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TNF-a Tumor necrosis factor-a
TNFR Tumor necrosis factor receptor
TRL Triglyceride rich lipoprotein
VCAM-1 Vascular cell adhesion molecule 1
VLDL Very-low-density lipoprotein

Obesity and Metabolic Syndrome

The incidence of the metabolic syndrome (MetS) is
increasing at an alarming rate, becoming a major public and
clinical problem worldwide. MetS is defined as a cluster of
pathophysiological conditions, which include abnormalities
in blood pressure, low high density lipoprotein-cholesterol
(HDL-ch), high triglycerides (TG), altered glucose tolerance,
and increased waist circumference, raising the risk of car-
diovascular disease (CVD) and diabetes [1, 2]. Different
international organizations have attempted to determine the
cutoff for the MetS criteria in adult population, and although
there is a consensus in almost all parameters, discrepancies
on the cutoff for waist circumference continue [3]. Despite
the genetic variations between populations, it is widely
accepted that the appearance of MetS is closely related to
obesity, inappropriate dietary behaviors, and sedentary life-
style [1].

The imbalance in the carbohydrate and lipid metabolism
in MetS patients is characterized by impaired insulin
response, high plasma-free fatty acids (FFA) concentration,
hypertriglyceridemia, low levels of HDL-ch, and changes in
the composition of both lipoproteins and apolipoproteins; all
these alterations work together to deteriorate cardiovascular
health and to increase the risk of cardiovascular disease [4].

Initially, in an attempt to restore glucose metabolism, the
hyperinsulinemia is the first stage that precedes insulin
resistance, and when the insulin signaling is not enough to
promote glucose uptake in peripheral tissues, the increment
in the glucose production triggers type 2 diabetes mellitus
[5]. In a normal state, the insulin secreted by the B-cells of
pancreas is able to suppress the release of fatty acids by
adipose tissue and to decrease the concentration of
lipoprotein lipase in peripheral tissues [4]; however, in an
insulin resistance condition, this mechanism fails, promoting
an abnormal release of FFA into circulation which in turn
favors their flux and accumulation in key energetic organs as
the liver [5]. The increment of lipids in the liver may raise
the production of TG and the release of triglyceride-rich
lipoproteins (TRLs) such as very low density lipoprotein
(VLDL), favoring an atherogenic state. Thus, hypertriglyc-
eridemia is associated with the predominance of the
atherogenic small-density low density lipoprotein (sdLDL)
versus the highly buoyant less atherogenic LDL, as well as

with low HDL-ch levels and high levels of LDL-ch [4, 5].
Furthermore, there is a disproportion between the TG syn-
thesis and TG clearance, which favors the increment in
VLDL proportion, leading to the augmentation of the
apolipoprotein B (apoB) production and of the remnant
lipoprotein particle concentration [6].

Additionally, in MetS, there are other factors that are
implicated in lipid metabolism disorders as the increment in
the synthesis of apolipoprotein C-III (apo C-III) and the
cholesteryl ester transfer protein (CETP). The apo C-III is
carried through VLDL particles and could disrupt the action
of lipoprotein lipase and inhibit the uptake of VLDL rem-
nants by liver receptors [7]. Also, the increased activity of
CETP promotes the transfer of TG from VLDL to LDL,
resulting in triglyceride-rich LDL, which are the favorite
substrate of hepatic lipase, leading to the formation of
sdLDL particles [6], which are more likely to be filter into
the arterial wall and are more susceptible to oxidation that
the highly buoyant LDL particles [4, 7]. Increased levels of
VLDL can also promote alterations in the composition of
HDL, leading to the formation of sdLDL and increased
catabolism of these particles [6].

The metabolic disturbances characterizing the MetS
condition perturb the normal endothelial function, increasing
the risk of cardiovascular diseases and promoting a vicious
cycle in which the high blood pressure, hyperglycemia,
hyperinsulinemia, oxidative stress, and inflammation are
implicated [8, 9]. Taking into account the fact that
endothelium is the major regulator of vascular homeostasis,
the endothelial dysfunction is an important factor in the
appearance of circulatory pathologies. The alterations in the
renin—angiotensin—aldosterone system and the increment of
the oxidative stress during hypertension are associated with
the impairments of important vasodilator pathways in the
endothelium leading to endothelial dysfunction, including
alterations in the nitric oxide (NO) cycle [8—10]. Moreover,
the increment in the arterial stiffness either in general pop-
ulation and in type 2 diabetic patients is a predictor factor to
cardiovascular risk and mortality [11].

In summary, insulin resistance seems to be a major
underlying mechanism responsible for the development of
MetS, and a number of studies have also suggested that the
low-grade chronic inflammatory state associated with obe-
sity and MetS plays a key role in the development of insulin
resistance and other metabolic complications [12].
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n-3 PUFAs in Obesity and Metabolic
Syndrome

The long-chain omega-3 polyunsaturated fatty acids (n-3
PUFAs) are essential nutrients which can be divided
according to their natural food source in plant-derived
(alpha-linolenic acid, C18:3) and marine-derived (eicos-
apentaenoic acid (EPA), C20:5 and docosahexaenoic acid
(DHA), C22:6). The principal sources of alpha-linolenic acid
are the vegetable oil (flaxseeds, canola, soybean), while EPA
and DHA are found in fatty fish (salmon, herring, mackerel,
and sardines) [13]. Although it has been suggested that
alpha-linolenic acid is converted to EPA and DHA, the
conversion rate is controversial and apparently modest [14,
15], and the beneficial effects of n-3 PUFAs in cardiovas-
cular health have been principally attributed to the
marine-derived EPA and DHA.

In patients with MetS, decreased levels of erythrocyte
content of EPA and DHA and increased ratio of n-6/n-3 have
been observed, being associated with the development of
insulin resistance [16]. Additionally, different studies have
observed that high consumption of fish, especially fatty fish
rich in n-3 PUFAs, is inversely correlated with MetS [17].

In this context, the consumption and supplementation of
n-3 PUFAs for the prevention and amelioration of MetS
features have been proposed. In this chapter, we will focus
on reviewing randomized, controlled trials that evaluate the
effects of supplementation with marine-derived EPA and
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DHA. We excluded the studies that used functional products
enriched with n-3 PUFAs, also trials with population with
previous cardiovascular event or heart disease, and studies
with subjects under medication that could affect the target
metabolic outcomes as lipid-lowering agents, antihyperten-
sive, and hypoglycemic drugs.

Effects of n-3 PUFAs on Weight Loss and Body
Composition

Moderate weight loss (5—10 % of body weight) can help to
restore insulin sensitivity and greatly reduce MetS features.
Several studies have evaluated the effects of n-3 PUFAs
supplementation on weight loss, rising to contradictory
outcomes (Table 14.1). The majority of trials with n-3
PUFAs supplementation have been performed using a
combination of EPA and DHA with or without an
energy-restricted regime and with and without exercise.

n-3 PUFAs Trials with Isocaloric Diets

The study by Ebrahimi et al. [18] in Iranian males and females,
giving a general dietary advice to both study groups and using
a supplementation of 1 g/day of fish oils (containing 180 mg
EPA and 120 mg DHA) for 6 months, observed that n-3
PUFAs promoted a reduction in body weight. Moreover, the

Table 14.1 Clinical trials evaluating the effects of n-3 PUFA supplementation on body weight loss and anthropometric parameters

Study design

Randomized, placebo-controlled trial with
parallel design in hyperinsulinaemic
overweight or obese females (n = 93; age:
21-69 year)

Randomized, double-blind,
placebo-controlled trial with parallel design
in healthy obese females and males (n = 32;
age: 18-60 year)

Randomized, double-blind,
placebo-controlled trial with parallel design
in healthy females and males (n = 33; age:
18-60 year)

Randomized, controlled trial with parallel
design in overweight and obese healthy males
and females (n = 64; age: 18-60 year)

Randomized, controlled trial with parallel
design in overweight and obese healthy
females and males (n = 324; age: 20—

40 year)

n-3 PUFASs treatment

1.3 g/day EPA + 2.9 g/day DHA (EE
capsules) for 24 weeks (first 12 weeks with
an energy-restricted diet followed by the
maintenance period)

6 X 1 g capsules/day (70 mg EPA + 270 mg
DHA per fish tuna oil capsule) for 4 weeks

(first 4 weeks with a VLCD of 3000 kJ/day

with a meal replacement food followed by the
maintenance period)

6 X 1 g capsules/day (70 mg EPA + 270 mg
DHA per fish tuna oil capsule) for 12 weeks
(with an energy-restricted diet of 5000 kJ for
females and 6000 kJ for males)

180 g/week of fatty fish or 1 g/day of fish oil
capsule (420 mg EPA + 210 mg DHA) for
12 months (with an energy restriction of

2 M1J and dietary education)

150 g cod 3 times/week; 150 g salmon 3
times/week or 1.3 g/day of fish oil capsules
(EPA + DHA) for 8 weeks (with a
personalized energy-restricted diet <30 %
kcal)

Outcomes References
<> Body weight [28]

<> Body weight, fat mass, [29]
fat-free mass, waist and hip
circumferences, waist to hip

ratio

<> Body weight, fat mass, [30]
fat-free mass, waist and hip
circumferences

<> Body weight, fat mass [24]

| Body weight and waist
circumference (only in
males)

[31]

(continued)
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Table 14.1 (continued)
Study design

Randomized, double-blind,
placebo-controlled trial with parallel design
in overweight and obese healthy females and
males (n = 36; age: 18-60 year)

Randomized, controlled trial with parallel
design in overweight and obese females with
MetS (n = 136, age: 30-65 year)

Randomized, single-blind, trial with parallel
design in obese females and males with MetS
(n =52 [34]; n = 60 [35]; age:

51.9 & 2.55 year)

Randomized, double-blind,
placebo-controlled trial in overweight and
obese healthy females (n = 77; age: 20—
45 year)

Randomized, placebo-controlled trial in
severely obese women (n = 20; age:

54.27 + 5.36 year in n-3 PUFAs group and
49.78 £ 12.35 in placebo group)

Randomized, placebo-controlled trial with
parallel design in overweight and obese
females and males, 30 % with MetS (n = 81;
age: 45.6 & 8.3 year in n-3 PUFAs group
and 47.0 £+ 7.8 year in placebo group)

Randomized, controlled trial with parallel
design in obese females and males with MetS
(n = 65; age: 47.9 £ 9.98 year)

Randomized, double-blind,
placebo-controlled, crossover trial in females
and males with MetS (n = 29; age: 26—

70 year)

Randomized, controlled trial with parallel
design in overweight and obese females and
males with MetS (n = 89; age: 40-70 year)

Randomized, placebo-controlled trial with
parallel design in females and males with at
list one risk factor: mild hypertension,
elevated TG or elevated total-ch (n = 65
(67 % males), age: 25-65 year)

Randomized, double-blind,
placebo-controlled trial with parallel design
in postmenopausal women with T2DM, 50 %
with hypoglycemic treatment (n = 26; age:
40-60 year)

n-3 PUFAs treatment

6 X 1 g capsules/day (70 mg EPA + 270 mg
DHA per fish tuna oil capsule) for 8 weeks
(with prior 4-week n-3 PUFAs
supplementation followed by a VLCD of
3000 kJ/day with a meal replacement food)

2130 mg/day of n-3 PUFAs (1280 mg

EPA + 850 mg DHA) for 12 weeks (calorie
restriction of 500-800 kcal/d with or without
meal replacement diet)

1.8-g EPA-rich capsules (>98 % as EE) for 3
months (energy-restricted diet 25 kcal/kg
ideal body weight)

1.3-g EPA-rich capsules (80 % as EE) for 10
weeks (energy-restricted diet <30 %)

2.98 g/day of n-3 PUFAs (EPA + DHA at a
ratio of 2:1) for 3 weeks (with a VLCD of
2200 kJ/day and light-to-moderate physical
activity 60 min/day)

5 capsules/day (3 g/day of EPA + DHA at a
ratio of 5:1 in a 60 % concentration) for 24
weeks (with exercise and dietary counseling)

3 g/day of n-3 PUFAs (180 mg EPA plus
120 mg DHA per capsule) for 90 days (usual
diet)

2 g/day of n-3 PUFAs (46 % EPA, 38 %
DHA) for 12 weeks with 4-week washout
period (usual diet)

1-g capsules/day of n-3 PUFAs (180 mg EPA
and 120 mg DHA) for 6 months (general
dietary advice)

6 g/day of tuna fish oil (60 mg

EPA + 260 mg DHA per gram) for 12 weeks
(usual diet with or without 3 times/week of
45-min exercise)

1.8 g/day of n-3 PUFAs (1.08 g

EPA + 0.72 g DHA) for 2 months of run-in
period followed by 2-month treatment
(dietary counseling)

Outcomes

I Body weight and BMI
(only in females)

<> Fat mass, fat-free mass,
waist and hip
circumferences

<> Body weight, BMI,
waist circumference, fat
mass, fat-free mass

<> BMI and waist
circumference

I Waist-to-hip ratio
(moderately)

<> Body weight, fat mass,
lean mass, waist and hip
circumferences

| Body weight, BMI, hip
circumferences

| Fat oxidation

<> Waist circumference

<> Body weight, body fat
mass, waist circumference

<> Body weight and waist
circumference

<> Body weight

I Body weight

| Fat mass
<> Body weight

| Fat mass
I Adipocyte diameter
<> Body weight
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References

[27]

[25]

[34, 35]

[36]

[32]

[26]

[21, 22]

[23]

[18]

[20]

[19]

BMI body mass index; DHA docosahexaenoic acid; EE ethyl ester; EPA eicosapentaenoic acid; MetS metabolic syndrome; n-3 PUFAs omega-3
polyunsaturated fatty acids; T2DM type 2 diabetes mellitus; VLCD very-low-calorie diet

trials by Kabir et al. [19] providing 1.8 g/day of n-3 PUFAs
(1.08 g EPA + 0.72 g DHA) found no changes in body
weight but a reduction in fat mass and adipocyte diameter.
Similarly, the study by Hill et al. [20] evaluated the effects of
n-3 PUFAs (6 g/day of tuna fish oil containing 260 mg DHA
and 60 mg EPA per gram) for 12 weeks in combination or in

the absence of a regular exercise (3 times/week), finding that
supplementation with fish oil promoted a decrease in fat mass
independently of the exercise effect.

In contrast, a 90-day short-time study conducted in
Brazilians with a supplementation of n-3 PUFAs in a dose of
3 g/day (180 mg EPA plus 120 mg DHA per capsule) found
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no effects of supplementation in body weight and waist
circumference [21, 22]. Similarly, the study by Tousoulis
et al. [23] in Caucasic males and females showed that the
supplementation of the usual diet with 2 g/day of n-3 PUFAs
(46 % EPA and 38 % DHA) during 12 weeks with a
washout period of four weeks between treatments did not
promote a reduction in body weight.

n-3 PUFAs Trials with Hypocaloric Diets

While some trials have reported that supplementation of
hypocaloric diets with n-3 PUFAs may promote additional
weight loss, most of the studies have not found body
weight-lowering properties for n-3 PUFAs (Table 14.1).
Thus, the study by Tapsell et al. [24] found no additional
effects on body weight loss in Australian overweight or
obese adults consuming fatty fish or fish oil supplementation
(180 g fatty fish alone or plus 1 g/day of fish oil capsule
containing 420 mg EPA and 210 mg DHA) for 12 months.
Additionally, the study by Su et al. [25] in Taiwanese
women with a calorie-restricted diet supplemented with
2.13 g/day of n-3 PUFAs showed that the treatment had no
additional effects on anthropometry and body composition
variables. DeFina et al. [26] using a supplementation of n-3
PUFAs (3 g/day EPA plus DHA at a ratio of 5:1) in con-
junction with diet and exercise during 24 weeks observed no
effects of supplementation in weight loss and body compo-
sition in overweight/obese subjects. Also, the study by
Munro and Garg [27] supplementing 6 X 1 g capsules/day
containing 70 mg EPA plus 270 mg DHA for 12 weeks in
conjunction with an energy-restricted diet found no differ-
ences in the body weight and waist circumference losses.

Some trials have addressed the effects of n-3 PUFAs
supplementation not only during a weight loss period but
also during a weight maintenance phase. Thus, the study by
Krebs et al. [28], which lasted 24 weeks and included first
five weeks on an energy-restricted diet, followed by a
maintenance period in the subsequent weeks, observed no
differential effect on weight loss with n-3 PUFAs supple-
mentation (1.3 g/day of EPA plus 2.9 g/day of DHA) in
overweight/obese women. In the same way, Munro and Garg
[29] reported that supplementation for 14 weeks with n-3
PUFAs (6 X 1 g capsules/day containing 70 mg EPA plus
270 mg DHA) during a very-low-energy-restricted diet
(4 weeks), followed by a maintenance period of 10 weeks,
did not promote a greater decrease in anthropometric mea-
surements and fat mass in obese subjects.

Interestingly, another trial of the same group reported that
a prior supplementation during 4 weeks with n-3 PUFAs
(6 X 1 g capsules/day containing 70 mg EPA plus 270 mg
DHA) followed by a 4-week very-low-energy-restricted diet
promoted a greater reduction in weight than placebo but only
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in healthy overweight/obese women, suggesting that sup-
plementation with n-3 PUFAs had a time-dependent effect
on weight loss, especially in females [30]. Some studies
have suggested a sex-based interaction of n-3 PUFAs. In this
context, the trial by Thorsdottir et al. [31], performed in
overweight or obese adults under a personalized
energy-restricted diet during 8 weeks, observed a greater
reduction in weight loss and waist circumference only in
men, in the groups taking fish (150 g cod or salmon 3
times/week) or fish oil capsules (1.3 g/day EPA plus DHA).
The study by Kunesova et al. [32], performed in severely
obese women during 3 weeks with a very-low-calorie diet
and light-to-moderate physical activity, also showed that the
supplementation with n-3 PUFAs (2.98 g/day EPA plus
DHA at a ratio of 2:1) promoted a decrease in body weight,
body mass index (BMI), and hip circumference.

The potential differential effects of EPA and DHA on
weight loss and body composition have not been clearly
addressed. Interestingly, the study by Kunesova et al. [32]
found a significant negative correlation between BMI change
and phospholipid docosahexaenoic acid change, suggesting
that docosahexaenoate (22:6n-3) seems to be the active
component. In this context, the study by Vasickova et al.
[33] has also suggested a possible beneficial effect of DHA
intake on body weight reduction in obese children that
consumed an extra 300 mg DHA and 42 mg EPA daily for a
period of 3 weeks. Regarding EPA, the Japan Obesity and
Metabolic Syndrome Study, a randomized, single-blind,
parallel design trial with a supplementation of 1.8 g/day of
highly purified (>98 %) EPA in combination with a hypo-
caloric diet (25 kcal/kg ideal body weight) during 3 months,
did not find changes in BMI or waist circumference [34, 35].
In concordance with this, the study by Huerta et al. [36] with
a supplementation of 1.3 g EPA-rich capsules (80 %) shows
no additional effect of body weight on the energy-restricted
diet in the supplemented groups, although EPA promoted a
moderate decrease in the waist-to-hip ratio.

n-3 PUFAs and Carbohydrate Metabolism
in Metabolic Syndrome

Although some evidence in murine models and in over-
weight or obese healthy subjects has suggested that the
supplementation with n-3 PUFAs could promote an
improvement in insulin sensitivity [37], most of the trials in
subjects with MetS characteristics have observed that sup-
plementation with n-3 PUFAs, at different ratios of EPA:
DHA and at different doses (1-4 g), has no significant effect
on decreasing glucose metabolism parameters or improving
the insulin sensitivity [23, 25, 26, 28, 38—46]. In contrast, the
study by Ramel et al. [47], performed in overweight/obese
young adults following an energy-restricted diet, detected
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that the supplementation with fish oil (EPA + DHA)
improved insulin sensitivity independently of changes in
body weight, TG, or adiponectin. Table 14.2 summarizes the
clinical trials assessing the effects of n-3 PUFAs supple-
mentation on glucose metabolism in subjects with MetS
features.

Because some studies have suggested that EPA and DHA
have different hemodynamic and metabolic effects,

A.E. Huerta et al.

randomized trials evaluating the supplementation of both n-3
PUFAs separately are discussed. In this context, studies using
a supplementation of DHA (2-3 g/day) in conjunction with
isocaloric diet did not find any effect on glucose parameters in
subjects with MetS features [41, 48]. Moreover, the study by
Mori et al. [49], which evaluated the differential effect of
DHA and EPA (4 g/day) on females and males following
their usual diet, revealed that both EPA and DHA promoted

Table 14.2 Clinical trials assessing the effects of n-3 PUFAs supplementation on glucose and lipid metabolism and on inflammation, blood
pressure, and endothelial function in subjects with MetS features

Study design

Randomized, placebo-controlled trial in non-diabetic
males and females with impaired glucose tolerance,
impaired fasting glucose, or MetS (n = 34; age:

48 £ 2.3 years in n-3 group and 53.3 £ 2.2 years in
placebo group)

Randomized, double-blind, placebo-controlled,
crossover trial in females and males with MetS
without statin treatment (n = 29; age: 44 £ 12 years)

Randomized, single-blind, placebo-controlled trial
with parallel design in females and males with MetS,
without antihypertensive drugs (n = 98; age:

50 £ 10 years)

Randomized, double-blind, placebo-controlled trial
with parallel design in females and males without
hypertension (n = 84; age: 25-70 years)

Randomized, double-blind, placebo-controlled trial
with parallel design in hypertriglyceridemic males
with MetS features (n = 34; age: 39-66 years)

n-3 PUFAs treatment

4 g/day of fish oil capsules (1 g containing at least
465 mg EPA + 375 mg DHA as EE) for 12 months
(diet: ns)

2 g/day of n-3 PUFAs (46 % EPA + 38 % DHA) for
24 weeks with 4-week washout period at week 12
(usual diet)

Low and high doses of ALA (2.2 g/day and 6.6 g/day,
respectively); low and high doses of fish oil 1.2 g/day
(700 mg EPA + 600 mg DHA as TG) and 3.6 g/day
(2.1 g/day EPA + 1.5 g/day DHA as TG),
respectively

Duration: 8 weeks with previous 4-week run-in period
(usual diet)

4 g/day of fish oil capsules (containing 60 % of n-3
PUFAs with 367 mg EPA + 255 mg DHA per
capsule) for 12 weeks (usual diet)

7.5 g/day of DHA oil (containing 3 g/day of DHA) for
90 days (usual diet). Test breakfast with a total intake
of 850 kcal (3553 kJ)

Outcomes

Glucose metabolism

<> FBG, 2-h glucose, insulin sensitivity,
first phase of insulin secretion

Lipid metabolism

TG

<> Total-ch, LDL-ch, HDL-ch
Endothelial health

1 Capillaries in adipose tissue
Inflammation

| Plasma MCP-1 and adipose tissue gene
expression of MCP-1 and CD68

| Decreased adipose tissue crown-like
structures

<> Plasma concentration of IL-6, IL-10,
IL-12, TNF-o, resistin, PAI-1, and leptin;
adipose tissue expression of TNF-a, IL-1,
IL-12, and IL-6

Glucose metabolism
<~ FBG

Lipid metabolism

\ TG

| Total-ch, LDL-ch
<> HDL-ch
Endothelial health
* FMD

| PWV
Inflammation
VIL-6

T PAI-1

Glucose metabolism

<> FBG, FBI

Lipid metabolism

I TG

* LDL-ch

<> Total-ch, HDL-ch
Blood pressure

| SBP and DBP
Inflammation

<> MCP-1, IL-6, sSICAM-1

Glucose metabolism

<> FBI, HOMA-IR, HbAlc
Lipid metabolism

| TG, apo B-48

<> apo B

<> Total-ch, LDL-h, FFA

1 HDL-ch

Glucose metabolism

< FBG, FBI, HOMA-IR, Matsuda index,
glucose, or insulin AUC

Lipid metabolism

TG

| Postprandial TG

\ apo CIII

| RLP-TG

| Diameter of VLDL-ch particles

| Ratio of TG:HDL-ch

References

[44]

[23]

[40]

[42]

[41, 55,
58, 63]

(continued)
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Table 14.2 (continued)

Study design

Randomized, double-blind, placebo-controlled trial
with parallel design in abdominally obese men with
dyslipidemia (n = 39-48; age: 53.5 + 9 years)

Randomized, placebo-controlled trial with parallel
design in females and males with at least one risk
factor: mild hypertension, elevated TG, or elevated
total-ch (n = 65 (67 % males), age: 25-65 years)

Randomized, single-blind with parallel design in
normotensive, centrally obese, dyslipidemic, and
insulin-resistant females and males (n = 99, age: 18—
75 years)

Randomized, placebo-controlled trial with parallel
design in hyperinsulinaemic overweight or obese
females (n = 93; age: 21-69 years)

Randomized, controlled trial with parallel design in
females with MetS (n = 136, age: 30-65 years)

n-3 PUFAs treatment

4 g/day of fish oil (45 % EPA + 39 % DHA as EE)
either with atorvastatin placebo or 40 mg/day of
atorvastatin. Duration: 3-week run-in period with
usual diet following 6-week treatment (usual diet)

6 g/day of tuna fish oil (60 mg EPA + 260 mg DHA
per gram) for 12 weeks (usual diet with or without 3
times/week of 45-min exercise)

4 g/day of n-3 PUFAs (46 % EPA and 38 % DHA as
EE) for 16 weeks (12-week energy-restricted diet
followed by 4-week maintenance period)

1.3 g/day EPA + 2.9 g/day DHA (EE capsules) for 24
weeks (first 12 weeks with an energy-restricted diet
followed by the maintenance period)

2130 mg/day of n-3 PUFAs (1280 mg

EPA + 850 mg DHA) for 12 weeks (calorie
restriction of 500-800 kcal/d with or without meal
replacement diet)

Outcomes

| sdLDL, LDL particle size

| AUC for small LDL, small HDL, and large
VLDL particles

* AUC for large LDL, large HDL, and small
VLDL particles

<> Total-ch, HDL-ch, apo Al, apo B, apo E
| FFA

Inflammation

| CRP, IL-6

T MMP-2

<> NO, IL-18, IL-2, IL-10, TNF-a, SAA
<> ICAM-1, VCAM-1, E-selectin

[39, 51—
53, 57]

Glucose metabolism

<> FBG, HOMA-IR

Lipid metabolism

I TG

| VLDL, VLDL production rate

T VLDL conversion rate to LDL and IDL
1 IDL conversion rate to LDL

<> VLDL apo C-III pool size, VLDL apo
C-III kinetic parameters

| Production and catabolic rate of apo A-1
and apo A-II

<> Apo A-1, apo A-II, apo B

<> Apo C-1II

<> Total-ch, LDL-ch

T HDL-ch and HDL,-ch

<> HDL;-ch

<> non-HDL-ch, LDL-ch, RLP-ch

<> FFA

Inflammation

<> CRP, TNF-a, IL-6

Lipid metabolism [20]
L TG

T HDL-ch

Endothelial health

* FMD

Glucose metabolism

<> FBG, FBI, HOMA-IR

Lipid metabolism

I TG

| Postprandial TG and apo B48 response
| VLDL, apo B100, apo B48

<> LDL-ch

Blood pressure/endothelial health

| SBP, heart rate

<~ DBP

Improved arterial elasticity (measured by C1
and C2)

Inflammation

<> Adiponectin

[45, 46]

Glucose metabolism

<> FBG, FBI, HbAlc, HOMA-IR
<> Glucose and insulin AUC
Lipid metabolism

I TG

<> Total-ch, LDL-ch, HDL-ch
Endothelial health

<~ SBP, DBP

Inflammation

T Adiponectin

<> TNF-a, IL-6, CRP, leptin

[28]

Glucose metabolism

<> FBG, FBI, HOMA-IR

Lipid metabolism

<~ TG

<> Total-ch, HDL-ch

| LDL-ch (with the meal replacement diet)
| MetS severity (with the meal replacement
diet)

[25]
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Table 14.2 (continued)
Study design

Randomized, double-blind, placebo-controlled trial
with crossover design in dyslipidemic females and
males, some with moderate hypertension or with MetS
(n = 20; age: 52 £ 12 years)

Randomized, double-blind, placebo-controlled trial in
hyperlipidemic females and males (LDL-ch: 130-
220 mg/dL and TG: 150-400 mg/dL) without
lipid-lowering medication (n = 26; age 57 + 4 years
(Placebo); 61 £ 4 years (DHA 1.5); 58 £ 4 years
(DHA 3.0))

Randomized, double-blind, placebo-controlled trial
with parallel design in hyperlipidemic females and
males (n = 38; age: 40-69 years)

Randomized, double-blind, placebo-controlled trial
with parallel design in mildly hyperlipidemic,
normotensive men without antihypertensive and
lipid-lowering drugs (n = 56, age: 2065 years)

Randomized, placebo-controlled trial with parallel
design in overweight and obese females and males,
30 % with MetS (n = 81; age: 45.6 &+ 8.3 years in n-3
PUFA group and 47.0 £ 7.8 years in placebo group)

Randomized, crossover trial in overweight or obese
women (n = 32) categorized into 2 groups:
high-inflammatory status/low-inflammatory status
based on serum SA

Randomized, controlled dietary intervention in
overweight/obese adults (n = 324; age: 2040 years)

Randomized, double-blind, placebo-controlled trial
with parallel design in overweight/obese females and
males (n = 36; age: 18—65 years)

n-3 PUFAs treatment

8 fish oil capsules/day providing a total of 3.7 g n-3
PUFAs (1.7 g EPA + 1.2 g DHA) for 12 weeks with
2-week washout period at week 6 (usual diet)

DHA at 2 different doses: 2.5 g/day of DHA and
1.25 g/day of DHA for 6 weeks of run-in phase
stabilization period (National Cholesterol Education
Program step I diet with <30 % fat) following by
6-week intervention

2 groups supplemented with 4 g/day of n-3 PUFAs:
one supplemented with EPA (3.05 g EPA per day
with 85 % EPA capsules as EE) and the other with
DHA (2.84 g DHA + 0.52 g DPA with 70.7 % DHA
capsules as EE) for 2 weeks of familiarization period
followed by 7-week treatment (usual diet)

2 groups supplemented with 4 g/day of n-3 PUFAs:
EPA (96 % as EE) and DHA (92 % as EE) for 3-week
run-in period followed by 6-week treatment (usual
diet)

5 capsules/day (3 g/day of EPA + DHA at a ratio of
5:1 in a 60 % concentration) for 24 weeks (with
exercise and dietary counseling)

Fish oil [5 X 1 g capsules/day (1.3 g EPA, 29 g
DHA)] for 12-week intervention, 4-week washout,
and 12-week intervention

30 % caloric restriction. 150 g cod or 150 g salmon,
three times/week or 3 g/day of fish oil capsules
(DHA/EPA) for 8 weeks

21-day run-in period with 5 mL/d of placebo
supplement. 5 ml/d of DHA from microalgae
Crypthecodinium cohnii, EPA free (2 g/day DHA) for
133 days. During the study period, an isocaloric diet
was provided throughout standardized food products
(34 % E fat, 51 % E carbohydrate, 15 % E protein)

A.E. Huerta et al.

Outcomes References

Glucose metabolism

<~ FBG

Lipid metabolism

|\ TG

| VLDL particles

? LDL-ch, sdLDL-ch, large LDL-ch

<> HDL-ch

<> FFA

Inflammation

<> TNFR1, TNFR2, CRP, TNF-o, IL-6,
SICAM-1, sVCAM-1, MCP-1, sE-selectin

[38]

Lipid metabolism

I TG

T non-HDL-ch, LDL-ch (only the highest
dose)

<> HDL-ch

[54]

Lipid metabolism [56]
|\ TG

| VLDL-TG

<> Total-ch, LDL-ch, HDL-ch

Endothelial health

<> SBP, DBP

1 Systemic arterial compliance

No differences between EPA and DHA

treatments

Glucose metabolism

T FBI

<~ FBG

Lipid metabolism

I TG

T LDL-ch (only DHA)

* LDL-ch particle size (only DHA)

* HDL,-ch (only DHA)

<> Total-ch, HDL-ch (only DHA)
Endothelial health

| DBP, SBP (only DHA)

| Ambulatory SBP and SBP (only DHA)
| Ambulatory and fasting heart rate (only
DHA group)

1 Vasodilatory response (only DHA)

| Constrictor response (only DHA)

[49, 61]

Glucose metabolism [26]
< FBG, FBI

Lipid metabolism

* LDL-ch

<> HDL-ch, TG

Endothelial health

<> SBP, DBP

Glucose metabolism

< FBG, FBI

Lipid metabolism

I TG

<> Total-ch, HDL-ch, LDL-ch
Inflammation

| IL-6, CRP

< PAI-1, SAA

[50]

Glucose metabolism [47]

1 insulin sensitivity

Glucose metabolism

<> FBG, FBI, HOMA-IR, HbAlc, glucose,
and insulin AUC

Lipid metabolism

I TG

| VLDL-TG

| Particle diameter for VLDL, LDL, HDL
| Concentration of large and medium VLDL
| IDL

| sdLDL

[48]

(continued)
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Table 14.2 (continued)

Study design

Randomized, double-blind, placebo-controlled trial
with 3-period crossover design in
hypertriglyceridemic males (88.5 %) and females
(n = 26; age: 21-65 years)

Randomized, double-blind, placebo-controlled trial
with parallel design, followed by open-label period in
hyperlipidemic females and males (n = 57 in the
double-blind period and n = 42 in open-label period;
age: 18-70 years)

n-3 PUFAs treatment

n-3 PUFAs (2465 mg EPA + ~375 mg DHA at a
ratio of 1.2:1 per gram as EE) at 2 different doses:
0.85 g/day EPA + DHA and 3.4 g/day EPA + DHA.
Three 8-week intervention period (placebo; low DHA
and high DHA) with 6-week washout period (usual
diet)

Double-blind period

4 g/day of n-3 PUFAs (1.6 g free plant sterols + 1.3 g
EPA + DHA as EE per day) for 12 weeks (usual diet)
with previous 2-week run-in period

Open-label period

2 g/day of n-3 PUFAs (0.8 g free plant

sterols + 0.65 g EPA + DHA as EE per day) for 12
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Outcomes References

* Large LDL

| Medium HDL

T Large HDL

<> Small HDL

<> VLDL-ch, LDL-ch, total-ch, HDL-ch
<> Concentration of small VLDL
Endothelial health

<> Ambulatory SBP and DBP
Inflammation

T IL-10

<> IL-1B, IL-6, TNF-a,
lipopolysaccharide-binding protein

Glucose metabolism [43, 60]
< FBG, FBI

Lipid metabolism

| TG (only high dose)

<> Total-ch, LDL-ch, HDL-ch
Endothelial health

| Heart rate (more at the highest dose)

| Mean arterial pressure (only high dose)
| Stroke volume (only high dose)

| Cardiac output

<> FMD and reactive hyperemia index
Inflammation

<> IL-1B, IL-6, TNF-a

Lipid metabolism

I TG

<> Apo A, apo B

<> Total-ch, LDL-ch, HDL-ch,
Total-ch/HDL-ch ratio

<> TG and LDL-ch (in the open-label phase
from endpoint value of the double-blind

[59]

weeks of follow-up period (usual diet)

AUC area under curve; CAVI cardio-ankle vascular index;

period)
Endothelial health
| DBP

<> SBP

CRP C reactive protein; DBP diastolic blood pressure; DHA docosahexaenoic acid; EE ethyl ester; EPA

eicosapentaenoic acid; FBI fasting blood insulin; FBG fasting blood glucose; FFA free fatty acids; FMD flow-mediated dilatation; HbAIc glycosylated hemoglobin; HDL
high-density lipoprotein; /DL intermediate-density lipoprotein; /[CAM-1 intracellular adhesion molecule 1; IL interleukin; LDL low-density lipoprotein; sdLDL small-density
LDL; LTB4 leukotriene B4; PWV pulse wave velocity; MCP-1 macrophage chemoattractant protein 1; MetS metabolic syndrome; NO nitric oxide; PAI-1 plasminogen activator
inhibitor-1; RLP remnant lipoprotein particle; SAA serum amyloid A; SBP systolic blood pressure; TG triglycerides; TNF-a tumor necrosis factor-a; TNFR tumor necrosis factor
receptor; VCAM-1 vascular cell adhesion molecule 1; VLDL very-low-density lipoprotein

an increment in fasting insulin levels without significant
changes in fasting glucose. The differential effects observed
between trials with DHA supplementation could be due to the
different n-3 PUFAs source (ethyl ester capsules or algae
source), the isocaloric diet, and the dose of DHA used.

In summary, the evidence suggests that supplementation with
n-3 PUFASs has none or marginal effects on glucose homeostasis
and insulin sensitivity in subjects with MetS features.

N-3 PUFAs and Lipid Metabolism in Metabolic
Syndrome

Effects on Triglycerides and Triglyceride-Rich
Lipoproteins

Several trials performed in subjects with MetS features,
using either different ratios of EPA:DHA or these
marine-derived n-3 PUFAs separately, in combination or not
with an energy-restricted diet and with a range duration

between 6 weeks and 1 year, have evidenced the ability of
n-3 PUFAs to decrease TG levels [23, 28, 39, 40, 42-44, 46,
48-56] along with the reduction in the TRL and remnant
lipoprotein particle concentration [38, 45, 48, 53, 55, 57, 58]
(see Table 14.2 for further information about these trials).
Additionally, based on the present data, the detriment in TG
blood concentration could promote a drop in both the pro-
duction and concentration of some apolipoproteins, princi-
pally apo B48 and apo CIII [41, 42, 45]. Moreover, the
supplementation with n-3 PUFAs has shown to improve the
postprandial TG response characteristic of MetS subjects
[45, 55]. However, in some few trials, this hypotriglyceri-
demic effect was not clearly perceived. Thus, Su et al. [25]
observed a greater but non-significant reduction in TG levels
with n-3 PUFAs supplementation in MetS females with an
energy-restricted diet. Moreover, DeFina et al. [26] reported
also a lack of additional effect on TG in females and males
with n-3 PUFAs supplementation in conjunction with exer-
cise and dietary counseling. However, it is important to
mention that this study was conducted mainly in healthy



198

overweight to obese individuals (<30 % with MetS), which
likely masked potential metabolic reduction in triglycerides
in those with hypertriglyceridemia [26].

Effects on LDL-ch and Non-HDL-ch Fractions

According to the outcomes of trials summarized in
Table 14.2, there is not a consensus about the effects of n-3
PUFAs regarding the LDL-ch fraction. Some studies in dys-
lipidemic subjects with MetS features have observed that
supplementation with n-3 PUFAs could rise LDL-ch con-
centration [26, 38, 40, 49, 54], while others have found no
effect [25, 28, 42-44, 50, 56, 59]. Furthermore, the data
suggest that although the overall effect of n-3 PUFAs on
LDL-ch remains unclear, the supplementation could decrease
the concentration of the proatherogenic sdLDL-ch promoting
the formation of the highly buoyant less atherogenic LDL-ch
[41, 48, 49, 55]. Moreover, Chan et al. [57] concluded that the
decrease in VLDL blood concentration observed in subjects
supplemented with n-3 PUFAs was produced by an increase
in the conversion rate of VLDL to LDL and intermediate-
density lipoprotein (IDL) and by the amelioration in the
VLDL production rate. Additionally, it has been proposed
that n-3 PUFAs consumption could decrease VLDL particle
diameter [48, 55]. The non-HDL-ch fraction was evaluated in
one study, observing that in dyslipidemic patients following
their usual diet, the supplementation of n-3 PUFAs (EPA +
DHA) had no effect on the non-HDL-ch [51, 57].

Effects on HDL-ch

The overall effects of n-3 PUFAs in HDL-ch fraction remain
unclear. Thus, some trials have found that the supplementation
promoted an increment of HDL-ch [20, 42, 51, 52], while others
have observed no relevant effects [23, 25, 26, 28, 38, 40, 43, 44,
49, 50, 54-56, 59]. Additionally, some studies have suggested
that there could exist differential effects of n-3 PUFAs on the
different HDL-ch subfractions, promoting an increase in
HDL2-ch and a decrease in HDL3-ch [49, 52]. Also, Neff et al.
[48] observed that n-3 PUFAs are capable of modifying HDL
particle concentrations, decreasing medium HDL while increas-
ing large HDL without changes in small HDL (Table 14.2).

N-3 PUFAs and Blood Pressure
and Endothelial Health

Regarding the effects of n-3 PUFAs on blood pressure, studies
using a supplementation between 1 and 2 g/day of n-3 PUFAs
at different ratios of EPA:DHA with duration between 8 and
12 weeks have not found any significant effect on blood pres-
sure [20, 25, 40, 60]. Moreover, the fish oil supplementation

A.E. Huerta et al.

between 3 and 4 g/day with different ratios of EPA:DHA has
reported contradictory outcomes (see Table 14.2). Thus, the
trial by Wong et al. [45] found that 16-week supplementation
with n-3 PUFAs promoted a significant reduction in systolic
blood pressure (SBP) without additional changes to weight loss
in diastolic blood pressure (DBP). In contrast, the study by
Dewell et al. [40], which lasted 8 weeks, observed that the
supplementation with n-3 PUFAs decreased both and mainly
DBP. Also, Skulas-Ray et al. [60] concluded that n-3 PUFAs
reduced the median blood pressure, but only at the highest dose
tested (3.4 g/day). However, other trials have not observed any
significant effect of n-3 PUFAs on blood pressure parameters
[26, 28]. Although apparently the n-3 PUFAs (EPA + DHA)
have no clear effect on blood pressure in the studies reviewed,
the evidence suggests that they could improve cardiovascular
health by promoting a decrease in arterial stiffness [23, 46] and
by recovering endothelial dysfunction [20, 23, 56, 60].

Additionally, several trials have evaluated the effects of
EPA and DHA separately. The study by Nestel et al. [56],
performed in hyperlipidemic subjects, found an improve-
ment in systemic arterial compliance without changes in
blood pressure and no differences between both n-3 PUFAs
(~3 g/day of EPA or DHA). In contrast, the study by Mori
et al. [49, 61] in hyperlipidemic men with 4 g/day of DHA
observed that supplementation decreased blood pressure and
induced beneficial changes in ambulatory blood pressure and
heart rate, as well as in vasodilator and constrictor responses,
with no effect on EPA supplementation. Additionally, Neff
et al. [48], using a supplementation of algal DHA at a dose
of 2 g/day, showed no effects on either systolic and diastolic
ambulatory blood pressures in dyslipidemic subjects.

The effects of n-3 PUFAs on blood pressure are in
accordance with the European Food Safety Authority (EFSA)
report. According to the evidence, the effects of n-3 PUFAs
on blood pressure have been demonstrated with a dose of
>3 g/day of EPA + DHA. Moreover, the response to n-3
PUFAs treatment is conditioned to the initial levels of blood
pressure [62]. The population of the trials revised for this
chapter includes subjects without and with hypertension, as a
characteristic of the MetS; in this sense, the different out-
comes found in trials with a supplementation between 3 and
4 g/day could be affected by the proportion of hypertensive
and non-hypertensive populations and by the hypertension
degree. Furthermore, the effects on endothelial health could
be affected also by the diet consumed during the study.

n-3 PUFAs and Inflammatory Markers

The increment in the inflammatory factors and the excessive
production of oxidants in the organism during obesity and
MetS have been proposed as one of the factors that could be
implicated in the increment of insulin resistance and car-
diovascular risk [8].
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Evidence about the role of n-3 PUFAs in inflammatory
markers in subjects with MetS is confusing (see Table 14.2).
Some studies have observed no effect on the proinflammatory
parameters measured [25, 28, 38, 40, 43, 46], while others
have described that dietary supplementation with n-3 PUFAs
could help to reduce the chronic inflammatory state associ-
ated with obesity by increasing anti-inflammatory molecules,
such as adiponectin or interleukin (IL) 10 [28, 48], and by
decreasing levels of proinflammatory markers and cytokines,
such as C reactive protein or IL-6 [23, 50, 63].

Also, it has been suggested that n-3 PUFAs exert its
anti-inflammatory effects at the adipose tissue level,
decreasing the production of chemoattractant proteins, the
infiltration of proinflammatory macrophages, and the
endothelial dysfunction markers [30]. In this sense, Spencer
et al. [44] showed that supplementation with EPA + DHA
decreased plasma concentration and gene expression of
macrophage chemoattractant protein-1 (MCP-1) and CD68,
decreasing the formation of adipose tissue crown-like struc-
tures. Contrariwise, other studies have observed no effect on
plasma levels of MCP-1 and other adhesion molecules as
ICAM-1, VCAM-1, and E-selectin [50, 57, 63].

Although some studies suggest that n-3 PUFAs supple-
mentation might counteract the systemic inflammatory state
in obesity and MetS, the controversial outcomes of the
reviewed trials make still unclear to state the efficacy and
necessary dose and type of formula of n-3 PUFAs supple-
mentation to decrease the proinflammatory response. How-
ever, some trials suggest that n-3 PUFAs supplementation
may attenuate inflammation in key metabolic organs, such as
adipose or muscle tissues, and perhaps the importance of n-3
PUFAs could be evident at the tissue level. Larger studies
examining these issues are needed.

Conclusions and Future Perspectives

The hypotriglyceridemic benefits of n-3 PUFAs supple-
mentation are strongly supported by most of the trials, and
intakes of approximately 3 g EPA + DHA per day are able
to decrease fasting TG levels by 25-35 % [64]. Based on
this available evidence, the American Heart Association and
the Panel on Dietetic Products, Nutrition and Allergies
(NDA Panel) of the EFSA have recommended intakes of 2—
4 g/day as an effective therapy for hypertriglyceridemia [65]
and as an alternative to pharmacological approaches.
Regarding the blood pressure-lowering properties of marine
n-3 PUFAs, a recent meta-analysis of 70 randomized, con-
trolled trials has concluded that the supplementation of
>2 g/day of EPA + DHA may reduce both SBP and DBP,
with the strongest benefits observed among hypertensive
individuals who are not on antihypertensive medication [66].
Therefore, oral supplementation with n-3 PUFAs may
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constitute an interesting therapeutic option to reduce
hypertriglyceridemia and hypertension in patients with
MetS. However, the ability of n-3 PUFAs to promote weight
loss, insulin sensitivity, and changes in cholesterol metabo-
lism in patients with MetS remains controversial. Thus,
further larger clinical trials are needed to better elucidate the
efficacy of n-3 PUFAs on these features of MetS.

A rising interest is paid on the bioavailability and effects
of different formulations of n-3 PUFAs, including
re-esterified TG, ethyl ester (EE), carboxylic acids, and
phospholipids (PLs) [67, 68]. In the USA and Europe, an EE
n-3 PUFAs formulation containing EPA and DHA
(Lovaza®Omacor®) was approved for the treatment of
severe hypertriglyceridemia. More recently, an EE formu-
lation (Vascepa®) containing only EPA, as well as a for-
mulation (Epanova®) containing DHA and EPA as free fatty
acids, has been also approved in the USA [69]. All pre-
scription n-3 PUFAs products effectively lower TG, but it
has been suggested that carboxylic acids have greater
bioavailability than EE forms since they do not require
pancreatic enzyme activity for absorption [70, 71]. It should
be considered that some trials suggest that products that
contain DHA can raise levels of LDL-ch, which is of par-
ticular concern in patients with atherosclerosis. Krill oil is
characterized by a higher amount of EPA compared to DHA
(ratio of 2:1), and EPA is mainly in PL and not in TG form.
It has been suggested that the delivery of EPA and DHA to
tissues in the PL form is higher than that in TG form [72].

Another important issue is the evidence about the
heterogeneity in response to n-3 PUFAs supplementation
within population. In this context, it has been proposed that
genetic background may influence this differential respon-
siveness [64]. For example, polymorphisms in the CD36
gene modulate the ability of fish oil supplements to lower
fasting TG and raise HDL-ch [73]. There is also limited but
consistent evidence that apoE and tumor necrosis factor-o
(TNF-0) genotypes interact with n-3 PUFAs in outcomes
relating to both inflammation and blood lipid responses [64].
The rising development of nutrigenetics will allow identi-
fying different genotype-dependent responses to n-3 PUFAs
supplementation.

There is a strong evidence that obesity-induced low-grade
inflammation plays an important causative link between
obesity and its associated diseases such as type 2 diabetes
and atherosclerosis. In obesity, the expanding white adipose
tissue makes a substantial contribution to the development of
obesity-linked inflammation via increased secretion of
proinflammatory cytokines, chemokines, and adipokines and
the reduction of anti-inflammatory adipokines. The state of
chronic low-grade inflammation is powerfully amplified
through the infiltration of macrophages into adipose tissue.
This dysregulated situation initiated primarily within adipose
tissue can affect the function of other metabolic organs,
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including liver, muscle, and pancreas. Several trials in
rodents and some few in humans have suggested that n-3
PUFAs are able to prevent and/or ameliorate inflammation
associated with obesity and MetS by reducing adipose tissue
inflammation [74]. During the last decade, Serhan and col-
laborators discovered that n-3 PUFAs are enzymatically
converted into bioactive endogenous lipid mediators such as
resolvins (Rv), protectins (PD), and maresins with powerful
anti-inflammatory and proresolving properties [75]. In a
study using a metabolo-lipidomics approach, Claria et al.
[76] reported that human subcutaneous adipose tissue has a
range of these specialized proresolving mediators including
RvD1, RvD2, PDI, lipoxin (LX) A4, and the monohydroxy
biosynthetic pathway markers of RvDIl and PDI
(17-HDHA), RvE1 (18-HEPE), and maresin 1 (14-HDHA).
Interestingly, the levels of some of these proresolving lipid
mediators such as PD1 and 17-HDHA were reduced in fat
from patients with peripheral vascular disease [76]. Impor-
tantly, the study by Itariu et al. [74] showed that n-3 PUFAs
supplementation to severely obese non-diabetic patients
significantly increased the production of some of these
proresolving lipid mediators, including RvEl, 17-HDHA,
PD1, and RvDl1 in visceral adipose tissue in parallel with the
reduction of adipose tissue and systemic inflammation and
the reduction of circulating TG. Several studies in animal
models of obesity and MetS have suggested that some of
these lipid mediators play a role in governing the local
inflammatory tone in obese fat and that the treatments with
these n-3 PUFAs-derived proresolving lipid mediators are
capable of resolving the inflammation associated with obe-
sity as well as insulin resistance and hepatic steatosis
[77-81]. This is an interesting research field that deserves
that these observations be further explored to determine the
role of these n-3 PUFAs-derived lipid mediators in the
prevention of the progression of MetS features in obese
humans.

Evolution of “-omics”—transcriptomics, proteomics,
metabolomics, and lipidomics—together with the advances
in nutrigenomic and nutrigenetic research will greatly con-
tribute to the deciphering of the molecular networks
involved in MetS and their regulation by n-3 PUFAs. The
major challenge will be in translating these outcomes into
personalized recommendations.
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