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Chronic diseases have become one of the most important public health problems, due to their high costs for treatment and
prevention. Until now, researchers have considered that the etiology of Type 2 diabetes mellitus (T2DM) is multifactorial. Recently,
the study of the innate immune system has offered an explanation model of the pathogenesis of T2DM. On the other hand, there
is evidence about the beneficial effect of polyunsaturated fatty acids (PUFA) n-3 and n-6 in patients with chronic inflammatory
diseases including diabetes. Furthermore, high vitaminD plasmatic concentrations have been associated with the best performance
of pancreatic 𝛽 cells and the improving of this disease. In conclusion, certain fatty acids in the adequate proportion as well as 25-
hydroxivitamin D can modulate the inflammatory response in diabetic people, modifying the evolution of this disease.

1. Introduction

Changes in human behavior and lifestyles in the last century
have caused a great increase in prevalence of Type 2 diabetes
mellitus. WHO calculates that 171 million people around the
world have diabetes and that by 2030, its prevalence will
reach epidemic proportions, affecting 366 million [1]. T2DM
is considered amultifactorial disease, several hypotheses have
tried to explain the origin of the pathology; that is, that it is an
abnormality of the anterior hypothalamus and the endocrine
pancreas caused by progressive ischemia or that there is
abnormal islet innervation. Recently, there is increasing
evidence that the acute phase inflammatory response induced
by cytokines is closely related to the generation of insulin
resistance and Type 2 diabetes mellitus. Some researchers
have associated these pathologieswith the presence of inflam-
matory and immune system biomarkers, including TNF-𝛼,
IL-1, IL-6, C Reactive Protein (CRP), monocyte chemotactic
protein-1 (MCP-1), sialic acid, leptin, adiponectin, resistin,
and visfatin [2].

Furthermore, recent epidemiological studies have associ-
ated total fat intake (saturated, mono, and poly-unsaturated
fats) with T2DM; however, the type of fat could influence

insulin metabolism positively, as can be observed when
saturated fat is replaced with monounsaturated fat in the
diet, improving considerably insulin action.There are several
studies that demonstrate the beneficial effect of polyunsatu-
rated fatty acid supplementation (n-3) in patients with active
inflammatory processes [3], and others report that physio-
logical concentrations of certain fatty acids can modulate the
inflammatory response modifying the evolution of certain
diseases [4].

Some epidemiological studies have recently reported an
increase in serum 25-hydroxivitamin D (25-OH Vitamin
D) deficiency in various populations around the world [5–
9]. Until a few years ago, this deficiency had only been
observed in very specific groups, such as old-age residents
of high latitudes and altitudes or in low sun exposure.
However, vitamin D deficiency has increasingly been found
in apparently healthy populations as well as in industrialized
society older adults [10].

The etiology of this deficiency has been considered mul-
tifactorial and ethnicity is one of these factors, in this sense,
hypovitaminosis D has been observed in Afro-American
and Latino populations who have a higher risk of insulin
resistance and T2DM compared to Caucasian subjects [11].
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Additionally, some researchers [12, 13] have hypothesized that
low 25-OH vitamin D concentrations may have an important
role in the pathogenesis of T2DM, although the mechanisms
are not yet clear.

2. Type 2 Diabetes Mellitus

2.1. Genetic Factors. Positive family history confers a risk 2
to 4 times higher for T2DM. Fifteen to twenty-five percent
of first-degree relatives of patients with T2DM have glucose
intolerance or diabetes. Long-life risk (at age 80) for T2DM
is 38% if one parent is affected and 60% at age 60 if both
parents have the disease [14]. Although genetic factors are
important, it is necessary to take into account that Diabetes
is a multifactorial and heterogeneous disease [15].

2.2. Physiopathology of Hyperglycemia, Insulin Resistance, and
Beta Pancreatic Cell Dysfunction. Insulin is the key hormone
for glucose regulation and in general normoglycemia is
maintained by the balance between secretion and action of
insulin (less action, higher secretion and vice versa) and
normal beta pancreatic cells can adapt to changes in insulin
action [16].

2.3. Glucose Homeostasis. After a night of fasting, most of
the glucose uptake occurs in tissues that are independent
of insulin action, mainly in the nervous system and the
splanchnic organs; this balance between uptake and glucose
consumption is altered after feeding, when glucose home-
ostasis depends on three processes that normally occur as
follows:

(1) insulin secretion,
(2) glucose uptake by peripheral tissues (85% in muscle

and 4-5% in adipose tissue) and by splanchnic tissues
(liver and intestine),

(3) suppression of hepatic glucose production, which
represents 85% of endogenous synthesis (the resting
15% is produced by the kidney) [17].

Although glucose uptake by adipose tissue is minimal,
it is very important for maintaining glucose homeostasis as
it coordinates fatty acid release from triacylglycerols, and
produces cytokines that regulate insulin sensitivity in the
liver and muscle. Alteration of any of these factors will
produce glucose intolerance and open hyperglycemia. T2DM
is characterized by the coexistence of two abnormalities:

(i) insufficiency in insulin secretion by pancreatic 𝛽-
cells,

(ii) insulin resistance [18].

2.4. Insulin Resistance. Insulin resistance is a decrease in
the ability of insulin to exert its biological action at dif-
ferent glucose concentrations. Unless subjects with insulin
resistance produce great amounts of insulin to compensate
for its effects, they will surely develop hyperglycemia and
diabetes. The defects related to insulin resistance include

decreased expression of insulin receptors in the surface of
those cells that are sensitive to this hormone which is due
to alterations in the signaling pathways that should activate
after insulin binding with its receptor and abnormalities in
normal pathways that usually respond to insulin action such
as glucose transportation and glucagon synthesis [19].

By the time blood glucose reaches the level of diagno-
sis for T2DM (≥126mg/dL) the 𝛽-cell function disorders
have already taken place. The inability of these to continue
hypersecreting insulin is responsible for the transition from
insulin resistance and compensating hyperinsulinism with
normoglycemia to insulin resistance with noncompensat-
ing hyperinsulinism and glucose intolerance; ending up in
insulin resistance with hyperinsulinemia and hyperglycemia
[20].

2.5. Causes of Abnormalities in Insulin Secretion

2.5.1. Alterations in𝛽Cell Volume. 𝛽-cell volume is controlled
by four independent mechanisms as follows:

(1) mitosis of existing 𝛽-cells,
(2) size of 𝛽-cells,
(3) neogenesis from pancreatic epithelial cells,
(4) 𝛽-cell apoptosis.

In normal conditions, approximately 0.5% of 𝛽-cells
suffer apoptosis in adults, which is mainly compensated by
mitosis and neogenesis, allowing an equilibrium between
insulin production and metabolic needs [21].

There is evidence supporting the concept that 𝛽-cell
apoptosis is an important factor in the decrease of islet
number and the pathogenesis of T2DM [22]. Other related
factors include stress of the endoplasmic reticulum, chronic
hyperglycemia, oxidative stress, and the activity of some
cytokines [23].

2.5.2. Glucotoxicity. Hyperglycemia alone is capable of pro-
ducing alterations in insulin secretion that decrease when it
is corrected, that means that any increase in glycaemia in
patients with a decrease in 𝛽-cell volume can cause important
abnormalities in insulin secretion in the rest of the pancreatic
tissue; it also contributes to the increase of insulin resistance
and the defects in insulin secretion, which are correctedwhen
glucose levels are reduced [24, 25].

2.5.3. Lipotoxicity. Lipotoxicity is another cause of 𝛽-cell
dysfunction. In normal acute conditions, 𝛽-cell exposure to
physiological concentrations of free fatty acids stimulates
insulin secretion; these are transformed into acyl coenzyme
A (acyl-CoA) and subsequently into phosphatidic acid and
diacylglycerol within 𝛽-cells [26]. These compounds activate
specific isoforms of protein kinase C that stimulates insulin
secretion. By comparison, chronic exposure to high con-
centrations of acyl-CoA inhibits insulin production through
Randle’s cycle. The increase in Acyl-CoA concentrations
within 𝛽-cells also stimulates nitric oxide production, which
increases inflammatory cytokine production, including IL-1
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and TNF, that contributes to increase in the 𝛽-cell deteriora-
tion and apoptosis [25, 27].

2.5.4. Defects in Function or Synthesis of Incretins. Oral intake
of glucose stimulates insulin secretion, representing 50 to
70% of the normal insulin response; it depends on the
entero-insular axis represented by two intestinal hormones
that stimulate insulin secretion, called incretins: glucagon-
like peptide-1 (GLP-1) and insulintrophic peptide dependent
on glucose (GIP). These two hormones are liberated by
endocrine cells in the duodenum and jejunum in response
to carbohydrates in the intestine [28].

It has been observed that the action of these incretins is
deteriorated or nonexistent in Type 2 diabetic patients, and it
is actually considered one of the main mechanisms affecting
insulin secretion in these patients [29].

2.6. Diagnosis. For the diagnosis of T2DM, it is convenient to
use the current criteria of the American Diabetes Association
(ADA) which are

(i) glycosylated hemoglobin ≥ 6.5% or fasting plasma
glucose ≥ 126mg/dL (7.0mmol/L). Fasting is defined
as noncaloric intake for at least 8 hours;

(ii) plasma glucose at 2 hours ≥ 200mg/dL (11.1mmol/L)
during a test of glucose tolerance;

(iii) in patients with classic symptoms of hyperglycemia
or hyperglycemic crises, a random plasma glucose
≥200mg/dL (11.1mmol/L) [20].

The process that determines the appearance of the disease
is slow so that early detection is desirable; therefore, detection
of cases with insulin resistance is a potential strategy that can
facilitate the early diagnosis of this disease. However, insulin
resistance alone denotes induction of glucose uptake in most
tissues, but the relationship between secretion and action is a
highly complex problem. In the presence of a severe insulin
resistance, a disproportionate amount is secreted with a high
percentage of immature forms of insulin being released into
circulation, with a different half-life and action. Therefore
a method to distinguish the immature forms of insulin is
required.

There are useful methods for measuring glucose utiliza-
tion by insulin as “the hyperinsulinemic euglycemic clamp”
or the homeostasis model (HOMA-IR) [21]. The latter esti-
mates severity of resistance more than insulin sensitivity,
since the relationship between glucose and insulin at baseline
reflects the balance between hepatic glucose production and
secretion of insulin which is kept by feedback between the
liver and pancreatic 𝛽 cells and is obtained by dividing the
product of glucose and insulin between 22.5 (when SI units
are used) or between 405 (when expressed inmg/dL). The
simplified formula is the result of a mathematical model
which fits the action of insulin to the blood glucose value
[22]. The cutoff point for diagnosis of insulin resistance may
vary depending on the study population but is considered
from 75th percentile of the study population. However there
is data inMexican population, placing HOMA in 2.4, with an

additional advantage, since, in addition to insulin resistance,
it allows to value beta cell function (HOMA-B), this value is
obtained by dividing the product of insulin by 20 between at
least 3.5 glucose, the cutoff point is also considered from the
75 percentile of the study population [23, 24].

3. Diabetes Mellitus and the Immune System

For more than 15 years, evidence has been gathered that
supports the hypothesis that chronic low grade inflammation
is a risk factor for the development of T2DM [15, 30–33];
however, the mechanisms are not clear yet. Existing theories
include production of proinflammatory cytokines, such as IL-
1 and TNF𝛼, and increase in central fat mass, due to chronic
inflammation [34].

Additionally acute phase proteins and certain cytokines
are related with and through a great number of metabolic
pathways that regulate insulin, the functions of lipoproteins
lipases, and adipocytes, contributing to the development of
insulin resistance [35].

Dietary factorsmay also increase acute phase proteins; for
instance, a hyperenergetic diet increases protein C reactive
concentrations, while a high fat diet increases sialic acid,
which is considered amarker of the acute phase response and
a cardiovascular and diabetes risk factor [36, 37].

In relation to the innate cellular immune system,
macrophages have been associated with Type 2 diabetes
mellitus pathogenesis. Proinflammatory M1 macrophages
induce an inflammatory state and insulin resistance through
inhibition of insulin signaling caused by IL-6 and TNF-
alpha. Eguchi et al. [38] demonstrated a direct contribution
of macrophages to beta cell dysfunction. Proinflammatory
M1macrophages were recruited to islets in mice infused with
ethyl palmitate, in the db/dbmouse, and in the KKAymouse.
Macrophage depletion in vivo in all these models increased
Ins and Pdx1 mRNA expression in islets and increased
glucose-stimulated insulin secretion in vivo and in isolated
islets ex vivo.

Other cell populations affected are dendritic cells, it has
been reported that hyperglycemic states determine a decrease
of the total population of these, including myeloid dendritic
cells type 1 (mDC1) and plasmacytoid dendritic cells (pDC)
[39].

Natural Killer (NK) lymphocytes, which are important
effector cells of the innate immune system, are responsible for
controlling infections, but oxidative stress and endoplasmic
reticulum (ER) stress induced by high glucose levels may
influence NK cell function in T2D patients [40]. Some results
demonstrate defects in NK cell-activating receptors NKG2D
and NKp46 in T2D patients, and implicate the Unfolded
Protein Response (UPR) pathway as a potential mechanism
[41].

In relation to the adaptive immune system, there have
been changes in certain cell lines, including a decreased
polymorphonuclear leukocyte (PMNL) function; this alter-
ation has been associated with defective chemotaxis, bacte-
rial killing, leukotriene (LT) release, and lysosomal-enzyme
secretion [42]. It has also been shown to produce increased
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levels of reactive oxygen species, possibly as a result of
the effects of hyperglycemia [43]. Some studies have shown
a correlation between impaired PMNL function and its
improvement with adequate glycaemic control [44, 45].

T cells play an important role in the development of
inflammatory processes, some experimental models suggest
the association of an early T-lymphocyte occurrence in
adipose tissue and the parallel initiation of insulin resistance
(IR) in diet-induced obesity as a potential pathophysiological
role of this cell type in the development of IR and T2DM
[46, 47].

T reg cells are a subpopulation of CD4+ T cells
that actively suppress physiologic and pathologic immune
responses, therefore; contributing to the maintenance of
immunological self-tolerance and immune homeostasis; it
has been reported that T reg cells correlate with insulin
resistance and glucose concentrations in T2DMpatients [48].

4. Fatty Acids

Fats are organic biomolecules formed basically of carbon and
hydrogen, and in a lesser extent of oxygen; they can be divided
in phospholipids and triacylglycerols, both of which aremade
of fatty acids [49]. Fatty acids are long-chain monocarboxylic
acids, with a pair number of carbon atoms, between 8
and 22. Fatty acids can be saturated, monounsaturated, or
polyunsaturated according to the number of double bonds in
the chain [50].

There are polyunsaturated fatty acids (PUFA) that the
humanorganism cannot synthesize, such as linoleic acid (LA)
and alpha linolenic acid (ALA) that must be obtained from
the diet; they are called essential fatty acids (EFA). They
belong to the n-6 or n-3 families of fatty acids, also known as
𝜔-6 or 𝜔-3, respectively [51]. EFAs can be converted into long
chain fatty acids (LCFA) in the organism, with more double
bonds such as arachidonic acid (AA), eicosapentaenoic acid
(EPA), and docosahexaenoic (DHA) [9].

4.1. Polyunsaturated Fatty Acids and the Immune System.
Animal or tissue culture studies as well as in human beings
indicate that the amount and degree of saturation of fats in
the diet influence inflammatory and immunologic responses.
The nature of the effect depends on the type of fatty acid, age,
health status, and experimental model [52–54].

Arachidonic acid and in a lesser proportion linoleic acid
are the main components of the phospholipid membrane of
lymphocytes, so growth and development of lymphoid tissues
as well as the structural and functional integrity of lymphoid
cells (T and B) are affected by essential fatty acid deficiency,
which conditions a loss of functional integrity of T-CD4+
cells, monocytes, macrophages, and neutrophils, affecting
chemotaxis and eicosanoid production [54].

In vitro experiments have shown that lymphocytes incor-
porate into their membranes a large amount of n-6 fatty acids
(AA y LA) during their development and proliferation, which
could lead to believe that their requirements are very high
during the normal immune response in the secondary lymph
nodes [54].

It is well known that activation of mature peripheral T-
cells initiates with the interaction of the T cell receptor (TCR)
and an antigenic peptide cleaved in a cell’s Major Histocom-
patibility Complex (MHC). This interaction requires high
concentrations of AA, and any change in this may affect
TCR-MHC complex affinity and TCR signal transduction,
determining the nature andmagnitude of the T-cell response.
There are in vitro studies showing the regulatory effect
of AA metabolites on the development and function of
immune system cells including growth and differentiation of
thymocytes, proliferation and migration of T-cells, Th1 and
Th2 response mediated by cytokines, antigen presentation,
macrophage regulation, TNF𝛼, IL-1 and IL-2 production, as
well as suppressor T-cell induction [3, 53, 55–57].

Other in vitro studies have evaluated the effect of supple-
menting lymph node cell cultures with n-6 PUFA, showing
that low concentrations of these improve B and T lymphocyte
proliferation, while high concentrations inhibit them [58].
There is also evidence of reduction in proinflammatory
cytokines IL-1 and TNF𝛼 production with gamma linoleic
(GLA) and dihomogammalinoleic (DHLA) acids [53].

On the other hand, experimental research has given
evidence on the effects of different n-3 PUFA on lymphocyte
cultures. Additional data indicate that low concentrations of
these PUFA stimulate lymphoproliferation of B and T cells,
whereas high concentrations inhibit this effect [58, 59].

There are also some studies regarding the beneficial
effects of n-3 PUFA in humans. Supplementation with n-3
rich fish oil has shown a decrease in helper T-cells [60], IL-
1𝛽, IL-2, TNF, IL-6, and IL-8 production [59, 61].

Existing scientific evidence suggests that moderate intake
of the main n-6 and n-3 PUFA (arachidonic and linoleic
acids), as well as an adequate proportion of both may be ben-
eficial for those diseases that are related to the inflammatory
process or immunity originated [52, 53, 57, 59, 62–65].

4.2. Polyunsaturated Fatty Acids and Type 2 Diabetes Mellitus.
PUFAs may have a beneficial effect on the development or
control of diabetes through severalmechanisms. For instance,
they are able to act as activators of peroxisome proliferator
activated receptor gamma (PPAR𝛾); which stimulates the
differentiation of preadipocytes to adipocytes, generating an
increase in insulin receptors, thus reducing insulin resistance.
Another mechanism is the protection of pancreatic beta cells
from damage caused by an increase in free radicals produced
in diabetes [66, 67].

Studies in vitro have reported that n-3 fatty acid sup-
plementation improves the proinflammatory phenotype of
macrophages, as well as insulin resistance in adipocytes [68].

Although there is strong evidence in humans and animal
models that PUFAs exert a protective effect against the
development of Type 2 diabetes mellitus [69–71], there are no
concluding data in this respect. However, intake of diets rich
in PUFA, particularly n-3 and n-6, has been shown to facili-
tate the action of insulin through variousmetabolic pathways,
such as suppression of hepatic lipogenesis, reduction of the
release of triacylglycerols from liver, improvement in ketoge-
nesis, and oxidation of fatty acids in liver and skeletal muscle.
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All these mechanisms promote glucose uptake and decrease
insulin resistance due to hypoactivity Δ5D desaturase and
elevated activity of Δ6D and Δ9D desaturases [72].

Several investigations have been developed to evaluate
the effect of fatty acid supplementation in the evolution of
Type 2 diabetesmellitus [70, 71, 73–81]. Beneficial effects have
been described on triacylglycerols, lipoproteins, haemosta-
sia, atherogenic plaque stability, blood pressure, leukocyte
function, glucose metabolism, insulin resistance, and even
diabetic neuropathy; however, the results depend on dose and
duration of intervention.

5. Vitamin D

Vitamin D or calciferol is an unsaponifiable heterolipid of
the steroid group; it has two basic forms, D

2
(ergocalciferol)

found in plants as a product from ultraviolet B radiation
on ergosterol and D

3
which originates as dehydrocholesterol

produced by ultraviolet B radiation, after becoming previ-
tamin D

3
. Vitamin D

3
can be synthesized in the human

epidermis or ingested through fish oil, egg yolk, fortified
foods, or supplements [82].

Vitamin D is converted into 25-hydroxivitamin D
(25(OH)D) in the liver, which is the main circulating
metabolite. Its measurement reflects intake and endogenous
production; the active form is 1,25-dihydroxyvitamin D
(1,25(OH)

2
D) or dihydroxycholecalciferol, which is hormone

produced mainly in the kidney and regulated by parathyroid
hormone, calcium, and phosphorous concentrations [83].

VitaminD receptors are present inmost tissues, including
the endothelium, vascular smooth muscle, and myocardium;
the first two are able to convert 25(OH)D into 1,25(OH)

2
D.

Directly or indirectly 1,25(OH)
2
D has a role in the regulation

of many genes, such as those involved in insulin production
and development of vascular smooth muscle cells, which is
the reason it is thought to be an important contributing factor
to cardiovascular diseases [84].

5.1. Vitamin D and Type 2 Diabetes Mellitus. Epidemiologic
data suggest that 9 out of 10 cases of T2DM can be attributed
to modifiable lifestyles [85, 86]; however, changes in lifestyle
are hard to accomplish and maintain in the long term. There
is recent evidence in humans and animal models suggesting
that vitamin D may play an important role in modifying the
risk of diabetes [87].

Vitamin D receptors are present in pancreatic 𝛽 and in
immune system cells. Additionally, its role in the regulation
of calcium absorption is well known; vitamin D participates
in the activity of𝛽-cell endopeptidases dependent on calcium
and can act through two main pathways:

(1) directly inducing 𝛽-cells to secrete insulin through
an increase in intracellular calcium concentration
through Ca channels,

(2) by mediating 𝛽-cell calcium-dependent activation to
facilitate conversion of proinsulin to insulin [88].

The role of vitamin D in the function of pancreatic cells
can be mediated by the union of 1,25-dihydroxyvitamin D to

its receptors in the beta cell. Alternatively, vitaminD canwork
through the activation of 25 hydroxyvitamin D (25(OH)D)
by 1-alpha-hydroxylase expressed in pancreatic beta cells,
directly improving insulin sensitivity by stimulating insulin
receptor expression and the activation of PPAR-𝛿 (peroxi-
some proliferator activated receptor delta), which has been
associated with the regulation of fatty acid metabolism in
skeletal muscle and adipose [89].

The expression of calbindin-D28K (vitamin D dependent
on the union of proteins and calcium) has demonstrated a
protective effect on beta cells from cytokine mediated cell
death, reducing the risk of T2DM [88]. There are few studies
in humans associating vitamin D and chronic inflammatory
status of T2DM patients; however, the evidence suggests that
vitamin D can improve insulin sensitivity and promote pan-
creatic 𝛽-cell survival by modulating the effects of cytokines
and nuclear transcription factors such as NF-𝜅B [90].

Some cohort studies in the US and Finland have reported
an association between vitamin D status and the risk of
T2DM [91–93]. Some other studies [94, 95] have found asso-
ciations between serum vitamin D levels, insulin resistance,
and 𝛽-cell dysfunction.

Additionally, clinical studies have examined the effect of
vitaminD supplementation and related indicators in different
T2DM populations. These studies were carried out from 2
months to 7 years, while vitamin D doses were between
400 and 100,000 IU/day; some have reported improvements
in central glycaemia [96], insulin sensitivity, and even lipid
profile and endothelial function [97]. Other studies [98–102]
of vitamin D supplementation without calcium showed no
effect on glycaemia neither reduction in diabetes incidence
after years of follow-up [103].

On the other hand, it has been demonstrated that vitamin
D is a predictive factor for death by cardiovascular disease in
T2DM patients [104, 105].

6. Adipokines

Adipose tissue has its own innervation and vascularization,
with two morphological and functional distinct types of
cells. White adipose tissue is dedicated to energy storage,
while brown adipose tissue dissipates it [106]. Triacylglycerol
and fatty acid storage in white adipose tissue are produced
through the ability of insulin to stimulate glucose uptake and
lipogenesis [107, 108].

It is well known that the distribution of energy within
adipocytes due to an increase in adipose tissue mass or the
amount of free circulating fatty acids, leads to obesity, dys-
lipidaemia, insulin resistance, and T2DM [109]; on the other
hand, there is evidence indicating that the loss of adipose tis-
sue in lipodystrophic syndromes results in insulin resistance
and T2DM.These functions that are apparently opposite, can
be explained by the functional complexity of adipose tissue
and the great number of signaling molecules that it secretes,
which are called “adipocytokines” or “adipokines;” however,
not all of these peptides have cytokine family characteristics;
therefore, the term “adipokine” is used for a protein produced
and secreted only by adipocytes and not by other cells
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present in adipose tissue [110]. These polypeptides have been
associated with various physiological processes such as food
intake, energy balance, insulin action, glucose metabolism,
vascular remodeling, and blood pressure regulation and
coagulation [111, 112]; additionally, high levels of acute phase
proteins and inflammatory cytokines in obese individuals
have demonstrated that they suffer from a chronic state of
low grade inflammation, which has been associated with the
development of insulin resistance, metabolic syndrome, and
T2DM [113, 114].

7. Leptin

Leptin is a 16 kDa hormone produced mainly by adipose
tissue, and at a lesser extent by other tissues like muscle,
stomach, and placenta [115, 116]; it also acts as a cytokine.
Adipocytes secrete leptin in direct proportion to adipose tis-
suemass and nutritional status, being higher in subcutaneous
in relation to visceral adipose tissue [117].

As a hormone, leptin helps monitor body weight (mainly
by body fat content) to adjust the metabolic level, while
as a cytokine, it can exert an effect on the innate and
adaptive immune systems; leptin receptors have been found
in neutrophils, monocytes, and lymphocytes. Leptin is able
to activate proinflammatory cells, promoting a Th1 response
and mediating TNF𝛼, IL-2, or IL-6 production [118].

The effect of leptin on the immune system is explained
by the fact that there are leptin receptors not only at the
hypothalamus and adipose tissue, but also on cells of the
immune system such as lymphocytes and monocytes [119].
Structurally, leptin receptors (Ob-R) belong to the class I
cytokine family of receptors which include receptors for IL-
2, IL-3, IL-4, IL-6, IL-7, and granulocyte-monocyte colony
stimulating factor (GM-CSF) [118].

It is well known that leptin can affect T lymphocytes as
they express ObR and high concentrations of leptin which
seem to be associated with the production of proinflamma-
tory cytokines by these cells [120, 121]. Additionally, leptin
also acts on other immune cells, as has been demonstrated
in human blood mononuclear cell cultures in presence of
various amounts of leptin. The results of this study showed
that leptin is able to induce dose-dependent mononuclear
cell proliferation; to increase the expression of monocyte
activation markers such as CD38, CD25, and CD71; and to
increase TNF-𝛼 and IL-6 by culturedmonocytes.The authors
concluded that leptin could amplify monocyte activation
and increase the proinflammatory response through cytokine
production [122, 123].

Human macrophages and neutrophils also express a
great amount of leptin receptors, causing chemotactic and
apoptosis retardation. Additionally, dendritic cells may be
playing a role on their development and function [118].

It has also been postulated that leptin may activate
endothelial cells and stimulate macrophage activation in
white adipose tissue (WAT).An increase inWATand the con-
sequent expression of inflammatory adipokines and decrease
in adiponectin contribute to the chronic inflammatory state
associated with obesity and the metabolic syndrome. Leptin

has also been found to be involved in inflammation associated
with atherosclerosis, acting as a signal for insulin sensitivity
regulation in the organism. Leptin resistance has been iden-
tified as a causal factor of cardiovascular complications in
obesity [124].

8. Adiponectin

Adiponectin (AMP1) is a protein hormone of 247 aminoacids,
which is largely produced by WAT, it circulates in plasma
at higher concentrations than the majority of hormones, its
concentration is 5 to 30𝜇g/mL, representing approximately
0.1% of all plasma proteins and in different amounts between
genders, probably due to its regulation by sex hormones [125].

Adiponectin is an anti-inflammatory adipokine, showing
improvement in hepatic insulin sensitivity, exerting a syner-
gic effect with leptin, decreasing free nonesterified fatty acid
flow, increasing fat oxidation, and reducing hepatic glucose
release, plus stimulating glucose use by muscle [114, 126].

The effect of adiponectin on insulin sensitivity is medi-
ated by an increase in oxidation of fatty acids through acti-
vated adenosine-monophosphate protein-kinase (AMPK) in
skeletal muscle and liver, decreasing glucose synthesis.

As opposed to the majority of adipokines, adiponectin
expression and its circulating concentrations are decreased
in pathologies with insulin resistance and obesity. It has been
demonstrated that Pima Indians have an inverse correlation
between adiponectin concentrations and BMI, and that
individuals with high adiponectin concentrations are less
prone to develop T2DM in comparison to those with low
concentrations [110, 114].

TNF-𝛼 and IL-6 are potent inhibitors of adiponectin
expression and secretion in WAT biopsies and culture cells,
suggesting that insulin resistance induction by TNF-𝛼 and
IL-6 may also be caused by an inhibition of the autocrine-
paracrine liberation of adiponectin [127]. It has been demon-
strated that the administration of recombinant adiponectin
in its complete or isolated form, exerts hypoglycemic effects,
decreasing insulin resistance in murine models for obesity
and diabetes [128].

In contrast, in lipoatrophic mice, insulin resistance was
totally reversed with a combination of leptin and adiponectin
at physiological doses, whereas the reversion was only partial
when they were administered separately, showing that their
joint effect can produce insulin sensitization in peripheral
tissues [129].

9. Resistin

Resistin is a dimeric protein named for its apparent effect
on the induction of insulin resistance in mice. It belongs
to a family of cysteine-rich proteins called FIZZ (found in
inflammatory zone), which were initially called Resistin-Like
Molecules (RELM), and it has been found in adipocytes,
macrophages, and other types of cells [130].

High plasma resistin concentrations have been found in
experimental obesity models [131]; however, visceral adipose
tissue has been associated with low concentrations of this
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adipokine [132]. In humans, resistin comes mainly from cells
of the immune system and not from adipocytes. The possible
effect of resistin on the development of insulin resistance has
been evaluated; however, the results are not clear yet [133].

Experimental mice models have shown that recom-
binant resistin promotes insulin resistance and decreases
insulin-stimulated glucose transporters in adipose tissue,
while antiresistin antibodies produce the opposite effect [110,
128]. Furthermore, in humans, resistin may be implicated
in inflammatory processes as mononuclear cells secrete it
in important amounts. Resistin, IL-6, and TNF seem to
influence each others action inmonocytes throughNF-kappa
B specialized signaling routes [134].

10. Visfatin

Visfatin is another adipokine, initially thought to mimic
insulin, although this is still in debate. It was first found in
liver, skeletal muscle, and bone marrow, as a B-lymphocyte
precursor growth factor, and was originally called pre-B
cell colony stimulator. Its circulating values are related to
WAT accumulation [135]. It is also produced by neutrophils
preventing apoptosis by a mechanism that is mediated by
caspases 3 and 8. It has been found to be elevated in
patients with gastrointestinal inflammatory diseases [136].
There is also evidence that it induces chemotaxis, IL-1𝛽,
TNF, and IL-6 production, as well as synthesis of CD14+
monocyte costimulator molecules, increasing their ability to
induce alloproliferative responses; it may also be involved
in the regulation of the inflammatory response and other
compensatory mechanisms [137].

The effects of visfatin are similar to insulin’s, as it
stimulates glucose transportation in muscle and adipocytes,
and inhibits hepatic glucose production. Visfatin is forced to
activate insulin receptors causing their phosphorylation and
the activation of their signaling molecules; however, insulin
and visfatin do not compete for the union to the insulin
receptor, indicating that they are recognized by different
regions [138].

In a KKAymousemodel for obesity and diabetesmellitus,
the expression of visfatin in visceral fat tissue and its serum
concentrations was found to be directly associated with the
increase in obesity in animals fed a high fat diet compared to
controls [139].

11. Cytokines

Cytokines are a large group of low molecular weight proteins
that mainly regulate the immune response; however, they
may have other functions such as embryogenesis, cellular
differentiation, and migration, amongst others. They are
mainly produced by leukocytes, but some of them can
also be secreted by other cells. They were originally called
“lymphokines” as they were considered biological products
of lymphocytes in response to antigens [140].

In general, these molecules are not constitutively pro-
duced, cell activation is necessary for them to be produced
in sufficient quantities to exert a biological effect. Most

cytokines are secreted in a glycosylated form which increases
their stability and solubility [141]. Cytokines have a very
short half-life and act at very low concentrations through the
union with high affinity receptors. They exert an autocrine
effect when anchored to receptors in the producing cell; they
also have paracrine effects on other adjoining cells, while in
some cases they can be released into the blood or lymphatic
circulation, exerting their effect on other organs and tissues
acting as hormones [142].

Regarding the inflammatory response, some cytokines
promote its development (proinflammatory), while others
suppress it (anti-inflammatory) [143].

12. Tumor Necrosis Factor Alpha (TNF-𝛼)

TNF-𝛼 was the first cytokine associated with insulin resis-
tance in animals; it is overexpressed in adipose tissue in
obesity and decreases with weight loss, being also considered
as an important insulin resistance regulator [144]. It has
been found to affect insulin signaling in vivo and in vitro,
decreasing the expression of adiponectin in adipose tissue
[145]. It stimulates lipolysis, inhibiting the expression of
lipoprotein lipase (LPL) and glucose transporter 4 (GLUT 4),
which are two key elements for fat accumulation thus, it could
be considered a mechanism for the reduction of large fatty
acids. However, high concentrations of TNF-𝛼 could also be
implied in the development of metabolic abnormalities such
as insulin resistance [127].

TNF-𝛼 seems to play a role in the physiopathology
of blood hypertension (BHP) associated with obesity and
insulin resistance, as it inhibits insulin dependent glucose
uptake by interfering with its signaling [30, 127].

13. Interleukin 1 (IL-1)

IL-1 is an obesity and insulin resistance associated cytokine,
produced by several types of cells, but mainly by activated
macrophages. It is a key mediator of the inflammatory
response, with stimulator and inhibitor actions on some cells,
even promoting apoptosis in others. It is able to promote
the expression of the same genes that produce it, as well as
synthesis of prostaglandins, leukotrienes, interleukin-8, and
certain protooncogenes like c-fos y c-jun [146].

Insulin signaling is directly affected by IL-1 through
the induction of cytokine-3 signaling suppressor (SOCS-3);
it is mainly stimulated by TNF-𝛼 and catecholamines and
inhibited by glucocorticoids. It hasmultiple effects on various
tissues, acting together with IL-6 as an endogenous pyrogens,
stimulating thermogenesis [147]. It is also a regulator of
ProteinCReactive (PCR) hepatic production, and its increase
in adipose tissue may stimulate PCR synthesis, which is
another inflammatory response modulator [126, 148, 149].

In the past years, it has been demonstrated that high con-
centrations of glucose stimulate IL-1𝛽 production by 𝛽-cells
[31], implying an effect on the development of T2DM. The
evidence suggests the presence of an inflammatory process
that leads to failure of the 𝛽-cell to secrete sufficient amounts
of insulin in diabetic patients. Insulitis is associated with the
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Figure 1: Diverse factors such as overnutrition, physical inactivity, age, and genetics can activate the innate immune system and consequently
the production of cytokines, which by themselves lead to insulin resistance and diabetes, but there is evidence that some of these alterations
can be improved through the consumption of PUFAs and vitamin D.

pathologic activation of the innate inflammatory system by
metabolic stress, which is mediated by IL-1 signaling causing
lesions in the pancreatic parenchyma [32].

Overnutrition is the main cause of Type 2 diabetes.
Exposure of pancreatic islets to glucose or free fatty acids
induces production and release of IL-1𝛽 [33, 146, 150], which
may also be induced by leptin [151]. IL-1𝛽 gene expression has
been found to be 100 times increased in beta cells of islets
from T2DM patients compared to nondiabetic controls [33].

Fatty acids from adipocytes, which are also a source of
IL-1𝛽 [152], could amplify these signals by self-activation
through their own IL-1 [33, 153].

14. Conclusions

Recent epidemiological studies have associated total fat
intake (saturated, mono, and poly-unsaturated fats) with
T2DM; however, the type of fat could influence insulin
metabolism positively, as can be observed when saturated fat
is replaced with monounsaturated fat in the diet, improving
considerably insulin action. There are several studies that
demonstrate the beneficial effect of polyunsaturated fatty acid
supplementation (n-3) in patients with active inflammatory
processes and others that report that physiologic concentra-
tions of certain fatty acids can modulate the inflammatory

response modifying the evolution of some diseases including
Type 2 diabetes. On the other hand, some epidemiological
studies have recently reported an increase in serum 25-
hydroxivitamin D (25-OH vitamin D) deficiency in diabetic
populations. The etiology of this deficiency has been con-
sidered multifactorial and ethnicity is one of these factors;
low 25-OH vitamin D concentrations may have an important
role in the pathogenesis of T2DM, although the mechanisms
are not yet clear. Some of these alterations are resumed in
Figure 1.
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