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Abstract

Obesity has become a global epidemic, affecting approximately one-
third of the world’s population and serving as a primary risk factor for
Type 2 Diabetes (T2D) and related metabolic disorders. This review
examines the intricate relationship between obesity, inflammation, and
insulin resistance, highlighting White Adipose Tissue (WAT) as a crucial
player in this process. Elevated body fat triggers a low-grade, chronic in-
flammatory response characterized by the recruitment and activation of
pro-inflammatory macrophages, leading to the release of cytokines like
TNF-a and IL-6, which disrupt insulin signaling and promote systemic
inflammation. We explore the role of various immune cells in adipose
tissue, the phenotypic switching of macrophages from anti-inflamma-
tory to pro-inflammatory states, and the resultant impact on metabolic
health. Additionally, we discuss emerging therapeutic strategies tar-
geting inflammatory pathways as potential interventions for managing
obesity-related conditions. These include pharmacologic agents like sal-
salate, TNF-o inhibitors, IL-1p antagonists, and anti-inflammatory prop-
erties of established diabetes medications such as thiazolidinediones and
metformin. By elucidating the mechanisms underlying obesity-induced
inflammation and its effects on glucose metabolism, this review aims to
inform future research and clinical approaches to mitigate obesity and its
associated metabolic complications.
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Introduction

Excess weight and fatness are the result of a persistent
disturbance between energy consumption and discharge,
leading to the deposition of fat in AT. About one third of
the habitancy of our world suffers from excess weight or
fatness which means that the global sickness rate has in-
creased since 1980 [1,2].

Heaviness is a composite state including genetic and living
constituents and corresponds to a few morbid disturbances

leading to significant consequences for personal and public
health. Changing of habits and a standard of living (e.g.,
enhanced sports activity and reduced fattening consump-
tion) are the basic for the check of weight [3,4]. The en-
hancement of B-cell features and insulin susceptibility in
Adipose Tissue, liver, and skeletal muscle can happen af-
ter slow reduction of weight reaching 16% from the initial
body weight [5-7]. Glycemic control is better after the re-
duction of weight because of uncontrolled transformation
genetic information in protein switched in cholesterol flux,
lipid synthesis, ECM remodeling, and oxidative stress. Tak-
ing into consideration the information above, fatness is the
widest spread endocrine disease in the world and an initial
trigger for IR and diabetes mellitus [8-11].

According to American Diabetes Association diabetes mel-
litus is in a cluster of illnesses in which sugar is not as-
similated properly. The sickness rate of diabetes mellitus
deceased has grown significantly for the last three decades
so that it has become the main cause of death in the world.
T2D is supposed to be a sequela of fatness in 2025 for more
than 300 million people [12,13].

Persistent illness with a high rate of glucose because of in-
sufficient insulin generation (i.e., B-cell disturbance) and IR
(no cell reaction on insulin) is T2D. It is a dominant form of
diabetes mellitus [14-17].

Fatness is one of the conditions for IR appearance and the
full insight into linkage obesity and IR will improve our
impression of T2D etiology and help us better treat fat-
ness-related conditions A few studies have been done on
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people and genetically modified animals, showing a link
between overeating and the activation of both the inborn
and adaptive immune systems in body parts that regulate
overall energy balance in the body [18-20].

The first evidence suggesting that inflammation is linked
to obesity and diabetes comes from studies on humans and
animals in the early 1990s. These studies showed that fat
tissue in obese rodents and humans undergoes inflamma-
tory changes and releases more of the pro-inflammatory
molecule TNF-a, which can cause insulin resistance by
immobilization of IRS-1 [21-24]. The key role of TNF-a
is considerably supported by findings that blocking TNF-a
in obese mice enhances insulin sensitivity and glucose me-
tabolism. Weak persistent inflammation in fat tissue, also
known as meta-inflammation, is closely linked to a surplus
body fat. This condition is marked by the presence and ac-
tivation of pro-inflammatory macrophages and other im-
mune cells, which generate and release pro-inflammatory
cytokines and chemokines [25-27].

In the course of obesity not only does the quantity of mac-
rophages in fat tissue grow (achieve 40% of all cells in fat
tissue), but their position and inflammatory behavior also
change. In people of normal weight, macrophages have an-
ti-inflammatory properties [28]. However, in obese individ-
uals, these macrophages (called AT macrophages or ATMs)
move to a pro-inflammatory state. In obesity, macrophages
cluster around dead fat cells, forming structures known as
crown-like structures, and release pro-inflammatory cyto-
kines. This contributes to both local and systemic inflam-
mation and insulin resistance [29-31].

The exact triggers of inflammation are still largely un-
known, but changes in fat tissue caused by obesity, such
as fat cell death, lack of oxygen, and mechanical stress,
can start an inflammatory response. Because inflammation
plays a key role in the development of T2D and its related
metabolic problems, there is an increasing interest in tar-
geting inflammatory pathways or molecules to impede and
cure the disease [32,33].

In this study, we focus on how the loss of immune regula-
tion contributes to inflammation in fat tissue and the devel-
opment of obesity-related disorders, with an emphasis on
the molecular details. We discuss the cellular and molecular
factors that trigger inflammation due to obesity and provide
an overview of new anti-inflammatory treatment strategies.

The inflammatory phenotype of white adipose tissue

WAT primarily stores fat and acts as a major endocrine or-
gan that releases signaling molecules called adipokines and
cytokines into the bloodstream. Adipokines play key roles
in regulating various metabolic processes, including insulin
signaling, glucose uptake, and fatty acid oxidation. Cyto-
kines manage inflammation and support tissue repair and
blood vessel formation [34,35].

When a person gains weight and becomes obese, WAT un-
dergoes changes that include the development of inflamed,
dysfunctional fat cells and an increase in immune cells in
the tissue. These inflamed fat cells release proinflammatory

cytokines, which can break up both the normal function of
WAT and affect other organs in the body [36,37]. In this
context, WAT can be seen as both an immune and secretory
organ, and obesity can be viewed as an inflammatory im-
mune condition [38,39].

Researches of either animals or humans have confirmed
that increased body fat and inflammation in adipose tissue
are linked to a surplus calorie consumption. The research
by Lee, et al. used immunocompromised mice to show that
inflammation plays a crucial role in developing insulin re-
sistance from a long-term Western-style diet. One notable
aspect of the inflammation in expanding WAT is its per-
sistent, low-grade nature, which is not possible to be re-
solved and is referred to as “metaflammation” [40-42].

Inflammation generally wastes energy, increasing energy
outgo and decreasing energy consumption through straight
and devious methods. Directly, inflammatory cytokines
like TNFa, IL-1, and IL-6 provide energy expenditure by
interacting with receptors in the central nervous system and
metabolic organs. These cytokines have effects similar to
leptin, a hormone that promotes energy outgo [43-45].

Leptin production increases in adipose tissue during in-
flammation, triggered by hypoxia and inflammatory sig-
nals. Additionally, TNFa boosts leptin receptor expression,
enhancing leptin’s role in increasing energy expenditure
and reducing appetite. Thus, leptin contributes to higher
energy expenditure indirectly through its effects on appetite
and metabolism [46-49].

Interestingly, the inflammation in adipose tissue caused
by overnutrition does not lead to a significant increase in
energy expenditure. This allows inflammation and weight
gain to coexist in obese individuals. Despite this, the in-
flammatory response in adipose tissue shares similarities
with traditional inflammation [50,51]. It involves the in-
filtration of immune cells from the bone marrow and the
release of inflammatory mediators, such as chemokines and
cytokines, by both adipocytes and resident immune cells.
Additionally, even in people who are otherwise healthy and
normal-weight, inflamed adipose tissue can trigger wide-
spread systemic inflammation through the release of cyto-
kines [52,53].

Due to its location and structure, white adipose tissue WAT
exhibits various inflammatory profiles. Research shows
that obesity causes a more severe inflammatory response
in visceral WAT Visceral Fat (VAT) compared to Subcu-
tancous WAT (SAT). VAT in obese individuals has more
macrophages and greater adipocyte hypertrophy than SAT
[54-56]. Additionally, inflammation in VAT is linked to
lower expression of lipogenic markers, likely because more
cells adopt an inflammatory rather than a lipid storage role.
This shift contributes to metabolic issues, including abnor-
mal fat accumulation in the liver and muscles. Since fat
buildup in the wrong places reduces the body’s ability to
use insulin, inflammation in VAT is believed to greatly in-
fluence obesity-related problems like insulin resistance and
Type 2 diabetes [57,58]. Although research suggests VAT
inflammation is a major factor, many studies also high-
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light the role of inflammation in subcutaneous fat SAT in
metabolic issues. The debate over how different fat types
contribute to inflammation has been partly studied in mice.
To understand how VAT and SAT affect metabolism differ-
ently, Rytka, et al. [59] increased fat mass in mice by trans-
planting epididymal VAT into areas draining into the caval
or portal systems [60,61]. The procedure caused inflamma-
tion in Adipose Tissue (AT) in both groups of transplanted
mice. However, only the mice with fat transplanted into the
mesenterium had higher levels of IL-6 and Free Fatty Ac-
ids (FFA) in the portal vein and showed impaired glucose
tolerance. Human studies further confirm that VAT and SAT
metabolize differently [62,63]. For the same amount of AT,
VAT takes up more meal FFA than SAT in both men and
women. Additionally, omental fat (a type of VAT) takes up
more plasma FFA compared to abdominal subcutaneous fat
in women. This suggests that VAT’s location and structure
allow it to more directly affect important organs, like the
liver, which are crucial for regulating insulin and overall
metabolism [64,65].

What is the role of inflammation? What is the role of
macrophages? Are they central mediators of obesity-in-
duced adipose tissue inflammation and insulin resis-
tance?

In obesity, expanded AT produces high levels of proinflam-
matory cytokines, which activate the IKK/NF«xB and JNK
pathways. This leads to insulin resistance in both fat cells
and liver cells. The inflammatory response in AT is key to
obesity-related insulin resistance, with various immune
cells in AT playing roles in regulating inflammation and in-
sulin resistance. While adipocytes (fat cells) are important
for managing inflammation and tissue remodeling through
cytokine release and antigen presentation, evidence also
highlights the critical role of macrophages in these process-
es [66-69].

Macrophages are immune cells found in AT that have a
versatile role. They help with removing dead cells, remod-
eling the extracellular matrix, regulating blood vessel for-
mation, and maintaining AT balance. In obesity, there is an
increased influx of monocytes and macrophages into AT. In
lean human visceral AT, macrophages make up about 10%
of the stromal vascular cells, but this proportion rises to
about 40% in obese individuals [70-72].

A model called “phenotypic switching” of macrophages in
AT during obesity has been suggested. In this model, mac-
rophages shift from an anti-inflammatory state (M2 macro-
phages) to a proinflammatory state (M1 macrophages). M2
macrophages, which are induced by Th2 cytokines like IL-
4,1L-10, and IL-13, are common in lean AT and play a role
in maintaining normal adipocyte function by promoting tis-
sue repair and angiogenesis [73-75]. They express high lev-
els of arginase-1, which inhibits nitric oxide synthase activ-
ity, and secrete anti-inflammatory cytokines such as IL-10.
However, in obesity, M1 macrophages, which are activated
by signals like Lipopolysaccharide (LPS) and Th1 cytokine
IFN-y, become more dominant. These M1 macrophages

produce proinflammatory factors such as TNF-a and IL-6
and are associated with increased insulin resistance. Initial-
ly, the “phenotypic switching” model of macrophages in
AT during obesity was helpful [76-78]. However, as our
understanding of macrophage activation has grown, this
model’s accuracy in living organisms has been questioned.
It is now clear that macrophages in obesity are highly
adaptable, with their characteristics depending on the spe-
cific stimuli they encounter. The exact roles and numbers of
these macrophages in obese AT are still being studied, and
the mechanisms behind their unique activation states are
not fully understood [79-81]. What is evident, though, is
that more than one type of macrophage exists in obese AT.
These macrophages may not fit neatly into the M1 or M2
categories but instead show a state of “Metabolic Activa-
tion” (MMe), driven by various metabolic stimuli like free
fatty acids, high insulin, and high glucose levels [82-84].
Transformations in the microenvironment and inflammato-
ry state cause macrophages to infiltrate tissues and adopt a
metabolic activation state, a process known as macrophage
polarization. This involves the induction of proteins related
to lipid metabolism, enabling these macrophages to man-
age excessive lipids in their environment [85-87]. These
recruited macrophages vary from resident macrophages in
their allocation, gene expression, and function. Proteomic
analysis of MM1, MM2, and metabolically activated mac-
rophages (MMe) has shown that MMe cells have clear sur-
face markers. Specifically, MMe macrophages overexpress
proteins such as ABCA1, CD36, and PLIN2, all of which
play crucial roles in lipid metabolism [88-90].

The penetration of macrophages into expanding AT may
play a crucial role in triggering inflammation in obesity and
causing insulin resistance. These macrophages are thought
to create conditions that allow the negative effects of AT
expansion to occur. However, other research suggests that
inflammation in adipose tissue might actually be a result of
insulin resistance, rather than the cause of it [91,92].

Inflammation as a therapeutic target for metabolic dis-
eases

Chronic inflammation, especially in AT, is now recognized
as a key factor in the development of T2D and its related
complications. The link between obesity, AT inflammation,
and metabolic diseases has made targeting inflammatory
pathways an attractive strategy for treating these conditions
[5,25]. Inflammation is seen as a central cause of these
common health issues. Although a few anti-inflammato-
ry treatments have been tested in obese individuals with
Insulin Resistance (IR), more clinical trials are needed to
confirm their effectiveness. The amount of drugs available
that target various parts of the immune system and improve
different aspects of metabolism is growing rapidly [93-95].

Therapeutic approaches to targeting inflammation in IR and
T2D can be categorized basing on their mechanism of ac-
tion into two main groups: (i) pharmacologic approaches that
directly target inflammation, and (ii) diabetes drugs that also
possess anti-inflammatory properties [96-98] (Table 1).
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Table 1: Therapeutic strategies targeting inflammation in obesity.

Therapeutic approach Mechanism of action

Clinical evidence

Salsalate Inhibits NF-kB pathway

Improves insulin sensitivity; lowers HbAlc in T2D

TNF-a Inhibitors Neutralizes TNF-o

Mixed results in T2D; lowers fasting glucose in non-T2D

IL-1p Antagonists Blocks IL-1 receptor

Improved blood sugar control; beneficial in RA+T2D

Thiazolidinediones (TZDs)

PPARY agonists, anti-inflammatory effects

Reduces AT macrophages, enhances insulin sensitivity

Metformin .
cytokines

Reduces liver glucose production, inhibits inflammatory

Lowers CRP levels; improves metabolic outcomes

Salsalate

Salsalate is a derivative of salicylate and is part of the
Non-Steroidal Anti-Inflammatory Drug (NSAID) class.
Research has shown that salsalate can help improve blood
sugar control in patients with T2D. The mechanism by
which salsalate reverses hyperglycemia in obese mice in-
volves the inhibition of the NF-kB pathway, a discovery
made by Shoelson and colleagues in 2001 [99,100].

Goldfine expanded on the initial findings by conducting
clinical studies that showed salsalate can lower fasting glu-
cose and triglyceride levels, increase adiponectin levels,
enhance glucose utilization during hyperinsulinemic-eug-
lycemic clamps, and improve insulin clearance in diabetic
patients. These results were verified in two interdisciplin-
ary, randomized, placebo-controlled trials involving pa-
tients with T2D [101].

In the first study, salsalate treatment improved insulin sen-
sitivity and reduced HbAlc levels by 0.5% compared to
placebo over 14 weeks. The second study, which lasted 48
weeks and involved 283 participants (with 146 receiving
salsalate and 137 receiving placebo), found a smaller re-
duction in HbAlc levels (—0.33%) and serum triglycerides
with salsalate treatment. Additionally, salsalate treatment
was associated with reduced levels of glycation end prod-
ucts [99-101].

Other studies also indicate that the metabolic improvements
from salsalate treatment are due to the activation of AMPK.
While its impact on blood sugar control is modest, salsalate
is affordable and has a strong safety profile [102,103].

TNF-a inhibitors

In 1993, a preclinical study demonstrated the role of TNF-a
in the development of insulin resistance in adipose tissue.
This led to the hypothesis that blocking TNF-a could have
therapeutic benefits [104]. However, clinical study results
have been disappointing. Although TNF-a neutralizing an-
tibodies are effective for treating many other inflammatory
diseases and have shown slight improvements in blood sug-
ar control in some patients, results in patients with T2D have
been inconclusive [105,106]. Despite promising effects in

mice, a human clinical trial found that anti-TNF-a thera-
py did not improve insulin sensitivity in T2D patients. On
the other hand, a study on obese individuals without T2D
showed that inhibiting TNF-a for 6 months could lower
fasting glucose and increase adiponectin levels [107,108].

IL-1p antagonists

IL-1B is a key driver of obesity-related inflammation and
plays arole in the development of T2D by contributing to the
harmful effects of high blood sugar on pancreatic -cells. In
a proof-of-concept study, blocking the IL-1 Receptor (IL-
IR) for 13 weeks in T2D patients led to improved blood
sugar control, better pancreatic 3-cell function, and reduced
markers of systemic inflammation [109,110]. A follow-up
study on the same group showed that even 39 weeks after
the last IL-1R antagonist dose, B-cell insulin secretion re-
mained elevated and C-Reactive Protein (CRP) levels were
still lower. These long-term effects are likely due to the
blocking of IL-1f’s self-reinforcing mechanism. Addition-
al studies have also suggested that using antibodies against
IL-1B could be beneficial in treating T2D, as it significantly
lowers HbAlc levels [111]. Pathological activation of IL-
1B also plays a role in the development of other diseases
associated with T2D, such as Crohn’s disease, gout, and
Rheumatoid Arthritis (RA). Recently, a multicenter ran-
domized controlled trial was conducted to specifically
evaluate the effects on blood sugar control in participants
with both RA and T2D over a 6-month period [112,113].
Thirty-nine participants were randomized to receive either
an IL-1 receptor antagonist (anakinra) or TNF inhibitors
(TNFi) to compare the effectiveness of these treatments in
managing blood sugar levels in T2D. After 3 and 6 months
of treatment, anakinra led to a significant progress in met-
abolic outcomes, with a reduction in HbAlc by more than
1%, while TNF inhibitors did not show any improvement
[114,115]. Both groups experienced a gradual reduction in
RA disease activity. In conclusion, the results of this study
highlight the specific effectiveness of IL-1 inhibition in pa-
tients with both RA and T2D, achieving therapeutic targets
for both conditions and improving the primary outcomes
for participants. The more pronounced reduction in HbAlc,
compared to previous studies on T2D alone, may be due
to the theory that the pathogenic mechanisms of T2D are
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more severe in the context of RA. This suggests that the
IL-1 pathway may be a common pathogenic mechanism in
both diseases, and a single treatment targeting this pathway
could be a promising approach for managing both RA and
T2D [116,117].

Thiazolidinediones

Thiazolidinediones (TZDs) are antidiabetic drugs that
enhance insulin sensitivity and improve blood sugar lev-
els by acting as agonists for the PPARY nuclear receptor.
In addition to their metabolic effects, TZDs also possess
anti-inflammatory properties; they inhibit NF-kB activity
and decrease the expression of genes regulated by NF-xB
[116,117].

Inhibiting the NF-xB pathway decreases the content of Ad-
ipose Tissue Macrophages (ATMs), helps to restore the an-
ti-inflammatory M2 macrophage phenotype, and promotes
the recruitment of anti-inflammatory regulatory T cells in
adipose tissue [118-120].

Moreover, the ability of TZDs to lower circulating inflam-
matory mediators like CRP and MCP-1 appears to be in-
dependent of their effects on glycemic control. Therefore,
TZDs likely operate through multiple mechanisms, and
their anti-inflammatory properties are not yet fully under-
stood [121,122].

Metformin

The exact mechanism by which metformin works is not ful-
ly understood, but it lowers blood sugar levels by decreas-
ing glucose production in the liver and increasing glucose
consumption in peripheral tissues. Beyond its well-known
metabolic effects, metformin also possesses anti-inflam-
matory properties; it directly inhibits the production of re-
active oxygen species in the mitochondria and can reduce
the production of various cytokines. Emerging evidence
suggests that metformin may have immune-modulatory
effects [123-125]. It has been extensively reviewed how
metformin impacts various immune cells such as T cells, B
cells, monocytes/macrophages, and neutrophils that play a
role in autoimmune and inflammatory diseases. Inside these
immune cells, metformin temporarily inhibits complex I of
the mitochondrial electron transport chain, leading to an
increased AMP/ATP ratio. Decreased ATP levels lead to
the activation of AMPK, which then inhibits the Mamma-
lian Target Of Rapamycin (mTOR). mTOR is essential for
various cellular processes, including metabolism, cytokine
responses, antigen presentation, macrophage polarization,
and cell migration, through its interaction with the STAT3
pathway [126-128]. Metformin also affects other pathways
relevant to immune cells, such as NF-kB and JNK. Spe-
cifically, metformin has been shown to inhibit TNF-a-in-
duced activation of the NF-xB pathway and IL-6 produc-
tion through PI3K-dependent AMPK phosphorylation.
Additionally, metformin reduces IL-1f production in lipo-
polysaccharide-activated macrophages in a dose-dependent
manner, and this effect is independent of AMPK activation

[129,130]. Metformin also reduces circulating inflammato-
ry proteins, such as CRP, in patients with impaired glucose
tolerance and type 2 diabetes. Its anti-inflammatory effects,
similar to those of TZDs, seem to be independent of glyce-
mic control. In animal models, reducing inflammation has
been effective in improving obesity-induced insulin resis-
tance. However, ongoing clinical trials are needed to con-
firm the therapeutic potential of metformin in humans. This
step is crucial for establishing the translational relevance of
these findings [131,132].

T2D is a heterogeneous disease, and the lack of clinical
biomarkers indicating whether treatments have anti-inflam-
matory effects in adipose tissue complicates the analysis.
Identifying and profiling these biomarkers in T2D patients
would help predict which individuals are most likely to
benefit from anti-inflammatory therapies [133-135].

Conclusion

In summary, the surge in obesity prevalence worldwide is
intricately linked to the development of insulin resistance
and type 2 diabetes, with chronic inflammation in adipose
tissue serving as a pivotal mechanism behind this associa-
tion. The transition of macrophages within white adipose
tissue from anti-inflammatory to pro-inflammatory states
exacerbates metabolic dysregulation, highlighting the role
of immune dysregulation in the pathology of obesity. Ad-
dressing the inflammatory processes associated with obesi-
ty presents a promising avenue for therapeutic intervention.
Emerging strategies, including the targeting of specific in-
flammatory pathways and the use of existing diabetes med-
ications with anti-inflammatory properties, offer hope for
improving metabolic outcomes in obese individuals. Future
research should focus on elucidating the complex interac-
tions between immune responses and metabolic health,
as well as identifying biomarkers that predict response to
anti-inflammatory therapies. By advancing our understand-
ing of these relationships, we can develop more effective
treatments to combat obesity and its extensive health con-
sequences.

Funding

This research was funded by Russian Science Foundation,
grant number 25-15-00269.

References

1. Romieu, L. Dossus, S. Barquera, H. M. Blottiére, P.W.
Franks, et al. Energy balance and obesity: What are the
main drivers? Cancer Causes Control, 28(2017):247-
258.

2. J.O. Hill, H.R. Wyatt, J.C. Peters, Energy balance and
obesity, Circulation, 126(2012):126-132.

3. A.Hruby, F.B. Hu, The epidemiology of obesity: A big
picture, Pharmacoeconomics, 33(2015):673-689.


https://link.springer.com/article/10.1007/S10552-017-0869-Z
https://link.springer.com/article/10.1007/S10552-017-0869-Z
https://www.ahajournals.org/doi/abs/10.1161/circulationaha.111.087213
https://www.ahajournals.org/doi/abs/10.1161/circulationaha.111.087213
https://link.springer.com/article/10.1007/s40273-014-0243-x
https://link.springer.com/article/10.1007/s40273-014-0243-x

Journal of Drug and Alcohol Research

10.

11.

12.

13.

14.

15.

16.

17.

V.J. Clemente-Suarez, A.l. Beltran-Velasco, L. Redon-
do-Flérez, A. Martin-Rodriguez, J.F. Tornero-Aguil-
era, Global impacts of western diet and its effects on
metabolism and health: A narrative review, Nutrients,
15(2023):2749.

F. Zatterale, M. Longo, J. Naderi, G.A. Raciti, A. De-
siderio, et al. Chronic adipose tissue inflammation
linking obesity to insulin resistance and type 2 diabe-
tes, Front Physiol, 10(2020):1607.

A.M. Freeman, L.A. Acevedo, N. Pennings, Insulin re-
sistance, In: StatPearls [Internet], Treasure Island (FL):
StatPearls Publishing, 2024.

M. Li, X. Chi, Y. Wang, S. Setrerrahmane, W. Xie, et
al. Trends in insulin resistance: Insights into mecha-
nisms and therapeutic strategy, Sig Transduct Target
Ther, 1(2022):216.

T. Salvatore, R. Galiero, A. Caturano, L. Rinaldi, A.
A. Di Martino, et al. An Overview of the cardiorenal
protective mechanisms of SGLT2 inhibitors, Int J Mol
Sci, 7 (2022):3651.

R. Cao, H. Tian, Y. Zhang, G. Liu, H. Xu, et al. Sig-
naling pathways and intervention for therapy of type 2
diabetes mellitus, MedComm, 3(2023):¢283.

S. Ji, M. Xiong, H. Chen, Y. Liu, L. Zhou, et al. Cellu-
lar rejuvenation: Molecular mechanisms and potential
therapeutic interventions for diseases, Sig Transduct
Target Ther, 8(2023):116.

V. Ormazabal, S. Nair, O. Elfeky, C. Aguayo, C. Salo-
mon, et al. Association between insulin resistance and
the development of cardiovascular disease, Cardiovasc
Diabetol, 122 (2018).

American Diabetes Association. Diagnosis and
classification of diabetes mellitus, Diabetes Care,
33(2010):S62-S69.

A.D. Deshpande, M. Harris-Hayes, M. Schootman.
Epidemiology of diabetes and diabetes-related compli-
cations, Phys Ther, 88(2008):1254-1264.

American Diabetes Association. Diagnosis and
classification of diabetes mellitus. Diabetes Care,
32(2009):S562-S67.

U. Galicia-Garcia, A. Benito-Vicente, S. Jebari, A.
Larrea-Sebal, H. Siddiqi, et al. Pathophysiology of
type 2 diabetes mellitus, Int J Mol Sci, 21(2020):6275.

X. Zhao, X. An, C. Yang, W. Sun, H. Ji, et al. The
crucial role and mechanism of insulin resistance
in metabolic disease, Front Endocrinol (Laus-
anne), 14(2023):1149239.

S.A.H. Ahmed, S.A. Ansari, E.P.K. Mensah-Brown,
B.S. Emerald, et al. The role of DNA methylation in

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31

the pathogenesis of type 2 diabetes mellitus, Clin Epi-
genet, 12(2020).

R.Ruze, T. Liu, X. Zou, J. Song, Y. Chen, et al. Obesity
and type 2 diabetes mellitus: Connections in epidemi-
ology, pathogenesis, and treatments, Front Endocrinol
(Lausanne), 14(2023):1161521.

M.K. Gupta, G. Gouda, R. Vadde. Relation be-
tween obesity and type 2 diabetes: Evolutionary in-
sights, perspectives and controversies, Curr Obes
Rep, 13(2024):475-495.

P. Chandrasekaran, R. Weiskirchen. The role of obe-
sity in type 2 diabetes mellitus-an overview, Int J] Mol
Sci, 25(2024):1882.

F. Zatterale, M. Longo, J. Naderi, G.A. Raciti, A. De-
siderio, et al. Chronic adipose tissue inflammation
linking obesity to insulin resistance and type 2 diabe-
tes. Front Physiol, 10(2020):1607.

M. Longo, F. Zatterale, J. Naderi, L. Parrillo, P. Form-
isano, et al. Adipose tissue dysfunction as determinant

of obesity-associated metabolic complications. Int J
Mol Sci, 20(2019):2358.

JK. Sethi, G.S. Hotamisligil. Metabolic messengers:
Tumour necrosis factor, Nat Metab, 3(2021):1302-
1312.

B. Ahmed, R. Sultana, M.W. Greene. Adipose tissue
and insulin resistance in obese. Biomed Pharmacoth-
er, 137(2021):111315.

T.V. Rohm, D.T. Meier, J.M. Olefsky, M.Y. Donath.
Inflammation in obesity, diabetes, and related disor-
ders, Immunity, 55(2022):31-55.

M.A. McArdle, O.M. Finucane, R.M. Connaughton,
A.M. Roche. Mechanisms of obesity-induced inflam-
mation and insulin resistance: Insights into the emerg-
ing role of nutritional strategies, Front Endocrinol
(Lausanne), 4(2013):52.

X. Hildebrandt, M. Ibrahim, N. Peltzer. Cell death and
inflammation during obesity: “Know my methods,
WAT(son)”, Cell Death Differ, 30(2023):279-292.

L. Turner, S. Santosa. Putting ATM to BED: How
adipose tissue macrophages are affected by bariat-
ric surgery, exercise, and dietary fatty acids, Adv
Nutr, 12(2021):1893-1910.

L Boutens, R. Stienstra. Adipose tissue macro-
phages: Going off track during obesity, Diabetolo-
gia, 59(2016):879-894.

L Russo, CN Lumeng. Properties and functions of
adipose tissue macrophages in obesity, Immunology,
155(2018):407-417.

S. Mukherjee, S. Skrede, M. Haugsteyl, M. Lopez, J.


https://link.springer.com/article/10.1186/s13148-020-00896-4
https://www.frontiersin.org/articles/10.3389/fendo.2023.1161521/full
https://www.frontiersin.org/articles/10.3389/fendo.2023.1161521/full
https://www.frontiersin.org/articles/10.3389/fendo.2023.1161521/full
https://link.springer.com/article/10.1007/s13679-024-00572-1
https://link.springer.com/article/10.1007/s13679-024-00572-1
https://link.springer.com/article/10.1007/s13679-024-00572-1
https://www.mdpi.com/1422-0067/25/3/1882
https://www.mdpi.com/1422-0067/25/3/1882
https://www.frontiersin.org/journals/physiology/articles/10.3389/fphys.2019.01607/full
https://www.frontiersin.org/journals/physiology/articles/10.3389/fphys.2019.01607/full
https://www.frontiersin.org/journals/physiology/articles/10.3389/fphys.2019.01607/full
https://www.mdpi.com/1422-0067/20/9/2358
https://www.mdpi.com/1422-0067/20/9/2358
https://www.nature.com/articles/s42255-021-00470-z
https://www.nature.com/articles/s42255-021-00470-z
https://www.sciencedirect.com/science/article/pii/S0753332221001001
https://www.sciencedirect.com/science/article/pii/S0753332221001001
https://www.cell.com/immunity/fulltext/S1074-7613(21)00549-5
https://www.cell.com/immunity/fulltext/S1074-7613(21)00549-5
https://www.frontiersin.org/journals/microbiology/articles/10.3389/fendo.2013.00052/full
https://www.frontiersin.org/journals/microbiology/articles/10.3389/fendo.2013.00052/full
https://www.frontiersin.org/journals/microbiology/articles/10.3389/fendo.2013.00052/full
https://www.nature.com/articles/s41418-022-01062-4
https://www.nature.com/articles/s41418-022-01062-4
https://www.nature.com/articles/s41418-022-01062-4
https://www.sciencedirect.com/science/article/pii/S216183132200477X
https://www.sciencedirect.com/science/article/pii/S216183132200477X
https://www.sciencedirect.com/science/article/pii/S216183132200477X
https://link.springer.com/article/10.1007/s00125-016-3904-9
https://link.springer.com/article/10.1007/s00125-016-3904-9
https://onlinelibrary.wiley.com/doi/abs/10.1111/imm.13002
https://onlinelibrary.wiley.com/doi/abs/10.1111/imm.13002
https://www.mdpi.com/2072-6643/15/12/2749
https://www.mdpi.com/2072-6643/15/12/2749
https://www.frontiersin.org/journals/physiology/articles/10.3389/fphys.2019.01607/full
https://www.frontiersin.org/journals/physiology/articles/10.3389/fphys.2019.01607/full
https://www.frontiersin.org/journals/physiology/articles/10.3389/fphys.2019.01607/full
https://www.ncbi.nlm.nih.gov/books/NBK507839/
https://www.ncbi.nlm.nih.gov/books/NBK507839/
https://www.nature.com/articles/s41392-022-01073-0
https://www.nature.com/articles/s41392-022-01073-0
https://www.mdpi.com/1422-0067/23/7/3651
https://www.mdpi.com/1422-0067/23/7/3651
https://onlinelibrary.wiley.com/doi/full/10.1002/mco2.283
https://onlinelibrary.wiley.com/doi/full/10.1002/mco2.283
https://onlinelibrary.wiley.com/doi/full/10.1002/mco2.283
https://www.nature.com/articles/s41392-023-01343-5
https://www.nature.com/articles/s41392-023-01343-5
https://www.nature.com/articles/s41392-023-01343-5
https://link.springer.com/article/10.1186/s12933-018-0762-4
https://link.springer.com/article/10.1186/s12933-018-0762-4
https://diabetesjournals.org/care/article/36/Supplement_1/S67/27252/Diagnosis-and-Classification-of-Diabetes-Mellitus
https://diabetesjournals.org/care/article/36/Supplement_1/S67/27252/Diagnosis-and-Classification-of-Diabetes-Mellitus
https://academic.oup.com/ptj/article-abstract/88/11/1254/2858146
https://academic.oup.com/ptj/article-abstract/88/11/1254/2858146
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=14.%09American+Diabetes+Association+%282009%29.+Diagnosis+and+classification+of+diabetes+mellitus.+Diabetes+care%2C+32+Suppl+1%28Suppl+1%29%2C+S62%E2%80%93S67&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=14.%09American+Diabetes+Association+%282009%29.+Diagnosis+and+classification+of+diabetes+mellitus.+Diabetes+care%2C+32+Suppl+1%28Suppl+1%29%2C+S62%E2%80%93S67&btnG=
https://www.mdpi.com/1422-0067/21/17/6275
https://www.mdpi.com/1422-0067/21/17/6275
https://www.frontiersin.org/articles/10.3389/fendo.2023.1149239/full
https://www.frontiersin.org/articles/10.3389/fendo.2023.1149239/full
https://www.frontiersin.org/articles/10.3389/fendo.2023.1149239/full
https://link.springer.com/article/10.1186/s13148-020-00896-4

Journal of Drug and Alcohol Research

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

Ferng, et al. Peripheral and central macrophages in obe-
sity, Front Endocrinol (Lausanne), 14(2023):1232171.

V.A. Guerreiro, D. Carvalho, P. Freitas. Obesity, adi-
pose tissue, and inflammation answered in questions, J
Obes. 2022(2022):2252516.

A. Chait, L.J. den Hartigh. Adipose tissue distribution,
inflammation and its metabolic consequences, includ-
ing diabetes and cardiovascular disease, Front Cardio-
vasc Med, 7(2020):22.

V.J. Clemente-Suarez, L. Redondo-Florez, Al. Bel-
tran-Velasco, A. Martin-Rodriguez, I. Martinez-Guar-

dado, et al. The role of adipokines in health and dis-
ease, Biomedicines,11(2023):1290.

T.V. Kirichenko, Y.V. Markina, A.l. Bogatyreva, T.V.
Tolstik, Y.R. Varaeva, et al. The role of adipokines
in inflammatory mechanisms of obesity. Int J Mol
Sci, 23(2022):14982.

M. Renovato-Martins, C. Moreira-Nunes, G.C. Atella,
C. Barja-Fidalgo, J.A. Moraes, et al. Obese adipose tis-
sue secretion induces inflammation in preadipocytes:
Role of toll-like receptor-4, Nutrients, 12(2020):2828.

C.E. Aruwa, S. Sabiu. Adipose tissue inflammation
linked to obesity: A review of current understanding,
therapies and relevance of phyto-therapeutics, Heliy-
on, 10(2023):e23114.

T. Kawai, M.V. Autieri, R. Scalia. Adipose tissue in-
flammation and metabolic dysfunction in obesity. Am
J Physiol Cell Physiol, 320(2021):C375-C391.

R.W. Grant, V.D. Dixit. Adipose tissue as an immuno-
logical organ, Obesity (Silver Spring), 23(2015):512-
518.

H.L. Petrick, K.P. Foley, S. Zlitni, H.S. Brunetta, S.
Paglialunga, et al. Adipose tissue inflammation is di-
rectly linked to obesity-induced insulin resistance,
while gut dysbiosis and mitochondrial dysfunction are
not required, Function (Oxf), 1(2020):zqaa013.

M.L. Maugham, P.B. Thomas, G.J. Crisp, L.K. Philp,
E.T. Shah, et al. Insights from engraftable immuno-
deficient mouse models of hyperinsulinaemia, Sci
Rep, 7(2017):491.

M.S. Burhans, D.K. Hagman, J.N. Kuzma, K.A.
Schmidt, M. Kratz, et al. Contribution of adipose tis-
sue inflammation to the development of type 2 diabetes
mellitus, Compr Physiol, 9(2018):1-58.

H. Wang, J. Ye. Regulation of energy balance by in-
flammation: Common theme in physiology and pathol-
ogy, Rev Endocr Metab Disord, 16(2015):47-54.

S. Docherty, R. Harley, JJ. McAuley, LAN. Crowe, C.
Pedret, et al. The effect of exercise on cytokines: Im-

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

plications for musculoskeletal health: A narrative re-
view, BMC Sports Sci Med Rehabil, 14(2022):5.

F. Omran, M. Christian. Inflammatory signaling
and brown fat activity, Front Endocrinol (Laus-
anne), 11(2020):156.

K. Kiernan, N.J. Maclver. The role of the adipokine
leptin in immune cell function in health and dis-
ease, Front Immunol, 11(2021):622468.

M. Martinez-Ufia, Y. Lépez-Mancheiio, C. Diéguez,
MA. Fernandez-Rojo, MG. Novelle, et al. Unraveling
the role of leptin in liver function and its relationship
with liver diseases. Int J Mol Sci, 21(2020):9368.

D Martelli, V.L. Brooks. Leptin increases: Physiolog-
ical roles in the control of sympathetic nerve activity,
energy balance, and the hypothalamic-pituitary-thy-
roid axis, Int J Mol Sci, 24(2023):2684.

M. Obradovic, E. Milovanovic, S. Soskic, M. Es-
sack, S. Arya, et al. Leptin and obesity: Role and
clinical implication, Front Endocrinol (Lausanne),
12(2021):585887.

L.S. Fiedler, R. Mihalcea, S. Dragosloveanu, C. Scheau,
R.O. Baz, et al. The interplay between obesity and in-
flammation, Life (Basel), 14(2024):856.

H. Kolb. Obese visceral fat tissue inflammation: From
protective to detrimental? BMC Med, 494(2022):494.

T.J. Guzik, D.S. Skiba, R.M. Touyz, D.G. Harrison.
The role of infiltrating immune cells in dysfunctional
adipose tissue, Cardiovasc Res, 113(2017):1009-1023.

1. AlZaim, S.H. Hammoud, H. Al-Koussa, A. Ghazi,
A.H. Eid, et al. Adipose tissue immunomodulation: A
novel therapeutic approach in cardiovascular and meta-
bolic diseases, Front Cardiovasc Med, 7(2020):602088.

M. Reyes-Farias, J. Fos-Domenech, D. Serra, L. Her-
rero, D. Sanchez-Infantes, et al. White adipose tissue
dysfunction in obesity and aging, Biochem Pharma-
col, 192(2021):114723.

S.S. Choe, J.Y. Huh, I.J. Hwang, J.I. Kim, J.B. Kim, et
al. Adipose tissue remodeling: Its role in energy me-
tabolism and metabolic disorders, Front Endocrinol
(Lausanne), 7(2016):30.

S. Khan, Y.T. Chan, X.S. Revelo, D.A. Winer. The
immune landscape of visceral adipose tissue during
obesity and aging, Front Endocrinol (Lausanne),
11(2020):267.

M. Lopez-Yus, C. Horndler, S. Borlan, V. Bernal-Mon-
terde, J.M. Arbones-Mainar, et al. Unraveling adipose
tissue dysfunction: Molecular mechanisms, novel bio-
markers, and therapeutic targets for liver fat deposi-
tion, Cells, 13(2024):380.


https://link.springer.com/article/10.1186/s13102-022-00397-2
https://link.springer.com/article/10.1186/s13102-022-00397-2
https://www.frontiersin.org/articles/10.3389/fendo.2020.00156/full
https://www.frontiersin.org/articles/10.3389/fendo.2020.00156/full
https://www.frontiersin.org/articles/10.3389/fimmu.2020.622468/full
https://www.frontiersin.org/articles/10.3389/fimmu.2020.622468/full
https://www.frontiersin.org/articles/10.3389/fimmu.2020.622468/full
https://www.mdpi.com/1422-0067/21/24/9368
https://www.mdpi.com/1422-0067/21/24/9368
https://www.mdpi.com/1422-0067/21/24/9368
https://www.mdpi.com/1422-0067/24/3/2684
https://www.mdpi.com/1422-0067/24/3/2684
https://www.mdpi.com/1422-0067/24/3/2684
https://www.mdpi.com/1422-0067/24/3/2684
https://www.frontiersin.org/journals/endocrinology/articles/10.3389/fendo.2021.585887/full
https://www.frontiersin.org/journals/endocrinology/articles/10.3389/fendo.2021.585887/full
https://www.mdpi.com/2075-1729/14/7/856
https://www.mdpi.com/2075-1729/14/7/856
https://link.springer.com/article/10.1186/s12916-022-02672-y
https://link.springer.com/article/10.1186/s12916-022-02672-y
https://academic.oup.com/cardiovascres/article-abstract/113/9/1009/3952694
https://academic.oup.com/cardiovascres/article-abstract/113/9/1009/3952694
https://www.frontiersin.org/journals/cardiovascular-medicine/articles/10.3389/fcvm.2020.602088/full
https://www.frontiersin.org/journals/cardiovascular-medicine/articles/10.3389/fcvm.2020.602088/full
https://www.frontiersin.org/journals/cardiovascular-medicine/articles/10.3389/fcvm.2020.602088/full
https://www.sciencedirect.com/science/article/pii/S0006295221003397
https://www.sciencedirect.com/science/article/pii/S0006295221003397
https://www.frontiersin.org/articles/10.3389/fendo.2016.00030/full
https://www.frontiersin.org/articles/10.3389/fendo.2016.00030/full
https://www.frontiersin.org/journals/endocrinology/articles/10.3389/fendo.2020.00267/full
https://www.frontiersin.org/journals/endocrinology/articles/10.3389/fendo.2020.00267/full
https://www.frontiersin.org/journals/endocrinology/articles/10.3389/fendo.2020.00267/full
https://www.mdpi.com/2073-4409/13/5/380
https://www.mdpi.com/2073-4409/13/5/380
https://www.mdpi.com/2073-4409/13/5/380
https://www.mdpi.com/2073-4409/13/5/380
https://www.frontiersin.org/journals/endocrinology/articles/10.3389/fendo.2023.1232171/full
https://www.frontiersin.org/journals/endocrinology/articles/10.3389/fendo.2023.1232171/full
https://onlinelibrary.wiley.com/doi/full/10.1155/2022/2252516
https://onlinelibrary.wiley.com/doi/full/10.1155/2022/2252516
https://www.frontiersin.org/journals/cardiovascular-medicine/articles/10.3389/fcvm.2020.00022/full?ref=lavieensante.com
https://www.frontiersin.org/journals/cardiovascular-medicine/articles/10.3389/fcvm.2020.00022/full?ref=lavieensante.com
https://www.frontiersin.org/journals/cardiovascular-medicine/articles/10.3389/fcvm.2020.00022/full?ref=lavieensante.com
https://www.mdpi.com/2227-9059/11/5/1290
https://www.mdpi.com/2227-9059/11/5/1290
https://www.mdpi.com/1422-0067/23/23/14982
https://www.mdpi.com/1422-0067/23/23/14982
https://www.mdpi.com/2072-6643/12/9/2828
https://www.mdpi.com/2072-6643/12/9/2828
https://www.mdpi.com/2072-6643/12/9/2828
https://www.cell.com/heliyon/fulltext/S2405-8440(23)10322-7
https://www.cell.com/heliyon/fulltext/S2405-8440(23)10322-7
https://www.cell.com/heliyon/fulltext/S2405-8440(23)10322-7
https://journals.physiology.org/doi/full/10.1152/ajpcell.00379.2020
https://journals.physiology.org/doi/full/10.1152/ajpcell.00379.2020
https://onlinelibrary.wiley.com/doi/abs/10.1002/oby.21003
https://onlinelibrary.wiley.com/doi/abs/10.1002/oby.21003
https://academic.oup.com/function/article-abstract/1/2/zqaa013/5897030
https://academic.oup.com/function/article-abstract/1/2/zqaa013/5897030
https://academic.oup.com/function/article-abstract/1/2/zqaa013/5897030
https://academic.oup.com/function/article-abstract/1/2/zqaa013/5897030
https://www.nature.com/articles/s41598-017-00443-x
https://www.nature.com/articles/s41598-017-00443-x
https://onlinelibrary.wiley.com/doi/abs/10.1002/j.2040-4603.2019.tb00055.x
https://onlinelibrary.wiley.com/doi/abs/10.1002/j.2040-4603.2019.tb00055.x
https://onlinelibrary.wiley.com/doi/abs/10.1002/j.2040-4603.2019.tb00055.x
https://link.springer.com/article/10.1007/s11154-014-9306-8
https://link.springer.com/article/10.1007/s11154-014-9306-8
https://link.springer.com/article/10.1007/s11154-014-9306-8
https://link.springer.com/article/10.1186/s13102-022-00397-2

Journal of Drug and Alcohol Research

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72

F. Liu, J. He, H. Wang, D. Zhu, Y. Bi, et al. Adipose
morphology: A critical factor in regulation of hu-
man metabolic diseases and adipose tissue dysfunc-
tion, Obes Surg, 30(2020):5086-5100.

J.M. Rytka, S. Wueest, E.J. Schoenle, D. Konrad. The
portal theory supported by venous drainage-selective
fat transplantation. Diabetes, 60(2011):56-63.

M. Tanaka, H. Okada, Y. Hashimoto, M. Kumagai, H.
Nishimura, et al. Intraperitoneal, but not retroperitone-
al, visceral adipose tissue is associated with diabetes
mellitus: A cross-sectional, retrospective pilot analy-
sis, Diabetol Metab Syndr, 103(2020).

J. Abildgaard, T. Ploug, E. Al-Saoudi, T. Wagner, C.
Thomsen, et al. Changes in abdominal subcutane-
ous adipose tissue phenotype following menopause
is associated with increased visceral fat mass. Sci
Rep, 11(2021):14750.

Z. Wu, J. Xu, J. Tan, Y. Song, L. Liu, et al. Mesenteric
adipose tissue B lymphocytes promote local and he-
patic inflammation in non-alcoholic fatty liver disease
mice, J Cell Mol Med, 23(2019):3375-3385.

A. Sakers, M.K. De Siqueira, P. Seale, C.J. Villanueva.
Adipose-tissue plasticity in health and disease, Cell,
185(2022):419-446.

T.I. Rajjo, D.A. Harteneck, M.D. Jensen. Direct free
fatty acid storage in different sized adipocytes from the
same depot, Obesity (Silver Spring), 22(2014):1275-
1279.

S.Dhokte, K. Czaja. Visceral adipose tissue: The hidden
culprit for type 2 diabetes, Nutrients, 16(2024):1015.

S.E. Shoelson, J. Lee, A.B. Goldfine. Inflammation and
insulin resistance, J Clin Invest, 116(2006):1793-1801.

K. Makki, P. Froguel, I. Wolowczuk. Adipose tissue
in obesity-related inflammation and insulin resistance:
Cells, cytokines, and chemokines, ISRN Inflamm,
2013(2013):139239.

P.S. Patel, E.D. Buras, A. Balasubramanyam. The role
of the immune system in obesity and insulin resistance,
J Obes, 2013(2013):616193.

J.F. Tanti, F. Ceppo, J. Jager, F. Berthou. Implication of
inflammatory signaling pathways in obesity-induced
insulin resistance, Front Endocrinol, 3(2013):181.

W. Liang, Y. Qi, H. Yi, C. Mao, Q. Meng, et al. The
roles of adipose tissue macrophages in human disease,
Front Immunol, 13(2022):908749.

D. Thomas, C. Apovian. Macrophage functions in lean
and obese adipose tissue, Metabolism, 72(2017):120-143.

N. Dahdah, C. Tercero-Alcazar, M.M. Malagén, P.M.

73.

74.

75.

76.

71.

78.

79.

80.

81.

82.

83.

Garcia-Roves, R. Guzman-Ruiz, et al. Interrelation of
adipose tissue macrophages and fibrosis in obesity,
Biochem Pharmacol, 225(2024):116324.

D. Pan, G. Li, C. Jiang, J. Hu, X. Hu, et al. Regulatory
mechanisms of macrophage polarization in adipose tis-
sue, Front Immunol, 14(2023):1149366.

A.G. Oliveira, T.G. Araujo, B.M. Carvalho, D. Gua-
dagnini, G.Z. Rocha, et al. Acute exercise induces a
phenotypic switch in adipose tissue macrophage po-
larization in diet-induced obese rats, Obesity (Silver
Spring), 21(2013):2545-2556.

C.J. da Costa Fernandes, K.C. da Cruz Rodrigues,
D.G. de Melo, T.D.P. de Campos, R. Dos Santos Can-
ciglieri, et al. Short-term strength exercise reduces the
macrophage M1/M2 ratio in white adipose tissue of
obese animals, Life Sci, 329(2023):121916.

N.B. Hao, M.H. Lii, Y.H. Fan, Y.L. Cao, Z.R. Zhang,
et al. Macrophages in tumor microenvironments
and the progression of tumors, Clin Dev Immunol,
2012(2012):948098.

S. Climaco-Arvizu, O. Dominguez-Acosta, M.A.
Cabaiias-Cortés, M. Rodriguez-Sosa, F.J. Gonzalez,
et al. Aryl hydrocarbon receptor influences nitric ox-
ide and arginine production and alters M1/M2 macro-
phage polarization, Life Sci, 155(2016):76-84.

A. Viola, F. Munari, R. Sanchez-Rodriguez, T. Scolaro,
A. Castegna, et al. The metabolic signature of macro-
phage responses, Front Immunol, 10(2019):1462.

S. Guria, A. Hoory, S. Das, D. Chattopadhyay, S.
Mukherjee, et al. Adipose tissue macrophages and
their role in obesity-associated insulin resistance: An
overview of the complex dynamics at play, Biosci Rep,
43(2023):BSR20220200.

S. Russo, M. Kwiatkowski, N. Govorukhina, R. Bis-
choff, B.N. Melgert, et al. Meta-inflammation and met-
abolic reprogramming of macrophages in diabetes and
obesity: The importance of metabolites, Front Immu-
nol, 12(2021):746151.

A. Remmerie, C.L. Scott. Macrophages and lipid me-
tabolism, Cell Immunol, 330(2018):27-42.

S.K. Wculek, G. Dunphy, 1. Heras-Murillo, A. Mas-
trangelo, D. Sancho, et al. Metabolism of tissue mac-
rophages in homeostasis and pathology, Cell Mol Im-
munol, 19(2022):384-408.

L. Orliaguet, E. Dalmas, K. Drareni, N. Venteclef, F.
Alzaid, et al. Mechanisms of macrophage polarization
in insulin signaling and sensitivity, Front Endocrinol,
11(2020):62.

. M. Iovino, M. Colonval, C. Wilkin, L. L’homme, C.

Lassence, et al. Novel XBPls-independent function


https://www.sciencedirect.com/science/article/pii/S0006295224003071
https://www.sciencedirect.com/science/article/pii/S0006295224003071
https://www.frontiersin.org/journals/immunology/articles/10.3389/fimmu.2023.1149366/full
https://www.frontiersin.org/journals/immunology/articles/10.3389/fimmu.2023.1149366/full
https://www.frontiersin.org/journals/immunology/articles/10.3389/fimmu.2023.1149366/full
https://onlinelibrary.wiley.com/doi/full/10.1002/oby.20402
https://onlinelibrary.wiley.com/doi/full/10.1002/oby.20402
https://onlinelibrary.wiley.com/doi/full/10.1002/oby.20402
https://www.sciencedirect.com/science/article/pii/S0024320523005519
https://www.sciencedirect.com/science/article/pii/S0024320523005519
https://www.sciencedirect.com/science/article/pii/S0024320523005519
https://onlinelibrary.wiley.com/doi/full/10.1155/2012/948098
https://onlinelibrary.wiley.com/doi/full/10.1155/2012/948098
https://www.sciencedirect.com/science/article/pii/S0024320516302594
https://www.sciencedirect.com/science/article/pii/S0024320516302594
https://www.sciencedirect.com/science/article/pii/S0024320516302594
https://www.frontiersin.org/articles/10.3389/fimmu.2019.01462/full
https://www.frontiersin.org/articles/10.3389/fimmu.2019.01462/full
https://portlandpress.com/bioscirep/article-abstract/43/3/BSR20220200/232519
https://portlandpress.com/bioscirep/article-abstract/43/3/BSR20220200/232519
https://portlandpress.com/bioscirep/article-abstract/43/3/BSR20220200/232519
https://www.frontiersin.org/articles/10.3389/fimmu.2021.746151/full
https://www.frontiersin.org/articles/10.3389/fimmu.2021.746151/full
https://www.frontiersin.org/articles/10.3389/fimmu.2021.746151/full
https://www.sciencedirect.com/science/article/pii/S0008874918300327
https://www.sciencedirect.com/science/article/pii/S0008874918300327
https://www.nature.com/articles/s41423-021-00791-9
https://www.nature.com/articles/s41423-021-00791-9
https://www.frontiersin.org/articles/10.3389/fendo.2020.00062/full
https://www.frontiersin.org/articles/10.3389/fendo.2020.00062/full
https://www.frontiersin.org/journals/immunology/articles/10.3389/fimmu.2023.1204126/full
https://link.springer.com/article/10.1007/s11695-020-04983-6
https://link.springer.com/article/10.1007/s11695-020-04983-6
https://link.springer.com/article/10.1007/s11695-020-04983-6
https://link.springer.com/article/10.1007/s11695-020-04983-6
https://diabetesjournals.org/diabetes/article-abstract/60/1/56/15089
https://diabetesjournals.org/diabetes/article-abstract/60/1/56/15089
https://diabetesjournals.org/diabetes/article-abstract/60/1/56/15089
https://link.springer.com/article/10.1186/s13098-020-00612-5
https://link.springer.com/article/10.1186/s13098-020-00612-5
https://link.springer.com/article/10.1186/s13098-020-00612-5
https://link.springer.com/article/10.1186/s13098-020-00612-5
https://www.nature.com/articles/s41598-021-94189-2
https://www.nature.com/articles/s41598-021-94189-2
https://www.nature.com/articles/s41598-021-94189-2
https://onlinelibrary.wiley.com/doi/full/10.1111/jcmm.14232
https://onlinelibrary.wiley.com/doi/full/10.1111/jcmm.14232
https://onlinelibrary.wiley.com/doi/full/10.1111/jcmm.14232
https://onlinelibrary.wiley.com/doi/full/10.1111/jcmm.14232
https://www.cell.com/cell/fulltext/S0092-8674(21)01454-9
https://onlinelibrary.wiley.com/doi/abs/10.1002/oby.20673
https://onlinelibrary.wiley.com/doi/abs/10.1002/oby.20673
https://onlinelibrary.wiley.com/doi/abs/10.1002/oby.20673
https://www.mdpi.com/2072-6643/16/7/1015
https://www.mdpi.com/2072-6643/16/7/1015
https://www.jci.org/articles/view/29069.html
https://www.jci.org/articles/view/29069.html
https://onlinelibrary.wiley.com/doi/full/10.1155/2013/139239
https://onlinelibrary.wiley.com/doi/full/10.1155/2013/139239
https://onlinelibrary.wiley.com/doi/full/10.1155/2013/139239
https://onlinelibrary.wiley.com/doi/full/10.1155/2013/616193
https://onlinelibrary.wiley.com/doi/full/10.1155/2013/616193
https://www.frontiersin.org/journals/endocrinology/articles/10.3389/fendo.2012.00181/full
https://www.frontiersin.org/journals/endocrinology/articles/10.3389/fendo.2012.00181/full
https://www.frontiersin.org/journals/endocrinology/articles/10.3389/fendo.2012.00181/full
https://www.frontiersin.org/journals/immunology/articles/10.3389/fimmu.2022.908749/full
https://www.frontiersin.org/journals/immunology/articles/10.3389/fimmu.2022.908749/full
https://www.sciencedirect.com/science/article/pii/S0026049517301130
https://www.sciencedirect.com/science/article/pii/S0026049517301130

Journal of Drug and Alcohol Research

85.

86.

87.

88.

89.

90.

91.

92.

93.

94.

95.

96.

97.

of IRE1 RNase in HIF-lo-mediated glycolysis up-
regulation in human macrophages upon stimulation
with LPS or saturated fatty acid, Front Immunol,
14(2023):1204126.

B. Thapa, K. Lee. Metabolic influence on macro-
phage polarization and pathogenesis, BMB Rep,
52(2019):360-372.

S.A. Hobson-Gutierrez, C. Carmona-Fontaine. The
metabolic axis of macrophage and immune cell polar-
ization, Dis Model Mech, 11(2018):dmm034462.

S.K. Wculek, G. Dunphy, I. Heras-Murillo, A. Mas-
trangelo, D. Sancho. Metabolism of tissue macro-
phages in homeostasis and pathology, Cell Mol Immu-
nol, 19(2022):384-408.

J.H. Kahn, A. Goddi, A. Sharma, J. Heiman, A. Car-
mona, et al. SMRT regulates metabolic homeostasis
and adipose tissue macrophage phenotypes in tandem,
Endocrinology, 161(2020):bgaal32.

M. Kratz, B.R. Coats, K.B. Hisert, D. Hagman, V.
Mutskov, et al. Metabolic dysfunction drives a mecha-
nistically distinct proinflammatory phenotype in adipose
tissue macrophages, Cell Metab, 20(2014):614-625.

Y. Li, K. Yun, R. Mu. A review on the biology and
properties of adipose tissue macrophages involved in
adipose tissue physiological and pathophysiological
processes, Lipids Health Dis, 19(2020):164.

K. Rehman, M.S.H. Akash. Mechanisms of inflamma-
tory responses and development of insulin resistance:
How are they interlinked? J Biomed Sci, 23(2016):87.

W. Ying, W. Fu, Y.S. Lee, J.M. Olefsky. The role of
macrophages in obesity-associated islet inflamma-
tion and PB-cell abnormalities, Nat Rev Endocrinol,
16(2020):81-90.

S. Tsalamandris, A.S. Antonopoulos, E. Oikonomou,
G.A. Papamikroulis, G. Vogiatzi, et al. The role of in-
flammation in diabetes: Current concepts and future
perspectives, Eur Cardiol, 14(2019):50-59.

Z.G. Gao, J.P. Ye. Why do anti-inflammatory therapies
fail to improve insulin sensitivity? Acta Pharmacol
Sin, 33(2012):182-188.

Y. Tong, S. Xu, L. Huang, C. Chen. Obesity and insulin
resistance: Pathophysiology and treatment, Drug Dis-
cov Today, 27(2022):822-830.

A.B. Goldfine, S.E. Shoelson. Therapeutic approaches
targeting inflammation for diabetes and associated car-
diovascular risk, J Clin Invest, 127(2017):83-93.

T.V. Velikova, P.P. Kabakchieva, Y.S. Assyov,
T.A. Georgiev. Targeting inflammatory cytokines
to improve type 2 diabetes control, Biomed Res

Int, 2021(2021):7297419.

98. A. Kurylowicz, K. Kozniewski. Anti-Inflammatory
strategies targeting Metaflammation in type 2 diabe-
tes, Molecules (Basel, Switzerland), 25(2020):2224.

99. A.B. Goldfine, V. Fonseca, K.A. Jablonski, Y.D.I.
Chen, L. Tipton, M.A. et al. Salicylate (salsalate) in
patients with type 2 diabetes: A randomized trial, Ann
Intern Med, 159(2013):1-12.

100.A.B. Goldfine, V. Fonseca, K.A. Jablonski, L. Pyle,
M.A. Staten, et al. The effects of salsalate on glycemic
control in patients with type 2 diabetes: A randomized
trial, Ann Intern Med, 152(210):346-357.

101.N. Salastekar, T. Desai, T. Hauser, E.J. Schaefer, K.
Fowler, et al. Salsalate improves glycaemia in over-
weight persons with diabetes risk factors of stable
statin-treated cardiovascular disease: A 30-month ran-
domized placebo-controlled trial, Diabetes Obes Me-
tab, 19(10):1458-1462.

102.J. Kim, J. Lee. Role of obesity-induced inflammation
in the development of insulin resistance and type 2
diabetes: History of the research and remaining ques-
tions, Ann Pediatr Endocrinol Metab, 26(2021):1-13.

103.M.F. McCarty. AMPK activation--protean potential
for boosting healthspan, Age (Dordrecht, Nether-
lands), 36(2014):641-663.

104.A K. Aladhami, C.A. Unger, S.L. Ennis, D. Altomare,
H. Ji, et al. Macrophage tumor necrosis factor-alpha
deletion does not protect against obesity-associated
metabolic dysfunction, FASEB J, 35(2021):e21665.

105.T.C. Wascher, J.H.N. Lindeman, H. Sourij, T. Koois-
tra, G. Pacini, et al. Chronic TNF-a neutralization does
not improve insulin resistance or endothelial func-
tion in “healthy” men with metabolic syndrome, Mol
Med, 17(2011):189-193.

106.C.Y. Han, X.M. Ye, J.P. Lu, H.Y. Jin, W.W. Xu, et
al. Exogenous insulin antibody syndrome in pa-
tients with type 2 diabetes, Diabetes Metab Syndr
Obes, 16(2023):1895-1902.

107.X. Wen, B. Zhang, B. Wu, H. Xiao, Z. Li, et al. Signal-
ing pathways in obesity: Mechanisms and therapeutic
interventions, Sig Transduct Target Ther, 7(2022):298.

108.T.V. Rohm, D.T. Meier, J.M. Olefsky, M.Y. Donath.
Inflammation in obesity, diabetes, and related disor-
ders, Immunity, 55(2022):31-55.

109.H. Alfadul, S. Sabico, N.M. Al-Daghri. The role of in-
terleukin-1f in type 2 diabetes mellitus: A systematic
review and meta-analysis, Front Endocrinol (Laus-
anne), 13,901616.

110.X. Chen, D. Zhang, Y. Li, W. Wang, W. Bei, et al.


https://www.mdpi.com/1420-3049/25/9/2224
https://www.mdpi.com/1420-3049/25/9/2224
https://www.mdpi.com/1420-3049/25/9/2224
https://www.acpjournals.org/doi/10.7326/0003-4819-159-1-201307020-00003
https://www.acpjournals.org/doi/10.7326/0003-4819-159-1-201307020-00003
https://www.acpjournals.org/doi/10.7326/0003-4819-152-6-201003160-00004
https://www.acpjournals.org/doi/10.7326/0003-4819-152-6-201003160-00004
https://www.acpjournals.org/doi/10.7326/0003-4819-152-6-201003160-00004
https://dom-pubs.pericles-prod.literatumonline.com/doi/10.1111/dom.12940
https://dom-pubs.pericles-prod.literatumonline.com/doi/10.1111/dom.12940
https://dom-pubs.pericles-prod.literatumonline.com/doi/10.1111/dom.12940
https://dom-pubs.pericles-prod.literatumonline.com/doi/10.1111/dom.12940
https://e-apem.org/journal/view.php?doi=10.6065/apem.2040188.094
https://e-apem.org/journal/view.php?doi=10.6065/apem.2040188.094
https://e-apem.org/journal/view.php?doi=10.6065/apem.2040188.094
https://e-apem.org/journal/view.php?doi=10.6065/apem.2040188.094
https://link.springer.com/article/10.1007/s11357-013-9595-y
https://link.springer.com/article/10.1007/s11357-013-9595-y
https://faseb.onlinelibrary.wiley.com/doi/10.1096/fj.202100543RR
https://faseb.onlinelibrary.wiley.com/doi/10.1096/fj.202100543RR
https://faseb.onlinelibrary.wiley.com/doi/10.1096/fj.202100543RR
https://molmed.biomedcentral.com/articles/10.2119/molmed.2010.00221
https://molmed.biomedcentral.com/articles/10.2119/molmed.2010.00221
https://molmed.biomedcentral.com/articles/10.2119/molmed.2010.00221
https://www.dovepress.com/exogenous-insulin-antibody-syndrome-in-patients-with-type-2-diabetes-peer-reviewed-fulltext-article-DMSO
https://www.dovepress.com/exogenous-insulin-antibody-syndrome-in-patients-with-type-2-diabetes-peer-reviewed-fulltext-article-DMSO
https://www.nature.com/articles/s41392-022-01149-x
https://www.nature.com/articles/s41392-022-01149-x
https://www.nature.com/articles/s41392-022-01149-x
https://www.cell.com/immunity/fulltext/S1074-7613(21)00549-5?_returnURL=https%3A%2F%2Flinkinghub.elsevier.com%2Fretrieve%2Fpii%2FS1074761321005495%3Fshowall%3Dtrue
https://www.cell.com/immunity/fulltext/S1074-7613(21)00549-5?_returnURL=https%3A%2F%2Flinkinghub.elsevier.com%2Fretrieve%2Fpii%2FS1074761321005495%3Fshowall%3Dtrue
https://www.frontiersin.org/journals/endocrinology/articles/10.3389/fendo.2022.901616/full
https://www.frontiersin.org/journals/endocrinology/articles/10.3389/fendo.2022.901616/full
https://www.frontiersin.org/journals/endocrinology/articles/10.3389/fendo.2022.901616/full
https://www.frontiersin.org/journals/immunology/articles/10.3389/fimmu.2023.1204126/full
https://www.frontiersin.org/journals/immunology/articles/10.3389/fimmu.2023.1204126/full
https://www.frontiersin.org/journals/immunology/articles/10.3389/fimmu.2023.1204126/full
https://pmc.ncbi.nlm.nih.gov/articles/PMC6605523/
https://pmc.ncbi.nlm.nih.gov/articles/PMC6605523/
https://journals.biologists.com/dmm/article-abstract/11/8/dmm034462/2632
https://journals.biologists.com/dmm/article-abstract/11/8/dmm034462/2632
https://journals.biologists.com/dmm/article-abstract/11/8/dmm034462/2632
https://www.nature.com/articles/s41423-021-00791-9
https://www.nature.com/articles/s41423-021-00791-9
https://academic.oup.com/endo/article-abstract/161/10/bqaa132/5889974
https://academic.oup.com/endo/article-abstract/161/10/bqaa132/5889974
https://www.cell.com/cell-metabolism/fulltext/S1550-4131(14)00376-3
https://www.cell.com/cell-metabolism/fulltext/S1550-4131(14)00376-3
https://www.cell.com/cell-metabolism/fulltext/S1550-4131(14)00376-3
https://link.springer.com/article/10.1186/s12944-020-01342-3
https://link.springer.com/article/10.1186/s12944-020-01342-3
https://link.springer.com/article/10.1186/s12944-020-01342-3
https://link.springer.com/article/10.1186/s12944-020-01342-3
https://link.springer.com/article/10.1186/S12929-016-0303-Y
https://link.springer.com/article/10.1186/S12929-016-0303-Y
https://link.springer.com/article/10.1186/S12929-016-0303-Y
https://www.nature.com/articles/s41574-019-0286-3
https://www.nature.com/articles/s41574-019-0286-3
https://www.nature.com/articles/s41574-019-0286-3
https://pmc.ncbi.nlm.nih.gov/articles/PMC6523054/
https://pmc.ncbi.nlm.nih.gov/articles/PMC6523054/
https://pmc.ncbi.nlm.nih.gov/articles/PMC6523054/
https://www.nature.com/articles/aps2011131
https://www.nature.com/articles/aps2011131
https://www.sciencedirect.com/science/article/abs/pii/S1359644621004797
https://www.sciencedirect.com/science/article/abs/pii/S1359644621004797
https://www.jci.org/articles/view/88884
https://www.jci.org/articles/view/88884
https://www.jci.org/articles/view/88884
https://onlinelibrary.wiley.com/doi/10.1155/2021/7297419
https://onlinelibrary.wiley.com/doi/10.1155/2021/7297419

10

Journal of Drug and Alcohol Research

NLRP3 inflammasome and IL-1p pathway in type 2
diabetes and atherosclerosis: Friend or foe? Pharmacol
Res, 173(2021):105885.

111.K. Luotola. IL-1 Receptor antagonist (IL-1Ra) lev-
els and management of metabolic disorder, Nutri-
ents, 14(2022):3422.

112.N. Kaneko, M. Kurata, T. Yamamoto, S. Morikawa, J.
Masumoto. The role of interleukin-1 in general pathol-
ogy. Inflamm Regen, 39(2019):12.

113.M.Y. Donath, D.T. Meier, M. Boni-Schnetzler. In-
flammation in the pathophysiology and therapy of
cardiometabolic disease, Endocr Rev, 40(2019):1080-
1091.

114.P. Ruscitti, O. Berardicurti, P. Cipriani, R. Giacomelli.
Benefits of anakinra versus TNF inhibitors in rheuma-
toid arthritis and type 2 diabetes: Long-term findings
from participants furtherly followed-up in the TRACK
study, a multicentre, open-label, randomised, con-
trolled trial, Clin Exp Rheumatol, 39(2021):403-406.

115.C. Di Muzio, P. Cipriani, P. Ruscitti. Rheumatoid ar-
thritis treatment options and type 2 diabetes: Unravel-
ling the association, BioDrugs, 36(2022):673-685.

116.P. Ruscitti, F. Masedu, S. Alvaro, P. Airo, N. Battafara-
no, et al. Anti-interleukin-1 treatment in patients with
rheumatoid arthritis and type 2 diabetes (TRACK):
A multicentre, open-label, randomised controlled tri-
al, PLoS medicine, 16(2019):¢1002901.

117.P. Ruscitti, P. Cipriani, L. Cantarini, V. Liakouli, A. Vi-
tale, et al. Efficacy of inhibition of IL-1 in patients with
rheumatoid arthritis and type 2 diabetes mellitus: Two
case reports and review of the literature, ] Med Case
Rep, 9(2015):123.

118.D. Wei, X. Tian, Z. Ren, Z. Liu, C. Sun, et al. Mecha-
nistic insights into the role of USP14 in adipose tissue
macrophage recruitment and insulin resistance in obe-
sity. Int J Biol Macromo, 267(2024):131645.

119. A Castoldi, C. Naffah de Souza, N.O.S. Camara, P.M.
Moraes-Vieira. The macrophage switch in obesity de-
velopment, Front Immunol, 6(2016):637.

120.L. Russo, C.N. Lumeng. Properties and functions of
adipose tissue macrophages in obesity, Immunolo-
gy, 155(2018):407-417.

121.V. Kothari, J.A. Galdo, S.T. Mathews. Hypoglycemic
agents and potential anti-inflammatory activity, J In-
flamm Res, 9(2016): 27-38.

122.S.A. Antar, N.A. Ashour, M. Sharaky, M. Khattab,
N.A. Ashour, et al. Diabetes mellitus: Classification,
mediators, and complications; A gate to identify po-
tential targets for the development of new effective
treatments, Biomed Pharmacother, 168(2023):115734.

123.G. Rena, D.G. Hardie, E.R. Pearson. The mechanisms
of action of metformin, Diabetologia, 60(2017):1577-
1585.

124.S. Dutta, R.B. Shah, S. Singhal, S.B. Dutta, S. Bansal,
et al. Metformin: A review of potential mechanism and
therapeutic utility beyond diabetes, Drug Des Devel
Ther, 17(2023):1907-1932.

125.M. Foretz, B. Guigas, B. Viollet. Metformin: Update
on mechanisms of action and repurposing poten-
tial, Nat Rev Endocrinol, 19(2023):460-476.

126.1. Nojima, J. Wada. Metformin and its immune-me-
diated effects in wvarious diseases, Int J Mol
Sci, 24(2023):755.

127.H. Lin, H. Ao, G. Guo, M. Liu. The role and mech-
anism of metformin in inflammatory diseases, J In-
flamm Res, 16(2023):5545-5564.

128.F. Ursini, E. Russo, G. Pellino, S. D’Angelo, A. Chi-
aravalloti, et al. Metformin and autoimmunity: A “new
deal” of an old drug, Front Immunol, 9(2018):1236.

129.Y. Zhang, H. Wang, H. Xiao. Metformin actions on the
liver: Protection mechanisms emerging in hepatocytes
and immune cells against NASH-Related HCC, Int J
Mol Sci, 22(2021):5016.

130.Y. Zhang, F. Zhou, J. Guan, L. Zhou, B. Chen, et al.
Action mechanism of metformin and its application in
hematological malignancy treatments: A review, Bio-
molecules, 13(2023):250.

131.R. Chen, J. Yan, P. Liu, Z. Wang. Effects of thiazo-
lidinedione therapy on inflammatory markers of type
2 diabetes: A meta-analysis of randomized controlled
trials, PloS one, 10(2015):e0123703.

132.Y. Bu, M. Peng, X. Tang, X. Xu, Y. Wu, et al. Protec-
tive effects of metformin in various cardiovascular dis-
eases: Clinical evidence and AMPK-dependent mech-
anisms, J Cell Mol Med, 26(2022):4886-4903.

133.C. Formichi, D. Fignani, L. Nigi, GE. Grieco, N. Brus-
co, et al. Circulating microRNAs signature for predict-
ing response to GLP1-RA therapy in type 2 diabetic
patients: A pilot study. Int J Mol Sci, 22(2021):9454.

134.A. Wesolowska-Andersen, C.A. Brorsson, R. Bizzotto,
A. Mari, A. Tura, et al. Four groups of type 2 diabetes
contribute to the etiological and clinical heterogene-
ity in newly diagnosed individuals: An IMI DIRECT
study, Cell Rep Med, 3(2022):100477.

135.S. Singh, M. Kriti, D.K. Sarma, V. Verma, R. Nagpal,
et al. Deciphering the complex interplay of risk fac-
tors in type 2 diabetes mellitus: A comprehensive re-
view, Metabol Open, 22(2024):100287.


https://link.springer.com/article/10.1007/S00125-017-4342-Z
https://link.springer.com/article/10.1007/S00125-017-4342-Z
https://www.tandfonline.com/doi/full/10.2147/DDDT.S409373
https://www.tandfonline.com/doi/full/10.2147/DDDT.S409373
https://www.nature.com/articles/s41574-023-00833-4
https://www.nature.com/articles/s41574-023-00833-4
https://www.nature.com/articles/s41574-023-00833-4
https://www.mdpi.com/1422-0067/24/1/755
https://www.mdpi.com/1422-0067/24/1/755
https://www.tandfonline.com/doi/full/10.2147/JIR.S436147
https://www.tandfonline.com/doi/full/10.2147/JIR.S436147
https://www.frontiersin.org/journals/immunology/articles/10.3389/fimmu.2018.01236/full
https://www.frontiersin.org/journals/immunology/articles/10.3389/fimmu.2018.01236/full
https://www.mdpi.com/1422-0067/22/9/5016
https://www.mdpi.com/1422-0067/22/9/5016
https://www.mdpi.com/1422-0067/22/9/5016
https://www.mdpi.com/2218-273X/13/2/250
https://www.mdpi.com/2218-273X/13/2/250
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0123703
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0123703
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0123703
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0123703
https://onlinelibrary.wiley.com/doi/full/10.1111/jcmm.17519
https://onlinelibrary.wiley.com/doi/full/10.1111/jcmm.17519
https://onlinelibrary.wiley.com/doi/full/10.1111/jcmm.17519
https://onlinelibrary.wiley.com/doi/full/10.1111/jcmm.17519
https://www.mdpi.com/1422-0067/22/17/9454
https://www.mdpi.com/1422-0067/22/17/9454
https://www.mdpi.com/1422-0067/22/17/9454
https://www.cell.com/cell-reports-medicine/fulltext/S2666-3791(21)00349-9?trk=public_post_main-feed-card_feed-article-content
https://www.cell.com/cell-reports-medicine/fulltext/S2666-3791(21)00349-9?trk=public_post_main-feed-card_feed-article-content
https://www.cell.com/cell-reports-medicine/fulltext/S2666-3791(21)00349-9?trk=public_post_main-feed-card_feed-article-content
https://www.cell.com/cell-reports-medicine/fulltext/S2666-3791(21)00349-9?trk=public_post_main-feed-card_feed-article-content
https://www.sciencedirect.com/science/article/pii/S2589936824000197
https://www.sciencedirect.com/science/article/pii/S2589936824000197
https://www.sciencedirect.com/science/article/pii/S2589936824000197
file://cpu-graphic/New-Data/%23_Bhaskar_Graphic/Ashdin/JDAR/JDAR%20Vol-14%20Iss-06/JDAR%20Vol-14%20Iss-05%20JDAR-25-170479/Content/linkinghub.elsevier.com/retrieve/pii/S1043661821004692
file://cpu-graphic/New-Data/%23_Bhaskar_Graphic/Ashdin/JDAR/JDAR%20Vol-14%20Iss-06/JDAR%20Vol-14%20Iss-05%20JDAR-25-170479/Content/linkinghub.elsevier.com/retrieve/pii/S1043661821004692
https://www.mdpi.com/2072-6643/14/16/3422
https://www.mdpi.com/2072-6643/14/16/3422
https://inflammregen.biomedcentral.com/articles/10.1186/s41232-019-0101-5
https://inflammregen.biomedcentral.com/articles/10.1186/s41232-019-0101-5
https://academic.oup.com/edrv/article/40/4/1080/5479343?login=false
https://academic.oup.com/edrv/article/40/4/1080/5479343?login=false
https://academic.oup.com/edrv/article/40/4/1080/5479343?login=false
https://www.clinexprheumatol.org/article.asp?a=16350
https://www.clinexprheumatol.org/article.asp?a=16350
https://www.clinexprheumatol.org/article.asp?a=16350
https://www.clinexprheumatol.org/article.asp?a=16350
https://www.clinexprheumatol.org/article.asp?a=16350
https://pmc.ncbi.nlm.nih.gov/articles/PMC9649512/
https://pmc.ncbi.nlm.nih.gov/articles/PMC9649512/
https://pmc.ncbi.nlm.nih.gov/articles/PMC9649512/
https://journals.plos.org/plosmedicine/article?id=10.1371/journal.pmed.1002901
https://journals.plos.org/plosmedicine/article?id=10.1371/journal.pmed.1002901
https://journals.plos.org/plosmedicine/article?id=10.1371/journal.pmed.1002901
https://journals.plos.org/plosmedicine/article?id=10.1371/journal.pmed.1002901
https://link.springer.com/article/10.1186/s13256-015-0603-y
https://link.springer.com/article/10.1186/s13256-015-0603-y
https://link.springer.com/article/10.1186/s13256-015-0603-y
https://www.sciencedirect.com/science/article/pii/S0141813024024504
https://www.sciencedirect.com/science/article/pii/S0141813024024504
https://www.sciencedirect.com/science/article/pii/S0141813024024504
https://www.sciencedirect.com/science/article/pii/S0141813024024504
https://www.frontiersin.org/journals/immunology/articles/10.3389/fimmu.2015.00637/full
https://www.frontiersin.org/journals/immunology/articles/10.3389/fimmu.2015.00637/full
https://onlinelibrary.wiley.com/doi/full/10.1111/imm.13002
https://onlinelibrary.wiley.com/doi/full/10.1111/imm.13002
https://www.tandfonline.com/doi/full/10.2147/JIR.S86917
https://www.tandfonline.com/doi/full/10.2147/JIR.S86917
https://www.sciencedirect.com/science/article/pii/S0753332223015329
https://www.sciencedirect.com/science/article/pii/S0753332223015329
https://www.sciencedirect.com/science/article/pii/S0753332223015329
https://www.sciencedirect.com/science/article/pii/S0753332223015329

