFR ≥90 mL·min–1·1.73 m–2. Baseline characteristics of patients across prespecified eGFR categories are
described in Table 1. The median age of patients with
eGFR <60 mL·min–1·1.73 m–2 was higher than in other
eGFR categories. In each category, the presence of established CVD (secondary prevention) accounted for the
majority of enrolled patients. At baseline, median lowdensity lipoprotein cholesterol was similar among icosapent ethyl- and placebo-treated patients (74 versus 76
mg/dL). There were no significant between-group differences in baseline low-density lipoprotein cholesterol or
triglyceride levels.
At a median follow-up of 4.9 years, both the primary
and secondary composite end points were significantly
reduced among patients treated with icosapent ethyl.
This therapy led to consistent reduction in both the pri1752 November 30, 2021

mary and key secondary composite end points across
baseline eGFR categories (Figure 1, Figure S1). Patients
with eGFR <60 mL·min–1·1.73 m–2 treated with icosapent ethyl had the largest absolute and similar relative
risk reduction for the primary composite end point (icosapent ethyl versus placebo, 21.8% versus 28.9%; HR,
0.71 [95% CI, 0.59–0.85]; P=0.0002) and key secondary composite end point (16.8% versus 22.5%; HR, 0.71
[95% CI, 0.57–0.88]; P=0.001; Figure 2, Figure S3).
A post hoc analysis categorizing patients by commonly
used eGFR categories corresponding to CKD stage also
revealed a consistent reduction in primary and key secondary outcome event rates across eGFR categories of
patients treated with icosapent ethyl (Figure S2).
Application of eGFR categories to prespecified hierarchical testing demonstrated consistent reductions, in
general, in event rates across eGFR categories with icosapent ethyl as supported by nonsignificant interaction P
values (Figure S3). Icosapent ethyl was associated with
significant reductions in cardiovascular death or nonfatal myocardial infarction in eGFR <60 mL·min–1·1.73 m–2
(13.9% versus 18.3%; HR, 0.72 [95% CI, 0.57–0.91];
P=0.006) and eGFR 60 to <90 mL·min–1·1.73 m–2
(8.8% versus 11.4%; HR, 0.76 [95% CI, 0.63–0.92];
P=0.004) categories, with numeric reduction in the ≥90
mL·min–1·1.73 m–2 category. Similar differences were
observed for fatal or nonfatal myocardial infarction and
need for urgent or emergent revascularization.
The relative risk reductions in the primary composite and key secondary composite end points, in general, were consistent among icosapent ethyl–treated
patients with either diabetes and risk factors for CVD
(high-risk primary prevention cohort) or with established
CVD (secondary prevention cohort) across eGFR subgroups (Figures S4 and S5). Event rates and absolute
risk reductions were numerically highest among patients
with eGFR <60 mL·min–1·1.73 m–2 in the established
CVD cohort (23.6% versus 33.2%; P<0.0001). Among
patients with diabetes and risk factors, higher event rates
were observed in the lowest eGFR group, but a higher
absolute risk reduction was not consistently observed.
In each of the eGFR categories, we observed consistent risk reductions in the primary and key secondary end points among icosapent ethyl–treated patients
with triglyceride levels ≥200 mg/dL or <200 mg/dL
(Figure S6).
A safety profile similar to the full cohort was observed
for icosapent ethyl compared with placebo across eGFR
subgroups. Adverse event rates rose with decreasing
eGFR, but total adverse events occurred at similar rates
with icosapent ethyl versus placebo.
Among icosapent ethyl–treated patients with eGFR
<60 mL·min–1·1.73 m–2, there was a higher rate of
bleeding-related disorders (18.0% versus 13.3%;
P=0.007). The highest rate of serious bleeding events
was observed in the eGFR <60 mL·min–1·1.73 m–2 cat-
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Table 1. Key Baseline Characteristics, by Baseline eGFR (mL·min–1·1.73 m–2)
eGFR 60 to <90 (N=4455)

eGFR ≥90 (N=1902)

Icosapent ethyl
(n=905)

Placebo (n=911)

Icosapent ethyl
(n=2217)

Placebo
(n=2238)

Icosapent ethyl
(n=963)

Placebo (n=939)

Median (Q1–Q3)*

68.0 (64.0–74.0)

69.0 (64.0–75.0)

64.0 (58.0–70.0)

64.0 (58.0–69.0)

57.0 (53.0–62.0)

58.0 (53.0–62.0)

<65 y, n (%)

260 (28.7)

238 (26.1)

1134 (51.2)

1151 (51.4)

835 (86.7)

794 (84.6)

≥65 y, n (%)

645 (71.3)

673 (73.9)

1083 (48.8)

1087 (48.6)

128 (13.3)

145 (15.4)

Female, n (%)

336 (37.1)

360 (39.5)

545 (24.6)

574 (25.6)

279 (29.0)

261 (27.8)

White, n (%)

816 (90.2)

832 (91.3)

2030 (91.6)

2055 (91.8)

842 (87.4)

799 (85.1)

Black, n (%)

19 (2.1)

25 (2.7)

28 (1.3)

37 (1.7)

22 (2.3)

27 (2.9)

Asian, n (%)

36 (4.0)

32 (3.5)

115 (5.2)

101 (4.5)

73 (7.6)

88 (9.4)

31.1 (27.9–35.1)

31.1 (28.1–35.1)

30.5 (27.7–34.2)

30.8 (27.8–34.3)

31.2 (28.1–34.9)

31.1 (27.8– 35.2)

73 (8.1)

67 (7.4)

165 (7.4)

152 (6.8)

81 (8.4)

76 (8.1)

297 (32.8)

299 (32.8)

841 (37.9)

806 (36.0)

287 (29.8)

308 (32.8)

≥30 kg/m2

532 (58.8)

540 (59.3)

1206 (54.4)

1271 (56.8)

592 (61.5)

550 (58.6)

Missing

3 (0.3)

5 (0.5)

5 (0.2)

9 (0.4)

3 (0.3)

5 (0.5)

627 (69.3)

642 (70.5)

1632 (73.6)

1652 (73.8)

629 (65.3)

597 (63.6)

278 (30.7)

269 (29.5)

585 (26.4)

586 (26.2)

334 (34.7)

342 (36.4)

65 (7.2)

62 (6.8)

144 (6.5)

153 (6.8)

53 (5.5)

47 (5.0)

Low

61 (6.7)

67 (7.4)

123 (5.5)

114 (5.1)

70 (7.3)

86 (9.2)

Moderate

571 (63.1)

567 (62.2)

1367 (61.7)

1441 (64.4)

592 (61.5)

567 (60.4)

High

269 (29.7)

273 (30.0)

723 (32.6)

672 (30.0)

297 (30.8)

280 (29.8)

Missing

4 (0.4)

4 (0.4)

4 (0.2)

11 (0.5)

4 (0.4)

6 (0.6)

Type 2 diabetes, n (%)

573 (63.3)

570 (62.6)

1209 (54.5)

1200 (53.6)

580 (60.2)

591 (62.9)

Hypertension, n (%)

833 (92.0)

842 (92.4)

1883 (84.9)

1916 (85.6)

821 (85.3)

783 (83.4)

Triglycerides, mg/dL, median
(Q1–Q3)

219.3
(179.0–273.0)

214.0
(175.0–267.5)

215.0
(175.0–270.0)

215.5
(174.0–273.5)

218.0
(178.0–276.0)

220.0
(177.5–280.0)

HDL-C mg/dL, median (Q1–Q3)

39.8 (34.0–46.0)

40.5 (35.0–46.5)

40.0 (35.0–46.0)

40.0 (35.0-46.0)

40.0 (34.5–45.5)

40.0 (35.0–46.0)

LDL-C, mg/dL, median (Q1–Q3)

73.0 (60.0–88.0)

74.0 (61.0–88.0)

74.0 (62.0–88.0)

76.0 (63.0-89.0)

75.0 (62.0–89.0)

77.0 (63.0–91.0)

<150 mg/dL

82 (9.1)

92 (10.1)

236 (10.6)

235 (10.5)

94 (9.8)

102 (10.9)

150 to <200 mg/dL

257 (28.4)

278 (30.5)

659 (29.7)

662 (29.6)

277 (28.8)

251 (26.7)

≥200 mg/dL

566 (62.5)

541 (59.4)

1322 (59.6)

1341 (59.9)

592 (61.5)

586 (62.4)

Characteristics
Age, y

Body mass index, kg/m , median
(Q1–Q3)
2

Body mass index group, n (%)
<25 kg/m2

≥25 to <30 kg/m

2

Cardiovascular risk category, n (%)
 Established cardiovascular
disease
Diabetes + risk factors
Ezetimibe use, n (%)
Statin intensity, n (%)

Triglyceride category, n (%)

Percentages are based on the number of patients randomly assigned to each treatment group. In general, the baseline value is defined as the last nonmissing measurement
obtained before randomization. The baseline LDL-C value obtained through preparative ultracentrifugation was used unless it was missing. If the LDL-C preparative ultracentrifugation value was missing, then another LDL-C value was used, with prioritization of values obtained from LDL-C direct measurements followed by LDL-C derived by the Friedewald calculation method (only for patients with triglycerides <400 mg/dL) and LDL-C derived using the calculation published by investigators at The Johns Hopkins University.
For all other lipid and lipoprotein marker parameters, wherever possible, baseline was derived as the arithmetic mean of the randomization visit 2 (day 0) value and the preceding
visit 1 (or visit 1.1) value. If only one of these values was available, the single available value was used as baseline. Tertiles for LDL-C and triglycerides are based on the overall
intention-to-treat population. eGFR indicates estimated glomerular filtration rate; HDL-C, high-density lipoprotein cholesterol; and LDL-C, low-density lipoprotein cholesterol.
*The P value for age between treatment groups for the eGFR <60 mL·min–1·1.73 m–2 group was significant at P=0.0272. For all other baseline characteristics
across groups, the P values were nonsignificant. To assess balance between treatment groups, P values were from a χ2 test for categorical variables and Wilcoxon
test for continuous variables.

egory (5.4% versus 3.6%; P=0.07; Table 2). However,
HRs for all bleeding and serious bleeding events were
similar regardless of eGFR cutoff, with no significant

interaction observed (P interactions for all bleeding=0.68 and serious bleeding=0.76; Figure S7).
No significant differences in gastrointestinal or cen-
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A

Patients with Baseline eGFR <60 mL·min–1·1.73 m–2 (N=1816)

Patients with an Event (%)

40

No. at Risk
Placebo
Icosapent Ethyl

B

20

Icosapent Ethyl 27.2%

10

0

1

2

911
905

811
826

691
729

3
Years Since Randomization
574
627

4

5

473
535

286
321

Patients with Baseline eGFR 60 to <90 mL·min–1·1.73 m–2 (N=4455)

Patients with an Event (%)

40

No. at Risk
Placebo
Icosapent Ethyl

HR, 0.80
(95% CI 0.70, 0.92)
RRR: 20%
ARR: 3.8%
NNT: 27
P=0.001

30

Placebo 27.5%

20
Icosapent Ethyl 21.4%
10

0

C

Placebo 35.6%

HR, 0.71
(95% CI 0.59, 0.85)
RRR: 29%
ARR: 7.1%
NNT: 14
P=0.0002

30

0

0

1

2

2238
2217

2051
2051

1845
1865

3
Years Since Randomization
1561
1596

4

5

1305
1353

771
766

Patients with Baseline eGFR ≥90 mL·min–1·1.73 m–2 (N=1902)
40
Patients with an Event (%)
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30

Placebo 23.2%

20

10

0
No. at Risk
Placebo
Icosapent Ethyl

HR, 0.70
(95% CI 0.56, 0.89)
RRR: 30%
ARR: 4.8%
NNT: 21
P=0.003

Icosapent Ethyl 17.2%

0

1

2

939
963

879
907

791
836

3
Years Since Randomization
672
727

4

5

569
615

301
343

Figure 1. Kaplan-Meier curves for the primary composite end point by eGFR subgroup.
A, Kaplan-Meier curves for the primary composite end point among patients with eGFR <60 mL·min–1·1.73 m–2. B, Kaplan-Meier curves for
the primary composite end point among patients with eGFR 60 to <90 mL·min–1·1.73 m–2. C, Kaplan-Meier curves for the primary composite
end point among patients with eGFR ≥90 mL·min–1·1.73 m–2. The y axis represents the cumulative incidence rate. Primary composite end point
events were cardiovascular death, nonfatal myocardial infarction, nonfatal stroke, coronary revascularization, or hospitalization for unstable angina.
Estimated Kaplan-Meier event rate at ≈5.7 years. The curves were visually truncated at 5.7 years because a limited number of events occurred
beyond that time point; all patient data were included in the analyses. ARR indicates absolute risk reduction; eGFR, estimated glomerular filtration
rate; HR, hazard ratio; NNT, number needed to treat; and RRR, relative risk reduction.

tral nervous system bleeding events were observed
between icosapent ethyl and placebo across eGFR
categories. In addition, no significant differences in
serious bleeding-related adverse events between
icosapent ethyl and placebo across eGFR categories
were observed (Tables 2–4).
1754 November 30, 2021

In each eGFR category, no significant difference was
observed in rates of treatment emergent adverse events
of atrial fibrillation or atrial flutter (Tables 5–7, Figure S7),
although a significant difference had been noted in the
trial overall. Atrial fibrillation/flutter requiring hospitalization was an adjudicated end point, and rates of positively
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Interaction
P-value

Icosapent Ethyl

Placebo

Icosapent Ethyl vs.Placebo

n/N (%)

n/N (%)

HR (95%CI)

705/4089 (17.2)

901/4090 (22.0)

0.75 (0.68, 0.83)

<60 mL·min–1·1.73 m–2

197/905 (21.8)

263/911 (28.9)

0.71 (0.59, 0.85)

60 to <90 mL·min–1·1.73 m–2

380/2217 (17.1)

468/2238 (20.9)

0.80 (0.70, 0.92)

≥90 mL·min–1·1.73 m–2

128/963 (13.3)

170/939 (18.1)

0.70 (0.56, 0.89)

459/4089 (11.2)

606/4090 (14.8)

0.74 (0.65, 0.83)

<60 mL·min–1·1.73 m–2

152/905 (16.8)

205/911 (22.5)

0.71 (0.57, 0.88)

60 to <90 mL·min–1·1.73 m–2

229/2217 (10.3)

296/2238 (13.2)

0.77 (0.64, 0.91)

78/963 (8.1)

105/939 (11.2)

0.70 (0.52, 0.94)

Primary Composite End point
Overall Population
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End point/Subgroup

0.41

Prespecified Baseline eGFR Group

Key Secondary Composite End point
Overall Population

0.77

Prespecified Baseline eGFR Group

≥90 mL·min–1·1.73 m–2

0.2

1.0

Icosapent Ethyl Better

2.0

Placebo Better

Figure 2. Primary and key secondary composite end point event rates by eGFR category.
The primary composite end point and key secondary composite event rates by prespecified eGFR categories. eGFR indicates estimated
glomerular filtration rate; and HR, hazard ratio.

adjudicated atrial fibrillation/flutter were higher in the
eGFR <60 mL·min–1·1.73 m–2 subgroup, although absolute risk differences were similar across eGFR categories
(icosapent ethyl: 4.2%; placebo 3.0%; HR, 1.42 [95%
CI, 0.86–2.32]; P=0.17; Figure S7). The relative risk for
atrial fibrillation among icosapent ethyl–treated patients
was similar among eGFR categories, with no significant
interaction observed (P-interaction=0.92; Figure S7).
There were no significant differences between icosapent ethyl and placebo in overall or serious treatment
emergent adverse events (Table S1). Severe treatment
emergent adverse events occurred more commonly

among patients with eGFR <60 mL·min–1·1.73 m–2 but
did not differ between icosapent ethyl and placebo.
Microalbuminuria was reported at low rates, more commonly with placebo (14 versus 3; P=0.01), and expressed
no clear trend across eGFR subgroup.

Table 2. Summary of Bleeding-Related Adverse Events, by
eGFR <60 mL·min–1·1.73 m–2

Table 3. Summary of Bleeding-Related Adverse Events, by
eGFR 60 to <90 mL·min–1·1.73 m–2

Adverse events

Icosapent
ethyl
(N=905),
n (%)

Placebo
(N=911),
n (%)

P value†

Bleeding-related disorders*

DISCUSSION
The REDUCE-IT study demonstrated a 25% reduction
in the risk of the primary composite end point of cardiovascular death, nonfatal myocardial infarction, nonfatal stroke, coronary revascularization, or unstable angina

Adverse events

Icosapent
ethyl
(N=2217),
n (%)

Placebo
(N=2238),
n (%)

P value†

Bleeding-related disorders*

163 (18.0)

121 (13.3)

0.007

243 (11.0)

216 (9.7)

0.15

Gastrointestinal bleeding

45 (5.0)

38 (4.2)

0.43

Gastrointestinal bleeding

58 (2.6)

61 (2.7)

0.85

Central nervous system bleeding

7 (0.8)

3 (0.3)

0.22

Central nervous system bleeding

7 (0.3)

7 (0.3)

1.00

Hemorrhagic stroke

5 (0.6)

4 (0.4)

0.75

Hemorrhagic stroke

6 (0.3)

5 (0.2)

0.77

Other bleeding

120 (13.3)

89 (9.8)

0.02

Other bleeding

192 (8.7)

165 (7.4)

0.12

49 (5.4)

33 (3.6)

0.07

58 (2.6)

51 (2.3)

0.50

Gastrointestinal bleeding

27 (3.0)

18 (2.0)

0.18

Gastrointestinal bleeding

29 (1.3)

27 (1.2)

0.79

Central nervous system bleeding

6 (0.7)

3 (0.3)

0.34

Central nervous system bleeding

5 (0.2)

6 (0.3)

1.00

Hemorrhagic stroke

5 (0.6)

4 (0.4)

0.75

Hemorrhagic stroke

6 (0.3)

5 (0.2)

0.77

Other bleeding

12 (1.3)

8 (0.9)

0.38

Other bleeding

23 (1.0)

15 (0.7)

0.20

Serious bleeding-related disorders*

*Bleeding-related disorders are identified by the standardized MedDRA queries of Gastrointestinal hemorrhage, Central Nervous System hemorrhages, and
cerebrovascular conditions and hemorrhage terms (excluding laboratory terms).
†Fisher’s exact test.

Serious bleeding-related disorders*

*Bleeding-related disorders are identified by the standardized MedDRA queries of Gastrointestinal hemorrhage, Central Nervous System hemorrhages, and
cerebrovascular conditions and hemorrhage terms (excluding laboratory terms).
†Fisher’s exact test.
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Table 4. Summary of Bleeding-Related Adverse Events, by
eGFR ≥90 mL·min–1·1.73 m–2

Table 6. Summary of Atrial Fibrillation and Atrial Flutter Adverse Events and Positively Adjudicated Events, by eGFR 60
to <90 mL·min–1·1.73 m–2

Adverse events

Icosapent
ethyl
(N=963),
n (%)

Placebo
(N=939),
n (%)

P value†

Adverse events

Bleeding-related disorders*

88 (9.1)

75 (8.0)

0.41

Gastrointestinal bleeding

24 (2.5)

17 (1.8)

0.35

Central nervous system bleeding

6 (0.6)

2 (0.2)

0.29

Hemorrhagic stroke

2 (0.2)

1 (0.1)

1.00

Other bleeding

64 (6.6)

58 (6.2)

0.71

16 (1.7)

11 (1.2)

0.44

Gastrointestinal bleeding

6 (0.6)

2 (0.2)

0.29

Central nervous system bleeding

3 (0.3)

1 (0.1)

0.62

Hemorrhagic stroke

2 (0.2)

1 (0.1)

1.00

Other bleeding

6 (0.6)

7 (0.7)

0.79

Serious bleeding related disorders*

*Bleeding-related disorders are identified by the standardized Medical Dictionary for Regulatory Activities (MedDRA) queries of Gastrointestinal hemorrhage, Central Nervous System hemorrhages, and cerebrovascular conditions
and hemorrhage terms (excluding laboratory terms).
†Fisher’s exact test.

among statin-treated patients randomly assigned to 4 g
of icosapent ethyl (2 g twice daily) compared with those
who were randomly assigned to placebo. This corresponds to a number needed to treat of 21 to prevent a
cardiovascular event. In the current prespecified and post
hoc analyses, we found that icosapent ethyl consistently
reduced cardiovascular events across the full spectrum
of baseline renal function categories in the REDUCEIT study. Subgroup analyses demonstrated consistent
reductions in the composite primary and key secondary
end points for patients with eGFR <60 mL·min–1·1.73 m–
2
, 60 to <90 mL·min–1·1.73 m–2, and ≥90 mL·min–1·1.73
m–2. The greatest absolute reduction in composite priTable 5. Summary of Atrial Fibrillation and Atrial Flutter Adverse Events and Positively Adjudicated Events, by eGFR <60
mL·min–1·1.73 m–2

Icosapent
ethyl (N=2217),
n (%)

Placebo
(N=2238),
n (%)

P value

Treatment emergent atrial fibrillation/flutter*

126 (5.7)

102 (4.6)

0.09

Serious treatment emergent
atrial fibrillation/flutter†

10 (0.5)

9 (0.4)

0.82

Positively adjudicated atrial
fibrillation/flutter requiring ≥24
h hospitalization‡

62 (2.8)

41 (1.8)

0.03

Percentages are based on the number of subjects in the intent-to-treat population within each treatment group (N). All adverse events are coded using the
Medical Dictionary for Regulatory Activities (MedDRA Version 20.1).
*Includes atrial fibrillation/flutter treatment emergent adverse events and excludes positively adjudicated events. P value was based on Fisher’s exact test.
†Includes atrial fibrillation/flutter treatment emergent adverse events meeting
seriousness criteria. P value is based on Fisher’s exact test.
‡Includes positively adjudicated atrial fibrillation/flutter requiring ≥24 hours
of hospitalization clinical events by the clinical end point committee. P value is
based on stratified log-rank test.

mary and key secondary event rates was seen among
patients with eGFR <60 mL·min–1·1.73 m–2. Among
patients treated with icosapent ethyl with eGFR <60
mL·min–1·1.73 m–2, there was a 29% relative and 7.1%
absolute reduction in the primary composite end point,
corresponding to a number needed to treat of 14. Significant reductions in cardiovascular mortality or nonfatal myocardial infarction occurred among patients in the
icosapent ethyl group with eGFR <60 mL·min–1·1.73 m–2
and 60 to <90 mL·min–1·1.73 m–2. We additionally observed numeric reductions in patients on this treatment
with eGFR ≥90 mL·min–1·1.73 m–2.
Tolerability and safety remained consistent within the
entire study cohort. Adverse events occurred at similar
rates with icosapent ethyl and placebo but more freTable 7. Summary of Atrial Fibrillation and Atrial Flutter
Adverse Events and Positively Adjudicated Events, by eGFR
≥90 mL·min–1·1.73 m–2

Icosapent ethyl
(N=905), n (%)

Placebo
(N=911),
n (%)

P value

Adverse events

Treatment emergent atrial fibrillation/flutter*

67 (7.4)

54 (5.9)

0.22

Serious treatment emergent
atrial fibrillation/flutter†

10 (1.1)

7 (0.8)

Positively adjudicated atrial
fibrillation/flutter requiring ≥24
h hospitalization‡

38 (4.2)

27 (3.0)

Adverse events

Icosapent ethyl
(N=963), n (%)

Placebo
(N=939), n (%)

P value

Treatment emergent atrial
fibrillation/flutter*

43 (4.5)

27 (2.9)

0.07

0.48

Serious treatment emergent
atrial fibrillation/flutter†

2 (0.2)

4 (0.4)

0.45

0.17

Positively adjudicated atrial
fibrillation/flutter requiring
≥24 h hospitalization‡

27 (2.8)

16 (1.7)

0.13

Percentages are based on the number of subjects in the intent-to-treat population within each treatment group (N). All adverse events are coded using the
Medical Dictionary for Regulatory Activities (MedDRA Version 20.1).
*Includes atrial fibrillation/flutter treatment emergent adverse events and excludes positively adjudicated events. P value was based on Fisher’s exact test.
†Includes atrial fibrillation/flutter treatment emergent adverse events meeting
seriousness criteria. P value is based on Fisher’s exact test.
‡Includes positively adjudicated atrial fibrillation/flutter requiring ≥24 hours
of hospitalization clinical events by the clinical end point committee. P value is
based on stratified log-rank test.
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Percentages are based on the number of subjects in the intent-to-treat population within each treatment group (N). All adverse events are coded using the
Medical Dictionary for Regulatory Activities (MedDRA Version 20.1).
*Includes atrial fibrillation/flutter treatment emergent adverse events and excludes positively adjudicated events. P value was based on Fisher’s exact test.
†Includes atrial fibrillation/flutter treatment emergent adverse events meeting
seriousness criteria. P value is based on Fisher’s exact test.
‡Includes positively adjudicated atrial fibrillation/flutter requiring ≥24 hours
of hospitalization clinical events by the clinical end point committee. P value is
based on stratified log-rank test.
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and post hoc analyses, as well, that used eGFR staging
categories. Last, urine samples were not collected routinely in REDUCE-IT. Therefore, microalbuminuria and
other adverse events relying on specimen analysis may
be underreported in both treatment arms.
Overall, the results of the REDUCE-IT RENAL analyses are consistent with the overall study results. Among
statin-treated patients randomly assigned to icosapent
ethyl 4 g daily (2 g twice daily), there were significant
reductions in the primary and key secondary composite
end points regardless of baseline eGFR. These benefits
extend to significant reductions in myocardial infarction
and cardiovascular death.
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quently among patients with lower eGFR. A safety profile similar to the full cohort was observed for icosapent
ethyl compared with placebo across eGFR subgroups,
including an increase in total bleeding events without an
increase in serious central nervous system or gastrointestinal bleeding, and an increase in the rates of atrial
fibrillation or atrial flutter. Overall, bleeding rates were
higher with decreasing eGFR, but the relative risks for all
and serious bleeding were similar across eGFR categories, with no significant interaction observed. Atrial fibrillation/flutter event rates were higher in the lowest eGFR
group, although absolute and relative risk differences
were similar to those observed in other eGFR subgroups
with no significant interaction observed.
CKD is strongly associated with dyslipidemia, and
CVD remains the leading cause of mortality among
patients with CKD.25,26,28 Commonly used cardiovascular medications that treat dyslipidemia may be ineffective among patients with severe CKD. The benefit
of statin-based therapy decreases as eGFR declines.
Limited data exist on the clinical benefit of nonstatin
medications, such as niacin, among patients with CKD.
Both gemfibrozil and fenofibrate are renally cleared so
they either require dose reduction or should be avoided
depending on the severity of CKD. The dyslipidemia of
CKD is characterized primarily by hypertriglyceridemia
and reduced levels of high-density lipoprotein cholesterol. Therefore, therapies targeting triglyceride reduction may modify cardiovascular risk. Three studies have
examined the relationship between marine derived n-3
fatty acids and cardiovascular outcomes; however, all
were performed in patients on hemodialysis and used
a less tailored n-3 fatty acid formulation than icosapent
ethyl.29–31 Thus, there remains a critical need to test
therapies for hypertriglyceridemia and related cardioprotection and ascertain their efficacy and safety among
patients across the broad range of kidney disease.
Formal statistical testing did not demonstrate heterogeneity for the primary and key secondary composite end
points with respect to baseline renal function, and therefore, the overall results of the REDUCE-IT study apply
to the entire study population. It is reassuring that the
benefits of icosapent ethyl seen in the initial study manifest across eGFR categories, given that other commonly
used cardiovascular medications may have less efficacy
and greater adverse events among patients with CKD.
There are limitations to the present analysis. The
REDUCE-IT study was not powered specifically for subgroup analyses. A creatinine clearance <30 mL·min–1
or the need for renal replacement therapy excluded
patients from the REDUCE-IT study. Therefore, a small
number of patients with severe CKD were enrolled in the
study. Based on these enrollment numbers, the power
to detect the potential benefits, safety, or risk of icosapent ethyl among this cohort was more limited. We performed analyses on the basis of prespecified subgroups
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