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BACKGROUND: Treatment with omega-3 fatty acids and fenofibrates reduces serum triglyceride
levels, but few studies have compared the effect of these agents on liver fat.

OBJECTIVE: The aim of the EFFECT I trial (NCT02354976) was to determine the effects of free
omega-3 carboxylic acids (OM-3CA) and fenofibrate on liver fat in overweight or obese individuals
with non-alcoholic fatty liver disease and hypertriglyceridemia.

METHODS: Seventy-eight patients were randomized to receive oral doses of 4 g OM-3CA (n 5 25),
200 mg fenofibrate (n 5 27), or placebo (n 5 26) for 12 weeks in a double-blind, parallel-group study.
Liver proton density fat fraction (PDFF) and volume, pancreas volume, and adipose tissue volumes
were assessed by magnetic resonance imaging.

RESULTS: Changes in liver PDFF at 12 weeks were not significantly different across treatment
groups (relative changes from baseline: placebo, 14%; OM-3CA, 22%; and fenofibrate, 117%).
The common PNPLA3 genetic polymorphism (I148M) did not significantly influence the effects of
OM-3CA or fenofibrate on liver PDFF. Fenofibrate treatment significantly increased liver and pancreas
volumes vs placebo treatment, and the changes in liver and pancreas volumes were positively corre-
lated (rho 0.45, P 5 .02). Total liver fat volume increased significantly in patients using fenofibrate
vs OM-3CA (123% vs 23%, P 5 .04). Compared with OM-3CA, fenofibrate increased total liver
fat and liver volume. Serum triglycerides decreased with OM-3CA (226%, P 5 .02) and fenofibrate
(238%, P , .001) vs placebo. In contrast to OM-3CA, fenofibrate reduced plasma docosahexaenoic
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acid levels and increased plasma acetylcarnitine and butyrylcarnitine levels, estimated delta-9 desatur-
ase activity and the concentration of urine F2-isoprostanes.

CONCLUSIONS: OM-3CA and fenofibrate reduced serum triglycerides but did not reduce liver fat.
Fenofibrate increased total liver volume and total liver fat volume vs OM-3CA, indicating a complex
effect of fenofibrate on human hepatic lipid metabolism.
� 2018 National Lipid Association. Published by Elsevier Inc. This is an open access article under the CC
BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
Introduction

Hypercholesterolemia and increased serum levels of
LDL cholesterol (LDL-C) are important risk factors for
cardiovascular (CV) disease and death. Statins reduce
LDL-C levels effectively, but there remains a residual CV
risk associated with atherogenic dyslipidemia (low serum
levels of HDL cholesterol [HDL-C] and high serum levels
of TGs).1,2 Mild to moderate hypertriglyceridemia, defined
as serum TG levels of 2.0–10 mM (175–885 mg/dL), is
associated with an increased risk of CV disease, as indi-
cated by the results of recent Mendelian randomization
studies.3,4 In addition, severe hypertriglyceridemia, defined
as serum TG levels of more than 10 mM (885 mg/dL), is
associated with increased acute pancreatitis risk.3,5,6

Initial management of hypertriglyceridemia typically
involves altering the diet to reduce the intake of dietary
fat, simple carbohydrates, and alcohol and increasing the
level of exercise. Fibrates are recommended as first-line
pharmacological therapy in patients with severe hyper-
triglyceridemia, whereas statins are the recommended first-
line treatment for mild to moderate hypertriglyceridemia.3,5

To manage mild to moderate hypertriglyceridemia in pa-
tients at increased CV risk, statins may be combined with
fibrates, niacin, or omega-3 fatty acids.3,5 However, the
United States Food and Drug Administration recently with-
drew its recommendation for the combination of statins
with fibrates or niacin. The decision was prompted by evi-
dence from three large clinical trials, which failed to show
reductions in CV events with these combinations.7–9 There-
fore, omega-3 fatty acid prescription-grade formulations
represent a potential alternative add-on to statins for pa-
tients with increased CV risk and hypertriglyceridemia.
Importantly, the effect of omega-3 fatty acids on CV out-
comes is unknown, but two randomized outcome trials,
REDUCE-IT and STRENGTH, are assessing additional
risk reduction when statins are combined with omega-3
fatty acid therapy.10,11

In general, treatment with 2–4 g of a prescription-grade
omega-3 fatty acid formulation, containing mainly EPA
and/or DHA, reduces serum TG levels by approximately
30%.3,5 Omega-3 fatty acids reduce serum TG levels by
decreasing VLDL production rates, while VLDL clearance
rates are less consistently affected.12,13 A meta-analysis of
human interventional studies showed that omega-3 fatty
acids decrease liver fat content in the absence of weight
loss.14 Liver fat content is positively associated with
VLDL production,15 and therefore current knowledge sug-
gests that omega-3 fatty acids may reduce VLDL produc-
tion by lowering the liver lipid content.12–15 However, the
few studies addressing the effects of omega-3 fatty acids
on liver fat using magnetic resonance spectroscopy
(MRS) have produced conflicting results,16–18 and to the
best of our knowledge no studies have used MRI to mea-
sure proton density fat fraction (PDFF).

Treatment with the PPARa agonist fenofibrate (160 mg
or 200 mg) reduces plasma TG levels by 30%–50% and
decreases total cholesterol levels by 10%–20%.19 Few
studies have explored the effect of fibrates or other PPARa
agonists on liver fat in humans using MRS or MRI. In
uncontrolled MRS studies, fenofibrate had no effect on liver
fat,20,21 and in three small placebo-controlled studies,
fibrates and other PPARa agonists showed no significant
effect on liver fat content.22–24 In most animal experiments,
fibrates and other PPARa agonists have been shown to
reduce liver fat.25–27 However, other preclinical studies in
rodents have shown that fibrate treatment increases liver
fat, possibly owing to TG retention in the cytoplasm28,29

or increased lipogenesis.30

In this study, we used PDFF measured from the whole
liver volume to assess the effects of free omega-3 carbox-
ylic acids (OM-3CA) or fenofibrate on liver fat content in
overweight or obese patients without diabetes who had
hypertriglyceridemia and non-alcoholic fatty liver disease
(NAFLD), defined as a PDFF over 5.5%, and no history of
other liver disease or alcohol abuse. The primary aim of this
study was to evaluate whether supplementation with OM-
3CA reduces liver PDFF. The secondary aim was to
compare the effects of OM-3CA and fenofibrate on liver
PDFF. The tertiary aim was to investigate the effects of
OM-3CA and fenofibrate on serum lipoprotein levels. In an
exploratory analysis, we also investigated whether the
common genetic variant of patatin-like phospholipase
domain-containing protein 3 (PNPLA3) I148M influences
the response to treatment.
Materials and methods

Patients were evaluated in a 12-week, multicenter,
randomized, placebo-controlled, double-blind, double-
dummy, 3-armed, parallel-group trial. The study was
approved by the local ethics review board at Uppsala
University Hospital, Uppsala, Sweden, registered at

http://creativecommons.org/licenses/by-nc-nd/4.0/
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ClinicalTrials.gov (NCT02354976), and conducted at four
sites in Sweden in accordance with the Declaration of Hel-
sinki and the International Conference for Harmonisation
of Good Clinical Practice. The first patient was enrolled
on September 1, 2015, and the last patient last visit was
on May 26, 2016. All participants provided written
informed consent before participation.

Study population

Patients were eligible for inclusion in the study if they
were 40–75 years old and had a body mass index of 25–
40 kg/m2, a serum TG level of 1.7 mM (150 mg/dL) or
higher, and a liver PDFF measured by MRI of over 5.5%.
Exclusion criteria included having diabetes mellitus, a his-
tory of other hepatic disease, inability to undergo MRI
scanning, and a significant alcohol intake (over 14 units
per week). Moreover, no use of fibrates, niacin, fish oil,
or other products containing omega-3 fatty acids was al-
lowed within 4 weeks of screening.

Intervention

After inclusion and baseline testing, patients were
randomized 1:1:1 by a centralized randomization system
using computer-generated numbers to receive 200 mg
fenofibrate (Lipanthyl 200 mg capsule, Abbott), 4 g OM-
3CA (Epanova 1 g capsule, AstraZeneca AB), or matching
placebos as an oral daily dose. OM-3CA capsules are
1000 mg soft gelatin capsules for oral administration; each
capsule contains no less than 850 mg of polyunsaturated
fatty acids. The predominant omega-3 fatty acids are EPA
(500–600 mg/g), DHA (150–250 mg/g), and docosapentae-
noic acid (10–80 mg/g); the total concentration of n-6 fatty
acids is no more than 100 mg/g, and that of mono-
unsaturated fatty acids is no more than 50 mg/g (Epanova
Investigator’s Brochure 2017). Endpoint measurements
Placebo
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Placebo
Patients completed

(n = 23)

Enrolled patients
(N = 171)

Randomized patient
(N = 78)

OM-3CA
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(n = 23)

Withdrawn (n = 3)
• AE (n = 2)
• Other (n = 1)
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Figure 1 Consolidated Standards of Reporting Trials (CONSORT) flo
were repeated after 12 weeks of treatment. The study
charter is shown in Figure 1.

Anthropometric measurements

Patients were weighed in light clothing without shoes.
Waist and hip circumferences were measured in the stand-
ing position. The waist circumference was measured
between the lowest rib and the iliac crest, and the hip
circumference was measured at the level of the hip joint.

PNPLA3 genotyping

The single nucleotide polymorphism rs738409 in the
PNPLA3 gene was investigated after each patient had given
informed consent for genetic testing. DNA was extracted
from whole blood treated with EDTA, and genotyping
was performed using the TaqMan SNP Genotyping Assay
(Tepnel Pharma Services, Hologic Ltd, Livingston, UK).

Liver fat and liver volume measurement using
MRI

MRI was used to determine PDFF using a spoiled, three-
dimensional, 6-echo gradient echo in the axial plane
covering the liver during a single breath-hold. The water–
fat image reconstruction was performed including T2* and
a multipeak lipid spectrum in the signal model.31 The liver
was segmented by a trained operator from the axial slices
using the software ImageJ.32 The border of the liver was
avoided to reduce partial volume effects. PDFF was deter-
mined using the median of the fat fraction values inside the
delineated total liver volume (TLV). TLV was assessed us-
ing a dedicated T1-weighted gradient single-echo, single
breath-hold scan with high resolution, and spectral fat
suppression. The liver was segmented by a trained operator
using the semiautomated segmentation software
s
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SmartPaint.33 The coefficient of variation for repeated
examinations and analyses of liver PDFF was 5.3%, as
determined by test–retest scanning and analysis of data
from 10 healthy volunteers.

Visceral and subcutaneous adipose tissue (SAT)
measurement using MRI

For assessment of visceral adipose tissue (VAT) and SAT
volumes, a 21-slice, 8-mm slice-thickness, three-echo
gradient echo axial scan centered at the L4/L5 vertebrae
was performed in a single breath-hold. Water and fat
images were reconstructed, and VAT and SAT volumes
were extracted using an automated method. After manual
inspection, correction of the results was carried out when
needed by an experienced operator. The coefficients of
variation for repeated examinations and analyses of VAT
and SAT were 2.3% and 0.7%, respectively, as determined
by test–retest scanning and analysis of data from 10 healthy
volunteers.

Pancreas volume measurement using MRI

For assessment of pancreatic volume, a three-
dimensional, T1-weighted, fast-gradient echo sequence
was performed in the axial position angled at 215� around
the anterior–posterior axis to fit the angle of the pancreas. A
total of 44 slices with a slice thickness of 4 mm were
acquired in a 16-second breath-hold. Pancreatic borders
were manually traced in each slice using ImageJ soft-
ware.32 The volume of the pancreas was determined by
multiplying the delineated area in each slice by the slice
thickness. The coefficient of variation for repeated exami-
nations and analyses of pancreas volume was 3.7%, as
determined by test–retest scanning and analysis of data
from 10 healthy volunteers.

Blood analyses

Fasting blood samples were taken in the morning before
the intake of investigational products, at baseline, and at
12 weeks. Patients were instructed to fast for a minimum of
10 hours. Plasma glucose levels were analyzed using a
hexokinase enzymatic method with a Glucose HK Gen.3
reagent kit (Roche Diagnostics, Indianapolis, IN, USA).
NEFA levels were analyzed using the NEFA-HR(2) enzy-
matic colorimetric assay (Wako Chemicals, Richmond, VA,
USA). Both glucose and NEFA analyses were performed
using Roche Modular and Cobas analyzers.

Glycated hemoglobin (HbA1c) levels were measured us-
ing ion-exchange high-performance liquid chromatography
and Variant II Turbo Hemoglobin A1c reagents (Bio-Rad,
Hercules, CA, USA). Plasma insulin levels were measured
using the Access Ultrasensitive Insulin assay, a simulta-
neous one-step immunoenzymatic (sandwich) assay
(Beckman Coulter, Inc, Brea, CA, USA). Insulin resistance
(HOMA-IR) was calculated using the following formula:
(fasting insulin [mU/L] ! fasting glucose [mmol/L])/22.5.

Serum levels of total cholesterol and TGs were
measured using the Cholesterol Gen.2 reagent and Triglyc-
eride reagent, respectively (Roche Diagnostics, Indian-
apolis, IN, USA). HDL-C and LDL-C concentrations
were measured using direct HDL-C and LDL-C methods
(HDLC3 3rd generation reagents and LDL-C plus 2nd
generation assay; Roche Diagnostics, Indianapolis, IN,
USA). ApoCIII was detected using an immunoturbidimet-
ric method (Kamiya Biomedical Company, Seattle, WA,
USA). Levels of cholesterol, TGs, and apoCIII were
measured using Roche Modular and Cobas analyzers.

The C-reactive protein high-sensitivity assay based on
immunonephelometry (CRP N HS reagent, Siemens
Healthcare Diagnostics, Deerfield, IL, USA) was used to
determine levels of high-sensitivity C-reactive protein.
Cytokeratin (CK)-18 fragments were measured using the
M30 Apoptosense ELISA and M65 ELISA solid-phase
sandwich enzyme immunoassays (PEVIVA AB, Bromma,
Sweden). Adiponectin was quantified by ELISA from R&D
Systems (Minneapolis, MN, USA). Fibroblast growth fac-
tor 21 (FGF21), leptin, tumor necrosis factor-a, osteopon-
tin, and interleukin 6 were quantified using immunoassays
from R&D Systems.

The NAFLD fibrosis score was calculated to identify
patients with a high likelihood of advanced liver fibrosis.34

The score includes age, body mass index, and safety mea-
sures of platelet count, plasma glucose, albumin, and trans-
aminases measured by local laboratories.

Fatty acid composition of cholesterol esters
(CEs) and total plasma levels of DHA and EPA

Briefly, plasma lipids were extracted with chloroform,
and CEs were separated from other lipids by TLC and
transmethylated with methanol and sulfuric acid as previ-
ously described.35 The percentage composition of methyl-
ated fatty acids was determined by gas chromatography
with flame ionization detection. Gas chromatography used
for the analysis consisted of a 30 m capillary column coated
with Thermo TR-FAME (Thermo Fisher Scientific, Wal-
tham, MA, USA) and an Agilent Technologies system
(GC 6890N, Autosampler 7683, and Agilent ChemSta-
tion).36 The temperature used was 150�C–260�C. Fatty
acids were identified by comparing the retention time of
each peak with a methyl ester standard (Nu-Chek Prep,
Elysian, MN, USA).36

Desaturase activities were estimated by calculating fatty
acid product-to-precursor ratios in CEs. Delta-9 desaturase
(stearoyl-coenzyme A desaturase 1 [SCD1]) activity was
estimated as the ratios of palmitoleic acid (16:1 n-7) to
palmitic acid (16:0), and of oleic acid (18:1 n-9) to stearic
acid (18:0). Delta-5 desaturase and delta-6 desaturase
activities were estimated by calculating product-to-
precursor ratios in CEs, as follows: delta-5 desaturase
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(20:4 n-6/20:3 n-6) and delta-6 desaturase (18:3 n-6/18:2
n-6).

Total (esterified and free) EPA and DHA concentrations
in plasma were determined at Covance Laboratories, Inc.
(Madison, WI, USA) on behalf of AstraZeneca. A liquid
chromatography with tandem mass spectrometric detection
method, validated over the range 1–250 mg/mL using
appropriate stable label internal standards, was used. EPA
and DHA were extracted from plasma after digestion using
liquid–liquid extraction, evaporated under nitrogen, recon-
stituted, and analyzed by liquid chromatography with
tandem mass spectrometric. The assay had a within-assay
and between-assay coefficient of variation of less than or
equal to 15%.

Acylcarnitines and F2-isoprostanes

Plasma levels of acylcarnitines (L-acetylcarnitine, L-
butyrylcarnitine, L-octanoylcarnitine, and L-palmitoylcar-
nitine) and urine levels of nonesterified F2-isoprostanes
(2,3-dinor-8-iso-prostaglandin-F2a and 8-iso-prosta-
glandin-F2a) were quantified by liquid chromatography/
mass spectrometry as previously described.37

Power estimation and statistical analysis

Sample size was determined assuming a common stan-
dard deviation (SD) of 0.24 for liver PDFF measurements
and analysis of data from Bjermo et al.36 on the natural log-
arithm scale. A sample size of 75 patients (25 patients per
treatment group, accounting for a dropout rate of 10%) re-
tained over 80% power to detect a 20% relative reduction in
geometric mean percentage liver PDFF with OM-3CA rela-
tive to placebo.16 Data were stratified by treatment and
analyzed using descriptive statistics. Comparisons between
treatments were made via geometric mean ratios (GMRs),
using a mixed effects model on the log-transformed change
from baseline data, with treatment as a fixed effect, center/
site as a random effect, and the log-transformed baseline
Table 1 Patient characteristics at the screening visit

Characteristic Placebo (n 5 26) OM-3

Age, y 59.5 (45–72) 60.0
Sex, n, male/female 14/12 16/9
BMI, kg/m2 29.7 (25.2–39.2) 30.0
Overweight/obese*, n 16/10 13/1
FPG, mmol/L 5.9 (4.6–6.6) 5.8
Serum TGs, mmol/L 2.5 (1.9–5.9) 2.7
Liver PDFF, % 14.6 (5.7–34.4) 12.6
Total liver volume, L 1.75 (1.17–2.32) 1.78
Liver fat volume, L 0.25 (0.08–0.70) 0.22

BMI, body mass index; FPG, fasting plasma glucose; OM-3CA, omega-3 carb

Data are reported as median (range) or ratio (n/n). FPG and serum TG leve

values derived from the average levels at the screening and randomization vis

*Overweight, BMI 25–30 kg/m2; obese, BMI .30 kg/m2.
value as a covariate. Pearson correlation was used to assess
potential interactions between endpoints. Results are pre-
sented as mean (SD), median (range), or descriptive
GMR (95% confidence interval). Statistical significance is
defined as P , .05.
Results

Baseline characteristics

Out of 171 screened patients, 90 were not eligible to take
part in the study, and three withdrew for other reasons. The
remaining 78 patients were randomized (Fig. 1), and this
sample constituted the safety and full analysis sets. Patient
characteristics are shown in Table 1. Liver PDFF ranged
from 5.6% to 36.2% and the mean PDFF was higher in
the placebo group at baseline (placebo, 14.6%; OM-3CA,
12.6%; fenofibrate: 12.2%) and after intervention (placebo,
15.8%; OM-3CA, 14.4%; fenofibrate: 14.3%). The mean
fasting plasma glucose level was 5.8 mmol/L, and 64%
of patients had impaired fasting glucose at the screening
visit. Demographics and baseline characteristics were
similar across the treatment groups (Table 1). Compliance
with treatment was generally high (approximately 98%)
and was similar for the three treatment groups. In total,
72 patients (92%) completed the study (Fig. 1).

Body weight, liver PDFF, and liver, pancreas, and
adipose tissue volumes

Treatment with OM-3CA did not change liver PDFF
significantly compared with baseline or placebo (Fig. 2A
and Table S1). Fenofibrate treatment did not change liver
PDFF significantly compared with baseline but resulted in
a numerical 17% relative increase from baseline. Statin
use was 20%, 11.1%, and 11.5% in the OM3-CA, fenofi-
brate, and placebo treatment groups, respectively, and was
14.1% overall. Adding statins as a covariate in the mixed
CA 4 g/d (n 5 25) Fenofibrate 200 mg/d (n 5 27)

(44–74) 64.0 (46–74)
15/12

(25.4–37.9) 29.9 (26.2–38.5)
2 14/13
(5.2–6.4) 5.8 (4.7–6.6)
(1.8–8.6) 2.4 (1.8–10.1)
(5.6–30.0) 12.2 (5.7–36.2)
(1.36–2.48) 1.78 (1.23–2.45)
(0.08–0.74) 0.19 (0.08–0.74)

oxylic acids; PDFF, proton density fat fraction.

ls were measured at the screening visit. Changes are based on baseline

its.
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Figure 2 Effects of OM-3CA and fenofibrate on (A) PDFF in all patients, (B) PDFF in patients stratified by PNPLA3 genetic variant (C/C
vs G/G 1 G/C), (C) total liver volume, (D) total liver fat volume, (E) pancreas volume, and (F) serum triglyceride levels. Data are descrip-
tive GMR (95% CI) of post-treatment to baseline values. Numbers of patients with the different PNPLA3 genotypes: n 5 12 (C/C) and
n 5 9 (G/G 1 G/C) in the placebo group, n 5 16 (C/C) and n 5 10 (G/G 1 G/C) in the fenofibrate group, and n 5 12 (C/C) and
n 5 9 (G/G 1 G/C) in the OM-3CA group. *P , .05, mixed effects model. CI, confidence interval; GMR, geometric mean ratio; OM-
3CA, omega-3 carboxylic acids; PDFF, proton density fat fraction; PNPLA3, patatin-like phospholipase domain-containing protein 3.
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effects model did not influence the effects of active treat-
ment on liver PDFF.

As the PNPLA3 polymorphism (I148M or rs738409) is
common and influences liver fat content,38 this single
nucleotide polymorphism was examined. First, patients
with the common genetic variant C/C (n 5 45) were
compared with those with the G/C (n 5 26) or G/G
(n 5 4) variants. At baseline, liver PDFF (median, range)
was lower in the C/C group (10.8%, 5.6%–36.2%) than in
the G/G 1 G/C group (15.5%, 5.7%–34.4%, P 5 .04).
However, the PNPLA3 polymorphism did not significantly
influence the effect of OM-3CA or fenofibrate on liver
PDFF (Fig. 2B).

TLV increased significantly in the fenofibrate treatment
group (15%) from baseline; this increase was significantly
different from the changes seen with placebo or OM-3CA
(Fig. 2C and Table S1). The calculated total liver fat
volume (TLFV) increased significantly from baseline in
the fenofibrate treatment group (123%); this change was
significantly different from that seen with OM-3CA but
not from that in the placebo group (Fig. 2D and Table
S1). Changes in TLFV and TLV were significantly corre-
lated in the fenofibrate (rho 0.82, P , .0001) and OM-
3CA (rho 0.46, P5 .03) treatment groups but not in the pla-
cebo group (rho 0.35, P 5 .10). In addition, the total nonfat
liver volume was calculated. OM-3CA had no effect,
whereas fenofibrate numerically increased nonfat liver vol-
ume from baseline (descriptive GMR, 95% confidence in-
terval: 1.023, 1.003–1.042); however, the effect was not
significant when compared with placebo (P 5 .24).

An NAFLD fibrosis score of more than 0.675, indicating
advanced fibrosis,34 was observed in 28 patients at baseline
(placebo, n5 6; OM-3CA, n5 10; fenofibrate, n5 12). As
liver fibrosis could potentially influence the effect of
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treatment on liver fat content, we investigated changes in
liver PDFF, TLV, and TLFV in patients with an NAFLD
fibrosis score above 0.675 or below 0.675. The effects of
active treatments were not significantly different in these
patient subgroups. Moreover, changes in PDFF, TLV, or
TLFV did not correlate significantly with baseline NAFLD
fibrosis scores in any treatment group.

Total pancreas volume increased from baseline with
fenofibrate treatment, and this change was significantly
different from that seen with placebo (Fig. 2E and
Table S1). Changes in liver volume and pancreas volume
correlated significantly in the fenofibrate treatment group
(rho 0.45, P 5 .02) but not in the other groups.

Active treatments had no significant effects on SAT,
VAT, body weight, waist circumference, or hip circumfer-
ence (Table S1).

Serum lipids and lipoproteins

A tertiary aim of this study was to investigate the effects
of OM-3CA and fenofibrate treatments on serum lipopro-
teins (Table 2). Both OM-3CA and fenofibrate treatments
significantly decreased serum TG levels compared with pla-
cebo treatment; this reduction was significantly greater with
fenofibrate than with OM-3CA treatment (Table 2 and
Fig. 2F). Total cholesterol, non–HDL-C, LDL-C, and
apoCIII levels decreased significantly following fenofibrate
treatment compared with placebo or OM-3CA treatment.
OM-3CA treatment reduced apoCIII levels from baseline,
but this effect was not significant when compared with pla-
cebo treatment. No significant correlations were observed
between changes in TLFV and serum TG levels. Fenofi-
brate treatment increased HDL-C levels significantly vs
placebo or OM-3CA treatment. Plasma-free fatty acid
levels were not significantly influenced by OM-3CA or fe-
nofibrate compared with placebo (Table 2).

Glucose control

Overall, HbA1c level remained unchanged in all treat-
ment groups. Fasting glucose levels increased significantly
in the OM-3CA treatment group compared with the placebo
and fenofibrate treatment groups. The treatments did not
significantly affect plasma insulin levels or HOMA-IR
(Table 2).

Plasma fatty acid composition and total levels of
EPA and DHA

OM-3CA treatment increased total EPA levels 3- to
4-fold and DHA levels by approximately 40% (Table S2).
Fenofibrate treatment significantly reduced total plasma
DHA levels from baseline vs the placebo group. In the
CE fraction, OM-3CA treatment significantly increased
the proportion of 14:0 and 16:0 fatty acids, as well as
EPA and DHA levels (Table S3). Conversely, the proportion
of 16:1, 18:2, and 18:3 n-6 fatty acids decreased signifi-
cantly in the CE fraction compared with placebo. Fenofi-
brate treatment significantly increased the proportions of
16:1, 18:1, and 18:3 n-6 fatty acids, whereas the propor-
tions of 14:0, 16:0, 18:0, and 18:2 fatty acids and DHA
decreased significantly in the CE fraction compared with
placebo.

Delta-5 desaturase activity was significantly increased
by OM-3CA treatment but was unaffected by fenofibrate
treatment (Table 3). In contrast, delta-6 desaturase activity
was significantly decreased by OM-3CA treatment and
significantly increased by fenofibrate treatment. Delta-9 de-
saturase activity was estimated using 16:1/16:0 and 18:1/
18:0 fatty acid ratios in the CE fraction. OM-3CA treatment
significantly decreased the 16:1/16:0 fatty acid ratio but not
the 18:1/18:0 fatty acid ratio in the CE fraction. In contrast,
fenofibrate consistently increased delta-9 desaturase activ-
ity (Table 3). There was no significant correlation between
changes in TLFV and estimated delta-9 desaturase activity.

Acylcarnitines

Treatment with OM-3CA had no significant effect on
acylcarnitine levels (Table 3). Fenofibrate treatment signif-
icantly increased the levels of acetylcarnitine and butyryl-
carnitine compared with placebo treatment (Table 3).
Octanoylcarnitine levels were also increased by fenofibrate
from baseline, but the change was not significant compared
with placebo. Changes in acylcarnitine levels did not corre-
late significantly with changes in TLFV.

Hepatocyte injury and oxidative stress
biomarkers

Both OM-3CA and fenofibrate treatments significantly
increased aspartate aminotransferase (AST) levels
compared with placebo treatment, whereas there were no
significant effects of treatments on alanine aminotrans-
ferase (ALT) (Table 4). Treatment with fenofibrate, but not
with OM-3CA, significantly increased CK-18M30 and CK-
18M65 levels compared with placebo. Changes in AST
correlated with changes in TLFV in the OM-3CA treatment
group (rho 0.46, P 5 .03), whereas changes in ALT corre-
lated with changes in TLFV in the fenofibrate treatment
group (rho 0.43, P 5 .03). However, CK-18 changes did
not correlate with changes in TLFV in the active treatment
groups.

Urine levels of 8-iso-prostaglandin-F2a increased signif-
icantly in the fenofibrate treatment group, whereas OM-
3CA treatment group had no effect. Urine levels of 2,3-
dinor-8-iso-prostaglandin-F2a increased significantly with
fenofibrate compared with OM-3CA treatment, but the
changes were not significantly different from those seen
with placebo treatment.

Changes in C-reactive protein, interleukin 6, tumor
necrosis factor-a, or osteopontin did not differ significantly



Table 2 Treatment effects on plasma lipoproteins and measures of glucose control

Variables Placebo (n 5 19) OM-3CA 4 g/d (n 5 23) Fenofibrate 200 mg/d (n 5 26)

Total cholesterol, mmol/L
B 6.68 (1.00) 6.21 (1.19) 6.31 (0.94)
C 20.12 (0.86) 0.02 (0.53) 20.79 (0.68)
GMR 0.98 (0.92–1.05) 1.00 (0.97–1.04) 0.87 (0.83–0.92)*,†

HDL-C, mmol/L
B 1.19 (0.19) 1.21 (0.27) 1.33 (0.27)
C 0.004 (0.13) 0.07 (0.18) 0.19 (0.19)
GMR 1.00 (0.95–1.05) 1.06 (1.00–1.11) 1.13 (1.08–1.18)*,†

Non–HDL-C, mmol/L
B 5.50 (0.94) 5.00 (1.18) 4.98 (0.89)
C 20.12 (0.90) 20.05 (0.54) 20.98 (0.78)
GMR 0.97 (0.89–1.06) 0.99 (0.95–1.03) 0.79 (0.73–0.86)*,†

LDL-C, mmol/L
B 4.64 (0.95) 4.05 (0.94) 4.13 (0.83)
C 20.13 (0.76) 0.10 (0.36) 20.75 (0.74)
GMR 0.97 (0.89–1.05) 1.02 (0.98–1.06) 0.81 (0.75–0.89)*,†

Total TGs, mmol/L
B 2.75 (0.89) 3.00 (1.36) 2.73 (1.19)
C 0.01 (0.94) 20.68 (1.01) 20.94 (0.58)
GMR 0.99 (0.82–1.20) 0.74 (0.64–0.85)* 0.62 (0.55–0.70)*,†

ApoCIII, mg/L
B 173 (46) 171 (67) 166 (58)
C 23.9 (58.5) 216.7 (29.5) 237.2 (29.5)
GMR 0.99 (0.86–1.14) 0.90 (0.83–0.98) 0.75 (0.69–0.82)*,†

NEFA, mmol/L
B 0.58 (0.19) 0.55 (0.17) 0.61 (0.22)
C 20.003 (0.20) 20.01 (0.23) 0.07 (0.19)
GMR 0.96 (0.80–1.15) 0.89 (0.70–1.13) 1.11 (0.99–1.25)†

HbA1c, %
B 5.53 (0.46) 5.42 (0.41) 5.62 (0.31)
C 0.06 (0.17) 0.004 (0.20) 0.08 (0.18)
GMR 1.01 (1.00–1.03) 1.00 (0.99–1.02)* 1.01 (1.00–1.03)†

Fasting glucose, mmol/L
B 5.8 (0.44) 5.8 (0.49) 5.8 (0.40)
C 20.03 (0.40) 0.22 (0.48) 20.07 (0.30)
GMR 0.99 (0.96–1.03) 1.04 (1.00–1.07)* 0.99 (0.97–1.01)†

Fasting insulin, mU/L
B 9.9 (4.0) 16.3 (17.2) 12.4 (5.7)
C 0.59 (4.31) 20.66 (19.90) 20.27 (1.95)
GMR 1.05 (0.87–1.27) 1.06 (0.83–1.35) 0.98 (0.90–1.06)

HOMA-IR
B 2.5 (1.05) 4.2 (4.45) 3.2 (1.48)
C 0.18 (1.17) 0.13 (5.54) 20.06 (0.56)
GMR 1.04 (0.85–1.27) 1.10 (0.85–1.41) 0.97 (0.88–1.06)

GMR, geometric mean ratio; HbA1c, glycated hemoglobin; HDL-C, HDL cholesterol; HOMA-IR, homeostatic model assessment of insulin resistance; LDL-

C, LDL cholesterol; OM-3CA, omega-3 carboxylic acids; SD, standard deviation.

Values are given as (B) mean baseline levels (SD), (C) mean change from baseline (SD), and descriptive GMR (95% confidence interval).

*P , .05 vs placebo, mixed effects model.

†P , .05 fenofibrate vs OM-3CA, mixed effects model.
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between the active treatment groups and the placebo group.
Moreover, no effects of active treatments were seen on
plasma levels of adiponectin or leptin. Plasma levels of
FGF21 increased significantly with fenofibrate vs both
placebo and OM-3CA (Fig. 3 and Table S4); moreover,
OM-3CA treatment significantly decreased FGF21 levels
from baseline but not vs placebo treatment. Changes in
FGF21 levels correlated with changes in TLFV in the pla-
cebo (rho 0.65, P , .001) and OM-3CA (rho 0.51, P 5 .01)
treatment groups but not in the fenofibrate treatment group.



Table 3 Estimates of delta-5, delta-6, and delta-9 desaturase (SCD1) activities from fatty acid compositions of CEs and plasma levels
of acylcarnitines

Variables Placebo (n 5 23) OM-3CA 4 g/d (n 5 23) Fenofibrate 200 mg/d (n 5 26)

CE 20:4/20:3 (delta-5 desaturase)
B 7.71 (1.77) 7.90 (1.89) 7.76 (2.13)
C 0.44 (1.46) 1.98 (1.48) 0.31 (1.28)
GMR 1.04 (0.97–1.11) 1.25 (1.16–1.36)* 1.05 (0.97–1.12)†

CE 18:3/18:2 (delta-6 desaturase)
B 0.02 (0.01) 0.02 (0.01) 0.02 (0.01)
C 20.001 (0.01) 20.01 (0.01) 0.01 (0.01)
GMR 0.97 (0.87–1.07) 0.71 (0.64–0.79)* 1.58 (1.45–1.71)*,†

CE 16:1/16:0 (delta-9 desaturase)
B 0.29 (0.08) 0.30 (0.08) 0.30 (0.10)
C 20.01 (0.06) 20.06 (0.07) 0.11 (0.08)
GMR 0.96 (0.88–1.04) 0.78 (0.69–0.89)* 1.36 (1.25–1.47)*,†

CE 18:1/18:0 (delta-9 desaturase)
B 25.99 (5.87) 25.13 (6.20) 24.79 (5.20)
C 20.30 (5.48) 0.10 (6.04) 8.13 (5.73)
GMR 1.00 (0.92–1.10) 1.02 (0.91–1.14) 1.34 (1.22–1.47)*,†

Acetylcarnitine, mmol/L
B 6.34 (3.40) 5.77 (2.57) 6.71 (2.68)
C 20.31 (2.25) 20.54 (2.18) 1.64 (2.86)
GMR 0.96 (0.86–1.08) 0.88 (0.75–1.03) 1.21 (1.09–1.34)*,†

Butyrylcarnitine, mmol/L
B 0.19 (0.09) 0.24 (0.17) 0.18 (0.09)
C 0.01 (0.06) 20.01 (0.08) 0.09 (0.09)
GMR 1.03 (0.91–1.16) 0.95 (0.82–1.10) 1.49 (1.30–1.70)*,†

Octanoylcarnitine, mmol/L
B 0.30 (0.83) 0.22 (0.43) 0.17 (0.11)
C 20.13 (0.71) 20.02 (0.07) 0.08 (0.25)
GMR 1.02 (0.84–1.23) 0.92 (0.77–1.09) 1.26 (1.06–1.50)†

Hexadecanoylcarnitine, mmol/L
B 0.10 (0.05) 0.09 (0.04) 0.09 (0.03)
C 20.001 (0.04) 20.01 (0.02) 0.01 (0.04)
GMR 0.95 (0.84–1.07) 0.89 (0.80–0.99) 1.04 (0.90–1.20)

CE, cholesterol ester; GMR, geometric mean ratio; OM-3CA, omega-3 carboxylic acids; SCD1, stearoyl-coenzyme A desaturase 1; SD, standard deviation.

Values are given as (B) mean baseline levels (SD), (C) mean change from baseline (SD), and descriptive GMR (95% confidence interval).

*P , .05 vs placebo, mixed effects model.

†P , .05 fenofibrate vs OM-3CA, mixed effects model.
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Adverse events

One patient in the OM-3CA treatment group had a serious
adverse event, which occurred 8 days after the last dose of
study treatment and was considered by the investigator not to
be related to study treatment. Adverse events occurred in 8
patients (31%) receiving placebo, 18 patients (72%)
receiving OM-3CA, and 15 patients (56%) receiving fenofi-
brate. Most adverse events were mild in intensity. The most
common adverse events were gastrointestinal and consisted
mainly of diarrhea, abdominal pain, and flatulence.

Discussion

This randomized, placebo-controlled, double-blind
study provided evidence for different effects of OM-3CA
and fenofibrate on liver fat content and liver volume in
patients with hypertriglyceridemia and NAFLD. The pri-
mary endpoint regarding an effect of OM-3CA on liver fat
content was not met. The secondary endpoint comparing
the effects of OM-3CA and fenofibrate on liver fat content
was partially met. No significant difference in liver PDFF
was observed between the OM-3CA and fenofibrate
treatment groups, but TLFV increased significantly more
in the fenofibrate group than in the OM-3CA treatment
group.

By calculating TLFV from PDFF and TLV, it was found
that fenofibrate treatment significantly increased TLFV
from baseline and compared with OM-3CA treatment.
Changes in TLFV and TLV were highly correlated,
indicating a role of lipid accumulation in the increase in
liver size. Interestingly, nonfat liver volume increased from
baseline in the fenofibrate treatment group, indicating that
the increase in TLV is probably not fully explained by



Table 4 Treatment effects on hepatocyte injury and oxidative stress biomarkers

Variables Placebo (n 5 23) OM-3CA 4 g/d (n 5 23) Fenofibrate 200 mg/d (n 5 25)

AST, mkat/L
B 0.51 (0.17) 0.49 (0.11) 0.55 (0.19)
C 20.001 (0.10) 0.07 (0.11) 0.07 (0.18)
GMR 1.02 (0.94–1.10) 1.13 (1.06–1.21)* 1.14(1.02–1.26)*

ALT, mkat/L
B 0.70 (0.39) 0.60 (0.22) 0.71 (0.32)
C 0.01 (0.24) 0.12 (0.14) 0.07 (0.25)
GMR 1.02 (0.90–1.15) 1.21 (1.10–1.32) 1.08 (0.95–1.23)

CK-18M30, U/L
B 264 (216) 228 (96) 240 (111)
C 2104 (146) 235 (102) 214 (93)
GMR 0.68 (0.56–0.84) 0.83 (0.68–1.01) 0.92 (0.79–1.08)*

CK-18M65, U/L
B 459 (315) 395 (169) 418 (246)
C 260 (258) 55 (160) 65 (175)
GMR 0.91 (0.74–1.11) 1.18 (1.02–1.37) 1.21 (1.03–1.41)*

Urine 8-iso-PGF2a, ng/mg CR
B 0.06 (0.02) 0.06 (0.03) 0.07 (0.03)
C 0.00 (0.02) 20.01 (0.03) 0.07 (0.05)
GMR 1.01 (0.87–1.16) 0.93 (0.79–1.10) 2.04 (1.76–2.36)*,†

Urine 2,3-dinor-8-iso-PGF2a, ng/mg CR
B 1.85 (0.87) 1.76 (0.66) 1.80 (1.03)
C 20.22 (0.68) 20.30 (0.69) 0.29 (0.94)
GMR 0.93 (0.79–1.09) 0.86 (0.70–1.04) 1.15 (0.91–1.44)†

ALT, alanine aminotransferase; AST, aspartate aminotransferase; CK, cytokeratin; CR, creatinine; GMR, geometric mean ratio; OM-3CA, omega-3

carboxylic acids; PG, prostaglandin; SD, standard deviation.

Values are given as (B) mean baseline levels (SD), (C) mean change from baseline (SD), and descriptive GMR (95% confidence interval).

*P , .05 vs placebo, mixed effects model.

†P , .05 fenofibrate vs OM-3CA, mixed effects model.
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greater TLFV. Therefore, TLFV is likely to be a more
accurate measure to describe the effect of fenofibrate on
hepatic lipid homeostasis than PDFF.

We also found that the size of the pancreas increased
following treatment with fenofibrate. This increase was
correlated significantly with the change in TLV, indicating
OM-3CA

Fenofibrate

Placebo

0.4 0.8 1.0 1.2 1.4 1.60.6
GMR (95% CI)

1.8

Plasma FGF21 (pg/mL)

*

*

Figure 3 Effects of OM-3CA and fenofibrate on plasma FGF21
levels. Data are descriptive GMR (95% CI) of post-treatment to
baseline values. *P , .05, mixed effects model. CI, confidence in-
terval; FGF21, fibroblast growth factor 21; GMR, geometric mean
ratio; OM-3CA, omega-3 carboxylic acids.
that similar mechanisms might take place in the liver and
pancreas in response to fenofibrate treatment. To the best of
our knowledge, increases in liver and pancreas volumes
caused by any PPARa agonist have not been described
before in clinical studies. The mechanisms relating to an
increase in liver or pancreas volume are unclear. In contrast
to rodents, in humans PPARa activation does not result in
increased peroxisome proliferation, and morphological
evaluation of human liver biopsies from patients receiving
fenofibrate did not reveal changes, including changes in
hepatocyte size that could help to explain an increased liver
volume.39,40 We believe that our findings indicate a com-
plex effect of fenofibrate on liver lipid metabolism and liver
growth that has not previously been recognized.

The lack of effect of OM-3CA on liver PDFF was
unexpected based on the results of a meta-analysis
performed previously.14 It is unlikely that study duration
plays a role in the lack of effect of OM-3CA in this study
because it was concluded that the magnitude of effect was
not a function of duration of the studies in the meta-anal-
ysis14 and the MRS study showing a significant effect on
liver fat in patients with liver fat over 5% had a duration
of 8 weeks.16 However, no studies included in the meta-
analysis used MRI to measure PDFF, and the 2 studies
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out of 9 in the meta-analysis using MRS for detection of
liver fat showed different results.17 The more recent
WELCOME study did not find a significant effect but found
a trend toward a reduction in liver fat using MRS.18 The re-
sults of our study using MRI-PDFF measurement from the
whole liver volume indicate no major effect of OM-3CA on
liver fat in patients with NAFLD and without diabetes.

We did not observe a significant effect of fenofibrate
treatment on liver PDFF, in line with findings from
previous studies with a treatment duration of 2 weeks to
3 months.22–24 Whether fenofibrate would have induced
another effect on liver fat in a longer term study remains
to be investigated. In preclinical studies, liver fat is often
measured biochemically as TGs. In rodents, fenofibrate
and other PPARa agonists have been shown to reduce liver
fat,25–27 an effect often referred to in reviews.41,42 Other
studies in rodents have shown that fibrate treatment in-
creases liver TG levels, which was explained by retention
of TGs in the cytoplasm28,29 or increased lipogenesis.30

Frequently, treatment with fenofibrate or other PPARa ag-
onists is associated with reduced body weight in rodents,
but this does not occur in humans.22,23,43 In this study,
we found that fenofibrate increases liver volume and
TLFV, indicating lipid accumulation in the liver in humans.
Therefore, animal experiments showing a reduction in liver
TG along with reduced body weight are not clinically trans-
latable to humans.

To the best of our knowledge, no studies have investi-
gated the interaction between percentage of liver fat and the
common PNPLA3 I148 M genetic variation in relation to
fenofibrate treatment. In this study, the genotype was
related to liver PDFF at baseline, but no significant interac-
tion between the two active treatments and PNPLA3 ge-
netic polymorphism was found. Instead, we saw a
significant increase in liver PDFF from baseline in the feno-
fibrate treatment group in patients with both the G/G1 G/C
and C/C genotypes.

Few studies have compared the effects of omega-3 fatty
acids and fenofibrate on serum lipoproteins.43,44 We found
that both fenofibrate and OM-3CA decreased serum TG
levels, whereas fenofibrate had significant effects on
LDL-C and HDL-C levels.3,5,19 Because liver PDFF and
TLFV were not decreased by OM-3CA or fenofibrate, the
reduction in serum TG levels following treatment with
OM-3CA or fenofibrate was not associated with reduced
liver fat. However, fenofibrate treatment increased TLFV
from baseline, indicating that the reduction in serum TG
levels could at least partly be due to retention of TGs in
the liver, as suggested in animal experiments.28,29

Several novel aspects of fenofibrate action were revealed
from measurements of fatty acids and fatty acid metabo-
lites. The increase in monounsaturated fatty acids and
decrease in saturated fatty acids resulted in a significant
increase in estimated delta-9 desaturase or SCD-1 activity
in the fenofibrate treatment group. The increase in mono-
unsaturated fatty acids in the CE fraction but not our
finding of reduced saturated fatty acids following
fenofibrate treatment has been shown previously.45 In line
with these results, mice receiving fenofibrate had increased
SCD1 mRNA expression associated with sterol regulatory
element-binding protein 1c (SREBP-1c) activation and
increased liver TG levels.30 Moreover, PPARa agonists
have been shown to activate the human SREBP-1c pro-
moter.46 Increased SCD1 activity is associated with
NAFLD and liver fat accumulation,47 indicating a role for
elevated SCD1 activity in increasing TLFV. In contrast to
fenofibrate, OM-3CA treatment decreased estimated
SCD1 activity, in line with decreased de novo lipogenesis
by omega-3 fatty acids observed in rodents.14

We found that fenofibrate treatment increased, whereas
OM-3CA treatment decreased, estimated delta-6 desaturase
activity. Fenofibrate treatment has previously been shown
to increase estimated delta-6 desaturase activity.14 Higher
delta-5 desaturase activity, as seen after OM-3CA treat-
ment, is associated with a decreased risk of developing
type 2 diabetes, while increased delta-6 desaturase activity
is associated with an increased risk.48,49 Interestingly, feno-
fibrate treatment reduced total plasma DHA levels, as well
as the proportion of DHA in CEs. Fenofibrate has previ-
ously been shown to reduce concentrations of total polyun-
saturated fatty acids in all lipoprotein fractions and DHA
content in LDL.45 The explanation for the decrease in total
DHA levels and proportion of DHA in the CE fraction is
unclear but may be associated with reduced hepatic incor-
poration of DHA in VLDL. In summary, several new find-
ings, particularly regarding the effect of fenofibrate on fatty
acid metabolism and including estimated SCD1 activity
and DHA levels, warrant further detailed investigations of
fatty acid metabolism in humans. The production of bioac-
tive lipid mediators may change after OM-3CA and fenofi-
brate treatment; such changes may help our understanding
of the observed effects on liver lipid metabolism.50

Plasma acylcarnitine levels were not affected by OM-
3CA, but fenofibrate treatment increased acetylcarnitine
and butyrylcarnitine levels. In addition, octanoylcarnitine
levels tended to increase after fenofibrate treatment. When
incomplete fatty acid oxidation takes place, acyl groups are
exported from the mitochondria as acylcarnitines,51 which
can be found in the blood.52 In contrast to medium-chain
and long-chain acylcarnitines, plasma acetyl- and butyryl-
carnitine levels do not predict the development of type 2
diabetes,53 though plasma acetylcarnitine levels are higher
in individuals with type 2 diabetes than in those
without.52,53 Fasting has been shown to increase the release
of acetylcarnitine from the hepatosplanchnic bed, whereas
the release of other acylcarnitines, except propionylcarni-
tine, is minor.54 Therefore, we hypothesize that the rise in
plasma acetylcarnitine levels following fenofibrate treat-
ment reflects increased hepatic export, which, in turn, could
be due to a hepatic surplus of 2-carbon molecules.

Levels of the hepatocyte injury biomarkers AST, CK-
18M30, and CK-18M65 were slightly but significantly
increased by fenofibrate treatment. OM-3CA treatment
significantly increased AST, ALT, and CK-18M65 levels
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from baseline but not compared with placebo treatment.
The mechanisms for the elevated levels of hepatocyte
injury biomarkers are unclear. The increases could be due
to a rise in hepatocyte injury associated with lipotoxicity,
indicated by the significant correlations between changes in
TLFVand ALT and in TLFVand AST in the fenofibrate and
OM-3CA treatment groups, respectively. The small
changes in transaminases may also reflect altered hepato-
cyte production enhanced by PPARa-mediated transcrip-
tion.55 The limited number of uncontrolled studies have
reported no or minimal effects of fenofibrate/PPARa treat-
ment on NAFLD histology.56 Therefore, the cause of the
modest increase in CK-18 with fenofibrate treatment is
unclear.

Elevated plasma levels of F2-isoprostanes with fenofi-
brate, in contrast to OM-3CA, indicate increased oxidative
stress. The sign of increased oxidative stress in the
fenofibrate treatment group was surprising in light of
previous findings of reduced plasma hydroxylated C18-
fatty acids, oxidized LDL,57 and F2-isoprostane levels.58 A
potential explanation for this is that we measured F2-
isoprostanes in urine because the effect of fenofibrate on
F2-isoprostanes was shown to be less pronounced in urine
than in plasma.58

As previously shown,59 PPARa agonism/fenofibrate
treatment increased plasma FGF21 levels in humans. Simi-
larly, in line with previous results in patients with
NAFLD,60 OM-3CA treatment reduced FGF21 levels; this
may indicate an improved hepatic metabolism, given that
high FGF21 levels are associated with NAFLD and mito-
chondrial dysfunction.61

OM-3CA treatment, in contrast to fenofibrate treatment,
resulted in small but significant changes in HbA1c and fast-
ing glucose levels compared with placebo treatment. How-
ever, these changes are unlikely to be clinically relevant.
Various effects of omega-3 fatty acids on glucose control
have been described. Most studies have shown neutral ef-
fects of omega-3 fatty acid treatment, but both prevention
of type 2 diabetes and worsening of fasting glucose levels
have been described.62

There are some limitations of our study. The sample size
was determined by a power analysis based on a previous
study of the effect of OM-3CA on liver fat content.16 As the
effect of OM-3CA in this respect was smaller than ex-
pected, and the effect of fenofibrate was not accounted
for, the power to detect a significant effect regarding liver
PDFF was too low. Moreover, the multiple exploratory end-
points in this study should be regarded as hypothesis gener-
ating and need to be confirmed in other studies.

In conclusion, treatment with OM-3CA and fenofibrate
reduced serum TG levels but did not significantly reduce
liver fat content in patients with hypertriglyceridemia and
NAFLD without diabetes. However, fenofibrate increased
TLV and TLFV compared with OM-3CA, indicating
different effects of these two drugs on liver lipid accumu-
lation, and a more complex effect of fenofibrate on human
hepatic lipid metabolism than was previously believed.
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Appendix
Supplemental Table S1 Treatment effects on body weight, waist and hip circumference, liver fat, and volumes of liver, pancreas, and
abdominal adipose tissue

Variables Placebo (n 5 23) OM-3CA 4 g/d (n 5 23) Fenofibrate 200 mg/d (n 5 26)

Body weight, kg
B 88.4 (13.9) 93.9 (13.2) 91.0 (10.6)
C 0.5 (2.0) 0.4 (1.6) 0.5 (1.9)
GMR 1.01 (1.00–1.02) 1.00 (1.00–1.01) 1.00 (1.00–1.01)

Waist circumference, cm
B 104.8 (8.6) 109.5 (7.8) 107.5 (8.3)
C 20.8 (4.2) 20.2 (3.1) 20.04 (3.3)
GMR 0.99 (0.97–1.01) 1.00 (0.99–1.01) 1.00 (0.99–1.01)

Hip circumference, cm
B 106.1 (6.6) 107.2 (6.5) 109.6 (7.7)
C 0.3 (3.0) 0.6 (3.0) 20.3 (2.5)
GMR 1.00 (0.99–1.02) 1.01 (0.99–1.02) 1.00 (0.99–1.01)

Liver PDFF,‡ %
B 15.9 (8.8) 14.4 (6.7) 14.3 (7.3)
C 0.40 (2.72) 20.55 (4.36) 2.28 (4.97)
GMR 1.04 (0.95–1.13) 0.98 (0.82–1.17) 1.17 (0.99–1.37)

Total liver volume,‡L
B 1.78 (0.27) 1.84 (0.31) 1.72 (0.33)
C 0.01 (0.063) 20.01 (0.053) 0.05 (0.065)
GMR 1.01 (0.98–1.04) 0.99 (0.97–1.01) 1.05 (1.03–1.08)*,†

Total liver fat volume,‡L
B 0.29 (0.18) 0.27 (0.15) 0.26 (0.17)
C 0.01 (0.05) 20.01 (0.08) 0.06 (0.11)
GMR 1.05 (0.96–1.14) 0.97 (0.80–1.17) 1.23 (1.03–1.46)†

Pancreas volume, L
B 0.089 (0.022) 0.090 (0.015) 0.092 (0.026)
C 20.0003 (0.006) 0.0004 (0.008) 0.004 (0.007)
GMR 1.00 (0.97–1.02) 1.00 (0.96–1.04) 1.05 (1.02–1.08)*,†

Subcutaneous adipose tissue, L
B 4.8 (1.53) 5.1 (1.46) 5.2 (1.59)
C 0.04 (0.15) 20.006 (0.22) 20.06 (0.23)
GMR 1.01 (0.99–1.03) 1.00 (0.98–1.02) 0.99 (0.97–1.01)

Visceral adipose tissue, L
B 3.3 (0.98) 3.5 (0.97) 3.4 (0.81)
C 0.08 (0.29) 0.10 (0.27) 0.11 (0.33)
GMR 1.02 (0.98–1.07) 1.03 (1.00–1.07) 1.03 (0.99–1.07)

GMR, geometric mean ratio; OM-3CA, omega-3 carboxylic acids; PDFF, proton density fat fraction; SD, standard deviation.

Values are given as (B) mean baseline levels (SD), (C) mean change from baseline (SD), and descriptive GMR (95% confidence interval).

*P , .05 vs placebo, mixed effects model.

†P , .05 fenofibrate vs OM-3CA, mixed effects model.

‡Number of patients with complete analysis of liver PDFF and liver volume: placebo, n 5 23; OM-3CA, n 5 22; and fenofibrate, n 5 26.



Supplemental Table S2 Total plasma levels of DHA and EPA

Variables Placebo (n 5 20) OM-3CA 4 g/d (n 5 23) Fenofibrate 200 mg/d (n 5 26)

Plasma DHA, mg/mL
B 87.8 (21.2) 81.2 (24.3) 89.2 (26.4)
C 24.2 (19.4) 31.4 (24.0) 221.0 (18.9)
GMR 0.95 (0.86–1.05) 1.39 (1.24–1.54)* 0.77 (0.70–0.84)*,†

Plasma EPA, mg/mL
B 30.4 (10.9) 28.6 (11.7) 31.6 (9.4)
C 21.6 (11.0) 71.9 (32.5) 22.0 (9.7)
GMR 0.95 (0.81–1.11) 3.52 (2.88–4.30)* 0.92 (0.82–1.03)†

GMR, geometric mean ratio; OM-3CA, omega-3 carboxylic acids; SD, standard deviation.

Values are given as (B) mean baseline levels (SD), (C) mean change from baseline (SD), and descriptive GMR (95% confidence interval).

*P , .05 vs placebo, mixed effects model.

†P , .05 fenofibrate vs OM-3CA, mixed effects model.
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Supplemental Table S3 Treatment effects on plasma cholesterol ester fatty acid composition

Variables Placebo (n 5 23) OM-3CA 4 g/d (n 5 23) Fenofibrate 200 mg/d (n 5 26)

14:0
B 0.92 (0.22) 0.92 (0.21) 0.93 (0.18)
C 20.05 (0.23) 0.06 (0.21) 20.14 (0.12)
GMR 0.94 (0.85–1.05) 1.07 (0.97–1.17)* 0.85 (0.81–0.90)*,†

15:0
B 0.25 (0.15) 0.24 (0.07) 0.24 (0.08)
C 20.01 (0.10) 0.04 (0.11) 20.01 (0.09)
GMR 1.02 (0.89–1.16) 1.13 (0.97–1.33) 0.97 (0.84–1.12)†

16:0
B 11.69 (0.63) 11.76 (0.57) 11.72 (0.67)
C 0.21 (0.75) 0.89 (0.93) 20.23 (0.72)
GMR 1.02 (0.99–1.05) 1.07 (1.04–1.11)* 0.98 (0.96–1.01)*,†

16:1
B 3.37 (0.94) 3.53 (0.92) 3.55 (1.26)
C 20.07 (0.72) 20.52 (0.87) 1.16 (0.86)
GMR 0.98 (0.89–1.06) 0.84 (0.73–0.97)* 1.33 (1.23–1.44)*,†

18:0
B 0.93 (0.22) 0.99 (0.24) 0.95 (0.20)
C 20.003 (0.21) 20.04 (0.28) 20.10 (0.20)
GMR 1.01 (0.92–1.11) 0.96 (0.86–1.07) 0.90 (0.83–0.97)*,†

18:1
B 23.09 (1.80) 23.62 (1.97) 22.66 (1.96)
C 0.36 (1.64) 20.49 (2.25) 4.56 (1.98)
GMR 1.02 (0.99–1.05) 0.98 (0.94–1.02) 1.20 (1.16–1.24)*,†

18:2
B 25.99 (5.87) 25.13 (6.20) 24.79 (5.20)
C 20.30 (5.48) 0.10 (6.04) 8.13 (5.73)
GMR 0.99 (0.97–1.02) 0.92 (0.88–0.96)* 0.89 (0.86–0.91)*

18:3 n-6
B 1.08 (0.36) 1.15 (0.32) 1.07 (0.34)
C 20.06 (0.30) 20.38 (0.26) 0.41 (0.23)
GMR 0.96 (0.87–1.05) 0.65 (0.58–0.73)* 1.40 (1.29–1.51)*,†

18:3 n-3
B 1.28 (0.27) 1.19 (0.20) 1.25 (0.30)
C 20.18 (0.30) 20.10 (0.24) 20.07 (0.34)
GMR 0.86 (0.77–0.97) 0.91 (0.82–1.00) 0.95 (0.85–1.07)

20:3
B 0.91 (0.17) 0.85 (0.18) 0.88 (0.16)
C 20.02 (0.11) 20.16 (0.20) 20.04 (0.17)
GMR 0.97 (0.92–1.02) 0.80 (0.72–0.89)* 0.96 (0.88–1.03)†

20:4
B 6.80 (1.09) 6.52 (1.09) 6.35 (1.37)
C 0.16 (1.07) 0.05 (1.54) 20.02 (0.86)
GMR 1.01 (0.95–1.07) 1.00 (0.91–1.10) 1.00 (0.95–1.05)

20:5 (EPA)
B 1.74 (0.53) 1.69 (0.58) 1.88 (0.51)
C 0.004 (0.33) 4.08 (1.84) 20.08 (0.50)
GMR 1.01 (0.93–1.10) 3.36 (2.69–4.19)* 0.96 (0.86–1.07)†

22:6 (DHA)
B 0.72 (0.10) 0.71 (0.15) 0.76 (0.20)
C 0.01 (0.15) 0.29 (0.17) 20.11 (0.14)
GMR 1.00 (0.92–1.09) 1.41 (1.31–1.53)* 0.85 (0.79–0.92)*,†

GMR, geometric mean ratio; OM-3CA, omega-3 carboxylic acids; SD, standard deviation.

Values are given as (B) mean baseline levels (SD), (C) mean change from baseline (SD), and descriptive GMR (95% confidence interval).

*P , .05 vs placebo, mixed effects model.

†P , .05 fenofibrate vs OM-3CA, mixed effects model.
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Supplemental Table S4 Treatment effects on inflammatory biomarkers and hormones

Variables Placebo (n 5 23) OM-3CA 4 g/d (n 5 23) Fenofibrate 200 mg/d (n 5 26)

C-reactive protein, mg/L
B 3.8 (3.8) 1.9 (1.5) 3.8 (5.7)
C 21.33 (4.54) 0.30 (2.16) 20.87 (3.10)
GMR 0.68 (0.45–1.03) 0.99 (0.72–1.36) 0.79 (0.65–0.98)

Interleukin-6, pg/mL
B 2.3 (1.3) 2.3 (1.0) 2.6 (1.7)
C 20.2 (1.3) 20.1 (0.8) 20.2 (1.1)
GMR 0.97 (0.77–1.22) 0.97 (0.82–1.14) 0.97 (0.82–1.15)

TNFa,‡ pg/mL
B 2.0 (0.95) 1.9 (0.80) 1.7 (0.41)
C 20.2 (0.54) 20.2 (0.62) 0.1 (0.39)
GMR 0.95 (0.85–1.06) 0.92 (0.78–1.09) 1.03 (0.93–1.14)

Osteopontin, ng/mL
B 79.4 (34.8) 70.5 (40.5) 75.3 (24.4)
C 25.8 (33.0) 28.3 (36.7) 23.0 (29.9)
GMR 0.99 (0.77–1.26) 0.91 (0.66–1.26) 1.01 (0.82–1.24)†

FGF21, pg/mL
B 388 (199) 537 (397) 450 (367)
C 224 (154) 2186 (366) 136 (367)
GMR 0.92 (0.78–1.09) 0.74 (0.56–0.97) 1.43 (1.14–1.78)*,†

Adiponectin, mg/L
B 6569 (2764) 5959 (3294) 5926 (2857)
C 2819 (1781) 2299 (1849) 2720 (1394)
GMR 0.89 (0.79–1.02) 0.93 (0.84–1.04) 0.89 (0.80–0.99)

Leptin, mg/L
B 22.1 (14.8) 19.5 (11.8) 24.4 (19.0)
C 1.1 (5.6) 2.8 (6.7) 20.4 (6.1)
GMR 1.04 (0.93–1.17) 1.15 (1.03–1.28) 1.03 (0.91–1.15)

FGF21, fibroblast growth factor 21; GMR, geometric mean ratio; OM-3CA, omega-3 carboxylic acids; SD, standard deviation; TNF, tumor necrosis factor.

Values are given as (B) mean baseline levels (SD), (C) mean change from baseline (SD), and descriptive GMR (95% confidence interval).

*P , .05 vs placebo, mixed effects model.

†P , .05 fenofibrate vs OM-3CA, mixed effects model.

‡Placebo, n 5 17; OM-3CA, n 5 16; fenofibrate, n 5 19.
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