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Introduction
Obesity is a disease that has emerged as a multi-factorial epidemic in developed and developing 

countries, which expanded during the last decades of the twentieth century as an important risk 
factor for the emergence, development, and worsening of other illnesses. According to the World 
Health Organization (WHO), obesity is characterized by an excess of body fat that can affect health 
outcomes, originated from a prolonged energy imbalance, in which there is an increase in body fat 
deposits [1]. 

The obesogenic process is accompanied by a chronic inflammation of the adipose tissue, which 
corresponds to an increase in circulating concentrations of inflammatory cytokines: Tumor Necrosis 
Factor (TNF), Interleukin 6 (IL-6), and C-Reactive Protein (CRP); and decreased adiponectin 
concentrations. This chronic inflammation associated with obesity may lead to the development of 
insulin resistance, coronary heart disease, cancer, hiperleptinemia, and abnormalities in systemic 
metabolism, also known as metabolic syndrome [2]. In this regard, nutritional interventions may 
feature beneficial results. E.g. it is known that diets high in saturated fatty acids are associated with 
increased incidence of inflammation through the activation of toll-like receptors (the innate immune 
receptors for Lipopolysaccharide (LPS)). However, anti-inflammatory dietary factors may assist in 
the treatment of obesity. The same holds true regarding the role of aerobic exercise in inflammation. 
This review aims to discuss the etiology of inflammation in obesity and the role in alleviating this 
situation through supplementation of Omega-3 and the practice of aerobic physical activity [2,3].

Development
Omega-3, inflammation and obesity

We can understand food control as a combination of several factors, one of them is the 
control modulated by neural structures and specific neurochemical and neuroendocrine systems. 
Alterations in the beggininng of this sentence that may occur in these neural systems might be 
associated with changes in eating behavior [4-6]. The brain plays a crucial role in regulating weight 
through our appetite education, motivation and physical activity, in addition to managing how 
energy is allocated in the body. In fact, it is known that the hypothalamus is the central portion for 
controlling these power-regulating activities. In animal studies, tiny lesions observed in this area can 
cause disorders such as obesity, for example, depending on its location. These observations led to the 
determination of certain parts of the hypothalamic centers as “satiety” or “hunger” [5,6]. 
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Abstract

Obesity is a complex disease of multifaceted etiology, with its own pathophysiology, comorbidities, and 
inflammatory profile. Accepting obesity as an inflammatory process is a key process to its treatment. Currently, 
the adipose tissue is a major focus of research in obesity due to an evolution in the understanding of the 
biological function of this tissue over the last decade. It is known that adipose tissue secretes multiple bioactive 
peptides, termed adipokines (proteins synthesized and secreted by adipose tissue) with specific actions towards 
inflammation. Also, many studies have shown an anti-inflammatory role for both Omega-3 supplementation and 
moderate aerobic exercise. Thus, the objective of this review is to approach the relationship between obesity 
and inflammatory adipokines, and discuss the role of Omega-3 and aerobic exercise in the treatment of this 
pathology. In this narrative review data collection has been performed through research articles published in 
the last five years through sites like PubMed and SCIELO, including some classic articles. It has been found 
that the Polyunsaturated Fatty Acids (PUFAs) supplementation may be an alternative, however its use targeting 
the decrease in inflammation caused by obesity has little scientific evidence; nevetheless, the role of aerobic 
exercise as an important concomitant intervention practice is well established, due to its implications both in the 
hypothalamic and endocrine anti-inflammatory process.
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Other than hypothalamus, adipose tissue is a major focus of 
obesity research as it is possible to analyze the different responses 
to various treatments that may be related to the cell characteristics 
of this tissue; thus, obesity needs to be evaluated in a multifactorial 
fashion. For example, weight control is determined by neural, 
endocrine, intestinal and psychological aspects beyond adiposity 
[7]. Obesity is characterized by a low-grade chronic inflammation 
of the adipose tissue, since fat plays the role of a secretory organ for 
signaling molecules; therefore obesity is considered an inflammatory 
process, increasing the circulation of pro-inflammatory cytokines [5]; 
mainly pro-inflammatory adipokines such as TNF-α, IL-6, decreasing 
the levels of anti-inflammatory adipokines as Interleukin 10 (IL-10) 
[1,2,6,7]. Adipokine is a general term adopted to describe the proteins 
secreted (and synthesized) by fat tissue, this protein being a cytokine 
or not. This inflammatory process resulting in the release of cytokines 
can be justified as the source of inflammatory markers in obesity; 
one can notice the difference and changes in adipokines in obese 
individuals [8] (Table 1).

The main trigger inflammation in obesity occurs as a metabolic 
response to tissue injury caused by excessive consumption of 
nutrients. Weight loss diminishes inflammation by reducing fat 
cells present in adipose tissue, pancreatic, liver and muscle, linking 

these cells to the onset of this inflammatory process [9,10]. This 
pro-inflammatory condition where the adipocytes and cells of the 
immune system (particularly macrophages and lymphocytes) are 
hypertrophied contributes to the associated state of chronic low grade 
systemic inflammation in obesity, called “metabolic inflammation”, 
which is considered a point of prime importance in the pathogenesis 
of insulin resistance and type 2 diabetes in humans and in rodents; 
these metabolic conditions reveal molecular mechanisms involved in 
obesity and inflammation, which also include stress and mitochondrial 
dysfunction in the endoplasmic reticulum. Numerous studies 
indicate evidence demonstrating that the inflammatory condition 
also can be associated to insulin resistance and other disorders linked 
with obesity, such as hyperlipidemia, and the Metabolic Syndrome 
reviewed by itself [11]. 

This inflammation is characterized by the presence of macrophages 
in the vascular stroma- main source of inflammation induced by 
obesity. The number of macrophages present in this organelle is 
directly related to the level of adiposity and size of adipocytes. 
The adipocyte hypertrophy results in increased secretion of the 
chemokine, e.g., transforming growth factor β1, soluble Intracellular 
Adhesion Molecule-1 (ICAM-1) and Monocyte Chemoattractant 
Protein-1 (MCP-1). There is a subsequent increase in the infiltration 

Adipokines Distribution Function Effects in obesity

Leptin
Predominantly secreted by white adipose 

tissue, to a lesser extent in the hypothalamus, 
gastric epithelium, placenta, and the gonads

Regulates energy consumption, costs and 
feeding behavior. It also regulates fat storage 

and insulin signaling

Increased levels in models made with 
obese mice.

The increase in human obesity is correlated 
with BMI – decreased with weight loss.

Resistin

In rodents is secreted by adipocytes. In humans, 
secreted predominantly by circulating macrophages 

and monocytes, and to a lesser extent by white adipose 
tissue

Participates in the glucose metabolism, and 
regulation of gluconeogenesis and insulin 
resistance in rodents. In humans it is more 

pro-inflammatory

Increased circulating concentrations in 
rodent models of obesity. Increased in 

human obesity

TNF – α
Expressed by macrophages and

adipocytes (visceral adipose tissue> subcutaneous 
adipose tissue)

It affects insulin and glucose metabolism, 
causes insulin resistance and stimulates 

lipolysis

Increase observed in obese mice models 
as well as in human obesity correlated with 

BMI.

IL-6

A third of all the circulating levels is expressed 
predominantly by adipocytes. Also expressed in 

macrophages, skeletal muscle, endothelial cells, and 
fibroblasts

Controversial role in the development 
of insulin resistance. It affects glucose 

metabolism

Increased circulating levels in humans 
obese and correlated with adiposity 

reduced by weight loss. Increased in the 
plasma of patients with DM2

IL-7 Secreted by the stromal and vascular endothelial cells Participates in the regulation of body weight, 
adipose tissue and insulin signaling Increase in individuals with morbid obesity

IL-8
Secreted by visceral adipocytes of White Adipose 

Tissue> subcutaneous adipose tissue) and 
macrophages

Neutrophil chemotaxis Increased in obese subjects, increased fat 
mass and levels of TNF-α

Adipokine Distribution Function Effects in obesity

IL -1 Mainly secreted by adipocytes and macrophages Role in the chemotaxis of macrophages and 
thermogenesis

The increase in obese mice. Increased 
human and predictive obesity DM2

RBP4
Secreted by adipocytes,

macrophages and hepatocytes
Affect the sensitivity to insulin, liver, the 

production of glucose and insulin signaling 
in muscle

Increased circulating levels in obese 
subjects

MCP-1 Secreted by adipose tissue

It affects the sensitivity to insulin increases, 
and the recruitment of macrophages in 

adipose tissue
and inflammation

Increase in obese mice, and individuals 
with DM2

PAI -1 Expressed by white adipose tissue Fibrinolytic pathway inhibitor Increase in obesity and T2DM

CXCL – 5 Secreted by macrophages within
stromal vascular fraction Interferes with insulin signaling in muscle Circulating levels are higher in obese

individuals with insulin resistance

Visfatin Expressed in liver, muscle, white adipose tissue, bone 
marrow and lymphocytes

Role in insulin sensitivity, insulin secretion 
and inflammatory properties

Increases in individuals with obesity and 
visceral adiposity

Chemerin In rodents and humans,
expressed in the placenta and white adipose tissue

Regulates the development of adipocytes 
and metabolic function

Increased circulating levels in obese
and patients with DM2

Vaspin Secreted by white adipose tissue, hypothalamus, 
pancreatic islets and skin Improves insulin sensitivity Increases in obese individuals

Table 1: Adipokines and Obesity.
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of macrophages, which in turn, secrete cytokines such as IL-6 and 
TNF, thereby settling chronic low-grade inflammation [7]. If on 
one hand obesity triggers an inflammatory process, adiponectin 
also produced by adipose tissue plays a protective role by decreasing 
insulin resistance; thus adiponectin appears to act as a sensitizing 
agent to insulin by reducing hepatic production of glucose and 
increasing insulin action in the liver. In addition to these actions, it 
reduces the activity of enzymes phosphoenol pyruvate carboxykinase, 
gluconeogenic, and glucose 6-phosphatase, responsible for the release 
of glucose from the liver into the blood, and decreases the oxidation 
of fatty acids in liver. Nevertheless, adiponectin in obese subjects is 
decreased, leading to an insulin resistance [10-12].  

Obesity, as already shown, is a multi-factorial inflammatory 
process and have been studied in the neuroendocrine optical. Studies 
have pointed to the role of the brain as a large central controller in the 
development of obesity. The brain mechanisms are directly linked to 
this process [12-14]. The first evidence that the hypothalamus could 
exercise control over function in this process came in 1840, from the 
description of the case of a woman who had become extremely obese 
and whose autopsy revealed a large pituitary tumor compressing the 
base of the brain [15]. 

 A study with human volunteers proved that the brains of obese 
individuals work differently when compared to the brains of normal 
individuals, and the final message of the authors relies on the role 
of the central nervous system and the influence of fatty acids in 
the functioning of the hypothalamus. It was proven by results of 
neuroimaging studies (functional Magnetic Resonance Imaging 
(fMRI) and Positron Emission Tomography (PET)) that there are 
significant differences in hypothalamic activity in response to the 
intake of fatty acids, which bind to cell membrane proteins known as 
TLR-4 -this receptor when activated triggers inflammation and cell 
endoplasmic reticulum stress that can cause the death of neurons. 
The consequence can be an imbalance in their number, leading to 
a possible reduction of neurons that trigger the desire to eat or of 
neurons that suppress hunger [13,14].    

Studies have revealed that the relationship between the CNS and 
leptin in obese subjects is compromised due to the hypothalamus 
inflammation. This is derived from the high intake of fatty acids, 
primarily of animal origin. It was observed that neural activity in the 
hypothalamus of obese subjects, before and after bariatric surgery, 
is only partially recovered, suggesting that there may be irreversible 
damage. Accordingly, saturated fat consumption in long-term is 
related to apoptosis of neurons. Thus, obesity could be originated 
also by an error in the processing of information that reaches the 
brain [1,13]. These views allow relating various environmental factors 
triggering obesity, so that changes in the diet cause an impact in 
glucose levels and thereby reduce the inflammatory process. Obesity 
is also characterized by a process known as the release of pro-
inflammatory cytokines; therefore anti-inflammatory mechanisms 
may come to counteract the response generated by adipose tissue 
[15].   

Current studies are demonstrating and confirming that the 
hypothalamus is subjected to lipotoxicity and cellular stress, 
decreasing sensitivity to negative feedback signals important in 
appetite regulation and energy balance, ultimately contributing to the 
metabolic dysfunction. A study conducted with mice in 2014 sought 

to observe the manipulation of neuronal metabolism on hypothalamic 
level to reshape the metabolism and verify if it was possible to reverse 
the lipotoxicity induced by excess saturated fat [12]. The authors 
concluded that over nutrition, when specially characterized by high-
fat diet consumption, as demonstrated previously, participates in 
TLR-4 signaling pathway activation by triggering the transcription 
factor NF-κB, which is responsible for conducting the processes and 
metabolic disorders such as leptin resistance, glucose intolerance 
and weight gain. In this sense, improving the type of dietary fat 
may offer benefits in reducing the inflammatory process, especially 
polyunsaturated fatty acids [16].    

The WHO recently reiterated that inadequate diets and physical 
inactivity are among the ten major mortality factors. The current 
outlook showed that 170 million children and young people under 
18 years old are overweight, alerting to the problems to be faced 
in the coming decades. Several articles have shown that dietary 
interventions may lower or even prevent the onset of many chronic 
diseases. In this context, the role of diet has always been mentioned 
in clinical and epidemiological studies. Thus, it has been well 
established in the literature that the amount and type of dietary fat 
have a direct influence on risk factors. However it should be noted 
that the lipids have importance in the supply and energy storage, they 
are precursors of steroid hormones and bile components of the cell 
membrane and participate in complex intracellular signaling systems 
[19,20].  

Fatty acid derivatives act in the synthesis of prostaglandins, 
leukotrienes and thromboxanes [17]. Polyunsaturated fatty acids are 
classified as Omega-3 and 6, and have been studied for a long time. 
They have known anti-inflammatory effects such as the inhibition 
of cyclooxigenase pathway, neutrophils adherence reduction, lower 
expression of inflammatory cytokines and cell signaling inhibition 
via TLRs receptors. These anti-inflammatory effects encounter with 
the need and the importance of nutrition in the prophylaxis and 
treatment instrument for the treatment of obesity [18-22].  

The daily intake recommendations of omega-3 and omega-6 
supplementation vary according to age, gender and life stage (e.g. 
pregnant and lactating women). Recently the ISSFAL (International 
Society for the Study of Fatty Acids and Lipids) published a report 
on the recommended intake of Polyunsaturated Fatty Acids (PUFA) 
for healthy adults. This recommendation notes the concern in 
establishing the amount of intake of essential fatty acids (linoleic and 
linolenic AG), Eicosapentaenoic acid (EPA) and Docosahexaenoic 
acid (DHA):

1. Adequate intake of linoleic acid (Omega-6): 2% of total energy;

2. Healthy intake of linolenic acid (Omega-3): 0.7% of total 
energy;

3. To maintain cardiovascular health, minimum intake of EPA 
and combined DHA 500 mg/day.

The comparison of the effects of the types of fat and inflammatory 
processes mediated by C-reactive protein can be analyzed in figure 
1, which can lead us to concept that dietary fat profile is capable of 
generating different inflammatory stimuli [13,15,16,18].

A pioneering work rated Eskimo populations whose staple food 
marine products and, on the other hand, people who consume a 
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Mediterranean diet, both showing reduced morbidity and mortality 
and related it to Omega-3 consumption. The authors concluded that 
Eskimos had low incidence of coronary heart disease, major bleeding 
time and lower concentration of lipids and lipoproteins. It was found 
that these factors were probably related to the high consumption of 
fish and other habits of that population [19-22].   

The essential polyunsaturated fatty acids comprise one class 
of molecules that are necessary for the adequate functioning of 
the organism. The fatty acids of family n-6 (linoleic acid) and n-3 
(linolenic acid) are obtained from the diet or produced by the body 
from linoleic and alpha-linolenic acids, by the action of desaturase 
and elongase enzymes. The elongase acts adding two carbon atoms 
to the initial part of the chain, by oxidizing desaturases and two 
chain carbons, yielding a double bond with the cis configuration 
according to figure 2, showing that Omega-3 and Omega 6 compete 
for the desaturation reactions and chain elongation; in this way 
the ratio between the intake of these nutrients make it important 
[23].  

The ratio of the n-6 and n-3 fatty acids can be assessed so that they 
can drive the formation of certain leukotriens with greater affinity for 
the n-3 family fatty acids; conversely, conversion of alpha-linolenic 
fatty acid in LC-PUFA is strongly influenced by linoleic acid levels 
in the diet. 

The daily ingestion of foods containing fatty acids of the n-6 and 
n-3 family is extremely important in human nutrition, resulting in a 
number of recommendations that have been established by authors 
and health authorities in different countries [24]. The figures show the 
trend of convergence ratio between fatty acids of the n-6 and n-3 to 
the range of 4:1 to 5:1. The ratio of 2:1 to 3:1 has been recommended 
by some authors, by allowing a greater conversion of alpha-linolenic 
acid to DHA, which reaches its maximum value around 2.3:1. Thus, 
the ratios of 2:1 and 4:1 are most common which result in a low intake 

of EPA and DHA. Moreover, diets with n-6/n-3 ratios of less than 
1:1 is not recommended to inhibit the conversion of linoleic acid in 
PUFA-CML [24]. 

Linolenic acid’s main sources are marine plants and animals, 
mostly phytoplankton, algae and fish oils. The phytoplankton, which 
constitutes the base of the food chain of the oceans, synthesizes EPA 
and DHA, which are found in high concentrations in fish oils and fish 
of cold, deep water, especially: mackerel, sardines, salmon and trout. 
Essential fatty acids from n-3 series can also be found in vegetable 
oils from flaxseed and canola [25]. The PUFAs have mechanisms 
related to chronic diseases due to the suppression of inflammatory 
processes and are required to maintain under normal conditions, 
cell membranes, brain function and the transmission of nerve 
impulses. Omega-3 fatty acids have anti-inflammatory effect for 
three important mechanisms: First, they influence the composition 
of the phospholipid cell membrane, resulting in the synthesis 
of lipid mediators with lower inflammatory potential mediators 
derived Omega-6 of GA. Secondly, they act as PPAR (Peroxisome 
Proliferation Activated Receptor), whose activation exerts anti-
inflammatory effects. Thirdly, the Omega-3 AG stabilizes the NFkB/
IkB complex, suppressing the activation of genes involved in the 
inflammatory process [26].  

This process, in summary, influences on the decrease of 
leukocyte chemotaxis and adhesion molecules via cytokine pathway 
NF-κB and inflammatory eicosanoids, e.g. the increase of anti-
inflammatory mediators and resolvins also observed after Omega-3 
supplementation. Regarding the anti-inflammatory benefits of 
Omega-3 and gene expression; in this aspect we highlight genes that 
are regulated by the AG C-3 which can decrease the expression of 
inflammatory proteins: NF-κB; IKKS; iNOS; IFNg; IL-1b, 2, 6, 8, 12; 
E-selectin; VCAM1; LCAM1; 1MCP; CRP; MMP9; TNF-α; COX2 
[26,27]. 

Figure 1: Representation of the correlation between Erythrocyte 
Sedimentation Rate (ESR) and ratio of saturated fat consumption (A), ESR 
and the ratio of polyunsaturated fat (PUFA) (B) and c-reactive protein ratio 
and monounsaturated fat (C) in patients before bariatric surgery [13].

Figure 2: Competition in the metabolic formation of LCPUFAs, omega 6 and 
Omega-3 [21].
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Most of clinical studies have undertaken to examine the action 
of the use of Omega-3 PUFA in different inflammatory diseases 
such as asthma, rheumatoid arthritis, inflammatory bowel disease, 
cardiovascular diseases [27-29]. A study published in The American 
Journal of Clinical Nutrition showed that supplementation with 
Omega-3 fatty acids favorably modulates fat, lipid profile and reduces 
systemic inflammation in non-diabetic patients with severe obesity. 
According to the authors, these effects can be beneficial in the long-
term treatment of obesity. Treatment with Omega-3 fatty acids was 
well tolerated and featured no adverse effects. The group that received 
supplementation of Omega-3 fatty acids had a decrease in blood levels 
of interleukin-6 [IL-6]. It was the first randomized, controlled clinical 
study demonstrating that treatment with Omega-3 fatty acids with 
36g of Omega-3 (EPA 460mg | 380mg DHA) attenuated the systemic 
and adipose tissue inflammation in severely obese individuals [4].  
       

In line with this, satisfactory results were also observed by Kratz 
et al. (2013), in a study with patients moderately obese, despite the 
limitations on the dosage, the study showed an improvement in 
inflammatory processes, which can be restated in other studies [17]. 
The recommendations in small intervention studies demonstrated 
that diets rich in marine Omega-3 and supplementation with 
fish oil or DHA showed results consistent with an attenuation 
of the inflammatory response in individuals with diabetes and 
hypertriglyceridemia, however, in other experiments, the diet 
supplemented with Omega-3 did not cause changes significant in 
inflammatory parameters in patients with metabolic syndrome (1.24 
g/day) and patients with previous myocardial infarction (5.2 g/day); 
the same occurring with supplementation with polyunsaturated 
fatty acids on CRP levels in healthy subjects (2.0 or 6.6 g/day) [27-
30].  

Ferrucci, et al. (2006) studied the relationship between circulating 
inflammatory markers in plasma and PUFA in 1,123 people aged 
20-98 years. The total Omega-3 fatty acids were independently 
associated with lower levels of pro markers-inflammatory [IL-6, IL-
1ra, -a Tumor Necrosis Factor (TNF-α), CRP], markers, and anti-
inflammatory top [soluble IL-6R, IL-10, Transforming Growth Factor 
a (TGFa)]. The ratio of Omega-6/Omega-3 was a strong correlate of 
negative IL-10. The authors concluded that Omega-3 is beneficial in 
individuals affected by diseases characterized by active inflammation 
[31].  

In the Brazilian market, the most frequent n-3 PUFA supplements 
are made up of fish oil and flaxseed. Formulations of chia and 
microalgae oil are traded internationally. The amount of EPA and 
DHA in fish oil capsules is variable, reaching 90% or 1000 mg in more 
concentrated presentations; the remainder of the capsule is composed 
of other polyunsaturated fatty acids, monounsaturated and saturated, 
besides gelatin and glycerin vehicles. More purified fish oil capsules 
preparations containing 85% of EPA-DHA, are marketed abroad, 
and semi-synthetic formulation of EPA is being evaluated in clinical 
studies [32]. Guidelines on the consumption of fats and cardiovascular 
disease have suggested that intakes more than >14g of ALA (Alpha 
Linolenic Acid) to reduce inflammatory markers, confirming an 
inverse relationship between intake of ALA and inflammatory 
parameters including serum CRP. Supplementation with ALA lowers 

levels of inflammatory markers in dyslipidemic individuals, which 
occurs especially when the base diet is rich in saturated fat and low in 
monounsaturated fats [33].

Physical activity, inflammation and obesity

It is a general conception that obesity is multi-factorial, so that 
physical inactivity may contribute to increased adiposity, inducing 
the increase of pro-inflammatory nature of adipokine secretion. 
Exercise can be defined as a planned, structured and repetitive 
physical activity that aims to improve or maintain one or more 
components of physical fitness. According to the American College 
of Sports Medicine (ACSM), the recommendations for prevention of 
body weight gain are 150-250 minutes per week of aerobic exercise 
with moderate intensity, for the weight gain prevention, and for 
weight loss, 250 minutes per week of moderate intensity aerobic 
exercise [34]. 

Excess adipose tissue and high intake of fats are a major factor for 
the activation of inflammatory biochemical pathways as described; 
and thus they cause damages in intracellular signaling of insulin. 
The uptake of glucose into tissues consists of several stages where 
adipokines secreted by adipose tissue, mainly the TNF-α and free 
fatty acids, from the high consumption of fats, are able to activate 
inflammatory proteins such as c-Jun N-terminal Kinase (JNK), 
IKappa Kinase (IKK), transcription factor kB (NF-κB), thus altering 
the insulin signaling and decreasing glucose uptake into the cells. 
Scientific evidence shows that physical exercise increases glucose 
uptake by distinct method: the insulin being dependent of protein 
kinase activation enabled by AMP (AMPK) and the expression of this 
angiograms inflammatory proteins [34,35].  

In a recent study conducted in rats, the authors tried to observe the 
anti-inflammatory action of the practice of exercises ahead to a high-
fat diet. The conclusion was that the practice of moderate physical 
activity in the presence of a high-fat diet resulted in protection with 
respect to expression of inflammatory genes: gene expression of 
MCP-1, F4/80, and the marker bias M1 macrophage, CD11c; in white 
adipose tissue after 4 weeks [36,37]. Another study in 15 obese and 
non-diabetic women demonstrated that an intervention consisting 
of 30 min aerobic activity 3x/ week for three months improved 
anthropometric, biochemical and hormonal measures, showing how 
aerobic activity in obese individuals decreased inflammation and 
insulin resistance; and featured an smaller influence on the endocrine 
function in adipose tissue [38]. The benefits of greater physical 
fitness have been reported widely in the literature. Aerobic activities 
generate direct and indirect effects on the circulatory system, quality 
of life, tolerance to stress, muscle strength, flexibility and living habits. 
Regular physical activity integrates with the secretion of various 
substances such as neurotransmitters, leptin, beta-endorphins, nitric 
oxide and other, generating benefits of great significance in the 
welfare state and increases motivation, regulating satiety and appetite 
[7,9].  

It is plausible to associate the hyperleptinemia observed during 
obesity as stimulating energy consumption, but some studies suggest 
that the physical activity practice promote greater energy expenditure 
and influence appetite control (i.e., the physiological and psychological 
processes underlying regulatory to food) and energy consumption. 
This dynamic interaction means that exercise will have a negative 
impact (decrease) on the biological mechanisms that control appetite, 
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and is therefore a positive factor in reducing one aspect triggered by 
the inflammatory process of obesity [35,39].  

Chronic responses to aerobic exercise resulted in lower 
concentrations of CRP, IL-6 and TNF-α, as evidenced in adults and 
children studies. The anti-inflammatory role of regular exercise in 
obesity has received significant focus on endocrine and metabolic 
functions of adipocytes. Physically active obese subjects release 
more adiponectin, resulting in increased activation of protein 
kinase AMPK, increased beta-oxidation rates and improves glucose 
transport in active muscles [36,40]. Physical exercise seems to 
attenuate the basal levels of TNF. A cross-sectional study using self-
reported level of physical activity, showed that people with higher 
physical activity levels had lower circulating levels of TNF and 
other inflammatory markers (such as IL-6 and C-reactive protein) 
than those self-reportedly sedentary, regardless of gender, age, 
smoking, body mass index, the total cholesterol and blood glucose 
levels and blood pressure. It has been suggested that the high level of 
physical activity decreases the levels of peripheral mediators of the 
inflammatory response, including TNF, at a rate of 20-60% compared 
to sedentary lifestyle. Another observed point was the stimulus the 
muscle fibers and the appearance of anti-inflammatory cytokines 
such as IL-10 in the circulation, which inhibits the production of 
inflammatory cytokine TNF-α, TNF-α receptor pathway, TNF-R and 
IL-6. Also, it promoted greater turnover of lipids, increasing lipolysis 
and fat oxidation rates [37,41].  

Weight loss is associated with a decreased degree of inflammation 
in adults. Nevertheless, a study with obese children aerobically 
trained by just eight weeks demonstrated that although the increase 
of VO2 max (p <0.05) was significantly correlated with weight 
loss, no improvement in the profile of adipokines was seen [37,38]. 
A recent study showed that physical activity evaluated through 
physical exercise protocols improved physical, clinical and metabolic 
diseases in obese individuals, and found that physical exercise 
decreases the expression of CCR5 (Chemokine Receptor Type 5) of 
RANTES (Regulated upon Activation, Normal T-cell Expressed) in 
adipose tissue [42]. RANTES is a proinflammatory chemokine that 
controls traffic of immune inflammatory cells such as monocytes, 
macrophages, T cells and dendritic cells from the circulation in 
various tissues, including adipose tissue. 

One of the main characteristics of macrophages infiltrate in 
adipose tissue is the heterogeneity of their phenotype and their state 
of polarization; they may be pro-inflammatory (M1-phenotype) 
secreting various inflammatory mediators such as TNF-α, IL-6, 
macrophages or anti-inflammatory (M2-phenotype) to secrete 
anti-inflammatory cytokines such as IL-10 [43]. In obesity, we can 
see a differentiation of these two types of macrophages: M1, M2 is 
considered an important event and supports chronic inflammation. 
Indeed, studies in rats indicate that obesity induces a shift in the 
balance of macrophages M1-phenotype, which further perpetuate 
the inflammatory response and insulin resistance [37]. This recent 
study emphasizes the importance of non-pharmacological tools 
acting in inflammatory responses and improvements on the aspect of 
signaling: RANTES/CCR5 in adipose tissue. 

As previously described, obesity can be triggered by numerous 
factors, including hypothalamic aspects, a factor possibly arising 
from a diet high in saturated fat, which has been evidenced as a 

promoter of inflammation and subsequent resistance to regulating 
hormones of satiety and appetite. Physical activity also was shown to 
have an important role in this phenomenon. In a study conducted in 
rats, it was observed that acute physical activity practice generates the 
suppression of hypothalamic PTP1B (Protein Tyrosine Phosphatase 
1B) which would have a key role in resistance to leptin and insulin. The 
study demonstrated that prolonged acute exercise response induced 
an anti-inflammatory profile in the obese rodents, reducing PTP1B 
protein levels, insulin and leptin sensitivity improved in an IL-6-
dependent manner [15,44]. Ropelle, et al. (2010) studied obese mice; 
in this study they gave a high saturated fat diet, and then submitted 
the animals to swim and run on a treadmill, while others remained 
sedentary. The mice that were intensively exercised produced anti-
inflammatory interleukins (in this case, two types of IL-6 and IL-10). 
These interleukins reduced the inflammation in the hypothalamus 
neurons and insulin again functioned normally. The animals in this 
group started to eat less and lose weight. “Physical activity restored 
the molecular and cellular balance of the hypothalamus” concluded 
Ropelle. To check whether these two proteins had the same effect, 
IL-6 and IL-10 were found in the brains of obese animals that did not 
exercise and they lost weight [45,46]. This paper raises the possibility 
of controlling obesity by interfering with the inflammatory processes 
in the central nervous system by stimulating physical activity, 
demonstrating their importance in the treatment.

Conclusion
The adipose tissue actively secretes a variety of pro-inflammatory 

cytokines, the degree of inflammation caused by obesity predisposes 
to an increase in circulating concentrations of inflammatory cytokines 
TNF, IL-6, C-reactive protein (CRP) and hypothalamic inflammation, 
arising from the consumption of saturated fat, and decreased 
adiponectin concentrations. It is a complex process in which the 
biochemical markers play different roles and follow diverse metabolic 
pathways, however, more research is needed in order to identify new 
inflammatory markers, benchmarks, risk and cutoffs of inflammation 
caused by obesity; it is still necessary to conduct investigations in 
order to monitor a marker separately or in combination that can 
predict risk and the proportion of inflammation in obesity. Although 
several studies conducted involving the use of n3-PUFA related to the 
treatment and prevention of obesity, there remains a lack of evidence 
associating supplementation of polyunsaturated fatty acids and their 
influence on the modulation of inflammation in obesity. The benefit 
of poly-unsaturated fats in the diet can be improving the conditions 
of this overconsumption of saturated fats and this may reflect in anti-
inflammatory benefits, yet there are not enough studies to establish 
degrees of recommendation and level of evidence for different 
strategies and dietary patterns that relate to the risk of inflammation 
in obesity. 

Aerobic activity have a positive control of energy balance, 
decreases insulin resistance, contributes increasing IL-6 and IL-10 
in muscle and hypothalamus, reducing hypothalamic inflammation, 
and basal TNF-α, however, there seems to be a new and exciting 
biological plausibility on the literature regarding aerobic exercise in 
experimental models of obesity and its possible hypothalamic benefits. 
Nevertheless, few studies explore the effects of both interventions 
in this disease in human subjects. The possible additive or synergic 
effects of Omega-3 supplementation with aerobic exercise in obesity 
merits further investigation.



Citation: Rocha D, Lancha AH and Campos-Ferraz PL.Inflammatory Process in Obesity 
and the Effects of Omega-3 Supplementation and Aerobic Exercise as Adjuvant Treatment. 
SM J Nutr Metab. 2015; 1(1): 1004. Page 7/8

Gr   upSM Copyright  Campos-Ferraz PL

References

1. Hawkes C, Smith TG, Jewell J, Wardle J, Hammond RA. Smart food policies 
for obesity prevention. Lancet. 2015; 385: 2410-2421. 

2. Faris RJ, Boddicker RL, Walker-Daniels J, Li J, Jones DE. Inflammation in 
response to n3 fatty acids in a porcine obesity model. Comp Med. 2012; 62: 
495-503. 

3. Rodríguez-Hernández H, Simental-Mendía LE, Rodríguez-Ramírez G, 
Reyes-Romero MA. Obesity and inflammation: epidemiology, risk factors, 
and markers of inflammation. Int J Endocrinol. 2013; 2013: 678159. 

4. Itariu BK, Zeyda M, Hochbrugger EE, Neuhofer A, Prager G. Long-chain n-3 
PUFAs reduce adipose tissue and systemic inflammation in severely obese 
nondiabetic patients: a randomized controlled trial. Am J Clin Nutr. 2012; 96: 
1137-1149. 

5. Lepor NE, Fouchia DD, McCullough PA. New vistas for the treatment 
of obesity: turning the tide against the leading cause of morbidity and 
cardiovascular mortality in the developed world. Rev Cardiovasc Med. 2014; 
15: S1-S21. 

6. Macpherson-Sánchez AE. Integrating Fundamental Concepts of Obesity and 
Eating Disorders: Implications for the Obesity Epidemic. Am J Public Health. 
2015; 105: e1-e15. 

7. Delavari M, Sønderlund AL, Mellor D, Mohebbi M, Swinburn B. Migration, 
acculturation and environment: determinants of obesity among Iranian 
migrants in Australia. Int J Environ Res Public Health. 2015; 12: 1083-1098. 

8. Spreadbury I. Comparison with ancestral diets suggests dense acellular 
carbohydrates promote an inflammatory microbiota, and may be the primary 
dietary cause of leptin resistance and obesity. Diabetes Metab Syndr Obes. 
2012; 5: 175-189. 

9. Joffe YT, Collins M, Goedecke JH. The relationship between dietary fatty 
acids and inflammatory genes on the obese phenotype and serum lipids. 
Nutrients. 2013; 5: 1672-1705. 

10. Piya MK, McTernan PG, Kumar S. Adipokine inflammation and insulin 
resistance: the role of glucose, lipids and endotoxin. J Endocrinol. 2013; 216: 
T1-1T15. 

11. Gregor MF, Hotamisligil GS. Inflammatory mechanisms in obesity. Annu Rev 
Immunol. 2011; 29: 415-445. 

12. Lumeng CN, Saltiel AR. Inflammatory links between obesity and metabolic 
disease. J Clin Invest. 2011; 121: 2111-2117. 

13. Adya R, Tan BK, Randeva HS. Differential effects of leptin and adiponectin in 
endothelial angiogenesis. J Diabetes Res. 2015; 2015: 648239. 

14. McFadden JW, Aja S, Li Q, Bandaru VV, Kim EK. Increasing fatty acid 
oxidation remodels the hypothalamic neurometabolome to mitigate stress 
and inflammation. PLoS One. 2014; 9: e115642. 

15. Van de Sande-Lee S, Velloso LA. [Hypothalamic dysfunction in obesity]. Arq 
Bras Endocrinol Metabol. 2012; 56: 341-350. 

16. Cintra DE, Ropelle ER, Moraes JC, Pauli JR, Morari J. Unsaturated fatty 
acids revert diet-induced hypothalamic inflammation in obesity. PLoS One. 
2012; 7: e30571. 

17. Kratz M, Kuzma JN, Hagman DK, van Yserloo B, Matthys CC. n3 PUFAs 
do not affect adipose tissue inflammation in overweight to moderately obese 
men and women. J Nutr. 2013; 143: 1340-1347. 

18. Romacho T, Glosse P, Richter I, Elsen M, Schoemaker MH. Nutritional 
ingredients modulate adipokine secretion and inflammation in human primary 
adipocytes. Nutrients. 2015; 7: 865-886. 

19. Lottenberg AM. [Importance of the dietary fat on the prevention and control 
of metabolic disturbances and cardiovascular disease]. Arq Bras Endocrinol 
Metabol. 2009; 53: 595-607. 

20. OMS. Childhood overweight and obesity on the rise Switzerland 2015.

21. Lee TH, Hoover RL, Williams JD, Sperling RI, Ravalese J, Spur BW, et al. 
Effect of dietary enrichment with eicosapentaenoic and docosahexaenoic 
acids on in vitro neutrophil and monocyte leukotriene generation and 
neutrophil function. N Engl J Med. 1985; 312: 1217-1224. 

22. Paunescu AC, Ayotte P, Dewailly E, Dodin S, Pedersen HS. Polyunsaturated 
fatty acids and calcaneal ultrasound parameters among Inuit women from 
Nuuk (Greenland): a longitudinal study. Int J Circumpolar Health. 2013; 72: 
20988. 

23. Lee TC, Ivester P, Hester AG, Sergeant S, Case LD, Morgan T, et al. The 
impact of polyunsaturated fatty acid-based dietary supplements on disease 
biomarkers in a metabolic syndrome/diabetes population. Lipids Health Dis. 
2014; 13: 196. 

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

25. Andrade AD, Visentainer JV, Matsushita M, de Souza NE. Omega-3 fatty 
acids in baked freshwater fish from south of Brazil. Arch Latinoam Nutr. 1997; 
47: 73-76. 

26. Waitzberg DL, Torrinhas RS. Fish oil lipid emulsions and immune response: 
what clinicians need to know. Nutr Clin Pract. 2009; 24: 487-499. 

27. Khan SA, Ali A, Khan SA, Zahran SA, Damanhouri G. Unraveling the complex 
relationship triad between lipids, obesity, and inflammation. Mediators 
Inflamm. 2014; 2014: 502749. 

28. Spite M. Deciphering the role of n-3 polyunsaturated fatty acid-derived lipid 
mediators in health and disease. Proc Nutr Soc. 2013; 72: 441-450. 

29. Monk JM, Hou TY, Turk HF, Weeks B, Wu C. Dietary n-3 polyunsaturated fatty 
acids (PUFA) decrease obesity-associated Th17 cell-mediated inflammation 
during colitis. PLoS One. 2012; 7: e49739. 

30. Madsen T, Christensen JH, Blom M, Schmidt EB. The effect of dietary n-3 
fatty acids on serum concentrations of C-reactive protein: a dose-response 
study. Br J Nutr. 2003; 89: 517-522. 

31. Ferrucci L, Cherubini A, Bandinelli S, Bartali B, Corsi A. Relationship of 
plasma polyunsaturated fatty acids to circulating inflammatory markers. J Clin 
Endocrinol Metab. 2006; 91: 439-446. 

32. Machado OJ. Ácidos Graxos Poli-insaturados Ômega-3: saúde 
cardiovascular esustentabilidade ambiental. Luzia LLA, Carvalho RPHd, 
editors. In:  Segurança Alimentar e Nutricional. Campinas. 2012: 89-96. 

33. Santos RD, Gagliardi AC, Xavier HT, Magnoni CD, Cassani R. [First 
guidelines on fat consumption and cardiovascular health]. Arq Bras Cardiol. 
2013; 100: 1-40. 

34. ACSM. ACSM, AHA Support Federal Physical Activity Guidelines Switzerland. 
2011. 

35. Dasu MR, Jialal I. Free fatty acids in the presence of high glucose amplify 
monocyte inflammation via Toll-like receptors. Am J Physiol Endocrinol 
Metab. 2011; 300: E145-154. 

36. Linden MA, Pincu Y, Martin SA, Woods JA, Baynard T. Moderate exercise 
training provides modest protection against adipose tissue inflammatory gene 
expression in response to high-fat feeding. Physiol Rep. 2014; 2. 

37. Baturcam E, Abubaker J, Tiss A, Abu-Farha M, Khadir A. Physical exercise 
reduces the expression of RANTES and its CCR5 receptor in the adipose 
tissue of obese humans. Mediators Inflamm. 2014; 2014: 627150. 

38. Trachta P, Drápalová J, Kaválková P, Toušková V, Cinkajzlová A, Lacinová 
Z, et al. Three months of regular aerobic exercise in patients with obesity 
improve systemic subclinical inflammation without major influence on blood 
pressure and endocrine production of subcutaneous fat. Physiol Res. 2014; 
63: S299-308. 

39. Blundell JE, Gibbons C, Caudwell P, Finlayson G, Hopkins M . Appetite 
control and energy balance: impact of exercise. Obes Rev. 2015; 16: 67-76. 

40. Greenberg AS, Obin MS. Obesity and the role of adipose tissue in 
inflammation and metabolism. Am J Clin Nutr. 2006; 83: 461S-465S. 

41. Bruunsgaard H. Physical activity and modulation of systemic low-level 
inflammation. J Leukoc Biol. 2005; 78: 819-835. 

42. Elloumi M, Ben Ounis O, Makni E, Van Praagh E, Tabka Z. Effect of 
individualized weight-loss programmes on adiponectin, leptin and resistin 
levels in obese adolescent boys. Acta Paediatr. 2009; 98: 1487-1493. 

http://www.ncbi.nlm.nih.gov/pubmed/25703109
http://www.ncbi.nlm.nih.gov/pubmed/25703109
http://www.ncbi.nlm.nih.gov/pubmed/23561883
http://www.ncbi.nlm.nih.gov/pubmed/23561883
http://www.ncbi.nlm.nih.gov/pubmed/23561883
http://www.ncbi.nlm.nih.gov/pubmed/23690772
http://www.ncbi.nlm.nih.gov/pubmed/23690772
http://www.ncbi.nlm.nih.gov/pubmed/23690772
http://www.ncbi.nlm.nih.gov/pubmed/23034965
http://www.ncbi.nlm.nih.gov/pubmed/23034965
http://www.ncbi.nlm.nih.gov/pubmed/23034965
http://www.ncbi.nlm.nih.gov/pubmed/23034965
http://www.ncbi.nlm.nih.gov/pubmed/25662755
http://www.ncbi.nlm.nih.gov/pubmed/25662755
http://www.ncbi.nlm.nih.gov/pubmed/25662755
http://www.ncbi.nlm.nih.gov/pubmed/25662755
http://www.researchgate.net/publication/272839821_Integrating_Fundamental_Concepts_of_Obesity_and_Eating_Disorders_Implications_for_the_Obesity_Epidemic
http://www.researchgate.net/publication/272839821_Integrating_Fundamental_Concepts_of_Obesity_and_Eating_Disorders_Implications_for_the_Obesity_Epidemic
http://www.researchgate.net/publication/272839821_Integrating_Fundamental_Concepts_of_Obesity_and_Eating_Disorders_Implications_for_the_Obesity_Epidemic
http://www.ncbi.nlm.nih.gov/pubmed/25648171
http://www.ncbi.nlm.nih.gov/pubmed/25648171
http://www.ncbi.nlm.nih.gov/pubmed/25648171
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3402009/
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3402009/
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3402009/
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3402009/
http://www.ncbi.nlm.nih.gov/pubmed/23698162
http://www.ncbi.nlm.nih.gov/pubmed/23698162
http://www.ncbi.nlm.nih.gov/pubmed/23698162
http://www.ncbi.nlm.nih.gov/pubmed/23160966
http://www.ncbi.nlm.nih.gov/pubmed/23160966
http://www.ncbi.nlm.nih.gov/pubmed/23160966
http://www.ncbi.nlm.nih.gov/pubmed/21219177
http://www.ncbi.nlm.nih.gov/pubmed/21219177
http://www.ncbi.nlm.nih.gov/pubmed/21633179
http://www.ncbi.nlm.nih.gov/pubmed/21633179
http://www.ncbi.nlm.nih.gov/pubmed/25650072
http://www.ncbi.nlm.nih.gov/pubmed/25650072
http://www.ncbi.nlm.nih.gov/pubmed/25541737
http://www.ncbi.nlm.nih.gov/pubmed/25541737
http://www.ncbi.nlm.nih.gov/pubmed/25541737
http://www.ncbi.nlm.nih.gov/pubmed/22990637
http://www.ncbi.nlm.nih.gov/pubmed/22990637
http://www.ncbi.nlm.nih.gov/pubmed/22279596
http://www.ncbi.nlm.nih.gov/pubmed/22279596
http://www.ncbi.nlm.nih.gov/pubmed/22279596
http://www.ncbi.nlm.nih.gov/pubmed/23761646
http://www.ncbi.nlm.nih.gov/pubmed/23761646
http://www.ncbi.nlm.nih.gov/pubmed/23761646
http://www.ncbi.nlm.nih.gov/pubmed/25629558
http://www.ncbi.nlm.nih.gov/pubmed/25629558
http://www.ncbi.nlm.nih.gov/pubmed/25629558
http://www.ncbi.nlm.nih.gov/pubmed/19768250
http://www.ncbi.nlm.nih.gov/pubmed/19768250
http://www.ncbi.nlm.nih.gov/pubmed/19768250
http://www.who.int/dietphysicalactivity/childhood/en/
http://www.ncbi.nlm.nih.gov/pubmed/2985986
http://www.ncbi.nlm.nih.gov/pubmed/2985986
http://www.ncbi.nlm.nih.gov/pubmed/2985986
http://www.ncbi.nlm.nih.gov/pubmed/2985986
http://www.ncbi.nlm.nih.gov/pubmed/23750339
http://www.ncbi.nlm.nih.gov/pubmed/23750339
http://www.ncbi.nlm.nih.gov/pubmed/23750339
http://www.ncbi.nlm.nih.gov/pubmed/23750339
http://www.ncbi.nlm.nih.gov/pubmed/25515553
http://www.ncbi.nlm.nih.gov/pubmed/25515553
http://www.ncbi.nlm.nih.gov/pubmed/25515553
http://www.ncbi.nlm.nih.gov/pubmed/25515553
http://www.ncbi.nlm.nih.gov/pubmed/18408140
http://www.ncbi.nlm.nih.gov/pubmed/18408140
http://www.ncbi.nlm.nih.gov/pubmed/18408140
http://www.ncbi.nlm.nih.gov/pubmed/9429647
http://www.ncbi.nlm.nih.gov/pubmed/9429647
http://www.ncbi.nlm.nih.gov/pubmed/9429647
http://www.ncbi.nlm.nih.gov/pubmed/19605803
http://www.ncbi.nlm.nih.gov/pubmed/19605803
http://www.ncbi.nlm.nih.gov/pubmed/25258478
http://www.ncbi.nlm.nih.gov/pubmed/25258478
http://www.ncbi.nlm.nih.gov/pubmed/25258478
http://www.ncbi.nlm.nih.gov/pubmed/23991833
http://www.ncbi.nlm.nih.gov/pubmed/23991833
http://www.ncbi.nlm.nih.gov/pubmed/23166761
http://www.ncbi.nlm.nih.gov/pubmed/23166761
http://www.ncbi.nlm.nih.gov/pubmed/23166761
http://www.ncbi.nlm.nih.gov/pubmed/12654170
http://www.ncbi.nlm.nih.gov/pubmed/12654170
http://www.ncbi.nlm.nih.gov/pubmed/12654170
http://www.ncbi.nlm.nih.gov/pubmed/16234304
http://www.ncbi.nlm.nih.gov/pubmed/16234304
http://www.ncbi.nlm.nih.gov/pubmed/16234304
http://www.unicamp.br/nepa/arquivo_san/volume_19_1_2012/Artigo9-SAN-19(1)2012.pdf
http://www.unicamp.br/nepa/arquivo_san/volume_19_1_2012/Artigo9-SAN-19(1)2012.pdf
http://www.unicamp.br/nepa/arquivo_san/volume_19_1_2012/Artigo9-SAN-19(1)2012.pdf
http://www.ncbi.nlm.nih.gov/pubmed/23598539
http://www.ncbi.nlm.nih.gov/pubmed/23598539
http://www.ncbi.nlm.nih.gov/pubmed/23598539
http://www.ncbi.nlm.nih.gov/pubmed/20959532
http://www.ncbi.nlm.nih.gov/pubmed/20959532
http://www.ncbi.nlm.nih.gov/pubmed/20959532
http://www.ncbi.nlm.nih.gov/pubmed/25347855
http://www.ncbi.nlm.nih.gov/pubmed/25347855
http://www.ncbi.nlm.nih.gov/pubmed/25347855
http://www.ncbi.nlm.nih.gov/pubmed/24895488
http://www.ncbi.nlm.nih.gov/pubmed/24895488
http://www.ncbi.nlm.nih.gov/pubmed/24895488
http://www.ncbi.nlm.nih.gov/pubmed/24908236
http://www.ncbi.nlm.nih.gov/pubmed/24908236
http://www.ncbi.nlm.nih.gov/pubmed/24908236
http://www.ncbi.nlm.nih.gov/pubmed/24908236
http://www.ncbi.nlm.nih.gov/pubmed/24908236
http://www.ncbi.nlm.nih.gov/pubmed/25614205
http://www.ncbi.nlm.nih.gov/pubmed/25614205
http://www.ncbi.nlm.nih.gov/pubmed/16470013
http://www.ncbi.nlm.nih.gov/pubmed/16470013
http://www.ncbi.nlm.nih.gov/pubmed/16033812
http://www.ncbi.nlm.nih.gov/pubmed/16033812
http://www.ncbi.nlm.nih.gov/pubmed/19489770
http://www.ncbi.nlm.nih.gov/pubmed/19489770
http://www.ncbi.nlm.nih.gov/pubmed/19489770


Citation: Rocha D, Lancha AH and Campos-Ferraz PL.Inflammatory Process in Obesity 
and the Effects of Omega-3 Supplementation and Aerobic Exercise as Adjuvant Treatment. 
SM J Nutr Metab. 2015; 1(1): 1004. Page 8/8

Gr   upSM Copyright  Campos-Ferraz PL

43. Gordon S, Plüddemann A, Martinez Estrada F . Macrophage heterogeneity in 
tissues: phenotypic diversity and functions. Immunol Rev. 2014; 262: 36-55. 

44. Chiarreotto-Ropelle EC, Pauli LS, Katashima CK, Pimentel GD, Picardi PK, 
Silva VR, et al. Acute exercise suppresses hypothalamic PTP1B protein 
level and improves insulin and leptin signaling in obese rats. Am J Physiol 
Endocrinol Metab. 2013; 305: E649-659. 

45. Ropelle ER, Flores MB, Cintra DE, Rocha GZ, Pauli JR, Morari J, et al. IL-6 
and IL-10 anti-inflammatory activity links exercise to hypothalamic insulin and 
leptin sensitivity through IKKbeta and ER stress inhibition. PLoS Biol. 2010; 
24: 8. 

46. Paes ST, Marins JC, Andreazzi AE. [Metabolic effects of exercise on 
childhood obesity: a current view]. Rev Paul Pediatr. 2015; 33: 122-129.

http://www.ncbi.nlm.nih.gov/pubmed/25319326
http://www.ncbi.nlm.nih.gov/pubmed/25319326
http://www.ncbi.nlm.nih.gov/pubmed/23880311
http://www.ncbi.nlm.nih.gov/pubmed/23880311
http://www.ncbi.nlm.nih.gov/pubmed/23880311
http://www.ncbi.nlm.nih.gov/pubmed/23880311
http://www.ncbi.nlm.nih.gov/pubmed/20808781
http://www.ncbi.nlm.nih.gov/pubmed/20808781
http://www.ncbi.nlm.nih.gov/pubmed/20808781
http://www.ncbi.nlm.nih.gov/pubmed/20808781

	Title
	Abstract
	Introduction
	Development
	Omega-3, inflammation and obesity 
	Physical activity, inflammation and obesity 

	Conclusion
	References
	Table 1
	Figure 1
	Figure 2

