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phospholipase A2 (LpPLA2) decreased in the EE-PUFA 
group (P = 0.001). No serious adverse events were 
observed. Supplementation with long-chain n-3 PUFA 
lowered non-fasting triacylglycerol levels, suggestive of a 
reduction in cardiovascular risk. Regardless of the different 
effects on heart rate, HDL, and LpPLA2 that were observed, 
compared to placebo, AG-PUFA, and EE-PUFA are equally 
effective in reducing non-fasting triacylglycerol levels.

Keywords Non-fasting · Triacylglycerols · n-3 
Polyunsaturated fatty acid · Omega-3 ethyl ester · Omega-3 
acylglycerol · Docosahexaenoic acids · Eicosapentaenoic 
acid · Lipoprotein-associated phospholipase A2 · Heart rate

Abbreviation
AE  Adverse events
AG  Acylglycerol
ApoA1  Apolipoprotein A1
ApoB  Apolipoprotein B
BMI  Body mass index
DHA  Docosahexaenoic acid
EE  Ethyl ester
EPA  Eicosapentaenoic acid
FA  Fatty acids
HDL-C  High-density lipoprotein cholesterol
HgbA1c  Glycated hemoglobin A1
ITT  Intention-to-treat
LDL-C  Low-density lipoprotein cholesterol
LDL-P  LDL particle number
LpPLA2  Lipoprotein-associated phospholipase A2
n-3 PUFA  Omega-3 polyunsaturated fatty acids
PP  Per protocol
PUFA  Polyunsaturated fatty acids
QTc  Corrected QT interval
VLDL-C  Very-low-density lipoprotein cholesterol

Abstract To date, treatment of hypertriglyceridemia with 
long-chain n-3 polyunsaturated fatty acids (n-3 PUFA) has 
been investigated solely in fasting and postprandial subjects. 
However, non-fasting triacylglycerols are more strongly 
associated with risk of cardiovascular disease. The objective 
of this study was to investigate the effect of long-chain n-3 
PUFA on non-fasting triacylglycerol levels and to compare 
the effects of n-3 PUFA formulated as acylglycerol (AG-
PUFA) or ethyl esters (EE-PUFA). The study was a double-
blinded randomized placebo-controlled interventional trial, 
and included 120 subjects with non-fasting plasma triacyl-
glycerol levels of 1.7–5.65 mmol/L (150–500 mg/dL). The 
participants received approximately 3 g/day of AG-PUFA, 
EE-PUFA, or placebo for a period of eight weeks. The lev-
els of non-fasting plasma triacylglycerols decreased 28 % 
in the AG-PUFA group and 22 % in the EE-PUFA group 
(P < 0.001 vs. placebo), with no significant difference 
between the two groups. The triacylglycerol lowering effect 
was evident after four weeks, and was inversely correlated 
with the omega-3 index (EPA + DHA content in erythro-
cyte membranes). The omega-3 index increased 63.2 % in 
the AG-PUFA group and 58.5 % in the EE-PUFA group 
(P < 0.001). Overall, the heart rate in the AG-PUFA group 
decreased by three beats per minute (P = 0.045). High-
density lipoprotein (HDL) cholesterol increased in the 
AG-PUFA group (P < 0.001). Neither total nor non-HDL 
cholesterol changed in any group. Lipoprotein-associated 
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Introduction

For decades, a high level of plasma cholesterol has been 
considered a major risk factor for cardiovascular disease 
[1, 2], and treatment has focused on lowering total cho-
lesterol and low-density lipoprotein cholesterol (LDL-C). 
However, several observational studies and a meta-analy-
sis [3, 4] have indicated that high plasma triacylglycerols 
may be an independent atherogenic risk factor. All inter-
ventional studies to date have been based upon fasting or 
postprandial triacylglycerols, yet non-fasting triacylglyc-
erols are more strongly associated with cardiovascular 
disease than fasting triacylglycerols [5, 6], as was sub-
stantiated in a Mendelian randomization study [7]. Treat-
ments for hypertriglyceridemia are limited to lifestyle 
changes, niacin, fibrates, long-chain n-3 polyunsaturated 
fatty acids (n-3 PUFA), and, to a lesser degree, statins. 
Niacin, fibrates, and statins have a number of side effects, 
whereas n-3 PUFA are generally well-tolerated [8, 9]. The 
beneficial effects of n-3 PUFA were first suggested in the 
1970s by Bang and Dyerberg [10–12], who observed that 
natives of Greenland had low triacylglycerols, low inci-
dence of cardiovascular mortality, and high dietary marine 
long-chain n-3 PUFA. Several interventional trials have 
documented that long-chain n-3 PUFA have a significant 
lowering effect on fasting triacylglycerol levels [13–17]. 
Consequently, dietary supplements with marine long-chain 
n-3 PUFA have been used in treating hypertriglyceridemia. 
Additionally, consumption of n-3 PUFA has been found to 
have beneficial effects on heart rate and blood pressure, as 
well as inflammation [15, 17–19], although some of these 
effects have been challenged [20]. Acylglycerol and ethyl 
ester formulations are the two most available types of 
marine n-3 PUFA. Acylglycerol n-3 PUFA (AG- PUFA) is 
the typical formulation for “over-the-counter” dietary sup-
plementation containing the long-chain n-3 PUFA eicosa-
pentaenoic acid (EPA, 20:5n-3) and docosahexaenoic acid 
(DHA, 22:6n-3). In the U.S. and Europe, an ethyl ester n-3 
PUFA formulation (EE-PUFA) also containing EPA and 
DHA (Lovaza®/Omacor®) has been approved for prescrip-
tion for some years for the treatment of severe hypertri-
glyceridemia. An ethyl ester formulation (Vascepa®) con-
taining only EPA, as well as a formulation (Epanova®) 
containing DHA and EPA as free fatty acids, has been 
approved in the U.S.

Nonetheless, the effect of any n-3 PUFA formulation on 
non-fasting triacylglycerols remains to be seen. The present 
study investigates the effect of long-chain n-3 PUFA on 
plasma triacylglycerols in non-fasting subjects with mod-
erate hypertriglyceridemia, comparing the effect of acyl-
glycerol (Lipomar®) and ethyl ester (Lovaza®/Omacor®) 
formulations.

Subjects and Methods

Subjects

Individuals aged 18 years and older of both genders were 
identified and recruited from the department’s clinical 
database and laboratory information system based on a 
history of fasting triacylglycerol levels of >1.7 mmol/L. 
All data were registered in electronic case report forms 
(OpenClinica Community Edition version 3.1.3; Open-
Clinica, LLC, Waltham, MA, USA). The medical histo-
ries and previous laboratory results of 1,460 individuals 
were evaluated. Of these, 660 were considered eligible to 
receive an invitational letter to join the study. Some 261 
replied, and 198 were invited to an interview, including 
clinical and laboratory examination. Of these, 120 had 
non-fasting plasma triacylglycerols of 1.7–5.65 mmol/L 
(150–500 mg/dL) and were enrolled, provided they were 
willing to terminate any fish oil treatment at least four 
weeks prior to randomization. Furthermore, participants 
were required to limit fish intake to a maximum of two 
meals a week and to maintain weight and physical activity 
levels throughout the study. Enrolment was performed by 
investigators AH and PBS.

Exclusion criteria were as follows: history of pan-
creatitis; gallstone disease, unless treated with chol-
ecystectomy; cancer treatment within the past two 
years; uncontrolled diabetes (glycosylated hemoglobin 
[HgbA1c] ≥75 mmol/mol [≥9 %]); hypertension 
(≥160 mmHg systolic and/or ≥100 mmHg diastolic); 
hypothyroidism (thyroid-stimulating hormone [TSH] 
≥5 mlU/L); nephrotic syndrome; cardiovascular, pulmo-
nary, liver, gastrointestinal, or immunological diseases; 
pregnancy; use of systemic steroids, fibrates, or niacin; 
or simultaneous participation in another clinical study. 
Informed written consent was obtained from all par-
ticipants. The study was approved by the Ethical Com-
mittee of Copenhagen (H1-2012-071), by the European 
Union Drug Regulating Authorities Clinical Trials reg-
ister (EudraCT number 2012-003029-11), and by The 
Danish Health and Medicines Authority with Protocol 
Code Number EVT-2012-489. The study was performed 
in accordance with the Helsinki Declaration of 1975, as 
revised in 1983, and its later amendments, and was moni-
tored by the Copenhagen University Hospital Good Clin-
ical Practice Unit. The study started in February 2013 
and was terminated in November 2013.

The participants were allocated to one of the three 
treatment arms at inclusion and instructed to consume 
two capsules of study medication twice daily (at the sub-
jects’ discretion) with meals for a period of eight weeks 
(±2 weeks), considering the kinetic profiles of DHA and 
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EPA [21]. The daily dose of four capsules (soft gels) con-
sisted of either 5,564 mg AG-PUFA (Lipomar® [Marine 
Ingredients, Mount Bethel, PA, USA], a re-esterified n-3 
PUFA consisting of approximately 60 % triacylglycer-
ols and 40 % diglycerides and monoglycerides, contain-
ing 1,930 mg DHA, 767 mg EPA, and 2,885 mg total n-3 
PUFA); 4,000 mg EE-PUFA (Omacor/Lovaza® [Pronova 
BioPharma, Lysaker, Norway], containing 1,382 mg 
DHA, 1,702 mg EPA, and 3,306 mg total n-3 PUFA); 
or 4,600 mg olive oil as placebo ([Marine Ingredients] 
containing no n-3 PUFA). All capsules were prepack-
aged and sealed in similar containers labeled with ran-
domization numbers by the Capital Region Pharmacy 
in Denmark. Follow-up visits occurred at weeks 4 and 8 
(±1 week). Compliance, medical history, medication sta-
tus, and adverse events were registered; weight, resting 
heart rate, and blood pressure were measured; and blood 
and urine samples were collected. The compliance was 
evaluated by the number of returned capsules at each fol-
low-up visit and measurement of erythrocyte membrane 
fatty acid content. Electrocardiogram (ECG) and clinical 
examination were performed at the screening visit and at 
week 8.

Study Design

The trial was performed at the Department of Clinical 
Biochemistry, Copenhagen University Hospital Gentofte, 
Denmark, as an investigator-initiated, prospective, rand-
omized, double-blind, placebo-controlled, parallel three-
arm interventional trial, with block sizes of nine subjects at 
an allocation ratio of 1:1:1. The consecutive randomization 
sequence was independently generated by a statistician. 
The primary aim of the study was to evaluate and com-
pare the effect of AG-PUFA and EE-PUFA on non-fast-
ing plasma triacylglycerol levels. The primary outcomes 
were changes in non-fasting plasma triacylglycerol level, 
omega-3 index (content of EPA + DHA in the erythrocyte 
membrane), and heart rate from beginning to end of the 
study. Secondary outcomes were changes in total plasma 
cholesterol, high-density lipoprotein cholesterol (HDL-
C), non-HDL cholesterol (non-HDL-C: LDL + very-low-
density lipoprotein cholesterol [VLDL]), triacylglycerol/
HDL-C ratio, non-HDL-C/HDL-C ratio, apolipoprotein A1 
(ApoA1) and B (ApoB), apolipoprotein B/A1 ratio (ApoB/
A1), lipoprotein-associated phospholipase A2 (LpPLA2), 
LDL particle number, non-fasting plasma glucose, blood 
pressure, and safety test results.

Methods

Hematology, coagulation, chemistry including lipids, 
TSH, and glycosylated hemoglobin were analyzed within 

four hours of sampling, with the exception of apolipo-
proteins, which were analyzed weekly in batches. Analy-
sis was performed at the Copenhagen University Hospital 
Gentofte laboratory, according to ISO-15189 certification. 
Blood and plasma samples were stored at −80 °C. At the 
end of the study, samples were shipped to Health Diagnos-
tic Laboratory, Inc., (Richmond, VA) for analysis of plasma 
LDL particle concentration, LpPLA2, and whole-blood 
fatty acid composition. Fatty acid methyl esters generated 
by treatment with boron trifluoride-methanol were ana-
lyzed using a capillary gas chromatograph (GC-2010 Plus; 
Shimadzu, Kyoto, Japan) equipped with a 100-m SP-2560 
column (Supelco, Bellefonte, PA, USA), and identified by 
comparison with a known standard (GLC-727; Nu-Chek 
Prep, Elysian, MN, USA). Blood fatty acids were expressed 
as a percentage of total fatty acids. The coefficient of vari-
ation for EPA + DHA was 5–6 %. The omega-3 index was 
derived from the DHA and EPA content of whole blood 
and converted to red blood cell values by multiplying by 
1.0366 and adding 0.57 % (r = 0.96) [22]. Quantifica-
tion of LDL particle number was performed using nuclear 
magnetic resonance spectroscopy. LpPLA2 in plasma was 
determined using a colorimetric activity method (CAM 
assay; diaDexus, San Francisco, CA, USA). QT intervals 
were obtained from a resting 12-lead ECG (Cardiofax 
Q ECG-9132K; Nihon Kohden, Tokyo, Japan). The QT 
interval was corrected (QTc) using the Bazett formula, or 
Fridericia’s formula in the case of a heart rate above 70 
beats per minute. Clinically significant QTc prolongation 
was defined as a QTc interval of 500 ms or greater or an 
increase of more than 25 % from baseline.

Statistical Analyses

A sample size of 120 subjects (40 per arm) was calculated 
to provide at least 80 % power to detect a 25 % change in 
triacylglycerols in the n-3 PUFA groups compared to pla-
cebo, assuming a common standard deviation of 50 %, a 
two-sided alpha = 0.05, an average triacylglycerol value of 
2.5–3.5 mmol/L (221–310 mg/dL) before treatment, and a 
10 % drop-out rate. This sample size was also calculated 
to provide 80 % power to detect a 10 % non-HDL-C and 
HDL-C change in the n-3 PUFA groups compared to pla-
cebo, assuming a common standard deviation of 30 %.

Patient demographics, baseline variables, and changes in 
measurements among the groups were compared using the 
ANOVA post hoc Tukey test (in cases of equal variance) 
or Tamhane test (in cases of unequal variance). Changes 
within groups were evaluated with paired t tests. Linear 
regression models were used for association testing. Two-
tailed P < 0.05 for primary endpoints and P < 0.01 for 
secondary endpoints were considered significant (modi-
fied Bonferroni correction for multiple testing). All data 
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analyses were performed using SPSS version 19.0 software 
(IBM Corp., Armonk, NY, USA).

All analyses were performed on the “intention-to-treat” 
(ITT) population. For the analysis of efficacy endpoints, 
the method of last observation carried forward was utilized. 
Some “per-protocol” (PP) analyses were performed for 
comparison to the ITT population (data not shown). Sub-
jects were excluded from the PP population for violations 
of inclusion criteria, exclusion criteria, or other deviations 
that could confound or influence the results, such as major 
lifestyle changes.

Results

A total of 120 subjects were enrolled in the study and 
allocated to one of the three treatment arms: AG-PUFA 
(n = 40), EE-PUFA (n = 40), or placebo (n = 40). There 
were no significant differences with regard to age, body 

mass index, therapy, treatment, or prior diseases among 
the three groups of subjects. There were significantly 
fewer women in the AG-PUFA group (n = 3) than in the 
EE-PUFA (n = 14) and placebo groups (n = 8). There 
were no differences in any of the characteristics between 
the ITT and PP populations. For additional demographics, 
see Table 1.

A total of 111 subjects completed the study; four with-
drew due to adverse events, two due to compliance failure, 
one due to personal reasons, and one did not show up for 
examinations. Eighteen subjects had insufficient com-
pliance, defined as consumption of less than 3.5 or more 
than 4.5 capsules per day (of these, seven were among the 
eight who dropped out). A flow chart is shown in Fig. 1. 
The mean duration of study participation was 54.5 days in 
the AG-PUFA group, 54.4 days in the EE-PUFA group, and 
56.5 days in the placebo group, corresponding to a median 
intake of 3.7, 3.7, and 3.8 capsules per day, respectively, 
indicating good and equal compliance among groups.

Table 1  Patient demographics and baseline characteristics in the intention-to-treat (ITT) population

AG-PUFA acylglycerol polyunsaturated fatty acids, BMI body mass index, EE-PUFA ethyl ester polyunsaturated fatty acids, HDL-C high-den-
sity lipoprotein, ITT intention-to-treat

Total (n = 119) AG-PUFA (n = 39) EE-PUFA (n = 40) Placebo (n = 40)

Characteristics

 Age (years) ± SD 62.4 ± 10.0 63.3 ± 7.5 60.4 ± 11.2 63.6 ± 10.8

 Male, n (%) 94 (79) 36 (92.3) 26 (65) 32 (80)

 BMI (kg/m2) ± SD 29 ± 3.5 29 ± 3.2 28 ± 3.0 29 ± 4.1

 Female weight (kg) (range) 75.9 (53.3–98.3) 82.1 (68–98.3) 71.1 (53.5–86) 81.8 (55–96)

 Male weight (kg) (range) 91.3 (71–120) 93.1 (75–120) 89.8 (71–117) 90.4 (72–118)

History (self-declared)

 Cardiovascular disease, n (%) 92 (77.3) 30 (76.9) 30 (75) 32 (80)

 Dyslipidaemia, n (%) 95 (79.8) 30 (76.9) 35 (87.5) 30 (75)

 Hypertension, n (%) 61 (51.3) 22 (56.4) 19 (47.5) 20 (50)

 Diabetes mellitus type 2, n (%) 19 (16.0) 5 (12.8) 6 (15) 8 (20)

 Psychiatric disorder, n (%) 4 (3.4) 1 (2.6) 2 (5) 1 (2.5)

Therapy

 Statin therapy, n (%) 88 (74.9) 30 (76.9) 29 (72.5) 29 (72.5)

 Ezetimibe, n (%) 9 (7.6) 3 (7.7) 3 (7.5) 3 (7.5)

 Hypertension therapy, n (%) 83 (69.7) 27 (69.2) 26 (65) 30 (75)

 Psychopharmaca, n (%) 10 (8.4) 3 (7.7) 5 (12.5) 2 (5)

Blood pressure

 Systolic (mmHg) ± SD 144 ± 13.8 145 ± 13.8 141 ± 13.8 145 ± 13.9

 Diastolic (mmHg) ± SD 84 ± 8.9 84 ± 8.8 83 ± 9.8 85 ± 8.0

 Heart rate (beats per minute) ± SD 65 ± 10.3 67 ± 12.6 63 ± 8.9 65 ± 8.9

Values

 Cholesterol (mmol/L) ± SD (mg/dL) 4.91 ± 1.23 (190) 4.79 ± 1.34 (185) 5.03 ± 1.28 (195) 4.92 ± 1.09 (190)

 HDL cholesterol (mmol/L) ± SD (mg/dL) 1.14 ± 0.30 (44) 1.13 ± 0.29 (44) 1.15 ± 0.33 (44) 1.14 ± 0.29 (44)

 Non-HDL cholesterol (mmol/L) ± SD (mg/dL) 3.77 ± 1.18 (146) 3.66 ± 1.19 (141) 3.88 ± 1.24 (151) 3.78 ± 1.11 (146)

 Triacylglycerol (mmol/L) ± SD (mg/dL) 2.98 ± 1.10 (264) 2.93 ± 1.03 (260) 3.01 ± 1.11 (267) 2.99 ± 1.17 (265)

 Omega-3 index (mol%) ± SD 6.5 ± 1.67 6.8 ± 1.93 6.5 ± 1.46 6.1 ± 1.59
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The primary endpoint non-fasting plasma triacylglyc-
erol decreased significantly in both n-3 PUFA groups com-
pared to placebo (P < 0.001), with no significant difference 
between the n-3 PUFA groups (P = 0.785) (Fig. 2). The 
omega-3 index increased in both PUFA groups compared to 
placebo (P < 0.001), increasing 63.2 % (6.8–11.1 mol%) in 
the AG-PUFA group and by 58.5 % (6.5–10.3 mol%) in the 
EE-PUFA group, while remaining unaltered in the placebo 
group. DHA increased in the AG-PUFA group by 53.8 % 
(5.2–8.0 mol%) (P < 0.001) and in the EE-PUFA group by 
29.4 % (5.1–6.6 mol%) (P < 0.001). EPA increased in the 
AG-PUFA group by 93.8 % (1.6–3.1 mol%) (P < 0.001) 
and in the EE-PUFA group by 164.3 % (1.4–3.7 mol%) 
(P < 0.001). The increase in DHA was significantly greater 
in the AG-PUFA group compared to the EE-PUFA group 
(P = 0.043), while the increase in EPA was significantly 
higher in the EE-PUFA group compared to the AG-PUFA 
group (P < 0.001). For full fatty acid composition, please 
consult Table 2. In addition, the heart rate in the AG-PUFA 
group decreased by three beats per minute compared to 
placebo (P = 0.045), but was unchanged in the EE-PUFA 
group. There was an inverse dose-dependent relationship 

between changes in omega-3 index and triacylglycerol 
level (Fig. 3).

With respect to the secondary endpoints, neither total 
cholesterol nor non-HDL-C changed significantly com-
pared to placebo in any of the groups. HDL-C increased 
significantly in the AG-PUFA group (P < 0.001) (Fig. 2). 
The triacylglycerol/HDL-C ratio decreased significantly 
in both PUFA groups (P < 0.001), while the non-HDL-
C/HDL-C ratio decreased only in the AG-PUFA group 
(P < 0.001). LpPLA2 decreased in the EE-PUFA group 
compared to the placebo group. There were no significant 
changes in LDL particle number, HgbA1c, blood pressure, 
or any of the other endpoints or safety tests. Data are avail-
able upon request.

Treatments were generally well-tolerated, with an even 
distribution of adverse events among the groups (AG-
PUFA, n = 32; EE-PUFA, n = 35; placebo, n = 25). Most 
of the adverse events were gastrointestinal-related, with no 
significant difference between the two n-3 PUFA groups 
regarding gastrointestinal, cardiovascular, dermal, or other 
adverse events (Table 3). No serious adverse events were 
observed.

Fig. 1  Flow chart of the process of trial selection. The intention-to-
treat population (ITT) consisted of all 119 subjects [AG-PUFA group 
(n = 39); one person lost the study medication the day he received 
it and was consequently re-randomized), EE-PUFA group (n = 40), 
and placebo group (n = 40)]. Participants dropped out due to the fol-

lowing adverse events (AE): *indicates dysphagia due to torticollis 
(n = 1) or bloating (n = 1), **peripheral edema and respiratory dis-
tress (n = 1) or heartburn and acid reflux (n = 1), $personal prefer-
ence (n = 1), $$lost to follow-up (n = 1)
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Discussion

This study evaluated the effects of re-esterified n-3 PUFA 
products containing mixed acylglycerol moieties and n-3 
PUFA ethyl esters on non-fasting triacylglycerols. In over 
40 years of omega-3 research, most studies regarding 
the effects of n-3 PUFA on plasma triacylglycerol levels 
have been performed with subjects in a fasting state, and 
a few studies have been performed during the postpran-
dial period (with a defined test meal and fixed sampling 
points), but none with subjects in a non-fasting state. This 
variable, in contrast to postprandial triacylglycerol values, 
has been documented as having a strong association with 
cardiovascular risk [5–7]. A pooled meta-analysis and sev-
eral interventional studies have found that long-chain n-3 
PUFA from both food and dietary supplements has a low-
ering effect on fasting and postprandial triacylglycerols in 

healthy volunteers and patients with hyperlipidemia [23–
25]. However, most individuals eating three daily meals are 
in the fasting state (as it relates to triacylglycerol metab-
olism) for only 2–3 hours per day; hence, the vast major-
ity of time is spent in a non-fasting state. The postprandial 
setting after test meals is an artificial non-fasting state, and 
therefore does not reflect everyday living. A number of 
studies have found that elevated plasma non-fasting triacyl-
glycerols are more strongly associated with cardiovascular 
disease risk than elevated fasting triacylglycerols. Most 
recently, results of a Mendelian randomization study inves-
tigating 13,957 subjects with genetic variants in the triacyl-
glycerol-degrading enzyme lipoprotein lipase have strongly 
suggested a causal relationship between non-fasting triacyl-
glycerols, as a surrogate for remnant cholesterol, and car-
diovascular mortality [7]. Interestingly, the association was 
evident even with a reduction in non-fasting triacylglycerol 

Fig. 2  Effect of treatment with n-3 PUFA on non-fasting triacyl-
glycerol, cholesterols, heart rate, and lipoprotein-associated phos-
pholipase A2. Concentration of non-fasting triacylglycerols, total 
cholesterol, high-density lipoprotein cholesterol (HDL-C), non-HDL 
cholesterol [low-density lipoprotein (LDL) + very-low-density lipo-
protein cholesterol (VLDL)], heart rate, and lipoprotein-associated 
phospholipase A2 (LpPLA2) before and after eight weeks of treat-
ment with long-chain omega-3 polyunsaturated fatty acids as acylg-
lycerol (Lipomar®, AG-PUFA); as ethyl ester (Lovaza®/Omacor®, 
EE-PUFA); or as placebo (olive oil). The white box represents values 

before treatment, while the grey box represents values after treatment. 
The boxes represent the range of data from the 25th to the 75th per-
centile, while the bar in the middle of each box represents the median 
value. The “whiskers” extending from the box represent the range 
of values obtained excluding outliers. Circles and asterisks indicate 
outliers (1.5 × the interquartile range) and extreme values (3.0 × the 
interquartile range) outside the central box, respectively. The signifi-
cance (P values, ANOVA) for the change after eight weeks of treat-
ment between each arm is shown above the box plots.
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levels below 1 mmol/L. In the present study, long-chain 
n-3 PUFA reduced non-fasting triacylglycerol levels by 
22–28 %, relative to an 8 % increase in the placebo group. 
A similar reduction has previously been observed in fasting 
triacylglycerols [26, 27].

A resting heart rate above 65 beats per minute is associ-
ated with a higher risk of cardiovascular death [28, 29]. We 
observed a reduction in heart rate of three beats per min-
ute in the AG-PUFA group vs. placebo, which is consist-
ent with results previously reported in other fish oil stud-
ies [30]. The QTc interval, representing depolarization and 
repolarization of the ventricles, did not change in any of the 
groups.

The effect of n-3 PUFA on cholesterol is less consist-
ent than its effect on triacylglycerols. The effect of n-3 

PUFA on total cholesterol, LDL-C, and HDL-C is equivo-
cal, while VLDL-C (responsible for transporting the vast 
majority of plasma triacylglycerol) is typically reduced 
with n-3 PUFA treatment [13, 14, 16, 17, 23, 24]. In the 
present study, neither total cholesterol nor non-HDL-C 
were changed. An increase in HDL-C was noted in the AG-
PUFA group. There were mixed effects on inflammatory 
markers, with plasma concentrations of C-reactive protein 
unaffected by treatment, while LpPLA2 was reduced, but 
only in the EE-PUFA group. An effect of omega-3 PUFA 
on LpPLA2, a known risk factor for coronary heart dis-
ease [31], has previously been reported in some studies 
[32], while other studies have reported no effect [33, 34]. 
Another risk predictor, the ApoB/ApoA1 ratio [35, 36], has 
been observed to decrease or remain unchanged with n-3 

Table 2  Red blood cell fatty acid composition (mol%)

AG-PUFA acylglycerol polyunsaturated fatty acids, EE-PUFA ethyl ester polyunsaturated fatty acids, or placebo (olive oil). Pre: before treat-
ment, Post: after treatment

AG-PUFA EE-PUFA Placebo

Pre Post Pre Post Pre Post

n-3 fatty acids 

 22:6n-3 ± SD 5.2 % ± 1.42 8.0 % ± 1.87 5.1 % ± 1.17 6.6 % ± 1.46 4.8 % ± 1.19 4.7 % ± 1.30

 20:5n-3 ± SD 1.6 % ± 0.67 3.1 % ± 1.04 1.4 % ± 0.48 3.7 % ± 1.59 1.3 % ± 0.51 1.2 % ± 0.49

 18:3n-3 ± SD 0.3 % ± 0.17 0.3 % ± 0.20 0.3 % ± 0.15 0.3 % ± 0.14 0.3 % ± 0.15 0.4 % ± 0.19

 22:5n-3 ± SD 2.0 % ± 0.46 2.0 % ± 0.36 2.0 % ± 0.42 2.5 % ± 0.45 2.0 % ± 0.31 1.9 % ± 0.36

n-6 fatty acids 

 20:4n-6 ± SD 11.7 % ± 2.14 10.2 % ± 1.70 12.3 % ± 2.21 11.1 % ± 1.58 13.0 % ± 2.35 12.5 % ± 2.62

 18:2n-6 ± SD 13.0 % ± 2.33 12.4 % ± 2.24 14.0 % ± 2.61 12.9 % ± 2.67 14.1 % ± 2.58 14.7 % ± 2.81

 18:3n-6 ± SD 0.2 % ± 0.07 0.1 % ± 0.05 0.2 % ± 0.06 0.1 % ± 0.05 0.2 % ± 0.06 0.2 % ± 0.07

 20:2n-6 ± SD 0.2 % ± 0.05 0.2 % ± 0.04 0.3 % ± 0.05 0.2 % ± 0.05 0.2 % ± 0.05 0.2 % ± 0.03

 20:3n-6 ± SD 1.9 % ± 0.39 1.5 % ± 0.32 1.9 % ± 0.39 1.5 % ± 0.32 1.9 % ± 0.37 1.8 % ± 0.32

 22:4n-6 ± SD 1.5 % ± 0.46 1.2 % ± 0.35 1.6 % ± 0.53 1.3 % ± 0.38 1.8 % ± 0.77 1.7 % ± 0.70

 22:5n-6 ± SD 0.3 % ± 0.07 0.2 % ± 0.05 0.3 % ± 0.09 0.2 % ± 0.06 0.3 % ± 0.21 0.3 % ± 0.19

Saturated fatty acids 

 14:0 ± SD 0.6 % ± 0.31 0.6 % ± 0.24 0.6 % ± 0.28 0.6 % ± 0.26 0.5 % ± 0.22 0.6 % ± 0.30

 16:0 ± SD 23.7 % ± 2.85 23.2 % ± 2.54 23.0 % ± 1.78 23.0 % ± 1.81 22.8 % ± 1.74 22.6 % ± 2.18

 18:0 ± SD 14.5 % ± 2.12 14.3 % ± 1.51 13.9 % ± 1.59 13.6 % ± 1.14 14.4 % ± 1.59 13.8 % ± 1.32

 20:0 ± SD 0.2 % ± 0.05 0.2 % ± 0.04 0.2 % ± 0.05 0.2 % ± 0.04 0.2 % ± 0.04 0.2 % ± 0.04

 22:0 ± SD 0.3 % ± 0.09 0.3 % ± 0.07 0.3 % ± 0.10 0.3 % ± 0.07 0.3 % ± 0.08 0.3 % ± 0.07

 24:0 ± SD 0.5 % ± 0.16 0.5 % ± 0.13 0.4 % ± 0.11 0.5 % ± 0.14 0.5 % ± 0.12 0.5 % ± 0.15

Cis-monounsaturated fatty acids

 16:1n-7 ± SD 1.1 % ± 0.61 1.0 % ± 0.55 1.1 % ± 0.66 1.0 % ± 0.57 1.0 % ± 0.50 1.0 % ± 0.59

 18:1n-9 ± SD 19.8 % ± 1.96 18.9 % ± 2.15 19.6 % ± 2.82 18.9 % ± 2.52 18.9 % ± 2.13 19.9 % ± 2.45

 20:1n-9,-11 ± SD 0.3 % ± 0.07 0.4 % ± 0.07 0.3 % ± 0.06 0.3 % ± 0.04 0.3 % ± 0.07 0.3 % ± 0.05

 24:1n-9 ± SD 0.7 % ± 0.17 0.7 % ± 0.16 0.6 % ± 0.13 0.6 % ± 0.15 0.6 % ± 0.14 0.7 % ± 0.19

Trans fatty acids

 18:2 ± SD 0.1 % ± 0.04 0.1 % ± 0.04 0.1 % ± 0.04 0.1 % ± 0.03 0.1 % ± 0.04 0.1 % ± 0.04

 18:1 ± SD 0.3 % ± 0.09 0.3 % ± 0.10 0.3 % ± 0.09 0.3 % ± 0.08 0.3 % ± 0.12 0.3 % ± 0.10

 16:1 ± SD 0.1 % ± 0.04 0.1 % ± 0.05 0.1 % ± 0.04 0.1 % ± 0.04 0.1 % ± 0.03 0.1 % ± 0.04
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PUFA treatment [37, 38]. We observed no change in any of 
the treatment groups.

With regard to treatment with prescription EE-PUFA, 
caution is recommended in cases of warfarin use, prior 
to surgery or with injury, in uncontrolled diabetes, and in 
cases of decreased liver or kidney function. Early obser-
vation of increased bleeding time in natives of Greenland 
raised the concern that n-3 PUFA supplementation would 
increase the risk of hemorrhage [39]. This concern, how-
ever, has been proven groundless [40], as noted in our 
observations. There was no effect on glycemic control, liver 
function, or kidney function in any of our study groups.

The few differences observed between the AG-PUFA 
and EE-PUFA groups may be explained by several factors. 
First, a difference in bioavailability in favor of AG-PUFA 
may account for some of the effect. In our study, consump-
tion of AG-PUFA resulted in a slightly but not significantly 
higher mean omega-3 index than consumption of EE-
PUFA, despite a 15 % lower total n-3 PUFA dose in the 
AG-PUFA group. Some studies have found better bioavail-
ability with AG-PUFA than EE-PUFA [41–43], while oth-
ers have reported no difference [26, 44]. There are several 
possible reasons for the difference in bioavailability. The 
first is the preferential recognition and cleavage of AG-
PUFA versus EE-PUFA by the intestinal lipase. Hydrolysis 
of the ethanol in EE-PUFA is up to 50 times more resist-
ant to the pancreatic lipase as compared to AG-PUFA [45]. 
This is supported by studies that have found higher bio-
availability of EPA and DHA when ingested as free fatty 
acids than when ingested as EE-PUFA [46]. (2) Once the 
dietary n-3 PUFA are absorbed, they must be assembled 

Fig. 3  Change in non-fasting triacylglycerol vs. omega-3 index, 
DHA, or EPA. The relationship between the change in non-fast-
ing triacylglycerols and omega-3 index, DHA, or EPA after eight 
weeks of treatment with long-chain omega-3 polyunsaturated 

fatty acids as acylglycerol (Lipomar®, AG-PUFA); as ethyl ester 
(Lovaza®/Omacor®, EE-PUFA); or placebo (olive oil). Regression 
line is shown

Table 3  Adverse events

Data are by count according to each type of event

Adverse events in each of the three treatment arms, AG-PUFA acylg-
lycerol polyunsaturated fatty acids, EE-PUFA ethyl ester polyunsatu-
rated fatty acids, or placebo (olive oil)

AG-PUFA EE-PUFA Placebo Total

Gastrointestinal

 Constipation 1 – 1 2

 Diarrhoea 7 8 3 18

 Dysphagia – 2 – 2

 Indigestion 11 5 14 30

 Nausea 1 1 1 3

Cardiovascular

 Palpitation 1 2 1 4

Dermal

 Eczema 4 2 1 7

Other

 Conjunctivitis – 1 – 1

 Cough 1 – – 1

 Dizziness 2 2 1 5

 Fatigue – 2 – 2

 Fish odour – 1 – 1

 Leg pain 1 – – 1

 Loss of breath – 2 – 2

 Nosebleed – 1 – 1

 Oedema 1 1 – 2

 Perspiration – 1 – 1

 Plugged ears – – 1 1

 Skeletal pain 1 4 2 7

 Vaginal discharge 1 – – 1
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as an acylglycerol. Both n-3 PUFA formulations are pro-
cessed in the small intestine through emulsification by bile 
salts and hydrolysis by intestinal lipase. The hydrolysis 
of AG-PUFA produces both free fatty acids and (mono)
glycerol molecules, whereas hydrolysis of EE-PUFA pro-
duces only ethanol and free fatty acids. AG-PUFA pro-
vides its own glycerol substrate, whereas EE-PUFA needs 
to obtain a glycerol substrate from another source, thereby 
delaying synthesis [47, 48]. Second, the amount of DHA 
and EPA differed between the two n-3 PUFA groups, with 
AG-PUFA containing more DHA and EE-PUFA containing 
more EPA. DHA and EPA have slightly different effects 
on certain variables. DHA is suggested to be superior in 
reducing triacylglycerols and increasing LDL-C [16, 48]. 
In the present study, DHA and EPA appeared to have the 
same effect on non-fasting triacylglycerols, judging by the 
similar slopes in comparisons of change in DHA or EPA 
(mol%) and change in triacylglycerol (mmol/L) (Fig. 3). 
We observed an average decrease in triacylglycerol of 
approximately 0.12 mmol/L per mol% increase in omega-3 
index. This corresponds to previous findings of an approxi-
mate 0.1 mmol/L reduction in triacylglycerol [49]. It would 
be interesting to compare the current AG-PUFA and EE-
PUFA with the new EPA version of EE-PUFA (Vascepa®).

This study was the first to examine the effects of long-
chain n-3 PUFA on non-fasting triacylglycerols in a ran-
domized double-blind placebo-controlled design. One 
strength of the study is that it was performed at a single 
site over a short period of time, resulting in low variance in 
investigator-dependent observations. In addition, the exclu-
sion criteria resulted in a homogenous group reflective of 
the target population. Among study weaknesses was the 
fact that most of the samples were analyzed continuously 
over a period of nine months, resulting in higher assay vari-
ation than if they had been analyzed in a batch. In addition, 
the information on diet, exercise, alcohol consumption, and 
smoking habits—which could influence several of the end-
points—were self-reported, and the groups were not strati-
fied by gender. Further, EPA and DHA have been shown to 
have different effects on several variables, and thus some 
of the effects observed in our study may have been due to 
differences in the amounts of EPA and DHA administered 
between the two n-3 PUFA groups. Finally, the eight-week 
trial period cannot reveal any long-term effects of n-3 
PUFA [50–52].

In conclusion, supplementation with long-chain n-3 
PUFA has a significant lowering effect on non-fasting tria-
cylglycerol levels, comparable to the effect on fasting tria-
cylglycerols, suggestive of a reduction in cardiovascular 
risk. Regardless of the different effects on heart rate, HDL, 
and LpPLA2, we found that AG-PUFA and EE-PUFA 
were equally effective in reducing non-fasting triacylglyc-
erol. Whether there are any long-term differences in effects 

between the two formulations remains to be explored. In 
general, the use of non-fasting measurements in the moni-
toring of patients receiving fish oil supplements has great 
logistic benefits and may more accurately reflect a change 
in cardiovascular risk.

Acknowledgments This study was funded by Marine Ingredients 
(Mt. Bethel, PA, USA) and the Department of Clinical Biochemis-
try, Copenhagen University Hospital Gentofte (Hellerup, Denmark). 
Some laboratory testing was donated by Health Diagnostic Labora-
tory, Inc. (Richmond, VA, USA). We are indebted to participants in 
the study for their collaboration. We thank Tove Brink-Kjær for her 
help in carrying out the study. The authors’ responsibilities were as 
follows: JD and SS for the concept, design, and implementation of 
the project; AH and PBS for data collection, interpretation of data, 
and statistical analysis; WSH and PBS for supervision of the labora-
tory analysis; and AH for the drafting of the manuscript. All authors 
read and approved the manuscript. SS has primary responsibility 
for the final content. Marine Ingredients, Mt. Bethel, PA, USA, pro-
vided reagents, materials, and study medication. Some laboratory 
testing was donated by the Department of Clinical Biochemistry, 
Copenhagen University Hospital Gentofte and Health Diagnostic 
Laboratory, Inc.

Conflict of interest JD is scientific advisor for Marine Ingredients. 
WSH is an employee of Health Diagnostic Laboratory, Inc., and is 
President of OmegaQuant Analytics, LLC, two laboratories that offer 
RBC fatty acid testing. AH, PBS, and SS each declare no conflict of 
interest.

References

 1. Lewington S, Whitlock G, Clarke R, Sherliker P, Emberson J, 
Halsey J, Qizilbash N, Peto R, Collins R (2007) Blood choles-
terol and vascular mortality by age, sex, and blood pressure: a 
meta-analysis of individual data from 61 prospective studies with 
55,000 vascular deaths. Lancet 370:1829–1839

 2. World Health Organization (2009) Global health risks: mortality 
and burden of diseases attributable to selected major risks. WHO

 3. Sarwar N, Danesh J, Eiriksdottir G, Sigurdsson G, Wareham N, 
Bingham S, Boekholdt SM, Khaw KT, Gudnason V (2007) Tri-
glycerides and the risk of coronary heart disease: 10,158 incident 
cases among 262,525 participants in 29 Western prospective stud-
ies. Circulation 115:450–458

 4. Criqui MH, Heiss G, Cohn R, Cowan LD, Suchindran CM, 
Bangdiwala S, Kritchevsky S, Jacobs DR Jr, O’Grady HK, Davis 
CE (1993) Plasma triglyceride level and mortality from coronary 
heart disease. N Engl J Med 328:1220–1225

 5. Stensvold I, Tverdal A, Urdal P, Graff-Iversen S (1993) Non-fast-
ing serum triglyceride concentration and mortality from coronary 
heart disease and any cause in middle aged Norwegian women. 
BMJ 307:1318–1322

 6. Nordestgaard BG, Benn M, Schnohr P, Tybjaerg-Hansen A 
(2007) Nonfasting triglycerides and risk of myocardial infarction, 
ischemic heart disease, and death in men and women. JAMA 
298:299–308

 7. Thomsen M, Varbo A, Tybjaerg-Hansen A, Nordestgaard BG 
(2014) Low nonfasting triglycerides and reduced all-cause mor-
tality: a Mendelian randomization study. Clin Chem 60:737–746

 8. Third Report of the National Cholesterol Education Program 
(NCEP) (2002) Expert panel on detection, evaluation, and treat-
ment of high blood cholesterol in adults (adult treatment panel 
III) final report. Circulation 106:3143–3421

guy
Highlight

guy
Highlight



 Lipids

1 3

 9. Opinion of Steering Committee of the Norwegian Scientific 
Committee for Food Safety (2011) Description of the processes 
in the value chain and risk assessment of decomposition sub-
stances and oxidation products in fish oils 19.10.2011, Norwe-
gian Scientific Committee for Food Safety (VKM) p1-147

 10. Dyerberg J, Bang HO, Hjorne N (1975) Fatty acid composi-
tion of the plasma lipids in Greenland Eskimos. Am J Clin Nutr 
28:958–966

 11. Bang HO, Dyerberg J (1972) Plasma lipids and lipoproteins in 
Greenlandic west coast Eskimos. Acta Med Scand 192:85–94

 12. Bang HO, Dyerberg J, Hjoorne N (1976) The composition 
of food consumed by Greenland Eskimos. Acta Med Scand 
200:69–73

 13. Harris WS (1989) Fish oils and plasma lipid and lipoprotein 
metabolism in humans: a critical review. J Lipid Res 30:785–807

 14. Jacobsen TA (2008) Role of n-3 fatty acids in the treatment of 
hypertriglyceridemia and cardiovascular disease. Am J Clin Nutr 
87:1981–1990

 15. Kris-Etherton PM, Harris WS, Appel LJ (2002) Fish consump-
tion, fish oil, omega-3 fatty acids, and cardiovascular disease. 
Circulation 106:2747–2757

 16. Mori TA, Burke V, Puddey IB, Watts GF, O’Neal DN, Best JD, 
Beilin LJ (2000) Purified eicosapentaenoic and docosahexaenoic 
acids have differential effects on serum lipids and lipoproteins, 
LDL particle size, glucose, and insulin in mildly hyperlipidemic 
men. Am J Clin Nutr 71:1085–1094

 17. Schmidt EB, Kristensen SD, De CR, Illingworth DR (1993) The 
effects of n-3 fatty acids on plasma lipids and lipoproteins and 
other cardiovascular risk factors in patients with hyperlipidemia. 
Atherosclerosis 103:107–121

 18. Geleijnse JM, Giltay EJ, Grobbee DE, Donders AR, Kok FJ 
(2002) Blood pressure response to fish oil supplementation: 
metaregression analysis of randomized trials. J Hypertens 
20:1493–1499

 19. Mozaffarian D, Geelen A, Brouwer IA, Geleijnse JM, Zock PL, 
Katan MB (2005) Effect of fish oil on heart rate in humans: a 
meta-analysis of randomized controlled trials. Circulation 
112:1945–1952

 20. Rizos EC, Ntzani EE, Bika E, Kostapanos MS, Elisaf MS (2012) 
Association between omega-3 fatty acid supplementation and risk 
of major cardiovascular disease events: a systematic review and 
meta-analysis. JAMA 308:1024–1033

 21. Schuchardt JP, Hahn A (2013) Bioavailability of long-chain omega-3 
fatty acids. Prostaglandins Leukot Essent Fatty Acids 89:1–8

 22. Harris WS (2008) The omega-3 index as a risk factor for coro-
nary heart disease. Am J Clin Nutr 87:1997S–2002S

 23. Balk EM, Lichtenstein AH, Chung M, Kupelnick B, Chew P, 
Lau J (2006) Effects of omega-3 fatty acids on serum markers of 
cardiovascular disease risk: a systematic review. Atherosclerosis 
189:19–30

 24. Harris WS, Connor WE, Alam N, Illingworth DR (1988) Reduc-
tion of postprandial triglyceridemia in humans by dietary n-3 
fatty acids. J Lipid Res 29:1451–1460

 25. Schmidt EB, Varming K, Svaneborg N, Dyerberg J (1992) n-3 
polyunsaturated fatty acid supplementation (Pikasol) in men 
with moderate and severe hypertriglyceridaemia: a dose-response 
study. Ann Nutr Metab 36:283–287

 26. Reis GJ, Silverman DI, Boucher TM, Sipperly ME, Horowitz 
GL, Sacks FM, Pasternak RC (1990) Effects of two types of fish 
oil supplements on serum lipids and plasma phospholipid fatty 
acids in coronary artery disease. Am J Cardiol 66:1171–1175

 27. Schuchardt JP, Neubronner J, Kressel G, Merkel M, von Schacky 
C, Hahn A (2011) Moderate doses of EPA and DHA from re-
esterified triacylglycerols but not from ethyl-esters lower fasting 
serum triacylglycerols in statin-treated dyslipidemic subjects: 

results from a six month randomized controlled trial. Prostaglan-
dins Leukot Essent Fatty Acids 85:381–386

 28. Woodward M, Webster R, Murakami Y, Barzi F, Lam TH, Fang 
X, Suh I, Batty GD, Huxley R, Rodgers A (2012) The association 
between resting heart rate, cardiovascular disease and mortality: 
evidence from 112,680 men and women in 12 cohorts. Eur J Prev, 
Cardiol

 29. Cooney MT, Vartiainen E, Laatikainen T, Juolevi A, Dudina A, 
Graham IM (2010) Elevated resting heart rate is an independent 
risk factor for cardiovascular disease in healthy men and women. 
Am Heart J 159:612–619

 30. Geelen A, Brouwer IA, Schouten EG, Maan AC, Katan MB, 
Zock PL (2005) Effects of n-3 fatty acids from fish on premature 
ventricular complexes and heart rate in humans. Am J Clin Nutr 
81:416–420

 31. Thompson A, Gao P, Orfei L, Watson S, Di AE, Kaptoge S, Bal-
lantyne C, Cannon CP, Criqui M, Cushman M, Hofman A, Pack-
ard C, Thompson SG, Collins R, Danesh J (2010) Lipoprotein-
associated phospholipase A(2) and risk of coronary disease, 
stroke, and mortality: collaborative analysis of 32 prospective 
studies. Lancet 375:1536–1544

 32. Gajos G, Zalewski J, Mostowik M, Konduracka E, Nessler J, 
Undas A (2014) Polyunsaturated omega-3 fatty acids reduce 
lipoprotein-associated phospholipase A2 in patients with stable 
angina. Nutr Metab Cardiovasc Dis 24:434–439

 33. Pedersen MW, Koenig W, Christensen JH, Schmidt EB (2009) 
The effect of marine n-3 fatty acids in different doses on plasma 
concentrations of Lp-PLA2 in healthy adults. Eur J Nutr 48:1–5

 34. Nelson TL, Hokanson JE, Hickey MS (2011) Omega-3 fatty 
acids and lipoprotein associated phospholipase A(2) in healthy 
older adult males and females. Eur J Nutr 50:185–193

 35. Yusuf S, Hawken S, Ounpuu S, Dans T, Avezum A, Lanas F, 
McQueen M, Budaj A, Pais P, Varigos J, Lisheng L (2004) Effect 
of potentially modifiable risk factors associated with myocardial 
infarction in 52 countries (the INTERHEART study): case–con-
trol study. Lancet 364:937–952

 36. Walldius G, Jungner I (2004) Apolipoprotein B and apolipopro-
tein A-I: risk indicators of coronary heart disease and targets for 
lipid-modifying therapy. J Intern Med 255:188–205

 37. Mensink RP, Zock PL, Kester AD, Katan MB (2003) Effects 
of dietary fatty acids and carbohydrates on the ratio of serum 
total to HDL cholesterol and on serum lipids and apolipopro-
teins: a meta-analysis of 60 controlled trials. Am J Clin Nutr 
77:1146–1155

 38. Dangardt F, Osika W, Chen Y, Nilsson U, Gan LM, Gronowitz 
E, Strandvik B, Friberg P (2010) Omega-3 fatty acid supplemen-
tation improves vascular function and reduces inflammation in 
obese adolescents. Atherosclerosis 212:580–585

 39. Dyerberg J, Bang HO (1979) Haemostatic function and platelet 
polyunsaturated fatty acids in Eskimos. Lancet 2:433–435

 40. Wachira JK, Larson MK, Harris WS (2014) n-3 Fatty acids affect 
haemostasis but do not increase the risk of bleeding: clinical 
observations and mechanistic insights. Br J Nutr 111:1652–1662

 41. Dyerberg J, Madsen P, Moller JM, Aardestrup I, Schmidt EB 
(2010) Bioavailability of marine n-3 fatty acid formulations. 
Prostaglandins Leukot Essent Fatty Acids 83:137–141

 42. Neubronner J, Schuchardt JP, Kressel G, Merkel M, von Schacky 
C, Hahn A (2011) Enhanced increase of omega-3 index in 
response to long-term n-3 fatty acid supplementation from tria-
cylglycerides versus ethyl esters. Eur J Clin Nutr 65:247–254

 43. Laidlaw M, Cockerline CA, Rowe WJ (2014) A randomized 
clinical trial to determine the efficacy of manufacturers’ recom-
mended doses of omega-3 fatty acids from different sources in 
facilitating cardiovascular disease risk reduction. Lipids Health 
Dis 13:99



Lipids 

1 3

 44. Krokan HE, Bjerve KS, Mork E (1993) The enteral bioavailabil-
ity of eicosapentaenoic acid and docosahexaenoic acid is as good 
from ethyl esters as from glyceryl esters in spite of lower hydro-
lytic rates by pancreatic lipase in vitro. Biochim Biophys Acta 
1168:59–67

 45. Yang LY, Kuksis A, Myher JJ (1990) Lipolysis of menhaden 
oil triacylglycerols and the corresponding fatty acid alkyl esters 
by pancreatic lipase in vitro: a reexamination. J Lipid Res 
31:137–147

 46. Offman E, Marenco T, Ferber S, Johnson J, Kling D, Curcio D, 
Davidson M (2013) Steady-state bioavailability of prescription 
omega-3 on a low-fat diet is significantly improved with a free 
fatty acid formulation compared with an ethyl ester formulation: 
the ECLIPSE II study. Vasc Health Risk Manag 9:563–573

 47. Armand M (2007) Lipases and lipolysis in the human diges-
tive tract: where do we stand? Curr Opin Clin Nutr Metab Care 
10:156–164

 48. Carlier H, Bernard A, Caselli C (1991) Digestion and absorption 
of polyunsaturated fatty acids. Reprod Nutr Dev 31:475–500

 49. Schuchardt JP, Neubronner J, Block RC, von Schacky C, Hahn 
A (2014) Associations between Omega-3 index increase and tria-
cylglyceride decrease in subjects with hypertriglyceridemia in 
response to six month of EPA and DHA supplementation. Prosta-
glandins Leukot Essent Fatty Acids 91:129–134

 50. Metcalf RG, James MJ, Gibson RA, Edwards JR, Stubberfield J, 
Stuklis R, Roberts-Thomson K, Young GD, Cleland LG (2007) 
Effects of fish-oil supplementation on myocardial fatty acids in 
humans. Am J Clin Nutr 85:1222–1228

 51. Katan MB, Deslypere JP, van Birgelen AP, Penders M, Zegwaard 
M (1997) Kinetics of the incorporation of dietary fatty acids into 
serum cholesteryl esters, erythrocyte membranes, and adipose tis-
sue: an 18-month controlled study. J Lipid Res 38:2012–2022

 52. Meyer BJ, Hammervold T, Rustan AC, Howe PR (2007) Dose-
dependent effects of docosahexaenoic acid supplementation on 
blood lipids in statin-treated hyperlipidaemic subjects. Lipids 
42:109–115


	n-3 PUFA Esterified to Glycerol or as Ethyl Esters Reduce Non-Fasting Plasma Triacylglycerol in Subjects with Hypertriglyceridemia: A Randomized Trial
	Abstract 
	Introduction
	Subjects and Methods
	Subjects
	Study Design
	Methods
	Statistical Analyses

	Results
	Discussion
	Acknowledgments 
	References




