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Central Message
It is important to understand in more depth the inflammatory processes that 
participate in obesity and type 2 diabetes mellitus. This leads to the development 
of new therapeutic strategies capable of modulating the inflammatory response 
associated with these complex metabolic conditions.

Perspective
TNF-α expression is significantly increased in obesity and diabetics, reinforcing 
the central role of it in inflammation associated with obesity and type 2 diabetes 
mellitus, validating its usefulness as a more sensitive biomarker.
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ABSTRACT
Introduction: It is important to understand in depth the inflammatory processes that participate in obesity and type 2 
diabetes mellitus, aiming to contribute to the development of new therapeutic and control strategies capable of modulating 
the inflammatory response associated with them. 
Objective: To understand in a more in-depth way the inflammatory processes that participate in obesity and type 2 
diabetes mellitus. 
Method: Integrative literature review was carried out by collecting information published on virtual platforms in Portuguese 
and English. The material for reading and analysis was selected from the SciELO, Google Scholar, Pubmed and Scopus 
platforms. Initially, a search was carried out for the descriptors “obesity. type 2 diabetes mellitus, TNF-α, IL-6” with AND 
or OR search, considering the title and/or abstract. Afterwards, considering only those that had a greater relationship with 
the theme, the full texts were read. 
Results: 35 articles that met the inclusion criteria were evaluated. 
Conclusion: The integrative review demonstrates that low-grade inflammation plays a central role in the connection 
between obesity and type 2 diabetes mellitus, highlighting TNF-α as the main pro-inflammatory marker associated with 
insulin resistance. Although relevant, IL-6 presents results that are still inconsistent, indicating the need for further studies. 
These findings reinforce the importance of modulation of the inflammatory response as a potential therapeutic strategy in 
the prevention and management of these metabolic diseases.
KEYWORDS: Obesity. Type 2 diabetes mellitus. TNF-α. IL-6.

INTRODUCTION

The pathophysiology of obesity involves 
complex interactions between genetic, 
environmental, neuroendocrine, and 

immunometabolic factors. One of the main central 
mechanisms is the dysregulation of the hypothalamic-
pituitary axis, especially in the arcuate nucleus of the 
hypothalamus, where hormones such as leptin, ghrelin, 
insulin and peptide YY act, responsible for regulating 
satiety and appetite. In obesity, resistance to leptin is 
observed, a hormone secreted by adipose tissue that, 
under normal conditions, inhibits hunger and increases 
energy expenditure, but loses its effectiveness when 
levels are chronically high.1 Obesity poses a global 
health threat, with rates that have nearly tripled since 
1975.2

Middle- and low-income countries concentrate two 
out of three individuals with obesity, with Brazil being 
among the five countries with the highest prevalence 
worldwide. Between 2006 and 2019, obesity in Brazil 
increased from 11.8% to 20.3%, while the percentage 
of overweight adults rose from 42.6% to 55.4%. This 
significant growth does not occur only in adults: 
projections indicate that, by 2044, about 48% of 
Brazilian adults will live with obesity, bringing the total 
number of overweight people to approximately 75% of 
the population.3

This scenario imposes high direct costs on the Unified 
Health System (SUS) estimated at US$ 654 million per 
year only for non-communicable diseases related to 
excess weight, in addition to representing a significant 
economic and social burden.8 The global prevalence of 
obesity is expected to reach approximately two billion 
adults by 2035 and is projected to increase from 14% 
to 24%.5

Thus, it is important to understand in a more in-
depth way the inflammatory processes that participate 
in obesity and type 2 diabetes mellitus, aiming to 
contribute to the development of new therapeutic 
strategies capable of modulating the inflammatory 
response associated with these complex metabolic 
conditions.

METHOD
This is an integrative review of the literature made 

by collecting information published on virtual platforms 
in Portuguese and English. The material for reading 
and analysis was selected from the SciELO, Google 
Scholar, Pubmed and Scopus platforms. Initially, a 
search was carried out for descriptors “obesity, type 2 
diabetes mellitus, TNF-α, IL-6” with AND or OR search, 
considering the title and/or abstract. Afterwards, 
considering only those that were more related to the 
theme, the texts were read in full and at the end 35 
articles that met the inclusion criteria were evaluated

DISCUSSION
Adipose tissue and inflammation
The pathophysiological mechanism of obesity 

includes a state of chronic low-grade inflammation, 
characterized by persistent immune activation and 
release of systemic inflammatory mediators. This 
inflammatory cascade is stimulated by the complex 
interaction existing within adipose tissue. In patients 
with this condition, adipocytes are hypertrophied, 
secreting chemokines that recruit and activate immune 
cells, promoting a microenvironment in favor of 
inflammation.5

In obesity there is intense oxidative stress, caused 
by the release of reactive oxygen species stimulated 
by the entry of nutrients existing in obesity, explaining 
the mechanism of inflammation. In addition, this nutrient 
overload can promote endoplasmic reticulum stress 
and unfolded protein response, activating intracellular 
inflammatory pathways. This inflammation causes the 
release of inflammatory cytokines such as TNF-α, which 
can activate several inflammatory signaling molecules, 
such as JNK (c-Jun N-terminal kinase) and IKKbeta 
(Inhibitor of nuclear factor kappa-B kinase subunit 
beta), causing insulin deficit action on adipocytes 
and hepatocytes, reducing their sensitivity to it. 
TNF-α inhibits the expression of PPARy (Peroxisome 
Proliferator-Activated Receptor gamma), which is 
important for maintaining insulin sensitivity. High levels 
of TNF-α produced in both the liver and muscle can 
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induce insulin resistance.6

The sustained inflammatory environment causes 
insulin resistance due to TNF alpha and IL-6 inhibiting 
the translocation of the GLUT4 transporter in the muscle, 
favoring hepatic steatosis, stimulating lipid production 
and, reducing their oxidation, causes beta cell 
dysfunction, since prolonged exposure to interleukin 
beta (IL-β) decreases insulin production capacity.5

Adipocytes release numerous hormones, 
inflammatory mediators, and immune system effectors 
into the bloodstream. In obesity, there is a phenotypic 
alteration in the cells, creating a chronic low-grade 
inflammatory environment, characteristic of obesity. 
Type 1 innate lymphocytes are a type of regulatory 
cells that make up adipose tissue and are responsible 
for sustaining homeostasis through the secretion of 
type 2 interleukins, consequently, preserving adipose 
tissue macrophages in an anti-inflammatory state. 
Adipose tissue inflammation in obesity results from a 
complex interaction between dysfunctional adipocytes 
and infiltrated immune cells, forming a self-sustaining 
inflammatory microenvironment, which has a crucial 
contribution to metabolic dysfunction. As adipose tissue 
increases in obesity, adipocytes are hypertrophied, 
subsequently undergo hypoxia and necrosis, releasing 
molecular patterns related to damage, which are 
signals that recruit innate and adaptive immune cells.5

Adipose tissue expresses high levels of TNF-α, and 
there is a direct causal relationship between tumor 
necrosis factor and glucose intolerance. There is an 
increase in the number of adipose tissue macrophages 
in obesity in both mice and humans, and macrophages 
are thought to be the main insulin signals. This is because 
macrophages in adipose tissue produce factors that 
act in a paracrine or systemic way and disrupt insulin 
signaling in target cells. Macrophages produce 
chemokines and cytokines that stimulate the chemotaxis 
of circulating monocytes and other immune cells, such 
as pro-inflammatory M1 macrophages, which make up 
to 40% of fat cells in obesity.6

Macrophage activation occurs through the signaling 
of the TLR4/NLRP3 (Toll-Like Receptor 4/NOD-Like 
Receptor Protein 3) inflammosome by SFAsm (Saturated 
Fatty Acids-mediated) as RANTES-Regulated upon 
Activation, Normal T cell Expressed and Secreted 
(CCL5). T lymphocytes have altered polarization, 
characterized by an increase in Th1 cells, which release 
IFN-α (Interferon alpha) and promote the activation of 
macrophages, as well as Th17 cells, which produce IL-
17, which acts in synergy with TNF-α, intensifying the 
inflammatory process. In contrast, there is a reduction 
in regulatory T lymphocytes, decreasing the release of 
anti-inflammatory cytokines such as interleukin-10 (IL-
10) and TGF-beta.5

In addition, dendritic cells contribute to the 
intensification of the immune response by secretariat 
Interleukin-12 (IL-12) and Interleukin-18 (IL-18), 
thereby activating T lymphocytes, while B cells produce 
autoantibodies and IL-6, further stimulating pro-
inflammatory T lymphocytes. Concomitantly, stress-
stressed adipocytes as well as infiltrated immune cells 

release pro-inflammatory cytokines that establish 
an inflammatory feedback loop, maintaining and 
aggravating metabolic dysfunction. Expressive weight 
gain causes hypertrophy and hyperplasia of adipose 
tissue, which leads to chronic low-grade inflammation 
of visceral adipose tissue.5

Obesity prevention requires a multifactorial 
approach that involves sustainable lifestyle changes, 
with an emphasis on healthy eating, regular physical 
activity, and reducing sedentary behavior. Early 
interventions, especially in childhood and adolescence, 
are crucial, considering that inadequate eating habits 
and low physical activity tend to persist into adulthood. 
The promotion of school and community environments 
that favor healthy choices, as well as public policies 
that encourage clear nutrition labeling, the control of 
advertising of ultra-processed foods, and the taxation 
of sugary drinks, have proven to be effective strategies 
to contain the advance of population obesity.7

Diabetes mellitus (DM)
It is a chronic, complicated and non-communicable 

endocrine disease that has been growing rapidly, 
which represents a challenge for public health, since it 
is associated with changes in metabolic development. 
There are two types, DM1 and DM2. The former presents 
in children or adolescents, while the latter affects 
more middle-aged and elderly adults who have had 
prolonged hyperglycemia due to lifestyle with Western 
diets and little physical activity. The development of 
DM2 is related to various polygenic and environmental 
factors, thus having an important genetic polymorphism, 
a great diversity of risk factors, and is therefore difficult 
to cure. Appropriate management includes attention 
to blood glucose control and attention to risk factors 
for cardiovascular diseases such as hyperlipidemia, 
hypertension, and obesity.8.9 

MODY, diabetes-onset in the juvenile, is a 
heterogeneous disease identified by non-insulin-
dependent diabetes. It is usually diagnosed at a young 
age, usually before the age of 25. This version has 
an autosomal dominant inheritance pattern and does 
not have autoantibodies like DM1. Several genes are 
involved in its pathogenesis, including mutations in 
hepatocyte nuclear factor-1-alpha (HNF1A), which 
accounts for about 60% of cases, as well as mutations 
in the glucokinase gene (GCK), present in 15-32% of 
cases. However, the genetic explanation of MODY is 
not completely characterized, since in some individuals 
with mutations they do not develop the disease, while 
others with clinical symptoms do not have identifiable 
mutations.11

The current prevalence of T2DM is 10.5% worldwide, 
equivalent to about 536.6 million adults. The disease 
has a higher prevalence in high-income countries 
(11.1%) than in low-income countries (5.5%), due to 
lifestyle and diets that favor the increase in obesity rates 
and also due to the fact that low-income countries have 
underestimated these values due to underdiagnosis.10

The pathophysiology is not yet completely explained, 
since it is multifactorial. However, it is known that insulin 
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condition. This is because weight reduction has been 
reported to be the most responsible for better glycemic 
control, including remission of the disease.10

It is important that there is attention directed to 
patient education and lifestyle habits. Support of 
community health agents has shown benefits in the 
education and self-management of DM, especially 
in vulnerable populations. Regular physical activity 
should be encouraged, with realistic goals indicated on 
an individual basis and based on the assessment of the 
patient’s initial level. The practice of aerobic exercises, 
resistance, flexibilit and balance help in physical fitness, 
in addition to reducing HbA1c levels. For people who 
are overweight or obese, weight loss must combine 
several approaches, including calorie restriction, 
increased energy expenditure, drug review that induces 
weight gain, use of weight loss drugs and, in specific 
cases, bariatric surgery.10

Drug therapy for T2DM includes injection of insulin-
like agents and administration of hypoglycemic agents. 
In the case of DM1, insulin is crucial for treatment since 
there is a lack of beta cells.8

The initial treatment of T2DM usually starts with 
metformin, which reduces glucose, has a low risk of 
hypoglycemia, does not cause weight gain, is safe 
and easy to use. However, risks such as atherosclerotic 
cardiovascular disease, heart failure, and kidney 
disease should be evaluated. The choice of drugs should 
be made in a shared way with the patient, prioritizing 
drugs that reduce cardiovascular and renal risks.10

Lowering glucose to achieve glycemic goals should 
also be taken into account when choosing medication. 
A GRADE (Grading of Recommendations, Assessment, 
Development and Evaluation) study showed that insulin 
and GLP-1 receptor agonists (Glucagon-Like Peptide-1) 
are more effective in reducing HbA1c than sulfonylureas 
or DPP4 inhibitors (Dipeptidyl peptidase-4). There is a 
tendency to start combined treatment early, instead of 
following the slow progression between medications, 
aiming at better long-term control. In cases of marked 
hyperglycemia (HbA1c > 10%), it is recommended 
to start insulin or insulin combined with GLP1RA 
(Glucagon-Like Peptide-1 Receptor Agonist).10

New studies are being directed to gene therapy 
with the incorporation of the exogenous normal gene, 
being an option for the cure of DM1, being responsible 
for modulation and gene editing. Another therapeutic 
option would be with stem cells, which aims to replace 
dysfunctional pancreatic cells, using pluripotent or 
multipotent stem cells.8

Experimental obesity in animals
The litter reduction model is an experimental 

approach widely used in studies with rodents, such as 
rats and mice, for the early induction of obesity and 
metabolic programming. This method is based on a 
simple principle: by reducing the number of puppies 
per litter soon after birth, the availability of breast milk 
per puppy is increased during the lactation period. As 
consequence the remaining puppies consume a greater 
amount of milk, which leads to high energy intake in the 

resistance, typical of DM2, is associated with excess 
fatty acids and the presence of inflammatory cytokines, 
which compromise glucose transport, in addition to 
stimulating lipolysis. Due to this insufficient insulin 
response, there is a stimulus to increase glucagon 
production, further contributing to hyperglycemia.11

Genomic studies have identified genetic variants that 
influence insulin secretion and action, such as TCF7L2 
(Transcription Factor 7 Like 2), PPARG (Peroxisome 
Proliferator-Activated Receptor Gamma) and FTO (Fat 
Mass and Obesity- Associated gene). In addition, 
epigenetic modifications, such as DNA methylation 
and histone acetylation modulated by factors such as 
diet and physical activity, have a great influence on the 
expression of genes involved in glucose regulation.9

The gut microbiota also plays an important role in 
the pathogenesis of DM2, since gut dysbiosis affects 
glucose metabolism through inflammation, which 
increases intestinal permeability, leading to changes in 
the production of short-chain fatty acids. Such microbial 
changes directly influence insulin sensitivity.9

Chronic hyperglycemia is responsible for the non-
enzymatic glycation of proteins and lipids, which 
is monitored by the glycated hemoglobin (HbA1c) 
test. This glycative process causes damage to small 
vessels, such as those of the retina, kidneys, and 
peripheral nerves, conferring the typical clinical 
condition of the complication of hyperglycemia, which 
includes retinopathy, nephropathy, and neuropathy. 
If left unchecked, these complications can progress to 
blindness, dialysis, and amputations, all of which are 
potentially preventable with appropriate treatment.12

Chronic low-grade inflammation
This inflammation with pro-inflammatory cytokines 

impairs insulin signaling. Immune cells such as 
macrophages and T lymphocytes also participate 
actively, especially in adipose tissue, promoting a 
pro-inflammatory environment, aggravating insulin 
resistance.9 This chronic low-grade inflammation plays 
a central role in the pathophysiology of DM2, being 
strongly associated with insulin resistance and β 
pancreatic cell dysfunction. Hypertrophied adipocytes 
and macrophages infiltrated in adipose tissue secrete 
pro-inflammatory cytokines, such as TNF-α, IL-6, and 
C-reactive protein (CRP), which interfere with insulin 
signaling pathways through the phosphorylation of 
insulin substrates in serine residues, impairing their 
action on target tissues. In addition, these cytokines 
contribute to oxidative stress and activation of the 
innate immune system, perpetuating the inflammatory 
state and worsening glycemic control. Interventions 
aimed at reducing this inflammatory process have 
shown therapeutic potential in the prevention and 
management of T2DM.11.13

Treatment of diabetes
The therapeutic pattern of T2DM has been changing 

its trend, focusing on the pathophysiology and its 
metabolic comorbidities and long-term complications, 
focusing on the management of obesity to prevent the 
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first weeks of life, favoring accelerated weight gain and 
the early accumulation of adipose tissue.14

The procedure usually consists of standardizing 
litters to a reduced number of puppies, usually between 
3-4 animals per mother, in the first 24-48 h after birth. In 
contrast, control litters maintain the usual physiological 
number, which can vary from 8-12 puppies, depending 
on the species and lineage used. Early overfeeding 
provided by less competition for breastfeeding results 
in persistent metabolic alterations, such as hyperphagia 
(increased food intake), insulin resistance, dyslipidemia, 
and adipocyte hypertrophy, typical characteristics of 
obesity.15

From a physiological point of view, the effects of litter 
reduction are not limited to the neonatal period. Studies 
show that the offspring overfed in this model present, 
throughout their lives, alterations in the hypothalamic-
pituitary-adrenal axis, greater expression of genes 
related to lipid metabolism and inflammation, in 
addition to a predisposition to the development of 
metabolic syndromes when exposed to high-calorie 
diets in adulthood. This makes the model highly relevant 
for investigations into early metabolic programming, 
i.e., how nutritional stimuli in the early stages of life 
affect long-term metabolic health.16

This model is particularly advantageous because 
it is non-invasive, low-cost, and mimics real clinical 
conditions, such as excessive early nutrition in human 
neonates, either by excessive breastfeeding or artificial 
feeding. In addition, it allows for a more accurate 
analysis of the influence of the neonatal nutritional 
environment on the regulation of appetite, body 
composition, and endocrine function. For these reasons, 
litter reduction is considered a robust and reliable 
experimental model for the study of obesity and its 
comorbidities, such as T2DM, metabolic syndrome, and 
chronic low-grade inflammation.17

The Lee index is a morphometric parameter used 
mainly in studies with rodents, such as rats and mice, 
to indirectly assess relative body obesity, especially 
in experimental models involving metabolic disorders, 
such as diabetes or induced obesity. It is a formula 
that relates the animal’s body weight to its nasoanal 
length (from the snout to the base of the tail), providing 
a standardized measure of body size as a function of 
mass. This index is considered an adaptation of the 
body mass index (BMI) used in humans, allowing the 
identification of excessive body fat accumulation in a 
simple and non-invasive way. Under normal conditions, 
the Lee Index presents relatively constant values, and 
significant increases are indicative of body fat gain, 
even in situations where the total weight of the animal 
does not seem to change. It is worth mentioning that 
the index should be interpreted in conjunction with other 
parameters, such as visceral fat analysis, blood glucose 
and lipid profile, for a more complete assessment of the 
animal’s nutritional and metabolic status.18

Whitten effect for obtaining litter 
The Whitten effect is a physiological and behavioral 

phenomenon observed in rodents, especially in mice 

and rats, in which exposure of females to pheromones 
present in the urine of sexually mature males induces 
or synchronizes the estrous cycle. Discovered by 
researcher Wesley K. Whitten in the 1950s, this effect 
is based on the ability of male pheromones to act as 
potent chemical signals, which, when detected by 
the olfactory system of females, especially by the 
vomeronasal organ, cause neuroendocrine modulation 
in the hypothalamic-pituitary-gonad axis. As a result, 
there is a pulsatile release of gonadotrophic hormones 
(LH and FSH), promoting the entry or synchronization 
of estrus in exposed females. This effect is especially 
relevant in situations where females are in anestrus or in 
less fertile phases of the cycle. In experimental practice, 
it can be induced by putting females in indirect contact 
with males, for example, by exposing them to the bull 
impregnated with urine and other odors of the male, 
without the need for direct physical contact. The Whitten 
effect highlights the importance of sensory and social 
stimuli in the reproductive physiology of rodents.19

Experimental models of DM
There are different experimental approaches for the 

induction of DM in animal models, varying according 
to the type of diabetes to be simulated and the 
objectives of the research. Among these strategies are: 
the destruction of β cells of the pancreas by chemical 
means, partial or total surgical removal of the pancreas 
(pancreatectomy), induced lesions in the ventromedial 
hypothalamus, diets high in fat or sugar, malnutrition 
during pregnancy (intrauterine nutritional restriction) 
and the administration of high doses of hormones that 
antagonize the action of insulin, such as glucocorticoids. 
Despite this variety of methods, the most widely used 
model today is chemical induction performed through 
the application of cytotoxic substances that act 
selectively on pancreatic β cells. The two main drugs 
used in this context are alloxan (AL) and streptozotocin 
(STZ), both of which are capable of causing persistent 
hyperglycemia by compromising endogenous insulin 
production.20

Induction through STZ administration has been widely 
used in studies with rodents, due to its ability to promote 
gradual progression of the disease, with mild clinical 
manifestations in the early stages. STZ, a glucosamine-
derived nitrosourea, has a high affinity for β-pancreatic 
cells, being taken up by the GLUT2 transporter. Its 
cytotoxic action results in selective destruction of these 
cells, leading to deficiency in insulin production and 
consequent persistent hyperglycemia.21,30 The systemic 
toxicity of STZ is a known and reported factor in several 
studies, especially when there is variability in the dose, 
weight of the animals, or inconsistency in the handling 
and preparation of the substance. In addition to 
pancreatic toxicity, STZ can induce nephrotoxicity and 
hepatotoxicity, which contributes to increased lethality, 
especially when adequate tampons are not used for 
its preparation or when strict monitoring of the animals 
is not carried out in the post-induction period.31,32 
STZ can be administered by different routes, such as 
subcutaneous, intramuscular, or intracardiac; however, 
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the most frequently used routes are the intraperitoneal 
(IP) and intravenous (IV) routes, as they provide greater 
reproducibility and efficiency in the experimental 
model.21-23

The installation of the diabetic condition occurs in 
a triphasic and acute way. Initially, in the first 2-4 h 
after administration, an episode of early hyperglycemia 
is observed, resulting from the mobilization of hepatic 
glycogen, without concomitant elevation of serum 
insulin levels. Between 6-10 h, there is a phase 
of hypoglycemia, due to the transient increase in 
insulin secretion. Finally, persistent hyperglycemia 
is established approximately 24 h after application, 
characterizing the condition of induced diabetes. 

It is important to emphasize that, although there are 
other strategies for inducing diabetes in animal models, 
such as partial pancreatectomy, LA administration, or 
the combination of a high-calorie diet with low doses 
of STZ to simulate DM2, the use of intraperitoneal STZ 
is motivated by its speed, low cost, and specificity for 
β cells, in addition to allowing the achievement of an 
acute hyperglycemic condition with high predictability 
in the metabolic parameters evaluated.

It is interesting to mention that the intraperitoneal STZ 
model warns of the need for technical refinements in 
the management of the substance and in post-induction 
care. Strategies such as the use of freshly prepared pH 
4.5 citrate buffer, administration in fasting conditions, 
and intensive follow-up in the first hours after injection 
can contribute to the reduction of mortality and greater 
homogeneity of the experimental groups.33

Serum inflammatory markers
TNF-α is a central inflammatory cytokine in the 

development of insulin resistance, being secreted 
predominantly by macrophages in white adipose tissue 
in obese individuals and animal models. It acts through 
the activation of MAPK and NF-κB pathways, reducing 
IRS-1 phosphorylation and thus directly impairing 
insulin signaling and promoting lipolysis, decreased 
adipogenesis, and reduced adiponectin, aggravating 
metabolic imbalance.24

IL-6 is a pleiotropic cytokine synthesized by 
several cell types, such as adipocytes, macrophages, 
endothelial cells, hepatocytes, and muscle fibers. It 
plays essential roles in the regulation of the acute 
inflammatory response, the synthesis of phase proteins 
(CRP, fibrinogen), and the control of hematopoiesis.25 
Approximately 1/3 of circulating IL-6 in the absence of 
inflammation is produced by adipose tissue, contributing 
to the proinflammatory state observed in obesity.26 
Through classical signaling and trans-signaling via the 
sIL-6R and gp130 receptor, IL-6 influences metabolic 
processes, such as insulin resistance, and may also act 
as muscle-derived myokine, stimulating lipid oxidation 
and glucose uptake in response to exercise.27 IL-6, 
secreted by adipocytes, macrophages, hepatocytes, 
and muscle fibers, is positively correlated with insulin 
resistance, central adiposity, and CRP elevation, 
reinforcing its role as a clinical marker of systemic 
inflammation.

The Markers inflammatory TNF‑α  and IL‑6  
are recognized as reliable indicators of chronic 
inflammation associated with metabolic diseases. The 
TNF‑α, produced predominantly by macrophages in 
adipose tissue, promotes insulin resistance by inhibiting 
signaling via IRS‑1 and favor lipolysis and metabolic 
dysfunction.28 

Population studies have shown that high levels of 
these cytokines increase the risk of developing metabolic 
syndrome and T2DM, which suggests their potential 
as useful biomarkers in the prevention, diagnosis, and 
monitoring of therapeutic interventions.14.24

Previous studies have shown that excess nutrition 
in the neonatal period can have a lasting impact on 
energy regulation mechanisms, mainly due to changes 
in the hypothalamic-pituitary-adrenal axis and in leptin 
and insulin sensitivity, which favors the development of 
metabolic syndrome in adulthood.16  A study using the 
experimental model of obesity induction with sucrose 
diluted in water proved to be effective with increased 
body weight, but without statistical difference, when 
comparing the Lee index of the obese group with the 
control group.18

The investigation of the inflammatory response 
through the analysis of serum levels of TNF-α and 
IL-6 in experimental models of obesity and T2DM 
represents a fundamental approach to understand the 
immunometabolic mechanisms underlying these chronic 
diseases. Both conditions are associated with the state 
of chronic low-grade inflammation, characterized by 
the persistent production of pro-inflammatory cytokines, 
which contribute to insulin resistance, endothelial 
dysfunction, and the development of metabolic 
complications.34

In 2013, studies stated that animal models, 
particularly rodents with obesity and induced DM2, 
offer a standardized and controlled system to 
validate inflammatory biomarkers, such as TNF-α 
and IL-6, allowing not only the characterization of the 
inflammatory profile, but also the evaluation of possible 
therapeutic interventions.35

The validation of these markers is especially relevant 
in the context of the development of new drugs aimed 
at controlling the inflammatory process and preventing 
associated complications, such as nephropathy, 
neuropathies, and cardiovascular diseases. 

CONCLUSION
The present integrative review shows that subclinical 

inflammation is a determining link between obesity 
and type 2 diabetes mellitus, revealing TNF-α as a 
more consistent and metabolically disruptive pro-
inflammatory mediator, whose high expression in obese 
and diabetic models reinforces its central role in insulin 
resistance. In contrast, the contribution of IL-6 remains 
ambiguous and methodologically heterogeneous, 
requiring further investigations to elucidate its relevance 
at the interface between adipose tissue and glycemic 
homeostasis. Thus, the findings not only deepen the 
understanding of the inflammatory mechanisms that 
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fuel the progression of these chronic diseases, but also 
signal the need for therapeutic strategies aimed at the 
selective modulation of this inflammatory response.
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