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Abstract

An epidemiological survey in the Northwest Greenland reported that 
the Greenlanders have a lower frequency of acute myocardial infarc-
tion and diabetes mellitus. The very low incidence of ischemic heart 
disease in the Greenlanders was explained by consumption of a diet 
rich in omega-3 polyunsaturated fatty acids (PUFAs). Possible anti-
atherothrombotic effects of omega-3 PUFA include an improvement 
of lipid metabolism such as a reduction of triglyceride and an in-
crease of high-density lipoprotein-cholesterol (HDL-C), and glucose 
metabolism, anti-platelet activity, anti-inflammatory effects, an im-
provement of endothelial function and stabilization of atherosclerotic 
plaque. The present study reviews an improvement of cardiovascular 
risk factors such as dyslipidemia and diabetes due to consumption of 
omega-3 PUFA. A sufficient number of studies suggest that omega-3 
PUFA supplementation reduces serum triglyceride and increases 
HDL-cholesterol. The mechanisms for omega-3 PUFA-mediated im-
provements of lipid metabolism have been partially elucidated. The 
studies using experimental animals, part of trials in humans, have 
shown the beneficial effects of omega-3 PUFA on glucose metabo-
lism and insulin sensitivity. The meta-analysis showed that omega-3 
PUFA might prevent development of diabetes in part of population. 
Further studies should be performed to elucidate the association of 
omega-3 PUFA supplementation with diabetes, in the future.
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Introduction

An epidemiological survey of several chronic diseases in the 

Upernavik district, Northwest Greenland, reported that the 
Greenlanders (Greenlandic Inuit) have a lower frequency 
of acute myocardial infarction (MI) and diabetes mellitus 
[1] (Fig. 1). To understand the etiology for the very low in-
cidence of ischemic heart disease and diabetes, Bang et al 
studied plasma lipids and the composition of food consumed 
by the Greenlanders [2-4]. They found that the Greenlanders 
consumed a predominantly meat diet rich in omega-3 polyun-
saturated fatty acids (PUFAs) such as eicosapentaenoic acid 
(EPA) and docosahexaenoic acid (DHA) [2] (Fig. 1). A recent 
prospective Danish cohort study also reported that incident MI 
was inversely related to a high intake of fatty fish [3]. Most 
types of lipids were decreased, compared with Danish people 
[4, 5]. The most remarkable finding was a much lower level of 
plasma triglyceride (TG) in the Greenlanders than in Danish 
people [4, 5]. Dyerberg et al found that the Greenlanders have 
high levels of EPA and low levels of arachidonic acid (AA) 
and they also have a tendency to bleed, suggesting that it is 
possible that dietary enrichment with EPA will protect against 
thrombosis [6]. The very low incidence of ischemic heart dis-
ease was explained by omega-3 PUFA-mediated reduction of 
TG-rich lipoproteins and anti-thrombotic effects.

Possible anti-atherothrombotic effects of omega-3 PUFA 
include an improvement of lipid metabolism such as a reduc-
tion of TG and an increase of high-density lipoprotein-choles-
terol (HDL-C), and glucose metabolism, anti-platelet activity, 
anti-inflammatory effects, improvement of endothelial func-
tion and stabilization of atherosclerotic plaque [7].

In this review, we will think about an improvement of car-
diovascular risk factors such as dyslipidemia and diabetes due 
to consumption of omega-3 PUFA.

Materials and Methods

We conducted a systematic review of studies of the association 
between omega-3 PUFA and coronary risk factors, by using 
MEDLINE/PubMed and Embase. The English-written litera-
tures which reported a randomized controlled trial (RCT) were 
included, and non-English written literatures and/or literatures 
which reported observational studies were excluded. We also 
adopted literatures reporting RCT with appropriate statistical 
analysis. We considered that P < 0.05 was statistically signifi-
cant. Eligible articles were found by using the combination of 
“fish”, “fish oil”, “sea food”, “EPA”, “DHA” and “omega-3 
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PUFA” with “lipid”, “lipoprotein”, “TG”, “HDL”, “LDL”, 
“insulin sensitivity“, “glucose”, “insulin”, “glycated hemo-
globin”, “HbA1c”, and “diabetes” as the keywords. We par-
tially used meta-analysis and systematic review including our 
previous studies [8, 9].

Results

Effects on serum lipid metabolism

Effects in healthy, normolipidemic individuals

The effects of fish diet, fish oil and DHA-rich oil on fasting 
and postprandial lipids in 55 healthy male students were inves-
tigated [10]. For 15 weeks, the subjects in the fish diet group 
ate 4.3 ± 0.5 fish containing meals (0.38 ± 0.04 g EPA and 0.67 
± 0.09 g DHA) per week and those in the fish oil (1.33 g EPA 
and 0.95 g DHA) and DHA-oil (1.68 g DHA) groups ate 4 g 
oil per day. The postprandial total and chylomicron (CM)-TG 
area under the curves (AUCs) were lowered in 15 weeks by 
the fish diet and fish oil (P < 0.05), the same tendency (P < 0.1) 
being seen in DHA-oil group. Forty-two normolipidemic adult 
subjects completed a double-blind placebo-controlled parallel 
study, receiving an EPA-rich oil (4.8 g EPA/day), DHA-rich 
oil (4.9 g DHA/day) or olive oil, for 4 weeks [11]. There was a 
significant 22% reduction in TG relative to the control follow-
ing the DHA treatment (P = 0.032), with the 15% decrease in 
the EPA group (P = 0.258).

Seventy-four healthy normolipidemic men and women 
were randomly assigned to a total intake of 4.4 g/day alpha-
linolenic acid (ALA) (ALA group), 2.2 g/day EPA (EPA 

group), and 2.3 g/day DHA (DHA group) for 6 weeks [12]. 
Fasting serum TG was reduced in the EPA (-0.14 mmol/L) 
and DHA (-0.30 mmol/L) groups and also in the ALA group 
(-0.17 mmol/L). DHA intake significantly increased serum 
HDL-C, whereas no changes were found with ALA or EPA in-
take. Healthy men (n = 234) were randomly assigned to dietary 
supplementation with 3.8 g EPA/day, 3.6 g DHA/day, or 4.0 g 
corn oil/day for 7 weeks [13]. Serum TG decreased 26% (P < 
0.0001) in the DHA group and 21% (P = 0.0001) in the EPA 
group compared with the corn oil group. Serum HDL-C in-
creased to 0.06 mmol/L (P = 0.0002) in the DHA group, in the 
EPA group, serum total cholesterol decreased to 0.15 mmol/L 
(P = 0.02) and apolipoprotein (apo) A-I decreased to 0.04 g/L 
(P = 0.0003).

Fourteen healthy volunteers were randomly allocated to 
receive daily 4 g EPA (n = 7) or DHA (n = 7) for 5 weeks with 
their ordinary diet [14]. The postprandial increase of TG was 
suppressed by 19% and 49% after prolonged intake of EPA and 
DHA, respectively. Healthy subjects (n = 33) were randomized 
to supplementation with 4 g/day of safflower oil, EPA, or DHA 
for 4 weeks [15]. Omega-3 PUFA supplementation reduced the 
postprandial TG and apoB-48 and apoB-100 concentrations by 
16% (P = 0.08), 28% (P < 0.001), and 24% (P < 0.01), respec-
tively. Omega-3 PUFA treatment reduced CM-TG half-lives. 
Omega-3 PUFA decreased CM particle sizes and increased 
pre-heparin lipoprotein lipase activity (LPL), suggesting that 
omega-3 PUFA supplementation accelerates CM-TG clear-
ance by increasing LPL activity.

A 3-week daily intake of 3 g of EPA and DHA, a fish oil 
concentrate (FOC) (41% EPA and 23% DHA) and an olive oil 
were tested in 49 normolipidemic subjects [16]. FOC and EPA 
produced significant decreases in both TG and VLDL-C levels 
(P < 0.01) and increases in LDL-C levels (P < 0.05). DHA sup-

Figure 1. A lower prevalence of acute myocardial infarction and diabetes mellitus in the Greenlanders as compared with the 
Danish people, and the composition of food consumed by the Danish people and the Greenlanders. DHA: docosahexaenoic acid; 
EPA: eicosapentaenoic acid; PUFA: polyunsaturated fatty acids.
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plementation did not affect TG, VLDL, LDL, or HDL levels. 
Ten normo- and 10 dyslipidemic men were supplemented for 
12 weeks with 1.14 g DHA and 1.56 g EPA [17]. Gene expres-
sion analyses revealed several possible molecular pathways by 
which EPA and DHA lower TG and increase HDL-C.

Effects in obese and/or dyslipidemic individuals

The effect of a 12-week omega-3 PUFA (46% EPA and 38% 
DHA) supplementation on apoB-48 kinetics in obese subjects 
on a weight-loss diet was examined [18]. Compared with 
weight loss alone, weight loss plus omega-3 PUFA significant-
ly decreased fasting TG (-11%), apoB-48 (-36%), postprandial 
TG (-21%), and apoB-48 (-22%) total AUCs, as well as in-
cremental postprandial TG AUCs (-32%). The omega-3 PUFA 
significantly decreased apoB-48 secretion in the basal state, 
without a significant effect during the postprandial period, 
which suggests that omega-3 PUFAs improve CM metabolism 
by independently decreasing the secretion of apoB-48.

Twenty-four dyslipidemic, viscerally obese men were ran-
domly assigned to receive either fish oil (4 g/day, 45% EPA 
and 39% DHA) or corn oil (4 g/day) for 6 weeks [19]. Fish oil 
supplementation significantly (P < 0.05) lowered plasma TG 
(-18%) and VLDL apoB (-20%) and the hepatic secretion of 
VLDL apoB (-29%) compared with placebo. Fish oils did not 
alter the catabolism of the CM remnants, suggesting that fish 
oils lower plasma TG, by decreasing VLDL apoB production 
but not by altering the catabolism of CM remnants.

Fifty-nine overweight, non-smoking, mildly hyper-
lipidemic men were randomly assigned to receive 4 g EPA, 
DHA, or olive oil daily while continuing their usual diets for 
6 weeks [20]. Relative to those in the olive oil group, TG fell 
by approximately 20% (P = 0.003) in the DHA group and by 
approximately 18% (P = 0.012) in the EPA group. DHA in-
creased LDL-C by 8% (P = 0.019). Adjusted LDL particle size 
increased with DHA but not with EPA.

Nozaki et al administered 2.7 g of EPA per day as cap-
sules for 6 months to 14 primary hypercholesterolemic sub-
jects [21]. Plasma TG and LDL-C were significantly reduced. 
Twenty male patients with primary hypertriglyceridemia were 
treated for 4 weeks with daily supplements 15 g of oil, which 
provided approximately 6 g of PUFA either of fish or of veg-
etable origin [22]. The fish, but not the vegetable, oil supple-
ment led to a decrease in plasma TG. The decrease in plasma 
TG by fish-oil was accompanied by a reduction in the absolute 
catabolic rate of VLDL-TG, implying a concomitant change in 
synthetic rate; the fractional catabolic rate of VLDL-TG was 
unaltered.

A study comparing DHA to DHA + EPA in patients with 
coronary artery disease and TG greater than 200 mg/dL was 
conducted. Subjects were randomized to either 1,000 mg of 
DHA or 1,252 mg of DHA + EPA for 8 weeks [23]. TG de-
creased by 21.8% in the DHA group (P < 0.001) and 18.3% 
in the DHA + EPA group (P < 0.001). The difference between 
groups was not significant. Hypertriglyceridemic subjects 
were randomly assigned to a control group (n = 72) or an EPA 
group (n = 72; EPA 1,800 mg/day for 6 months) [24]. In the 
EPA group, the serum LDL-C and HDL-C levels remained un-

changed, but there was a significant increase in LDL particle 
size, and a significant decrease in serum TG-rich lipoproteins.

In the multicenter, 12-week, double-blind study, subjects 
were stratified for co-administration of a 3-hydroxy-3-methyl-
glutaryl-CoA reductase inhibitor then randomized to EPA + 
DHA 2 g once daily (n = 205), EPA + DHA 2 g twice daily (n 
= 210), or EPA 0.6 g three times daily (n = 195) [25]. Each one 
gram of fatty acid in EPA + DHA contains approximately 465 
mg of EPA plus 375 mg of DHA. EPA + DHA 4 g/day reduced 
TG more than EPA 1.8 g/day. EPA + DHA 2 g/day had similar 
effects on TG as EPA 1.8 g/day.

Effects in individuals with type 2 diabetes

The effect of a daily intake of 1,080 mg EPA and 720 mg 
DHA (8 weeks) for diabetic subjects on the kinetics of apoB-
100-containing lipoprotein in the fasting state was determined 
[26]. Treatment using EPA and DHA lowered serum TG from 
1.776 ± 0.280 to 1.356 ± 0.595 mmol/L (P < 0.05). A decrease 
in VLDL apoB-100 concentration from 0.366 ± 0.030 to 0.174 
± 0.036 g/L (P < 0.05), with no change in fractional catabolic 
rates, was observed.

In an RCT, 59 subjects with type 2 diabetes were ran-
domly assigned to consume 4 g EPA, DHA, or olive oil/day 
for 6 weeks while continuing to consume their usual diet [27]. 
Serum TG in the EPA and DHA groups decreased 19% (P = 
0.022) and 15% (P = 0.022), respectively. There were no sig-
nificant changes in serum LDL-C, or HDL-C.

Effects on other atherogenic lipoproteins

Twenty-two hemodialysis and 16 continuous ambulatory peri-
toneal dialysis patients with relatively high plasma levels of 
remnant lipoproteins and oxidized-LDL were randomized to 
either EPA or placebo [28]. Highly purified EPA was admin-
istered at a dose of 1,800 mg daily for 3 months. EPA signifi-
cantly reduced the levels of both remnant lipoproteins (52% 
reduction) and ox-LDL (38% reduction).

EPA vs. DHA

Comparison of effects of EPA and DHA on TG, HDL-C, LDL-
C and LDL particle size is shown in Table 1. Wei et al per-
formed a meta-analysis of RCTs of monotherapy with EPA (n 
= 10), DHA (n = 17), or EPA versus DHA (n = 6) [29]. Com-

Table 1.  Comparison of Effects of EPA and DHA on Serum 
Lipids

EPA DHA
Triglyceride ↓ ↓↓
HDL-cholesterol ↑ ↑↑
LDL-cholesterol ↓ ↑
LDL particle size ↑
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pared with placebo, DHA raised LDL 7.23 mg/dL (95% CI, 
3.98 - 10.5) whereas EPA non-significantly reduced LDL. In 
direct comparison studies, DHA raised LDL 4.63 mg/dL (95% 
CI, 2.15 - 7.10) more than EPA. Both EPA and DHA reduced 
TG, with a greater reduction by DHA in direct comparison 
studies. DHA also raised HDL (4.49 mg/dL; 95% CI, 3.50 - 
5.48) compared with placebo, whereas EPA did not.

Placebo-adjusted changes in mean lipid parameters were 
compared in RCTs in subjects treated for ≥ 4 weeks with 
DHA or EPA [30]. Twenty-two studies were identified. A net 
increase in LDL-C of 3.3% was observed with DHA (DHA: 
+2.6%; EPA: -0.7%). DHA treatment was associated with a net 
decrease in TG by 6.8% (DHA: -22.4%; EPA: -15.6%), and a 
net increase in HDL-C by 5.9% (DHA: +7.3%; EPA: +1.4%). 
Increases in LDL-C were also observed in 71% of DHA-alone 
groups, but not in any EPA-alone studies. In another system-
atic review, only DHA decreased the number of small dense 
LDL particles [31].

Effects on glucose metabolism and the development of dia-
betes

Effects on glucose metabolism and insulin sensitivity

One hundred sixty-two healthy individuals were randomly as-
signed to diets rich in monounsaturated fats and the other rich 
in saturated fats for 3 months. Within each group, there was a 
second randomization to fish oil (omega-3 PUFA 3.6 g/day) 
or placebo for 3 months. A moderate supplementation of fish 
oil did not affect insulin sensitivity, insulin secretion, beta-cell 
function or glucose tolerance [32]. In a randomized, parallel 
design in 258 subjects aged 45 - 70 years old, four diets pro-
viding 6% of energy as PUFA with an (n-6)/(n-3) between 5:1 
and 3:1 with a control diet that had an (n-6)/(n-3) of 10:1 were 
compared [33]. Changes in the (n-6)/(n-3) did not influence 
insulin sensitivity.

In an RCT, Stirban et al investigated the effects of EPA/
DHA on paraoxonase-1 activity as well as fasting and post-
prandial levels of circulating adiponectin and leptin in 34 sub-
jects with type 2 diabetes who received daily for 6 weeks ei-
ther 2 g purified EPA/DHA or olive oil, separated by a 6 weeks 
washout. No significant differences in fasting and postpran-
dial circulating adiponectin, leptin, and paraoxonase-1 activity 
were seen between omega-3 PUFAs and placebo [34].

Thirty-one insulin-resistant adults received 3.9 g/day EPA 
+ DHA or placebo for 6 months in a randomized double-blind 
study. Compared with placebo, EPA + DHA did not alter pe-
ripheral insulin sensitivity, postprandial glucose disposal, or 
insulin secretion. Hepatic insulin sensitivity exhibited a small 
but significant improvement with EPA + DHA compared with 
placebo [35].

Sixty-four patients, who were hypertensive and/or diabetic 
obese with high levels of inflammatory markers, from primary 
healthcare centers of Gaza City, Palestine, were enrolled in 
two groups of an open-label, parallel, randomized, controlled 
trial for 8 weeks [36]. Thirty-three patients were in the control 
group, and 31 patients were in the experimental group. The ex-

perimental group was treated with a daily dose of 300 mg EPA 
and 200 mg of DHA. Treatment with omega-3 PUFA signifi-
cantly reduced the level of high-sensitivity C-reactive protein, 
fasting blood glucose, and TG after 8 weeks of treatment.

Type 2 diabetic patients (n = 38) treated with oral hypo-
glycemic agents, without insulin were supplemented with 
omega-3 PUFA (1.2 g/day) for 2 months [37]. Omega-3 PUFA 
supplementation significantly reduced fasting glucose, glycat-
ed hemoglobin levels.

In an RCT, 100 type 2 diabetic patients with abdominal 
obesity were randomized into two groups including 4 g/day of 
fish oil (2.4 g omega-3 PUFA) or corn oil for 6 months [38]. 
Serum TG decreased (P = 0.007), whereas HDL-C increased 
(P = 0.006) in the fish oil group compared with the placebo 
group after 6 months. Glycemic control which was measured 
by serum glucose, glycated hemoglobin, insulin, and homeo-
stasis model assessment-insulin resistance, was not signifi-
cantly different between the two groups after 6 months. In an 
RCT, 54 patients with type 2 diabetes received 520 mg of DHA 
+ EPA-enriched fish-oil (FOG) or a placebo daily [39]. Waist 
circumference and blood glucose showed significant reduc-
tions in the FOG group (P = 0.001 and P = 0.011, respectively).

The RCT included 43 patients with type 2 diabetes (21 
patients in the placebo group and 22 patients in the omega-3 
PUFA group) [40]. They were randomized to groups, one re-
ceiving 10 weeks of either omega-3 PUFA supplement and 
the other the placebo (1,250 mg capsule, three times per day). 
Compared to the placebo, omega-3 PUFA supplementation 
decreased serum fasting plasma glucose and glycated hemo-
globin (P = 0.036 and 0.001, respectively).

Akinkuolie et al systematically reviewed the effect of n-3 
PUFA on insulin sensitivity by conducting a meta-analysis of 
available RCTs [41]. Eleven RCTs (n = 618) were eligible for 
inclusion in the analysis. In a pooled estimate, omega-3 PUFA 
intervention had no effects on insulin sensitivity compared to 
placebo.

To determine whether omega-3 PUFA interventions affect 
insulin resistance in a sex-dependent manner, five databases 
were searched (Medline, EMBASE, CINAHL, Scopus, and 
Pre-Medline) for RCTs [42]. With all studies (n = 26) pooled, 
there was no effect of omega-3 PUFA on insulin resistance at 
the group level. In trials with duration ≥ 6 weeks, a significant 
improvement in insulin resistance was seen in women but not 
in men.

Literature searches of Medline, PubMed Central and Em-
base were conducted up to December 2015 [43]. All RCTs that 
investigated effects of omega-3 PUFA supplements on insulin 
resistance in women with polycystic ovary syndrome (PCOS) 
were included. Of 1,202 papers, three RCTs were eligible for 
inclusion which involved 72 cases and 73 controls. The dose 
range for omega-3 PUFA supplement was 1.2 to 3.6 g and the 
duration of follow-up was from 6 to 8 weeks. There was no 
significant effect of omega-3 PUFA supplements compared to 
placebo on insulin resistance in women with PCOS.

To systematically evaluate the effects of omega-3 PUFA on 
glucose control and lipid levels, Medline, PubMed, Cochrane 
Library, Embase, the National Research Register, and SIGLE 
were searched to identify eligible RCTs [44]. Twenty RCTs 
were included into this meta-analysis. Among patients with 
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omega-3 PUFA supplementation, no marked change in gly-
cated hemoglobin, fasting plasma glucose, and postprandial 
plasma glucose was observed.

To understand whether the net effect of fish oil intake on 
glycemic control is beneficial in diabetes, a meta-analysis was 
performed [45]. Data sources were Medline (Cologne, Ger-
many), Excerpta Medica, Current Contents, review articles, 
and published reference lists. Publications of 26 trials were se-
lected, and all trials included more than five diabetes patients 
and addressed the effects of fish oil (EPA and DHA) on serum 
lipids and glucose tolerance. No significant change in glycated 
hemoglobin occurred in diabetic subjects treated with fish oil.

Effects on the development of diabetes

We previously reported a systematic review on the effects of 
fish or fish oils on the development of diabetes [8]. Wallin et 
al performed a systematic review and meta-analysis to under-
stand the association between fish consumption, dietary ome-
ga-3 PUFA, and risk of type 2 diabetes, by searching the Pub-
Med and Embase databases through December 15, 2011 [46]. 
Sixteen studies involving 527,441 participants and 24,082 
diabetes cases were included. For each serving per week incre-
ment in fish consumption, the relative risk (RR) (95% confi-
dence interval (CI)) of type 2 diabetes was 1.05 (1.02 - 1.09), 
1.03 (0.96 - 1.11), and 0.98 (0.97 - 1.00), in combined analysis 
of studies performed in US, European, and Asian/Australian, 
respectively. For each 0.30 g per day increment in long-chain 
omega-3 PUFA, the corresponding summary estimates were 
1.17 (1.09 - 1.26), 0.98 (0.70 - 1.37), and 0.90 (0.82 - 0.98). 
This meta-analysis indicated differences between geographi-
cal regions in observed associations of fish consumption and 
dietary intake of omega-3 PUFA with risk of type 2 diabetes.

Zheng et al conducted a systematic review and meta-anal-
ysis of prospective cohort studies to examine the associations 
of fish and omega-3 PUFA intake with type 2 diabetes risk 
[47]. Twenty-four studies including 24,509 type 2 diabetic 
patients and 545,275 participants were identified. For cohort 
studies, the summary RR of type 2 diabetes for the highest vs. 
lowest categories of total fish and omega-3 PUFA intake was 
1.07 (95% CI: 0.91 - 1.25) and 1.07 (95% CI: 0.95 - 1.20), 
respectively. Subgroup analyses indicated that summary RR 
(highest vs. lowest category) of type 2 diabetes for fish and 
omega-3 PUFA intake was 0.89 (95% CI: 0.81 - 0.98) and 0.87 
(95% CI: 0.79 - 0.96) for Asian populations, and 1.20 (95% 
CI: 1.01 - 1.44) and 1.16 (95% CI: 1.04 - 1.28) for Western 
populations. This systematic review and meta-analysis showed 
that omega-3 PUFA have beneficial effects on the prevention 
of type 2 diabetes in Asian populations.

Wu et al systematically searched multiple literature data-
bases through June 2011 to identify prospective studies exam-
ining relations of dietary omega-3 PUFA, dietary fish and/or 
seafood, and circulating omega-3 PUFA biomarkers with inci-
dence of diabetes [48]. Sixteen studies met inclusion criteria, 
including 18 separate cohorts comprising 540,184 individuals 
and 25,670 cases of incident diabetes. Consumption of fish 
and/or seafood was not significantly associated with diabetes, 
nor was consumption of EPA + DHA.

There is a considerable statistical heterogeneity in the 
overall summary estimates of the association between fish 
consumption, dietary omega-3 PUFA, and risk of type 2 dia-
betes, which is partly explained by geographical differences. 
Omega-3 PUFAs have beneficial effects on the prevention of 
type 2 diabetes in Asian populations.

Discussion

A sufficient number of RCTs showed omega-3 PUFA reduced 
serum TG. The mechanisms for omega-3 PUFA-mediated TG 
reduction remain largely unknown. Omega-3 PUFA reduced 
the postprandial CM-TG AUCs [10], and reduced apoB-48 
which is the apolipoprotein of CM [15]. Omega-3 PUFA also 
decreased CM particle sizes and increased pre-heparin LPL, 
suggesting that omega-3 PUFA supplementation accelerates 
CM-TG clearance by increasing LPL activity [15]. Intestinal 
CM production is upregulated in humans under conditions 
of insulin resistance [49]. CM remnants possess direct ath-
erogenic properties [49]. The omega-3 PUFA was reported to 
significantly decreased apoB-48 secretion in the basal state 
[18]. Reduced secretion of apoB-48 may reduce production of 
CM, and may also induce a decrease of CM remnants which is 
beneficial to prevent atherosclerosis. A significant reduction of 
remnant lipoproteins (52% reduction) due to EPA supplemen-
tation was observed, supporting our hypothesis [28]. Briefly, 
omega-3 PUFA reduces atherogenic CM remnant by increase 
of LPL activity and reduction of apoB-48 secretion.

Omega-3 PUFA significantly produced a significant de-
crease in VLDL-C and hepatic secretion of VLDL apoB as 
compared with placebo [19, 26]. Omega-3 PUFA was also 
reported to reduce the postprandial apoB-100 concentration 
by 24% [13]. The reduction of hepatic secretion of apoB-100 
which is apolipoprotein of VLDL may produce a significant 
reduction of VLDL production.

Omega-3 PUFAs elicit hypotriglyceridemic effects by 
suppressing hepatic lipogenesis through reducing levels of 
sterol receptor element binding protein-1c (SREBP-1c), up-
regulating FA oxidation in the liver and skeletal muscle [50]. 
The net result is the repartitioning of metabolic fuel from TG 
storage toward oxidation, thereby reducing the substrate avail-
able for VLDL synthesis.

Omega-3 PUFAs, especially DHA, increase HDL-C [12, 
13, 29, 30]. The formation of HDL is related with the catabo-
lism of TG-rich lipoproteins such as VLDL or intermediate-
density lipoprotein (IDL) by LPL [51]. Therefore, increased 
LPL activity reduces IDL and VLDL, and increases HDL. In-
creased pre-heparin LPL due to omega-3 PUFA was observed 
[15]. An increase of HDL-C due to omega-3 PUFA can be ex-
plained by an increased activity of LPL, which may be associ-
ated with increased TG hydrolysis of VLDL. Omega-3 PUFA 
reduces VLDL-C, by reduction of hepatic secretion of apoB-
100, decrease of SREBP-1c, and an increase of LPL activity.

DHA raised LDL 7.23 mg/dL (95% CI, 3.98 - 10.5), 
whereas EPA non-significantly reduced LDL [29]. Increases 
in LDL-C were observed in 71% of DHA-alone groups, but 
not in any EPA-alone studies [30]. Can this elevation of LDL-
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C induce atherosclerosis? We think that the answer is “No”. 
DHA reduces more VLDL than EPA. Therefore, DHA increas-
es more LDL which is the TG-hydrolyzed product of VLDL as 
compared with EPA. Further, the particle size of LDL elevated 
by DHA is large [20], and a large-sized LDL may not induce 
atherosclerosis. The systematic review which showed DHA 
decreased the number of small dense LDL particles [31] sup-
ports our hypothesis.

The effects of long chain FA in pancreatic beta-cells are 
mediated by a group of G-protein coupled receptors [52]. The 
G protein-coupled receptor 40 (GPR40) appears to mediate the 
acute stimulatory effects of long chain FA on insulin secretion. 
Stimulation of GPR120 with omega-3 PUFA causes broad 
anti-inflammatory effects in macrophages [53]. GPR120 is a 
functional omega-3 PUFA receptor/sensor and mediates potent 
insulin sensitizing and antidiabetic effects in vivo. Further, an 
improvement of insulin sensitivity suppresses the activity of 
hormone-sensitive lipase (HSL) in adipose tissue which cata-
lyzes the breakdown of TG, releasing free FA [54].

After an intraperitoneal glucose challenge, marked endog-
enous GLP-1 secretion, substantial insulin release and subse-
quent glucose reductions were observed in the intracolonic 

DHA and EPA treatment mice, suggesting that the colon-spe-
cific delivery of omega-3 PUFA would be a novel antidiabetic 
treatment by the stimulation of intrinsic GLP-1 secretion via 
GPR120 [55].

I previously presented the review compared between the 
effect to prevent cardiovascular events by only EPA and the 
effect by the combination of EPA and DHA [56]. Statins are 
the “gold standard” for the treatment to prevent cardiovascu-
lar diseases. To evaluate the cardio-protective effects of some 
drugs in clinical trials, we should consider whether trial par-
ticipants take statins or not. In Japan, EPA lipid intervention 
study (JELIS), all participants had taken statins, and a 19% 
relative reduction in major coronary events was obtained by 
the addition EPA [57].

In the GISSI-Prevenzione (GISSI-P) trial, the treatment 
with n-3 FA (EPA + DHA) significantly lowered the risk of the 
primary endpoint (RR decrease 15% (95% CI, 2 - 26)) [58]. 
In the GISSI-HF trial, the adjusted hazard ratio (HR) of death 
from any cause in the n-3 PUFA (EPA + DHA) group was 0.91 
(95.5% CI: 0.833 - 0.998), P = 0.041) [59]. The adjusted HR of 
death or admission to hospital for cardiovascular reasons was 
0.92 (99% CI: 0.849 - 0.999), P = 0.009). The percentages of 

Figure 2. The possible mechanisms for omega-3 PUFA-mediated improvements in lipid and glucose metabolism. Dash lines 
indicate direct effects of EPA and DHA, and solid lines indicate secondary changes of metabolic state in lipid/glucose metabo-
lism due to EPA and DHA. C: cholesterol; CM: chylomicron; CM-r: chylomicron remnant; DHA: docosahexaenoic acid; EPA: 
eicosapentaenoic acid; FFA: free fatty acids; GLP-1: glucagon-like peptide 1; GPR: G protein-coupled receptor; HSL: hormone-
sensitive lipase; HTGL: hepatic triglyceride lipase; IDL: intermediate-density lipoprotein (IDL); LDL: low-density lipoprotein; LPL: 
lipoprotein lipase; PUFA: polyunsaturated fatty acids; SREBP: sterol receptor element binding protein; TG: triglyceride; VLDL: 
very low-density lipoprotein.
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subjects who had taken satins were only 4.7% and 22.6% in 
GISSI-P and GISSI-HF trials, respectively.

The recent OMEGA study including 94.2% statin users 
failed to prevent cardiovascular events [60]. The ORIGIN trial 
including 53.8% statin users also failed [61]. In the previous 
two studies (GISSI-P and GISSI-HF), EPA + DHA may be 
effective to prevent cardiovascular events because of fewer 
combined use of statins. In the recent studies (OMEGA and 
ORIGIN) which included many participants who had taken 
statins, EPA + DHA failed to reduce cardiovascular events. 
However, EPA demonstrated a significant reduction of cardio-
vascular events in JELIS, in which all participants had taken 
statins. We should also consider how EPA or DHA reduces car-
diovascular events independently of an improvement of lipid 
metabolism. EPA or DHA may reduce cardiovascular events, 
due to decrease of inflammation and/or platelets activity, or the 
improvement of vascular integrity.

Conclusion

The possible mechanisms for omega-3 PUFA-mediated im-
provements in lipid and glucose metabolism were shown in 
Figure 2. Omega-3 PUFA reduces atherogenic CM remnant 
by increase of LPL activity and reduction of apoB-48 secre-
tion, and reduces VLDL-C, by reduction of hepatic secretion 
of apoB-100, decrease of SREBP-1c, and an increase of LPL 
activity. Omega-3 PUFA raises HDL by increase of LPL activ-
ity. Omega-3 PUFA increases insulin secretion from pancreatic 
beta-cells by stimulating GPR40, and increases GLP-1 and im-
proves insulin sensitivity by stimulating GPR120.
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