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Abstract

Several studies have been demonstrating to a relationship between unsaturated fatty acids, improvement of pancreatic
function and insulin secretion. In this context, this review presents the most recent findings on the pathophysiology of
type 2 diabetes mellitus, the action mechanism of unsaturated fatty acids on pancreatic function, and clinical studies in
diabetic patients. We evaluated here articles from MedLine/PubMed and the Science direct database, published
between 2014 and 2020. Of the 637 results, 13 were selected. From their analysis, we could observe that mono and
polyunsaturated fatty acids can improve glycemic control as well as reduce cardiovascular risk. The most recurrent
antidiabetic action regarding monounsaturated fatty acids is the ability to preserve insulin signaling, whereas
polyunsaturated fatty acids action consists in the increasing expression of the type 4 glucose transporter. However, a
complete understanding of the relationship between fatty acids, insulin and inflammation should be considered in
future investigations.

Keywords: Monounsaturated fatty acids; Bioactive compounds; Functional properties; Insulin resistance; Type 4
glucose transporter.

Resumo

Diversas pesquisas apontam para uma relagdo entre &cidos graxos insaturados, melhora da fungdo pancreética e
secrecdo de insulina. Nesse contexto, esta revisdo apresenta os achados mais recentes sobre a fisiopatologia do
diabetes mellitus tipo 2, 0 mecanismo de agdo dos acidos graxos insaturados na funcdo pancreatica e os estudos
clinicos em pacientes diabéticos. Avaliamos aqui artigos do MedLine/PubMed e da base de dados Science direct,
publicados entre 2014 e 2020. Dos 637 resultados, 13 foram selecionados. A partir da sua andlise, observamos
evidéncias de que &cidos graxos mono e poliinsaturados podem melhorar o controle glicémico, bem como reduzir o
risco cardiovascular. A acdo antidiabética mais citada na literatura quanto aos acidos graxos monoinsaturados € a
capacidade de preservacao da sinalizacdo da insulina; ja a dos acidos graxos poliinsaturados consiste no aumento da
expressdo do transportador de glicose tipo 4. Entretanto, a compreensdo completa da relagdo entre &cidos graxos,
insulina e inflamacéo deve ser considerada em investigac6es futuras.

Palavras-chave: Acidos graxos monoinsaturados; Compostos bioativos; Propriedades funcionais; Resisténcia a
insulina; Transportador de glicose tipo 4.
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Resumen

Varios estudios apuntan a una relacion entre los &cidos grasos insaturados, la funcién pancreéatica mejorada y la
secrecién de insulina. En este contexto, esta revision presenta los hallazgos mas recientes sobre la fisiopatologia de la
diabetes mellitus tipo 2, el mecanismo de accion de los acidos grasos insaturados sobre la funcién pancreética y los
estudios clinicos en pacientes diabéticos. Aqui evaluamos articulos de MedLine/PubMed y la base de datos directa de
Science, publicados entre 2014 y 2020. De los 637 resultados, se seleccionaron 13. A partir de su analisis, vemos
evidencia de que los acidos grasos mono y poliinsaturados pueden mejorar el control glucémico y reducir el riesgo
cardiovascular. La accién antidiabética mas citada en la literatura con respecto a los acidos grasos monoinsaturados es
la capacidad de preservar la sefializacion de la insulina; por otro lado, el de los acidos grasos poliinsaturados consiste
en un aumento de la expresion del transportador de glucosa tipo 4. Sin embargo, en futuras investigaciones se debe
considerar una comprension completa de la relacién entre los &cidos grasos, la insulina y la inflamacién.

Palabras clave: Acidos grasos monoinsaturados; Compuestos bioactivos; Propiedades funcionales; Resistencia a la
insulina; Transportador de glucosa tipo 4.

1. Introduction

Diabetes mellitus is a group of metabolic disorders, characterized by hyperglycemia, probably caused by defects in
insulin action and insulin secretion. Type 2 diabetes mellitus is the most common form of the disease, as insulin resistance is
its main clinical feature (American Diabetes Association [ADA], 2020).

The global prevalence of type 2 diabetes has increased in recent years (Chen, Magliano, & Zimmet, 2011; Chen,
Gnanaraj, Arulselvan, El-Seedi, & Teng, 2019; Saeedi et al., 2019). Projections report that it will reach in 2030, 578 million
individuals; and in 2045, 700 million, predominantly from urban areas and high-income countries (Saeedi et al., 2019). In this
context, Brazil presented, in 2017, 8.7 million individuals, aged between 20 and 79, with diabetes (World Health Assembly
[WHA], 2013). These data show the importance of public policies and resources for research in the area. A multidisciplinary
health team composed by physicians, pharmacists and nutritionists should also be considered (Tan et al., 2019).

Recent studies have found a relationship between unsaturated fatty acids, improvement of pancreatic function, and
insulin secretion (Baynes, Mideksa & Ambachew, 2018).

Fatty acids derive from hydrocarbons, belonging to the group of carboxylic acids and they have from 4 to 36 carbons
in their length. According to the number of double bonds in the carbon chain they are classified as saturated, monounsaturated
fatty acids (MUFA) or polyunsaturated fatty acids (PUFA) (Kaur, Chugh, & Gupta, 2014).

Essential fatty acids are not synthesized by the body, so foods containing such fats must be part of our diet, such as a-
linolenic acid (omega 3, -3, C18:3) and linoleic acid (omega 6, ®-6, C18:2). Furthermore, linolenic acid is a precursor to
eicosapentaenoic acid (EPA) and docosahexaenoic acid (DHA), involved in fundamental biologic activities, such as
modulating the inflammatory and immune response. Fatty acids, mostly, EPA and DHA interact directly with the structure of
the cell membrane, activating or suppressing signaling molecules which will later interact directly with DNA and other
proteins that affect transcription factors (Cagen et al., 2005; Erkkild, Lichtenstein, Mozaffarian, & Herrington, 2004; Kaur et
al., 2014).

Nutritional therapy is one of the cornerstones of type 2 diabetes treatment, as its main objectives are glycemic control
and weight loss. Flaxseed, sunflower seed, nuts, and fish oil are rich sources of linoleic acid, EPA and DHA. According to the
most recent findings, regular consumption of omega 3 and omega 6 is highly recommended to reduce the risk of developing
cardiovascular disease. Studies have also demonstrated a strong beneficial correlation between polyunsaturated fatty acids
intake and a lower prevalence of diseases such as cancer, diabetes, and neurodegenerative diseases (Kaur et al., 2014; Zierath,
2019).

Considering that chronic non-communicable diseases are the main causes of disability and death worldwide, including
diabetes, responsible for 1.6 million deaths/year (World Health Organization [WHO], 2018); as well as a progressive increase
in these mortality rates in many countries, special attention and a careful approach must be given to them (WHO, 2020).
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This is a review of the most recent findings on pathophysiology of Diabetes, the mechanism of action of unsaturated
fatty acids on pancreatic function and clinical studies in diabetic patients.

2. Methodology

This literature review was elaborated based on the question: “What are the latest findings regarding polyunsaturated
fatty acids metabolism and type 2 diabetes?”. In order to do so, the authors have chosen to focus on previous works that were
central and essential to the topic. The study was conducted by assessing papers at MedLine/PubMed and Science direct
database, which have been published from 2014 to 2020. The descriptors (MeSH Terms), combinations and search terms
entered were: “Diabetes Mellitus Type 2”; “Nutrition Therapy”; “Polyunsaturated Fatty Acids”; “Monounsaturated and
Polyunsaturated Fat Diet and Diabetes”; “Effect of monounsaturated and polyunsaturated acids in diabetes.” The inclusion
criteria were experimental and clinical papers published in English, Spanish, and Portuguese which the title and abstract suited
the scopus of this review. The initial searched yielded a total of 637 results. The papers were screened by all three authors to
determine their relevance. A paper selection was based on its research design, methods and results, so that only high-quality
scientific studies would be considered to take part in this review. After data analysis, 13 papers were selected for this review.
Lastly, the evidences extracted from the included studies were summarized and organized. The studies used in this review are
briefly described at Table 1.

3. Results and Discussion

Table 1. Quick review of the studies analyzed on this paper.

Authors

Highlighted findings

Zong et al. (2019)

Lenighan, McNulty, & Roche
(2019)

Fuller et al. (2018)

Fayh et al. (2018)

Palomer,
Pizarro-Delgado,
Barroso, &
Véazquez-Carrera (2018)

Wanders et al. (2017)

Keapai, Apichai, Amornlerdpison,
& Lailerd (2016)

Wang, He, Yu, Jin, Gong, &
Zhang (2020)

Liu et al. (2020)

Prospective cohort study. Linoleic acid intake is related to diminished risk of developing type 2
diabetes. Limitation: Only health care professionals were included.

Qualitative review of 46 randomized clinical trials and prospective cohorts. Findings suggests that
PUFAs intake might reduce cardiovascular risk and improve glycemic control.

Randomized weight-loss controlled clinical trial.

High egg intake is not associated to an increase in cardiovascular risk. Limitation: evaluated the risk
factors for cardiovascular disease, which are weak predictors when compared to the real risk.

Randomized double-blinded study on physical activity and PUFA supplementation. There was no
significant difference in the biomarkers between treated and placebo groups.

Limitation: small sized sample and short period study.

A review paper showing that the replacement of SFA for oleic acid improves insulin sensitivity in
humans, and it addresses the molecular mechanisms by which oleic acid prevents palmitic acid-
induced inflammation and insulin resistance in adipose tissue, liver, skeletal muscle, and pancreas.

Cross-sectional study. Diabetic participants in the Netherlands Epidemiology of Obesity (NEO) study.
The findings suggest that the relationship between fatty acids and risk markers for type 2 diabetes
depends on dietary sources of fatty acids.

Experimental study using diabetic Wistar rats, treated with fish oil rich in MUFA. The findings show
that fish oil supplementation improved glucose tolerance, insulin sensitivity, and pancreatic
histological changes in the animals. The performance of the oil was to increase the phosphorylation of
p-Akt Serd473 and p-PKC-{/A Thr410/403), as to increase the expression of GLUT4 membrane
proteins.

Experimental study using C57BL/6J and KKay mice with type 2 diabetes treated with Perila oil rich in
unsaturated fats. Oil treatment increased the expression of PI3K/protein kinase B (AKT) and activated
the expression of Glut4 transporter and phosphorus-AKT serine/ threonine kinase (p-AS160) in the
liver.

Experimental study using C57BL/6 mice, treated with a diet of different proportions of ®-3/w-6. The
results show that »-3 was able to prevent metabolic syndrome, by regulating the mTORC1 pathway, in
addition to increasing the activities of mitochondrial complexes.
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Santos & Fleming (2020) Literature review focusing on the metabolism of PUFA by cytochrome P450 enzymes, and consequent
generation of bioactive metabolites. These metabolites have anti-inflammatory activities and improve
insulin sensitivity.

Paquet, Propsting, & Daniel (2014) | Observational study aimed to investigate the relationship of total n-3 fatty acids and SFA intake with
insulin resistance. Volunteers at high risk for diabetes composed the sample group, where the 3-day
dietary records were collected, and blood tests were performed to assess insulin resistance (glucose,
HOMA-IR, OGTT, insulin and lipid profile). The study emphasizes that SFAs promote insulin
resistance and n-3s have a protective role.

Jaganathan, Ravindran, & Literature review on the different functions of hormones secreted by adipose tissue. The findings
Dhanasekaran (2018) indicate significant functions of adipocytokines in regulating glucose and lipid metabolism, having an
anti-inflammatory function and regulatory roles in diabetes.

Mirmiran, Esfandyari, Moghadam, = Prospective study assessed the relationship between quantity and quality of fatty acids to the risk of

Bahadoran, & Azizi (2018) developing type 2 diabetes in adults. Blood sample and dietary data from 2,139 adults were collected.
The results obtained show that diets rich in cholesterol, monounsaturated, polyunsaturated, and ®-3
fatty acids are associated with a lower risk of type 2 diabetes. Furthermore, w-6/«®-3 and total fat/w-3
ratios were positively associated with type 2 diabetes.

Source: Authors.

Action mechanism of MUFA

Explaining briefly, the insulin signaling pathway starts when this hormone binds to its receptor, leading to
phosphorylation of the insulin receptor tyrosine kinase and insulin receptor substrate (IRS) proteins and recruitment of
phosphatidylinositol 3-kinase (PI3K). The PI3K, in turn, activates the protein kinase Akt, controlling the translocation of the
glucose transporter type 4 (GLUT4) to the membranes (Huang & Czech, 2007; Keapai et al., 2016).

In muscle cells, the insulin signaling through the PI3K pathway with the presence of high intracellular calcium levels
— resulting from muscle contraction — leads to the activation of downstream proteins, such as the threonine of the atypical
protein kinase C-{/A (aPKC -{/A), and the 5' adenosine monophosphate-activated protein kinase (AMPK), these phosphorylate
effectors that modulate GLUT4 traffic (Huang & Czech, 2007).

In order to assess the action of fish oil rich in MUFA on the insulin signaling pathway, Kaepai et al. observed an
increase in AKT phosphorylation (Ser473), PKC-{/A 10408 and AMPK in the skeletal muscle of treated diabetic animals
compared to untreated animals, while AKT protein expression did not differ in all experimental groups. The same was
observed in the expression of GLUT4, indicating that the antidiabetic effect of the oil is due to the activation of AMPK,
preserving normal insulin signaling (Keapai et al., 2016).

Mediterranean diets have, as a standard, a low intake of saturated fatty acids (SFA) and high intakes of MUFA, and
these fats originate from vegetable sources (Salas-Salvadé et al., 2014). Among MUFA, oleic acid stands out by contributing
differently to insulin resistance, it acts against the inflammatory process, decreasing the expression of pro-inflammatory
cytokines and acting on hepatocytes, increasing the peroxisome proliferator-activated receptors (PPAR) and insulin sensitivity
(Palomer et al., 2018).

Action mechanism of PUFA

Insulin resistance (IR) is a metabolic disorder that disrupts the ability of peripheral tissues — as skeletal muscle —,
adipose tissue, and hepatic tissue, to use insulin, thus limiting peripheral glucose use. This condition leads to increased hepatic
glucose production and hyperinsulinemia resulting from pancreatic 3-cell dysfunction, contributing to the development of
diabetes (Berlanga-Acosta et al., 2020).

A classical pathway for IR is defective signaling of PIK3/AKT pathway, that in insulin presence is responsible for the
translocation of Glut4 to the membrane, thus promoting glucose uptake. In type 2 diabetes, this pathway is blocked, especially

when there are changes in the downstream proteins (Zhang, Liu, H., & Liu, J, 2019).
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A study based on the treatment of diabetic animals with Perila oil, with mostly PUFA in its composition, observed
that the treatment was responsible for raising the expression of key proteins in the PISBK/AKT signaling pathway. The
expression of IRS-1/p-IRS-1, PI3K and p-AKT/AKT were increased in the oil-treated group compared with untreated diabetic
animals. Moreover, the oil also increased AS160, p-AS160, and Glut4 expression, showing that it also alters glucose
metabolism by transporting it (Wang et al., 2020).

Among the PUFA with the ability to improve IR cited in the literature, there is ®-3 (omega), which is an essential
fatty acid and it is not produced by the body, being from flaxseed, walnut, and fish (Kaur et al., 2014). The treatment of mice
with a different proportion of -3/w-6 (low, medium and high) in their diet showed that the high concentration of ®-3 was
responsible for preventing the metabolic syndrome, regulating the mTORC1 pathway (complex 1 of mechanistic target protein
of rapamycin) to increase mitochondrial function, in addition to regulating the tricarboxylic acid pathway, reducing glycemic
indexes and increasing the concentration of serum insulin in these animals (Liu et al., 2020).

Conservation of mitochondrial activity is essential to maintain energy production in organism cells, however in
metabolic disorders — as diabetes —, the mitochondrial function is significantly altered and it is associated with increased
oxidative stress and cell death. Currently, the substances that have increased mitochondrial function are PUFA epoxides,
derived from the CYP-sEH (cytochrome P450 enzymes - soluble epoxide hydrolase) metabolism pathway. These epoxides
were also able to increase insulin secretion in the pancreatic islets of mice, so the use of PUFA or their metabolites in the first
stages of IR may have a potential in delaying the development of insulin resistance to type 2 diabetes (Santos & Fleming,
2020).

Monounsaturated Fatty Acid in the diabetic diet

The intake of fatty foods is related to the incidence of type 2 diabetes mellitus, however the action of these foods
varies greatly with the types of fatty acids found in the diet, since some types of fat are harmful and others are beneficial.
Monounsaturated and polyunsaturated fatty acids have been showing to have positive effects in diabetes mellitus (Mirmiran et
al., 2018).

Among the studies that address antidiabetic actions of fatty acids, the great emphasis goes to those involving MUFA.
A work of demonstrated the hypoglycemic effect of MUFA and elucidated one of their action mechanisms. When treating
Wistar rats — previously induced to type 2 diabetes — with fish oil rich in MUFA for 12 weeks, this was responsible for
decreasing the levels of glucose and fasting plasma as well as for improving insulin sensitivity and glucose tolerance,
demonstrating its anti-hyperglycemic effect. They demonstrated fish oil rich in MUFA reduced the incidence of hyperglycemia
without increasing plasma insulin levels, with results similar to the group treated with metformin, an insulin-sensitizing agent
(Keapai et al., 2016).

The type of MUFA and its proportion, present in foods such as olive oil, oilseeds, and dairy products, are decisive in
relation to the body’s response to the intake of these foods. Study suggests that total n -3 fatty acids in the diet may be
protective against insulin resistance and that SFA may promote insulin resistance, and consequently the action of SFA may
contribute to the development of diabetes (Paquet et al., 2014).

These studies demonstrate the significance of considering the nature and the quality of the fat consumed, since both

factors influence the development and/or prevention of insulin resistance.

Fatty acids action on satiety

The imbalance of satiety hormones are also factors associated with the development of type 2 diabetes, among them
adiponectin and lepithin, derived from adipocytes, have a significance role in the modulation of lipid and glucose metabolisms
(Rabe, Lehrke, Parhofer, & Broedl, 2008).
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Adiponectin is an adipokine expressed exclusively in adipose tissue and its expression decreases with increasing
adiposity. It acts as an insulin sensitizer by the activation of AMPK, which stimulates energy production from the oxidation of
fatty acids and increases glucose uptake via the GLUT4 glucose transporter (Jaganathan et al., 2018).

Leptin, a protein hormone related to energy reserve, has its levels increased in obesity and decreased during fasting. It
acts as an anti-obesity hormone, since it regulates food intake via control of the hypothalamus, increases energy expenditure,
and regulates glucose homeostasis, stimulating PI13K signaling (Rabe et al., 2008).

Considering that adipocytokines can increase insulin sensitivity, studies have shown that high levels of adiponectin in
the circulation prevent diabetes and that their plasma concentration is lower in type 2 diabetes patients than in healthy
individuals (Jaganathan et al., 2018).

Studies using treatments containing MUFA in their composition, such as that by Keapai et al. (2016), demonstrate
that these fatty acids lead to the reversal of the plasma levels of these hormones, increasing the levels of adiponectin and

decreasing leptin in diabetic animals.

Polyunsaturated fatty acids and nutritional therapy

Recent studies have found strong evidence on the beneficial effects of dietary polyunsaturated fatty acids, mostly
related to linoleic acid (omega 6) and cardiovascular health. However, the relationship between PUFA intake and type 2
diabetes has not been completely understood yet (Schwab et al., 2014; Uusitupa et al., 2013).

A research carried out by Zong et al. (2019), intended to associate PUFA (linoleic and araquidonic acids) intake to
risk of developing type 2 diabetes. For that, the authors analyzed three prospective cohort studies of the United States with men
and women, aged from 30 to 75 years old at the time of the recruitment. The “Nurses’ Health Study (NHS; 1980-2012),”
“NHSII” (1991-2013), and “Health Professionals Follow-Up Study (HPFS; 1986-2012)” studies were followed. Biannual
surveys containing questions about lifestyle, health-related behaviors, and medical histories were used during the follow-up.
All participants, in all of the three studies answered validated food-frequency questionnaires in order to evaluate the dietary
intake of PUFA every four years. If a participant reported a confirmed diagnosis of type 2 diabetes, a supplementary
questionnaire on diagnosis date and tests, symptoms, and hypoglycemic therapy was mailed.

After a careful analysis of the results, Zong et al. found evidence that a higher intake of linoleic acid is associated
with a lower risk of developing type 2 diabetes, mainly when carbohydrates, trans fat, and saturated fatty acids were replaced
by PUFA in an isocaloric substitution model (Zong et al., 2019).

In 2019, the United Kingdom Scientific Advisory Committee on Nutrition (SACN), published a report containing a
qualitative review of 46 randomized clinical trials and prospective cohort studies. The Committee has found solid evidence of
improvement in glycemic control and reduction of the risk of cardiovascular events when saturated fatty acids intake is
replaced by PUFA intake. Although, further studies are necessary on issues regarding daily intake according to age and sex in
a larger proportion of the population (Lenighan et al., 2019).

The eating habits of type 2 diabetic patients are broadly discussed on scientific papers, due to the straight relationship
between quality and quantity of the diet and the emergence of the disease. In 2018, it was published in the respectful American
Journal of Nutrition, the Diabetes and Egg “DIABEGG Study” conducted by Fuller et al. (Fuller et al., 2018).

A randomized weight-loss controlled clinical trial enrolled 128 prediabetes or diabetic subjects and assessed the
effects of a dietary intervention during a three-month follow-up. It was prescribed an energy intake restriction and an either
high (12 eggs/weeks) or low (2 eggs/weeks) diet. After three months, an isocaloric diet was prescribed, but both groups
continued the already stablished egg intake. Anthropometric and biochemical parameters were assessed for the nine months

that followed, completing a 12-month follow-up. At the end of the study, the authors have found that a high-egg diet was not
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significantly associated to an increase on cardiovascular risk, inflammatory and oxidative stress biomarkers nor blood sugar
levels. Therefore, it is suggested that regular consumption of eggs, food rich in saturated fatty acids, is safe and it could be
added to the diet of type 2 diabetes patients without adverse effects on health (Fuller et al., 2018).

A strong relationship between diabetes and oxidative stress is well-known and it is also reported in the literature.
Hyperglycemia is associated to the formation of free radicals and protein glycation, which will further lead to cardiovascular
damage. Nevertheless, the mechanisms related to hyperglycemia, oxidative stress, and disorders of blood vessels are yet to be
fully understood (Rosca et al., 2012; Shah & Brownlee, 2016).

Physical activity is highly recommended for type 2 diabetes patients. It may help controlling blood sugar levels and
promote a faster weight loss. Notably, intense exercise training increases the production of free radicals too (Fox et al., 2015;
Look AHEAD Research Group et al., 2013).

Fayh et al. (2018) suggested that inflammatory and oxidative stress biomarkers would be reduced in type 2 diabetes
patients eating a PUFA rich diet and practicing intense exercise. For that, men and women were enrolled to an eight-week
randomized double-blind placebo study. Participants allocated into the treatment group received n-3 PUFA (capsules
containing 180 mg of eicosapentaenoic acid, 120 mg of docosahexaenoic, and 2 mg of vitamin E) and placebo group, gelatin
capsules. All subjects consumed the capsule three times a day. Both groups were enrolled in guided physical activities of the
same intensity. The authors concluded that there were none significant changes on biomarkers levels. One of the study
limitations — which might have contributed to the non-significant findings — according to the authors, is the small sized sample
and short period of intervention. Therefore, further studies are necessary (Fayh et al., 2018).

Most studies show a duality on the benefits and impairments of fatty acids and diabetes. A cross-sectional study,
conducted on a middle-aged dutch population (n=5,675), evaluated the intake of monounsaturated, polyunsaturated and trans
fatty acids and its food sources and markers of type 2 diabetes risk. The results suggested that the relationship between intake
of fatty acids and biomarkers of insulin resistance may be related to the dietary source of fatty acids. Notably, fatty acids from

meat were associated with insulin resistance, and fatty acids from dairy and vegetable sources were not (Wanders et al., 2017).

4. Final Considerations

Considering all findings presented in this review paper, it is becoming increasingly clear the important role that free
fatty acids play on the prevention of metabolic diseases and/or its supporting role on nutritional therapy of diabetic patients.
Experimental studies and clinical trials have found strong evidence that a reduction in the intake of saturated fatty acids and its
replacement for food with MUFA and PUFA could reduce cardiovascular risk and improve glycemic control. Besides that, the
food source of these fatty acids should be considered, vegetable and dairy sources should be a priority. The mechanism
involved in MUFA biological activity is related to AMPK activation, modulation of satiety hormones, and anti-inflammatory
cytokines, which preserves the quality of the signal transduction on the insulin pathway, avoiding the development of
resistance to the hormone itself. Furthermore, PUFA increase the expression of key-proteins on the pathway AKT/PI3K, it also
enhances GLUT 4 sensitivity and preserves mitochondrial activity, thus delaying the development of diabetes.

Finally, we believe that this study paves the way for the need for a concise understanding of the mechanism of action
of MUFA and PUFA in insulin signaling, inflammation and their roles in the diet, yet poorly explored. Furthermore,
considering the promising findings in the area and the importance of functional foods in the context of public health, we
emphasize that free fatty acids should be considered as a significant part of the nutritional therapy plan for obese and/or

diabetic patients.
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