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Abstract
The current paradigms of prevention and treatment are unable to curb obesity rates, which indicates the need to explore alternative
therapeutic approaches. Obesity leads to several damages to the body and is an important risk factor for a number of other chronic diseases.
Furthermore, despite the first alterations in obesity being observed and reported in peripheral tissues, studies indicate that obesity can also
cause brain damage. Obesity leads to a chronic low-grade inflammatory state, and the therapeutic manipulation of inflammation can be
explored. In this context, the use of n-3 PUFA (especially in the form of fish oil, rich in EPA and DHA) may be an interesting strategy, as this
substance is known by its anti-inflammatory effect and numerous benefits to the body, such as reduction of TAG, cardiac arrhythmias, blood
pressure and platelet aggregation, and has shown potential to help treat obesity. Thereby, the aim of this narrative review was to summarise
the literature related to n-3 PUFA use in obesity treatment. First, the review provides a brief description of the obesity pathophysiology,
including alterations that occur in peripheral tissues and at the central nervous system. In the sequence, we describe what are n-3 PUFA, their
sources and their general effects. Finally, we explore the main topic linking obesity and n-3 PUFA. Animal and human studies were included
and alterations on the whole organism were described (peripheral tissues and brain).
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Introduction

The obesity epidemic is recognised as one of the major public
health problems facing the world(1). The number of obese
people in the world has more than doubled since 1980. By
2014, more than 1·9 billion adults were overweight, and among
these more than 600 million were obese. In percentages, 39%
of adults were overweight in 2014 and 13% were obese(2).
The majority of body alterations related to obesity occur initially

in peripheral tissues(3–5), such as adipose tissue, liver and mus-
cles. Nevertheless, some studies have already revealed that obe-
sity can also cause central nervous system (CNS) impairments(6,7).
The alterations related to obesity include low-grade chronic

inflammation. As obesity has been considered as an inflammatory
disease, it has aroused interest in the therapeutic manipulation of
inflammation(8–10). In this context, certain substances may play an
important role in mediating inflammation and related alterations(11).
Some studies have shown that n-3 PUFA, which are essential fatty
acids with several important biological effects(12–14), could con-
tribute to treating obesity and related metabolic alterations(15–17).
Thereby, considering that n-3 PUFA could improve metabolic

alterations related to obesity, the aim of this narrative review was
to summarise the literature concerning the application of n-3
PUFA as an obesity treatment. First, we provide a brief description
of the obesity pathophysiology, including alterations that occur
in peripheral tissues and in the CNS. Next, we define n-3 PUFA,

describe its sources and the general effects. In the sequence, we
explore the main topic linking obesity and n-3 PUFA.

Methods

The literature research was conducted in PubMed and SciELO
electronic databases, by the selection of articles related to the topic
published between 2007 and 2017. A combination of the fol-
lowing keywords was used: obesity, inflammation, brain, CNS, n-3
and fish oil. The following combination of terms was searched:
obesity AND inflammation, obesity AND inflammation AND brain,
obesity AND brain, obesity AND central nervous system, omega-3,
obesity AND omega-3, obesity AND fish oil, obesity AND eico-
sapentaenoic acid, obesity AND docosahexaenoic acid.

Studies using animal models, clinical trials and review articles
were included. Clinical trials that tested the use of n-3 PUFA
with lifestyle modification were included. Review articles were
included both to identify other papers and to provide a view of
what has already been revised about the topic. Regarding
animal studies, the focus was on the effects of n-3 PUFA on
diet-induced obesity, more similar to obesity in humans.
Therefore, studies using obesity animal models by genetic
modification or applying other interventions to lead to obesity
(e.g. castration in rabbits) were excluded. Studies involving any
surgical intervention (e.g. bariatric surgery) were also excluded.
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The search was carried out by two individual researchers.
After screening by keywords, the titles and abstracts of articles
were examined to determine whether they contained relevant
data for this review. The two researchers carried out the reading
of the titles and abstracts and selected the articles following the
inclusion and exclusion criteria established. After that, both
researchers had a consensus meeting to align any disparity in
the inclusion or exclusion of articles. Subsequently, the com-
plete reading of the articles was carried out. The original articles
that addressed the use of n-3 PUFA to treat obesity and related
alterations are included in Tables 1 and 2.

Obesity

The World Health Organization(2) defines obesity as an
abnormal or excessive fat accumulation that can harm an
individual’s health. One of the major problems of obesity is
being both a disease and a risk factor for several other
disorders, such as cardiovascular diseases, type 2 diabetes
mellitus, respiratory diseases, musculoskeletal disorders and
some cancers, which have a great impact on quality of life and
longevity of people(2,5,54).
Changes in dietary patterns and physical activity in recent

decades, such as excessive consumption of food or high-energy
foods, and sedentary lifestyle are major factors that contribute
to the genesis of obesity(2). If the total daily energy intake
surpasses the amount of energy spent, the excess is stored as
TAG in cells called adipocytes, which form the white adipose
tissue(8). Adipose tissue responds rapidly to excess nutrient
consumption by adipocyte hypertrophy and hyperplasia(55).
Therefore, obesity is characterised by increased storage of fatty
acids in an expanded mass of adipose tissue(3).
White adipose tissue, along with its important role in energy

storage, is an important endocrine organ(3,8). This tissue produces
many bioactive molecules, such as cytokines (when secreted by
adipose tissue, the cytokines can be called adipokines or adi-
pocytokines), which not only serve as regulators of systemic
metabolism but also have immunoregulatory properties(3,56,57).
Obesity leads to changes in adipokine secretion. Progressive

increase of the adipocytes and consequent expansion of the
adipose tissue leads to reduced blood supply, with consequent
hypoxia, which is related to necrosis and infiltration of
macrophages into adipose tissue. Infiltrated macrophages form
crown-like structures surrounding adipocytes, leading to
adipokine overproduction, which includes pro-inflammatory
mediators such as TNF-α, IL-6 and IL-1β(3,10,58,59).
Obesity is characterised by a low-grade chronic inflamma-

tion, once the elevation of inflammatory markers and cytokines,
as well as the presence of macrophages infiltrated into the white
adipose tissue, can be detected(10). This low-grade chronic
inflammation in adipose tissue spreads to systemic inflamma-
tion and contributes to the onset and progression of associated
metabolic disorders, such as insulin resistance, type 2 diabetes
mellitus, hyperlipidaemia, atherosclerosis and metabolic
syndrome(56,60,61). Although most of the changes were initially
identified and reported in peripheral tissues, studies conducted
in the past decade have shown that obesity is also related to
brain changes(6,7,62).

Obesity and the brain

Studies have shown that both excessive consumption of
saturated fats and obesity can lead to brain damage(6,7,63). More
specifically, although little is known about the effects of obesity
on the brain(64), studies have found associations between
obesity and abnormalities in the hypothalamus(63,65,66), hippo-
campus, prefrontal cortex and striatum(67,68).

The hypothalamus is a brain structure that plays a central role
in the regulation of energy homoeostasis, integrating multiple
metabolic signals from peripheral organs and modulating eating
behaviour and energy metabolism(69–72). Therefore, changes
at this site may cause neural control loss and make room for
obesity onset and worsening(70).

The hypothalamus rapidly responds to metabolic challenges
(e.g. hyperenergetic diet)(73). Overnutrition causes hypotha-
lamic inflammation, which disrupts the normal homoeostasis of
energy intake and expenditure, as well as alters insulin secre-
tion and sensitivity(7,63). Unlike inflammation in peripheral tis-
sues – a process that develops over weeks of high-fat-diet
feeding in rodent models – markers of hypothalamic inflam-
mation are elevated within 1 to 3 d of high-fat-diet exposure,
before weight gain(63,73). Therefore, the excess nutrients, as
well as circulating inflammatory cytokines seen in obesity, such
as TNF-α, IL-1β and IL-6, activate intracellular inflammatory
pathways in a variety of target cells(74–76).

By using MRI in humans, Thaler et al.(63) have found evi-
dence of increased gliosis in the mediobasal hypothalamus of
obese individuals, suggesting that, similarly to what occurs in
rodents with obesity induced by a high-fat diet, obesity in
humans is associated with the neuronal injury in the hypotha-
lamus, which is a crucial brain area for body weight control.
Thereby, the hypothalamus functions may be altered when
inflamed, leading to an imbalance between food intake and
energy expenditure(62,65).

The hippocampus, the brain structure involved in cognition,
memory, learning and emotions, is also vulnerable to the
inflammatory process present in obesity(7,67,77–79). Excessive
consumption of food rich in saturated fat and sugar, besides
being related to obesity, is associated with hippocampal
impairment(78). Therefore, cognitive function may also be
impaired by high-fat intake and by obesity(79,80).

In rodent studies, Moroz et al.(81) showed that high-fat-diet
feeding increased lipid peroxidation in the hippocampus, as
indicated by high 4-hydroxynonenal levels. Park et al.(80) also
showed that consumption of a high-fat diet leads to increased
lipid peroxidation and impairs neurogenesis in the hippo-
campus. Jeon et al.(82) showed that a high-fat diet promotes an
increase in hippocampal TNF-α expression and activates
microglia. Boitard et al.(67) reported that the intake of a high-fat
diet increases the expression of pro-inflammatory cytokines in
the hippocampus.

Studies have shown that obesity may also be related to
changes in the reward system, highlighting abnormalities in the
prefrontal cortex and striatum(68,83,84). It has been shown that
dopamine levels in the medial prefrontal cortex and in the
striatum of rats prone to obesity have been reduced(85). In
addition, a study on rodents has shown hypofunction of the
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Table 1. Review of animal studies on n-3 PUFA for obesity (and related alterations)

References Animal Groups/Intervention Duration* Tissues evaluated Main outcomes (main effects of the n-3 PUFA)

Mori et al.(18) C57BL/6J mice Expt 1 (5 groups): 5% TAG, 30% TAG, 28% TAG+
2% FO, 26% TAG+4% FO, or 22% TAG+8% FO

Expt 2 (3 groups): 5%TAG, 30% TAG or 22% TAG+
8% FO

Expt 1: 5 months
Expt 2: 2 weeks

Blood, adipose tissue, liver
and intestinal mucosa

↓ Hepatic fat in diet-induced obesity-prone C57BL/6J
mice

↑ Fatty acid catabolism in the small intestine

Moritz
et al.(19)

Wistar rats Control group, control group + swimming, n-3 group and
n-3 group + swimming. The groups received 0·5 or
1·0 g/kg/d n-3 (EPA and DHA, or water) via gavage
(8 groups)

4 weeks Plasma ↓ Plasma concentrations of total cholesterol and TAG
(especially when associated with swimming
exercise)

Rokling-
Andersen
et al.(20)

Wistar rats Group 1: lard (19·5% lard)
Group 2: n-3 (9·1% lard and 10·4% TriomarTM – EPA

and DHA) for 7 weeks

7 weeks Plasma, adipose tissue,
muscle, and liver

↓ Visceral adipose depots (without affecting body
weight and body composition)

↓ Plasma lipid concentrations
Samane

et al.(21)
Wistar rats Group 1: standard chow diet (controls)

Group 2: HFHS diet
Group 3: HFHS diet with 6% of fat replaced by FO
Group 4: HFHS diet with 6% of fat replaced by AO

4 weeks Plasma, adipose tissue,
muscle and liver

FO prevented fat accretion, reduced fasting glycaemia
and normalised glycaemic or insulin responses to
intraperitoneal glucose tolerance test. FO intake
also prevented insulin resistance

Kalupahana
et al.(22)

C57BL/6J mice Low-fat (10% fat), HFD (45% fat), or HF-EPA (45% fat;
prevention) for 11 weeks. A 4th group was fed HFD
for 6 weeks followed by HF-EPA for 5 weeks (reversal)

11 and 5 weeks Plasma, adipose tissue and
liver

EPA both prevented and reversed the HF diet-induced
insulin resistance in mice

Cintra
et al.(23)

Swiss mice and
Wistar rats

Mice: 8 weeks of standard chow or HFD, and more 8 of
HFD+ flax seed oil or olive oil fat substitution diet (both
10, 20 or 30%). Rats: HFD for 8 weeks and icv injection
of albumin, n-3, n-9 or stearic acid for 1 week

Mice: 8 weeks
Rats: 1 week

Blood, adipose tissue, and
hypothalamus

↓ Hypothalamic inflammation
↓ Hypothalamic and whole-body insulin resistance
↓ Body adiposity
↓ Expression of hypothalamic apoptotic proteins

Liu et al.(24) C57BL/6J mice Group 1: 5% maize oil (control diet)
Group 2: HFHF diet
Group 3: HFHF diet with 1% SOY-PL
Group 4: HFHF diet with 1% EPA-PL

4 weeks Serum and liver ↓ Body fat accumulation
↓ Insulin resistance and serum fasting glucose
↓ Serum TNF-α and IL-6 levels
↓ Hepatic steatosis

Ávila
et al.(25)

Wistar rats Standard rodent chow (lean group) or HFD (obese group)
for 2 months. More 2 months, obese rats grouped:
non-supplemented; resveratrol; FO; or resveratrol plus FO

8 weeks Myocardial and aortic tissues ↑ Survival rate of obese rats catecholaminergic stress
↑ Activity of some antioxidant enzymes
↓ Superoxide production, oxidative damage to lipids

and proteins
Pimentel

et al.(26)
Wistar rats Group 1: balanced chow

Group 2: high-fat diet enriched with soya oil (n-6)
Group 3: high-fat diet enriched with FO (n-3)

8 weeks Blood, liver, gastrocnemius
muscle and hypothalamus

↓ Hypothalamic levels of TNF-α, IL-6 and TRAF6
↑ Levels of IL-10 receptor
↓ TNF-α and IL-6 levels in muscle and liver

Rossmeisl
et al.(27)

C57BL/6N mice Group 1: cHF
Group 2: cHF with 10% lipids replaced by n-3 (DHA/EPA)
Group 3: cHF with rosiglitazone
Group 4: cHF with n-3 and rosiglitazone
Group 5: Chow-fed mice (lean controls)

7 weeks Plasma, adipose tissue and
liver

Weight gain prevention
Insulin resistance prevention
↓ Hepatic and plasma cholesterol
↓ Abdominal fat
↓ Plasma TAG
↓ Hepatic steatosis

Bargut
et al.(28)

C57BL/6 mice Group 1: SC diet (SC; 10% energy from fat)
Group 2: SC+FO diet (10% energy from fat),
Group 3: HF lard diet (50% energy from lard)
Group 4: HF+FO oil diet (50% energy from FO)

8 weeks Blood and epididymal fat pad ↓ Body mass gain and adiposity
Improved glucose tolerance and insulin signalling
↓ WAT insulin resistance
↓ WAT inflammation

Philp
et al.(29)

C57BL/6 mice Group 1: standard chow
Group 2: high saturated fat
Group 3: high saturated fat with 7·5% replaced with FO

14 weeks Skeletal muscle and plasma FO may prevent high-saturated-fat-induced
dysfunction in fatty acid metabolism pathways in
skeletal muscle

Yook
et al.(30)

C57BL/6J mice Normal diet or HFD for 8 weeks to induce obesity,
plus 8 weeks of oral supplementation:

Group 1: normal diet with distilled water
Group 2: HFD with distilled water
Group 3: HFD with beef tallow
Group 4: HFD with maize oil
Group 5: HFD with FO
Group 6: HFD with MO (also rich in n-3)

8 weeks Blood, liver, and epididymal
fat pad

↓ Body weight gain, epididymal fat pad weights, serum
TAG and total cholesterol levels. Serum insulin and
leptin concentrations were lower in the MO group

1314
A
.
H
aas

d
e
M
ello

et
a
l.

https://doi.org/10.1017/S0007114518000429 Published online by Cambridge University Press

https://doi.org/10.1017/S0007114518000429


Table 1. Continued

References Animal Groups/Intervention Duration* Tissues evaluated Main outcomes (main effects of the n-3 PUFA)

Abdel-
Maksoud
et al.(31)

Sprague–Dawley
rats

Group 1: controls fed normal chow diet
Group 2: obese controls fed 60% saturated fat diet
Group 3: n-3 fed 60% saturated fat diet with oral

administration of n-3 (DHA and EPA), from weeks
12 to 14

2 weeks Blood and hypothalamus ↓ Serum total cholesterol, TAG, serum glucose level
and HOMA index

n-3 Also reversed negative effect on BDNF gene
expression in hypothalamus caused by obesity

Cavaliere
et al.(32)

Wistar rats Group 1: control diet
Group 2: HFD rich in lard
Group 3: HFD rich in FO

6 weeks Blood and skeletal muscle ↓ Fat mass
↓ Insulin resistance
↑ Lipid oxidation
↓ ROS generation in mitochondria

Viggiano
et al.(33)

Wistar rats Group 1: control diet
Group 2: HFD rich in lard
Group 3: HFD rich in FO

6 weeks Blood and hypothalamus ↓ Body weight gain
↓ Serum lipid profile
↓ Pro-inflammatory parameters
↓ Insulin resistance

de Sá
et al.(34)

C57BL/6 mice 4 weeks with the control diet, and 8 more weeks:
Control diet, control diet + FO, HF or HF+FO
(FO by gavage; three times per week)

12 weeks Blood and adipose fat
depots (inguinal and
retroperitoneal)

FO exerted beneficial effects on dyslipidaemia and
insulin resistance. FO also could prevent changes
in metabolism and secretion of hormones and
cytokines in adipocytes induced by HFD

Go et al.(35) C57BL/6 mice HFD for 4 weeks to induce obesity and additional 9 weeks
with oral administration of PBS (control group), MO, FO
or maize oil, while taking in a normal diet

9 weeks Blood and liver ↓ Weight (MO-induced loss was the most significant).
MO showed an apparent inhibitory effect on lipid
accumulation in the liver

Bargut
et al.(36)

C57BL/6 mice Control diet or a HFru for three weeks. After that, the HFru
group was subdivided into four new groups for another
five weeks: HFru, HFru +EPA, HFru +DHA and HFru-
EPA+DHA

5 weeks Epididymal fat Treated animals showed reversion of adipocyte
hypertrophy, inhibition of inflammation with
activation of anti-inflammatory mediators and
regularisation of lipolysis. Overall, the beneficial
effects were more marked with DHA than with EPA

↓, Decrease. ↑, increase; AO, argan oil; cHF, maize-oil-based high-fat diet; FO, fish oil; HF, high fat; HFD, high-fat diet; HFHF, high-fat/high-fructose; HFHS, high-fat/high-sucrose; Icv, intracerebroventricular; MO, microalgal oil; SC,
standard chow; WAT, white adipose tissue; HFru, high-fructose diet.

* The column ‘Duration’ refers to the time that the n-3 PUFA was tested, not the complete experiment.
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Table 2. Review of human studies on n-3 PUFA for obesity (and related alterations)
(Mean values and standard deviations and 95% confidence intervals)

References Sample Groups/intervention Duration Main outcomes (main effects of the n-3 PUFA)

DeFina et al.(37) 128 sedentary men and women (1) 5 n-3 capsules daily (3 g)
EPA+DHA at a 5:1 ratio, 1000mg EPA and

200mg DHA per dose) (n 64)
(2) placebo capsules daily (n 64)
Both groups received dietary and exercise counselling

6 months n-3 PUFA were not effective as an adjunct for weight loss in this population.
No significant differences in weight loss were observed between the n-3

PUFA (−5·2 kg; 95% CI −6·0, −4·4) and placebo (−5·8 kg; 95% CI −6·7,
−5·1) (P= 0·29)

Itariu et al.(38) 55 severely obese non-diabetic
patients

(1) 3·36g n-3/d (460mg EPA and 380mg DHA; n 27)
(2) butterfat (control; n 28)

2 months ↓ Gene expression of inflammatory genes in adipose tissue (P<0·05)
↑ Production of anti-inflammatory eicosanoids in adipose tissue (P<0·05)
↓ IL-6 (P= 0·04)
↓ TAG (P=0·03)

Crochemore
et al.(39)

41 menopausal women with high
blood pressure and type 2
diabetes mellitus

A) (2·5 g/d fish oil; 547·5mg EPA and 352·5mg DHA; n 14)
B) (1·5 g/d fish oil; 328·5mg EPA and 211·5mg DHA; n 14)
C) (placebo; control group; n 13)

1 month Group B presented ↓body mass and WC (P<0·05) (v. Group A)

Kiecolt-Glaser
et al.(40)

138 healthy middle-aged and older
adults, sedentary and
overweight

(1) Placebo capsules (n 46)
(2) 1·25g/d n-3; 1042·5mg/d of
EPA and 174mg/d of DHA (n 46)
(3) 2·5g/d n-3; 2085mg/d of
EPA and 348mg/d of DHA (n 46)

4 months ↓ Serum TNF-α (group 2 v. placebo: −0·11; 95% CI −0·028, −0·19; P=0·03)
(group 3 v. placebo: −0·13; 95% CI −0·052, −0·22; P=0·004)

↓ Serum IL-6 (group 2 v. placebo: −0·41; 95% CI −0·21, −0·62; P=0·0003)
(group 3 v. placebo: −0·43; 95% CI −0·22, −0·64; P=0·0002)

Kiecolt-Glaser
et al.(41)

106 healthy sedentary overweight
middle-aged and older adults

(1) Placebo capsules (n 31)
(2) 1·25g/d n-3; 1042·5mg/d of
EPA and 174mg/d of DHA (n 40)
(3) 2·5g/d n-3; 2085mg/d of
EPA and 348mg/d of DHA (n 35)

4 months ↓ Oxidative stress (measured by F2-isoprostanes) Low dose v. placebo:
−0·094; 95% CI −0·17, −0·014; P=0·02. High dose v. placebo: −0·086;
95% CI −0·17, 0·0009; P= 0·04

Munro &
Garg(42)

32 participants with a BMI between
30 and 40 kg/m2 (male and
female)

(1) placebo group (PB): 6 × 1 g capsules/d of
monounsaturated oil

(2) fish oil group (FO): 6 × 1g capsules/d of n-3
(70mg EPA and 270mg DHA)

First 4 weeks: both groups were on very-low-energy diet
(n 14 PB, n 18 FO)

Last 10 weeks: weight maintenance (n 12 PB, n 17 FO)

14 weeks At week 4, the mean weight loss was −6·54 (SD 2·08) kg (−6·9%) for placebo
and −6·87 (SD 1·83) kg (−7·7%) for fish oil. At week 14, after the
maintenance phase, there was a further mean decrease in weight, −1·57
(SD 3·7) kg (1·85%) for placebo and −1·69 (SD 2·32) kg (−1·9%) for fish oil.
In conclusion, supplementation with n-3 PUFA had no significant effect on
weight loss or weight maintenance over the 14 weeks

Munro &
Garg(43)

35 male and female participants
with a BMI between 30 and
40 kg/m2

(1) Placebo (6 × 1 g capsules/d monounsaturated oil (n 18)
(2) Fish oil (6 × 1 g capsules/d fish oil; 70mg EPA and

270mg DHA) (n 17)
Both groups followed a low-energy diet for 12 weeks

12 weeks There was no significant difference between the placebo and the fish oil groups
for weight reduction (3·37 and 4·35%, respectively), fat mass reduction (8·95
and 9·76% respectively) or changes in inflammatory biomarkers and blood
lipids apart from TAG, reduced by 27% in fish oil group (P<0·05)

Munro &
Garg(44)

39 obese men and women
(BMI 30–40 kg/m2)

(1) placebo group (PB): 6 × 1 g capsules/d of
monounsaturated oil (n 19)

(2) fish oil group (FO): 6 × 1g capsules/d of n-3
(70mg EPA and 270mg DHA) (n 20)

First 4 weeks: followed their usual diet
Last 4 weeks: very-low-energy diet regimen

8 weeks No significant changes at week 4. At week 8 a significant 3-way interaction
between time, group and sex was observed for percentage reduction in
weight, F1,35= 5·55, P=0·024, and BMI, F1,35=5·3, P= 0·027 with a
greater percentage decrease for females in FO compared with PB for
weight (−7·21 v. −5·82%) and BMI (−7·43% v. −5·91%), respectively
(P<0·05 for both)

Juárez-López
et al.(45)

201 obese and insulin-resistant
children and adolescents

(1) 500mg of metformin (n 98)
(2) 1·8g/d of n-3 (3 capsules/d, each containing 360mg

EPA and 240mg DHA; n 103)

12 weeks ↓ Concentrations of glucose: −3·66 v. metformin (95% CI −6·03, −1·28)
P= 0·003

↓ TAG: −37·69 v. metformin (95% CI −58·91, −16·46) P=0·001
Ellulu et al.(46) 64 hypertensive and/or diabetic

obese patients
(1) 1 g/d fish oil (300mg EPA and 200mg DHA; n 31)
(2) control group (n 33)

8 weeks n-3 PUFA reduced the level of hs-CRP (14·78 (SD 10·7) to 8·49 (SD 6·69)mg/l,
P<0·001), fasting blood glucose (178·13 (SD 58·54) to 157·32
(SD 59·77)mg/dl (9·89 (SD 3·25) to 8·73 (SD 3·32) mmol/l), P=0·024) and TAG
(209·23 (SD 108·3) to 167·0 (SD 79·9)mg/dl (2·36 (SD 1·22) to 1·89 (SD 0·90)
mmol/l), P<0·05). However, n-3 PUFA treatment did not reach clinical
significance for any of the clinical variables

Wang et al.(47) 99 type 2 diabetic patients with
abdominal obesity

(1) 4 g/d fish oil (1·34 g EPA and 1·07g DHA; n 49)
(2) placebo (maize oil; n 50)

6 months Serum TAG decreased (P=0·007), whereas HDL increased (P=0·006) in
the fish oil group v. placebo group
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dopaminergic system in obese rats(86). Dysregulation of the
dopaminergic system is associated with changes that include
addiction and hyperphagia(86). Regarding humans, a link has
been found between the elevation of BMI and low dopami-
nergic activation in the striatum in obese women(87). Further-
more, MRI of the brain of young women showed striated
hypofunction in those who were prone to weight gain(88).

Obesity treatment

Obesity treatment is extremely important. One should not only
seek weight loss but the individual’s metabolic health as well.
Lifestyle modification (intervention focusing on diet and exer-
cise) constitutes the conventional and first-choice treatment for
obesity. The failure of these measures, mainly with regard to the
maintenance of the results, has emphasised the need for adju-
vant therapeutic resources(89).

Obesity treatment remains a major challenge. Food re-
education therapy and exercise often do not achieve satisfac-
tory results. Pharmacological therapy has been shown to be
fraught with serious adverse effects, and many drugs have been
withdrawn from the market because of unfavourable risk–
benefit relationships(89).

In view of increasing obesity rates in the world, as well as the
recurrent treatment difficulties currently observed, several stu-
dies are required to broaden treatment options. In this context,
studies have shown that n-3 PUFA have the potential to help
treat obesity(16,17,38,90,91).

n-3 PUFA

n-3 Fatty acids (ω-3, n-3 or w-3) are a family of PUFA, which are
vital for the functioning of the body, termed essential fatty
acids(92,93). The term ‘n’ refers to the position of the first double
bond, and n-3 PUFA have the first double bond between the
third and fourth carbon atoms(94). The major n-3 PUFA are
α-linolenic acid (ALA) (eighteen carbons, three double bonds),
EPA (twenty carbons, five double bonds) and DHA (twenty-two
carbons, six double bonds)(93–95).

Lipid components, especially fatty acids, play an important role
in the structure of cell membranes and in metabolic processes(94).
Because n-3 PUFA cannot be synthesised by the body, they need
to be obtained from dietary sources(92,94). These sources may be
foods of plant origin, in the form of ALA, or from some species of
fish, in the form of EPA and DHA(13,92,95).

ALA is found in flaxseed, soyabean, chia, rapeseed and
walnuts, and it can be metabolised in EPA and DHA via
elongase and desaturase enzymes(94,96). However, humans are
inefficient in performing this synthesis from ALA(95,97,98), as
these enzymes are influenced by innumerable aspects, such as
smoking, alcohol consumption, diabetes, stress and age-
ing(95,96,98,99). Sea fish, such as sardines, salmon, tuna, mackerel
and herring, are the main sources of EPA and DHA(94,99).

n-3 PUFA are present in cell membranes, particularly in the
lipid bilayer of the plasma membrane, and depending on their
proportion in the membranes they may undergo changes in
fluidity and, therefore, in their functions(93). DHA, in particular,
is one of the most abundant components in the brain’sTa
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structural lipids(96,100) and is a key component of neuronal
membranes at signal transduction sites, which indicates that its
action is vital for brain function(14,100). The incorporation of EPA
and DHA into the diet can influence not only lipid composition
and structure of cell membranes but also the physiological
responses that depend on these membranes, as is the case
with cell signalling mechanisms(101). There is evidence that
inadequate intake of maternal n-3 PUFA may lead to abnormal
development and function of the CNS(102). DHA-derived lipid
mediators are neuroprotective and ameliorate neurological
disorders(102). There is also evidence that DHA may ameliorate
cognitive decline and affect behavioural symptoms in major
neuropsychiatric disorders such as dementia, schizophrenia
and depression(103).
n-3 PUFA derived from fish oil (EPA and DHA) exerts

important effects on the inflammatory pathways, acting as anti-
inflammatory agents(12,13,104,105), because of its ability to interact
with the major inflammatory signalling pathways, as well as its
suppressive effect on the production of cytokines(105,106). The
anti-inflammatory mechanisms of action exerted by EPA and
DHA include suppression of NF-κB, reduction of eicosanoid
production, as well as alteration of membrane organisation,
particularly those related to the functions of Toll-like receptors
and T-lymphocyte signalling(104,107). In addition, the anti-
inflammatory properties of EPA and DHA are mediated also
through the inhibition of TLR signalling pathways(107).
EPA and DHA exert their anti-inflammatory effects by

decreasing the production of pro-inflammatory eicosanoids
derived from arachidonic acid, as well as by serving as sub-
strates for production of lipid mediators with pro-resolution
properties, such as resolvins, protectins and maresins(107,108).
These specialised pro-resolving lipid mediators have potent
immunoregulatory actions as they activate specific mechanisms
to promote resolution of inflammation(107,108). Mediators
derived from EPA are known as E series resolvins, and those
derived from DHA are named as D series resolvins, whereas
protectins and maresins are derived only from DHA(107,108).
Furthermore, other documented n-3 PUFA effects include

cardiovascular benefits such as reduction of TAG, cardiac
arrhythmias, blood pressure and platelet aggregation(107,109,110).
Studies have also shown that an n-3 PUFA-enriched diet may be
able to inhibit neuroinflammation and delay oxidative stress
and cell apoptosis(101,111). Therefore, considering that inflam-
mation and related changes are strongly linked to many chronic
diseases (among them obesity), the ingestion of n-3 PUFA
(mainly in the form of EPA and DHA) can play a fundamental
role in preventing and treating these diseases(17,96,107).

n-3 PUFA and obesity

n-3 PUFA has the potential to induce a number of effects that
may be useful for the treatment of obesity as this substance can
attenuate weight gain and reduce body fat(15). Most studies on
n-3 PUFA and obesity have focused on peripheral tissues, as
well as on plasma and serum. n-3 PUFA have shown several
beneficial effects on obesity-related changes in animals, such
as reduced body-fat gain, reduced fat accumulation in
visceral region, improved lipid profile, insulin resistance,

glucose intolerance and hepatic steatosis, as well as inflamma-
tion reduction in peripheral tissues(20,22,24,27,28). The effect of
n-3 PUFA in the brain alterations related to obesity was less
studied, with hypothalamus being the major focus of the
investigation. n-3 PUFA showed beneficial effects on modulat-
ing inflammation and hypothalamic function in rodents(23,26,33)

and was able to reverse the negative effect on the brain-derived
neurotrophic factor (BDNF) gene expression caused by obesity
in the hypothalamus of rats(31). A review of animal studies on
n-3 PUFA for obesity (and related alterations) is summarised
in Table 1.

In humans with overweight or obesity, studies have shown
that n-3 PUFA treatment can modulate adipose tissue, reduce
adiposity, improve inflammation (adipose tissue and serum),
reduce TAG and reduce oxidative stress in plasma, indicating
that n-3 PUFA may be beneficial to help treat obesity(38,40,41).
A review of human studies on n-3 PUFA for obesity (and related
alterations) is summarised in Table 2.

n-3 PUFA, especially EPA and DHA, have been shown to
play an important role in the treatment of obesity(107,112,113).
A systematic review with meta-analysis conducted by Bender
et al.(114) showed evidence that the consumption of fish or
encapsulated fish oil (rich in n-3 PUFA) is related to slight
reductions in body weight and waist circumference. However,
the authors of that study concluded that further research is
needed to clarify the possible mechanisms by which n-3 PUFA
can lead to weight reductions(114).

A meta-analysis conducted by Du et al.(115) revealed that fish
oil had no effect on the reduction of body weight and BMI in
overweight or obese individuals. However, waist circumference
and hip:waist ratio were significantly reduced in individuals
taking fish oil supplementation, especially when combined with
life modification intervention. The authors conclude that current
evidence does not prove that fish oil intake may decrease body
weight in overweight or obese adults, but that these individuals
may benefit from reduced abdominal fat. They have also
emphasised that the results should be treated with caution
and suggested a large-scale investigation over a long period to
draw definitive conclusions(115).

A more recent meta-analysis conducted by Zhang et al.(116)

also showed that a statistically non-significant difference was
revealed in weight loss between n-3 PUFA and placebo,
whereas n-3 PUFA might effectively reduce waist circumference
and TAG levels in overweight and obese adults. The authors
also suggested more studies to explore and clarify this issue(116).

n-3 PUFA, especially EPA and DHA, can modulate adipocyte
number by regulating adipocyte proliferation, differentiation
and apoptosis. n-3 PUFA also regulates pathways related to fat
storage and fat mobilisation, decreasing lipid accumulation
processes and favouring adipocyte oxidative metabolism by
promoting mitochondrial biogenesis and fatty acid oxidation. In
addition, n-3 PUFA can modulate adipocyte insulin sensitivity
and glucose utilisation(108).

Other mechanisms by which EPA and DHA can help to treat
obesity are related to the capacity of this substance to inhibit
NF-κB activity and TLR-mediated inflammatory signalling(107).
n-3 PUFA can also reduce adipose tissue inflammation by
regulating the production of pro-inflammatory cytokines, by
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decreasing M1 macrophage infiltration and by reducing the
formation of n-6-derived pro-inflammatory lipid mediators(108).
Fish oil supplementation can inclusively polarise macrophages
and microglia towards the anti-inflammatory phenotype(117,118).
Moreover, the treatment with n-3 PUFA can increase the pro-
duction of lipid mediators with pro-resolution properties
(resolvins, protectins and maresins) in adipose tissue(119,120)

and promote the reduction of adipose tissue and systemic
inflammation(38).
Inflammation also links obesity with the development of

insulin resistance and hepatic steatosis(107,119). The adverse
metabolic changes associated with insulin resistance occur as a
result of inflamed adipose tissue. Thus, EPA and DHA also may
improve insulin sensitivity by generating pro-resolving lipid
mediators and promoting alternatively activated macro-
phages(107). González-Périz et al.(119) showed that dietary intake
of n-3 PUFA, by triggering the formation of n-3 PUFA-derived
resolvins and protectins, had insulin-sensitising actions in
adipose tissue and liver and improved insulin tolerance in
obese mice, as well as alleviated hepatic steatosis(119).
Most studies utilise a combination of DHA and EPA as n-3

PUFA supplement, which may mask the effects of each indivi-
dual fatty acid. The individual effect of EPA and DHA must be
considered(121). In a rodent study that compared EPA and DHA
supplementation, Bargut et al.(36) showed that DHA had the
most prominent action in white adipose tissue metabolism,
modulating pro- and anti-inflammatory pathways and alleviat-
ing adipocyte abnormalities (caused by a high-fructose diet). In
human studies comparing supplementation of EPA v. DHA,
Allaire et al.(51) showed that, related to modulation of specific
markers of inflammation and blood lipids, DHA is more effec-
tive than EPA. However, Vors et al.(53) showed that EPA or DHA
has similar effects on the expression of many inflammation-
related genes in immune cells of men and women at risk
for cardiometabolic diseases.
As EPA and DHA can exert different effects, the ratio of EPA:

DHA could affect the outcomes. It is observed that there is con-
siderable variability in the ratio of EPA:DHA in the studies, and
this should be taken into account. Shang et al.(122) investigated
diets with different ratios of DHA:EPA (2:1, 1:1 and 1:2) and
showed that a lower DHA:EPA ratio seems to be more beneficial
for alleviation of high-fat-diet-induced liver damage in mice, and a
DHA:EPA ratio of 1:2 mitigated the inflammatory risk factors.
The form of n-3 PUFA formulations (as TAG, ethyl ester, free

fatty acid or phospholipid) could also affect the bioavailability and
actions of n-3 PUFA. Tang et al.(123) compared the effects ofTAG,
ethyl ester, free fatty acid and phospholipid forms of n-3 PUFA
(DHA) on lipid metabolism in mice (fed high-fat or low-fat diet) and
showed that DHA-bound phospholipid showed effective bioactivity
in decreasing hepatic and serum total cholesterol, TAG levels and
increasing n-3 PUFA concentration in liver and brain. Rossmeisl
et al.(124) showed that, compared with TAG, n-3 PUFA (DHA and
EPA) administered as phospholipids are superior in preserving a
healthy metabolic profile under obesogenic conditions, possibly
reflecting better bioavailability and improved modulation of the
endocannabinoid system activity in white adipose tissue.
Another important topic that should be mentioned is the ratio

n-6/n-3 PUFA. As vegetable oils (soyabean, corn, sunflower,

safflower and cottonseed oils), which are rich in n-6 PUFA,
became popularised, there was a significant increase in n-6
PUFA intake(121). Western diets contain excessive levels of n-6
PUFA and very low levels of n-3 PUFA, leading to an unhealthy
n-6/n-3 ratio of 20:1, instead of 1:1 during evolution(125). A high
n-6 intake and a high n-6:n-3 ratio is pro-thrombotic,
pro-inflammatory and are associated with weight gain in both
animal and human studies, whereas a high n-3 PUFA intake
decreases the risk for weight gain(125). Therefore, a balanced
n-6:n-3 ratio is also important for the prevention and manage-
ment of obesity (it is essential to decrease the n-6 PUFA in the
diet while increasing the n-3 PUFA)(125).

Conclusion

In conclusion, n-3 PUFA has shown a large number of effects
that could be beneficial to treat obesity and related alterations.
Animal and human studies have shown that in peripheral tis-
sues (and in the blood) n-3 PUFA can reduce body and visceral
fat, inflammation, hepatic steatosis and oxidative stress, as well
as improve insulin sensitivity and lipid profile. In the brain,
animal studies have shown that n-3 PUFA can reduce hypo-
thalamic inflammation and apoptosis, improving hypothalamic
function, and that it was able to reverse the negative effect on
the BDNF caused by obesity in the hypothalamus. The effect of
n-3 PUFA on body weight has shown contradictory results.

Therefore, the use of n-3 PUFA to help obesity treatment still
needs further investigation, given that there are still many gaps
on its effects, especially to clarify the mechanisms by which n-3
PUFA could help treat the disease. Most studies have focused
on peripheral tissues, but brain aspects have been poorly
explored. The focus has been only on the hypothalamus, and
thus the effect of the n-3 PUFA on other brain structures has not
been explored in animal models of obesity.

In addition, there were many differences in the methods of
the studies, both with animals and with humans, which limit the
comparison of the data and generalisation of the results. In
general, it seems to us that the beneficial effect of n-3 PUFA
would not be directly on weight, but on metabolic changes
related to obesity.

Acknowledgements

This research received no specific grant from any funding
agency or from commercial or not-for-profit sectors.

A. H. M. wrote the manuscript. M. F. U. assisted in writing and
reviewing the tables, and revised the English grammar of the
manuscript. B. X. F. and N. A. R. S. gave substantial contribu-
tions to data acquisition. G. T. R. revised the manuscript. All
authors have read and approved the final version of the
manuscript.

The authors declare that there are no conflicts of interest.

References

1. World Obesity Federation (2015) About obesity. Page
updated: 10 October 2015. http://www.worldobesity.org/
resources/aboutobesity/ (accessed November 2016).

n-3 PUFA and obesity 1319

https://doi.org/10.1017/S0007114518000429  Published online by Cam
bridge U

niversity Press

http://www.worldobesity.org/resources/aboutobesity/
http://www.worldobesity.org/resources/aboutobesity/
https://doi.org/10.1017/S0007114518000429


2. World Health Organization (2016) Obesity and overweight –
fact sheet no. 311. http://www.who.int/mediacentre/fact
sheets/fs311/en/ (accessed November 2016).

3. Galic S, Oakhill JS & Steinberg GR (2010) Adipose tissue as
an endocrine organ. Mol Cell Endocrinol 316, 129–139.

4. Noeman SA, Hamooda HE & Baalash AA (2011) Biochemical
study of oxidative stress markers in the liver, kidney and
heart of high fat diet induced obesity in rats. Diabetol Metab
Syndr 3, 17.

5. Knight JA (2011) Diseases and disorders associated with
excess body weight. Ann Clin Lab Sci 41, 107–121.

6. Convit A (2012) Obesity is associated with structural and
functional brain abnormalities: where do we go from here?
Psychosom Med 74, 673–674.

7. Shefer G, Marcus Y & Stern N (2013) Is obesity a brain
disease? Neurosci Biobehav Rev 37, 2489–2503.

8. Coelho M, Oliveira T & Fernandes R (2013) Biochemistry of
adipose tissue: an endocrine organ. Arch Med Sci 9, 191–200.

9. Kleinridders A, Könner AC & Brüning JC (2009) CNS –

targets in control of energy and glucose homeostasis.
Curr Opin Pharmacol 9, 794–804.

10. Johnson AR, Milner JJ & Makowski L (2012) The inflamma-
tion highway: metabolism accelerates inflammatory traffic in
obesity. Immunol Rev 249, 218–238.

11. Muñoz A & Costa M (2013) Nutritionally mediated oxidative
stress and inflammation. Oxid Med Cell Longev 2013, 610950.

12. Wall R, Ross RP, Fitzgerald GF, et al. (2010) Fatty acids from
fish: the anti-inflammatory potential of long-chain omega-3
fatty acids. Nutr Rev 68, 280–289.

13. Ellulu MS, Khaza’ai H, Abed Y, et al. (2015) Role of fish oil in
human health and possible mechanism to reduce the
inflammation. Inflammopharmacology 23, 79–89.

14. Gomez-Pinilla F (2008) Brain foods: the effects of nutrients
on brain function. Nat Rev Neurosci 9, 568–578.

15. Buckley JD & Howe PR (2010) Long-chain omega-3 poly-
unsaturated fatty acids may be beneficial for reducing
obesity-a review. Nutrients 2, 1212–1230.

16. Golub N, Geba D, Mousa SA, et al. (2011) Greasing the
wheels of managing overweight and obesity with omega-3
fatty acids. Med Hypotheses 77, 1114–1120.

17. Campbell SC & Bello NT (2012) Omega-3 fatty acids and
obesity. J Food Nutr Disor 1, 1–2.

18. Mori T, Kondo H, Hase T, et al. (2007) Dietary fish oil
upregulates intestinal lipid metabolism and reduces body
weight gain in C57BL/6J mice. J Nutr 137, 2629–2634.

19. Moritz B, Wazlawik E, Minatti J, et al. (2008) Interferência
dos ácidos graxos ômega-3 nos lipídeos sangüíneos de ratos
submetidos ao exercício de natação (Omega-3 fatty
acids interference on the blood lipids of rats subjected to
swimming exercise). Rev Nutr 21, 659–669.

20. Rokling-Andersen MH, Rustan AC, Wensaas AJ, et al. (2009)
Marine n-3 fatty acids promote size reduction of visceral
adipose depots, without altering body weight and compo-
sition, in male Wistar rats fed a high-fat diet. Br J Nutr 102,
995–1006.

21. Samane S, Christon R, Dombrowski L, et al. (2009) Fish oil
and argan oil intake differently modulate insulin resistance
and glucose intolerance in a rat model of dietary-induced
obesity. Metabolism 58, 909–919.

22. Kalupahana NS, Claycombe K, Newman SJ, et al. (2010)
Eicosapentaenoic acid prevents and reverses insulin resis-
tance in high-fat diet-induced obese mice via modulation of
adipose tissue inflammation. J Nutr 140, 1915–1922.

23. Cintra DE, Ropelle ER, Moraes JC, et al. (2012) Unsaturated
fatty acids revert diet-induced hypothalamic inflammation in
obesity. PLOS ONE 7, e30571.

24. Liu X, Xue Y, Liu C, et al. (2013) Eicosapentaenoic acid-
enriched phospholipid ameliorates insulin resistance and
lipid metabolism in diet-induced-obese mice. Lipids Health
Dis 12, 109.

25. Ávila PR, Marques SO, Luciano TF, et al. (2013) Resveratrol
and fish oil reduce catecholamine-induced mortality in
obese rats: role of oxidative stress in the myocardium
and aorta. Br J Nutr 110, 1580–1590.

26. Pimentel GD, Lira FS, Rosa JC, et al. (2013) High-fat fish oil
diet prevents hypothalamic inflammatory profile in rats. ISRN
Inflamm 2013, 419823.

27. Rossmeisl M, Medrikova D, van Schothorst EM, et al. (2014)
Omega-3 phospholipids from fish suppress hepatic steatosis
by integrated inhibition of biosynthetic pathways in dietary
obese mice. Biochim Biophys Acta 1841, 267–278.

28. Bargut TC, Mandarim-de-Lacerda CA & Aguila MB (2015)
A high-fish-oil diet prevents adiposity and modulates
white adipose tissue inflammation pathway in mice. J Nutr
Biochem 26, 960–969.

29. Philp LK, Heilbronn LK, Janovska A, et al. (2015) Dietary
enrichment with fish oil prevents high fat-induced metabolic
dysfunction in skeletal muscle in mice. PLOS ONE 10,
e0117494.

30. Yook JS, Kim KA, Park JE, et al. (2015) Microalgal oil sup-
plementation has an anti-obesity effect in C57BL/6J mice fed
a high fat diet. Prev Nutr Food Sci 20, 230–237.

31. Abdel-Maksoud SM, Hassanein SI, Gohar NA, et al. (2016)
Investigation of brain-derived neurotrophic factor (BDNF)
gene expression in hypothalamus of obese rats: modulation
by omega-3 fatty acids. Nutr Neurosci 1, 6.

32. Cavaliere G, Trinchese G, Bergamo P, et al. (2016) Poly-
unsaturated fatty acids attenuate diet induced obesity and
insulin resistance, modulating mitochondrial respiratory
uncoupling in rat skeletal muscle. PLOS ONE 11, e0149033.

33. Viggiano E, Mollica MP, Lionetti L, et al. (2016) Effects of an
high-fat diet enriched in lard or in fish oil on the hypotha-
lamic Amp-activated protein kinase and inflammatory med-
iators. Front Cell Neurosci 10, 150.

34. de Sá RD, Crisma AR, Cruz MM, et al. (2016) Fish oil prevents
changes induced by a high-fat diet on metabolism and adi-
pokine secretion in mice subcutaneous and visceral adipo-
cytes. J Physiol 594, 6301–6317.

35. Go RE, Hwang KA, Park GT, et al. (2016) Effects of micro-
algal polyunsaturated fatty acid oil on body weight and lipid
accumulation in the liver of C57BL/6 mice fed a high fat diet.
J Biomed Res 30, 234–242.

36. Bargut TCL, Santos LP, Machado DGL, et al. (2017) Eicosa-
pentaenoic acid (EPA) v. Docosahexaenoic acid (DHA):
effects in epididymal white adipose tissue of mice fed a high-
fructose diet. Prostaglandins Leukot Essent Fatty Acids 123,
14–24.

37. DeFina LF, Marcoux LG, Devers SM, et al. (2011) Effects of
omega-3 supplementation in combination with diet and
exercise on weight loss and body composition. Am J Clin
Nutr 93, 455–462.

38. Itariu BK, Zeyda M, Hochbrugger EE, et al. (2012) Long-
chain n-3 PUFAs reduce adipose tissue and systemic
inflammation in severely obese nondiabetic patients: a
randomized controlled trial. Am J Clin Nutr 96, 1137–1149.

39. Crochemore IC, Souza AF, de Souza AC, et al. (2012) ω-3
Polyunsaturated fatty acid supplementation does not influ-
ence body composition, insulin resistance, and lipemia in
women with type 2 diabetes and obesity. Nutr Clin Pract
27, 553–560.

40. Kiecolt-Glaser JK, Belury MA, Andridge R, et al. (2012)
Omega-3 supplementation lowers inflammation in healthy

1320 A. Haas de Mello et al.

https://doi.org/10.1017/S0007114518000429  Published online by Cam
bridge U

niversity Press

http://www.who.int/mediacentre/factsheets/fs311/en/
http://www.who.int/mediacentre/factsheets/fs311/en/
https://doi.org/10.1017/S0007114518000429


middle-aged and older adults: a randomized controlled trial.
Brain Behav Immun 26, 988–995.

41. Kiecolt-Glaser JK, Epel ES, Belury MA, et al. (2013) Omega-3
fatty acids, oxidative stress, and leukocyte telomere length: a
randomized controlled trial. Brain Behav Immun 28, 16–24.

42. Munro IA & Garg ML (2012) Dietary supplementation with
n-3 PUFA does not promote weight loss when combined
with a very-low-energy diet. Br J Nutr 108, 1466–1474.

43. Munro IA & Garg ML (2013) Dietary supplementation with
long chain omega-3 polyunsaturated fatty acids and weight
loss in obese adults. Obes Res Clin Pract 7, e173–e181.

44. Munro IA & Garg ML (2013) Prior supplementation with long
chain omega-3 polyunsaturated fatty acids promotes weight
loss in obese adults: a double-blinded randomised
controlled trial. Food Funct 4, 650–658.

45. Juárez-López C, Klünder-Klünder M, Madrigal-Azcárate A,
et al. (2013) Omega-3 polyunsaturated fatty acids reduce
insulin resistance and triglycerides in obese children and
adolescents. Pediatr Diabetes 14, 377–383.

46. Ellulu MS, Khaza’ai H, Patimah I, et al. (2016) Effect of long
chain omega-3 polyunsaturated fatty acids on inflammation
and metabolic markers in hypertensive and/or diabetic
obese adults: a randomized controlled trial. Food Nutr Res
60, 29268.

47. Wang F, Wang Y, Zhu Y, et al. (2017) Treatment for
6 months with fish oil-derived n-3 polyunsaturated fatty
acids has neutral effects on glycemic control but improves
dyslipidemia in type 2 diabetic patients with abdominal
obesity: a randomized, double-blind, placebo-controlled
trial. Eur J Nutr 56, 2415–2422.

48. Huerta AE, Navas-Carretero S, Prieto-Hontoria PL, et al.
(2015) Effects of α-lipoic acid and eicosapentaenoic acid in
overweight and obese women during weight loss. Obesity
(Silver Spring) 23, 313–321.

49. Huerta AE, Prieto-Hontoria PL, Sáinz N, et al. (2016) Sup-
plementation with α-lipoic acid alone or in combination with
eicosapentaenoic acid modulates the inflammatory status of
healthy overweight or obese women consuming an energy-
restricted diet. J Nutr 146, 889S–896S.

50. Huerta AE, Prieto-Hontoria PL, Fernández-Galilea M, et al.
(2017) Effects of dietary supplementation with EPA and/or
α-lipoic acid on adipose tissue transcriptomic profile of
healthy overweight/obese women following a hypocaloric
diet. Biofactors 43, 117–131.

51. Allaire J, Couture P, Leclerc M, et al. (2016) A randomized,
crossover, head-to-head comparison of eicosapentaenoic acid
and docosahexaenoic acid supplementation to reduce
inflammation markers in men and women: the Comparing EPA
to DHA (ComparED) Study. Am J Clin Nutr 104, 280–287.

52. Allaire J, Harris WS, Vors C, et al. (2017) Supplementation
with high-dose docosahexaenoic acid increases the Omega-
3 Index more than high-dose eicosapentaenoic acid.
Prostaglandins Leukot Essent Fatty Acids 120, 8–14.

53. Vors C, Allaire J, Marin J, et al. (2017) Inflammatory gene
expression in whole blood cells after EPA v. DHA
supplementation: Results from the ComparED study.
Atherosclerosis 257, 116–122.

54. Bhaskaran K, Douglas I, Forbes H, et al. (2014) Body-mass
index and risk of 22 specific cancers: a population-based
cohort study of 5·24 million UK adults. Lancet 384, 755–765.

55. Halberg N, Wernstedt-Asterholm I & Scherer PE (2008) The
adipocyte as an endocrine cell. Endocrinol Metab Clin North
Am 37, 753–768.

56. Ouchi N, Parker JL, Lugus JJ, et al. (2011) Adipokines in
inflammation and metabolic disease. Nat Rev Immunol 11,
85–97.

57. Exley MA, Hand L, O’Shea D, et al. (2014) Interplay
between the immune system and adipose tissue in obesity.
J Endocrinol 223, R41–R48.

58. Maury E & Brichard SM (2010) Adipokine dysregulation,
adipose tissue inflammation and metabolic syndrome.
Mol Cell Endocrinol 314, 1–16.

59. Mathis D (2013) Immunological goings-on in visceral
adipose tissue. Cell Metab 17, 851–859.

60. Donath MY & Shoelson SE (2011) Type 2 diabetes as an
inflammatory disease. Nat Rev Immunol 11, 98–107.

61. Moore KJ & Tabas I (2011) Macrophages in the pathogenesis
of atherosclerosis. Cell 145, 341–355.

62. Cai D (2013) Neuroinflammation and neurodegeneration in
overnutrition-induced diseases. Trends Endocrinol Metab
24, 40–47.

63. Thaler JP, Yi CX, Schur EA, et al. (2012) Obesity is associated
with hypothalamic injury in rodents and humans. J Clin
Invest 122, 153–162.

64. Freeman LR, Zhang L, Nair A, et al. (2013) Obesity increases
cerebrocortical reactive oxygen species and impairs brain
function. Free Radic Biol Med 56, 226–233.

65. Milanski M, Degasperi G, Coope A, et al. (2009) Saturated
fatty acids produce an inflammatory response predomi-
nantly through the activation of TLR4 signaling in hypotha-
lamus: implications for the pathogenesis of obesity.
J Neurosci 29, 359–370.

66. Moraes JC, Coope A, Morari J, et al. (2009) High-fat diet
induces apoptosis of hypothalamic neurons. PLoS ONE 4,
e5045.

67. Boitard C, Cavaroc A, Sauvant J, et al. (2014) Impairment of
hippocampal-dependent memory induced by juvenile high-
fat diet intake is associated with enhanced hippocampal
inflammation in rats. Brain Behav Immun 40, 9–17.

68. Nummenmaa L, Hirvonen J, Hannukainen JC, et al. (2012)
Dorsal striatum and its limbic connectivity mediate abnormal
anticipatory reward processing in obesity. PLOS ONE 7,
e31089.

69. Velloso LA & Schwartz MW (2011) Altered hypothalamic
function in diet induced obesity. Int J Obes (Lond) 35,
1455–1465.

70. Williams LM (2012) Hypothalamic dysfunction in obesity.
Proc Nutr Soc 71, 521–533.

71. Karatsoreos IN, Thaler JP, Borgland SL, et al. (2013) Food for
thought: hormonal, experiential, and neural influences on
feeding and obesity. J Neurosci 33, 17610–17616.

72. Drougard A, Fournel A, Valet P, et al. (2015) Impact
of hypothalamic reactive oxygen species in the regulation
of energy metabolism and food intake. Front Neurosci
9, 1–12.

73. Kälin S, Heppner FL, Bechmann I, et al. (2015) Hypotha-
lamic innate immune reaction in obesity. Nat Rev Endocrinol
11, 339–351.

74. Thaler JP, Choi SJ, Schwartz MW, et al. (2010) Hypothalamic
inflammation and energy homeostasis: resolving the para-
dox. Front Neuroendocrinol 31, 79–84.

75. Patel PS, Buras E & Balasubramanyam A (2013) The role of
the immune system in obesity and insulin resistance. J Obes
2013, 616193.

76. Gregor MF & Hotamisligil GS (2011) Inflammatory
mechanisms in obesity. Annu Rev Immunol 29, 415–445.

77. Kanoski E & Davidson TL (2011) Western diet consumption
and cognitive impairment: links to hippocampal dysfunction
and obesity. Physiol Behav 103, 59–58.

78. Davidson TL, Hargrave SL, Swithers SE, et al. (2013)
Inter-relationships among diet, obesity and hippocampal-
dependent cognitive function. Neuroscience 253, 110–122.

n-3 PUFA and obesity 1321

https://doi.org/10.1017/S0007114518000429  Published online by Cam
bridge U

niversity Press

https://doi.org/10.1017/S0007114518000429


79. Miller AA & Spencer SJ (2014) Obesity and neuroin-
flammation: a pathway to cognitive impairment. Brain
Behav Immun 42, 10–21.

80. Park HR, Park M, Choi J, et al. (2010) A high-fat diet impairs
neurogenesis: involvement of lipid peroxidation and brain-
derived neurotrophic factor. Neurosci Lett 482, 235–239.

81. Moroz N, Tong M, Longato L, et al. (2008) Limited
Alzheimer-type neurodegeneration in experimental obesity
and type 2 diabetes mellitus. J Alzheimers Dis 15, 29–44.

82. Jeon BT, Jeong EA, Shin HJ, et al. (2012) Resveratrol
attenuates obesity-associated peripheral and central inflam-
mation and improves memory deficit in mice fed a high-
fat diet. Diabetes 61, 1444–1454.

83. Tomasi D & Volkow ND (2013) Striatocortical pathway
dysfunction in addiction and obesity: differences and
similarities. Crit Rev Biochem Mol Biol 48, 1–19.

84. Farr OM, Li CS & Mantzoros CS (2016) Central nervous
system regulation of eating: insights from human brain
imaging. Metabolism 65, 699–713.

85. Geiger BM, Behr GG, Frank LE, et al. (2008) Evidence
for defective mesolimbic dopamine exocytosis in obesity-
prone rats. FASEB J 22, 2740–2746.

86. Mathes WF, Nehrenberg DL, Gordon R, et al. (2010) Dopa-
minergic dysregulation in mice selectively bred for excessive
exercise or obesity. Behav Brain Res 210, 155–163.

87. Stice E, Spoor S, Bohon C, et al. (2008) Relation of reward
from food intake and anticipated food intake to obesity: a
functional magnetic resonance imaging study. J Abnorm
Psychol 117, 924–935.

88. Stice E, Yokum S, Blum K, et al. (2010) Weight gain is
associated with reduced striatal response to palatable food.
J Neurosci 30, 13105–13109.

89. Pucci A & Finer N (2015) New medications for treatment of
obesity: metabolic and cardiovascular effects. Can J Cardiol
31, 142–152.

90. Flachs P, Ruhl R, Hensler M, et al. (2011) Synergistic
induction of lipid catabolism and anti-inflammatory lipids in
white fat of dietary obese mice in response to calorie
restriction and n-3 fatty acids. Diabetologia 54, 2626–2638.

91. Hensler M, Bardova K, Jilkova ZM, et al. (2011) The inhibi-
tion of fat cell proliferation by n-3 fatty acids in dietary
obese mice. Lipids Health Dis 10, 128.

92. Surette ME (2008) The science behind dietary omega-3
fatty acids. CMAJ 178, 177–180.

93. Gómez Candela C, Bermejo López LM & Loria Kohen V
(2011) Importance of a balanced omega 6/omega 3 ratio for
the maintenance of health: nutritional recommendations.
Nutr Hosp 26, 323–329.

94. Arbex AK, Bizarro VR, Santos JCS, et al. (2015) The impact of
the essential fatty acids (EFA) in human health. OJEMD 5,
98–104.

95. Anderson BM & Ma DW (2009) Are all n-3 polyunsaturated
fatty acids created equal? Lipids Health Dis 8, 33.

96. Simopoulos AP (2008) The importance of the omega-6/
omega-3 fatty acid ratio in cardiovascular disease and other
chronic diseases. Exp Biol Med (Maywood) 233, 674–688.

97. Barceló-Coblijn G & Murphy EJ (2009) Alpha-linolenic acid
and its conversion to longer chain n-3 fatty acids: benefits for
human health and a role in maintaining tissue n-3 fatty
acid levels. Prog Lipid Res 48, 355–374.

98. Brenna JT, Salem N Jr, Sinclair AJ, et al. (2009)
Alpha-linolenic acid supplementation and conversion to
n-3 long-chain polyunsaturated fatty acids in humans.
Prostaglandins Leukot Essent Fatty Acids 80, 85–91.

99. Calder PC (2012) Mechanisms of action of (n-3) fatty acids.
J Nutr 142, 592S–599S.

100. Agrawal R & Gomez-Pinilla F (2012) ‘Metabolic syndrome’ in
the brain: deficiency in omega-3 fatty acid exacerbates dys-
functions in insulin receptor signalling and cognition.
J Physiol 590, 2485–2499.

101. Farooqui AA (2012) n-3 fatty acid-derived lipid mediators in
the brain: new weapons against oxidative stress and
inflammation. Curr Med Chem 19, 532–543.

102. Sun GY, Simonyi A, Fritsche KL, et al. (2017) Docosahex-
aenoic acid (DHA): an essential nutrient and a nutraceutical for
brain health and diseases. Prostaglandins Leukot Essent Fatty
Acids (epublication ahead of print version 10 March 2017).

103. Lauritzen L, Brambilla P, Mazzocchi A, et al. (2016) DHA
effects in brain development and function. Nutrients 8, 1–17.

104. Chapkin RS, Kim W, Lupton JR, et al. (2009) Dietary doc-
osahexaenoic and eicosapentaenoic acid: emerging media-
tors of inflammation. Prostaglandins Leukot Essent Fatty
Acids 81, 187–191.

105. Yates CM, Calder PC & Ed Rainger G (2014) Pharmacology
and therapeutics of omega-3 polyunsaturated fatty acids in
chronic inflammatory disease. Pharmacol Ther 141, 272–282.

106. Lorente-Cebrián S, Costa AG, Navas-Carretero S, et al. (2015)
An update on the role of omega-3 fatty acids on inflammatory
and degenerative diseases. J Physiol Biochem 71, 341–349.

107. Flock MR, Rogers CJ, Prabhu KS, et al. (2013) Immunome-
tabolic role of long-chain omega-3 fatty acids in obesity-
induced inflammation. Diabetes Metab Res Rev 29, 431–445.

108. Martínez-Fernández L, Laiglesia LM, Huerta AE, et al. (2015)
Omega-3 fatty acids and adipose tissue function in obesity
and metabolic syndrome. Prostaglandins Other Lipid Mediat
121, 24–41.

109. Lee JH, O’Keefe JH, Lavie CJ, et al. (2008) Omega-3 fatty
acids for cardioprotection. Mayo Clin Proc 83, 324–332.

110. Bermúdez Menéndez de la Granda M & Sinclair AJ (2009)
Fatty acids and obesity. Curr Pharm Des 15, 4117–4125.

111. Trépanier MO, Hopperton KE, Orr SK, et al. (2016) n-3
Polyunsaturated fatty acids in animal models with neuroin-
flammation: an update. Eur J Pharmacol 785, 187–206.

112. Flachs P, Rossmeisl M, Bryhn M, et al. (2009) Cellular and
molecular effects of n-3 polyunsaturated fatty acids on adi-
pose tissue biology and metabolism. Clin Sci 116, 1–16.

113. Lorente-Cebrián S, Costa AG, Navas-Carretero S, et al. (2013)
Role of omega-3 fatty acids in obesity, metabolic syndrome,
and cardiovascular diseases: a review of the evidence.
J Physiol Biochem 69, 633–651.

114. Bender N, Portmann M, Heg Z, et al. (2014) Fish or n3-PUFA
intake and body composition: a systematic review and meta-
analysis. Obes Rev 15, 657–665.

115. Du S, Jin J, Fang W, et al. (2015) Does fish oil have an anti-
obesity effect in overweight/obese adults? A meta-analysis of
randomized controlled trials. PLOS ONE 10, e0142652.

116. Zhang YY, Liu W, Zhao TY, et al. (2017) Efficacy of omega-3
polyunsaturated fatty acids supplementation in managing
overweight and obesity: a meta-analysis of randomized
clinical trials. J Nutr Health Aging 21, 187–192.

117. Bashir S, Sharma Y, Elahi A, et al. (2016) Amelioration of
obesity-associated inflammation and insulin resistance in
c57bl/6 mice via macrophage polarization by fish oil sup-
plementation. J Nutr Biochem 33, 82–90.

118. Inoue T, Tanaka M, Masuda S, et al. (2017) Omega-3 poly-
unsaturated fatty acids suppress the inflammatory responses
of lipopolysaccharide-stimulated mouse microglia by activat-
ing SIRT1 pathways. Biochim Biophys Acta 1862, 552–560.

119. González-Périz A, Horrillo R, Ferré N, et al. (2009) Obesity-
induced insulin resistance and hepatic steatosis are alleviated
by omega-3 fatty acids: a role for resolvins and protectins.
FASEB J 23, 1946–1957.

1322 A. Haas de Mello et al.

https://doi.org/10.1017/S0007114518000429  Published online by Cam
bridge U

niversity Press

https://doi.org/10.1017/S0007114518000429


120. Neuhofer A, Zeyda M, Mascher D, et al. (2013) Impaired
local production of proresolving lipid mediators in obesity
and 17-HDHA as a potential treatment for obesity-associated
inflammation. Diabetes 62, 1945–1956.

121. Huang CW, Chien YS, Chen YJ, et al. (2016) Role of n-3
polyunsaturated fatty acids in ameliorating the obesity-
induced metabolic syndrome in animal models and
humans. Int J Mol Sci 17, E1689.

122. Shang T, Liu L, Zhou J, et al. (2017) Protective effects of
various ratios of DHA/EPA supplementation on high-fat diet-
induced liver damage in mice. Lipids Health Dis 16, 65.

123. Tang X, Li ZJ, Xu J, et al. (2012) Short term effects of different
omega-3 fatty acid formulation on lipid metabolism in mice
fed high or low fat diet. Lipids Health Dis 11, 70.

124. Rossmeisl M, Jilkova ZM, Kuda O, et al. (2012)
Metabolic effects of n-3 PUFA as phospholipids are
superior to triglycerides in mice fed a high-fat diet:
possible role of endocannabinoids. PLOS ONE 7,
e38834.

125. Simopoulos AP (2016) An increase in the omega-6/
omega-3 fatty acid ratio increases the risk for obesity.
Nutrients 8, 128.

n-3 PUFA and obesity 1323

https://doi.org/10.1017/S0007114518000429  Published online by Cam
bridge U

niversity Press

https://doi.org/10.1017/S0007114518000429

	n-3 PUFA and obesity: from peripheral tissues to the central nervous�system
	Introduction
	Methods
	Obesityfirst-level headings should always follow the order Methods, Results and Discussion, however the article does not follow the above-mentioned style, please check.--gt
	Obesity and the brain
	Table 1Review of animal studies on n-3 PUFA for obesity (and related alterations)
	Table 2Review of human studies on n-3 PUFA for obesity (and related alterations)(Mean values and standard deviations and 95&znbsp;&#x0025; confidence intervals)
	Obesity treatment
	n-3 PUFA
	n-3 PUFA and obesity
	Conclusion
	Acknowledgements
	ACKNOWLEDGEMENTS
	References


