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Abstract: Introduction: Insulin resistance is a common condition affecting thousands of people
worldwide. This paper aims to examine the mechanisms underlying insulin resistance among people
suffering from obesity. Methods and Design: This study entailed identifying articles related to
insulin resistance and obesity. The publications were obtained using different electronic databases,
including PubMed, EBSCO, and LILACS. The search terms included “insulin”, “resistance”, “obesity”,
and “mechanisms”. Boolean operators were used to combine terms and phrases. Results: Insulin
resistance is a physiological condition characterized by the impaired action of insulin in the body. The
association between obesity and insulin resistance is linked to inflammatory, neural, and endocrine
pathways that affect the sensitivity of organs to the level of insulin in the body. Discussion: Molecular
studies have helped discover some of the fundamental mechanisms leading to the development of
insulin resistance. Further investigations are needed to enhance our understanding of the connections
among the inflammatory, neural, and cellular processes underlying the association between insulin
resistance and obesity. Conclusion: This study revealed that a complex correlation exists between
insulin resistance and obesity. This relationship involves a wide range of inflammatory, neural, and
endocrine processes.
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1. Introduction

Insulin resistance is one of the leading health complications faced by caregivers treating
patients with conditions such as diabetes and obesity. Under normal circumstances, insulin
functions by reducing the level of blood glucose to maintain optimal cellular functions.
This process entails the induction of glucose uptake by tissues that are sensitive to insulin,
such as the heart and skeletal muscles [1]. Here, the development of insulin resistance
in the context of obesity is to be investigated. Therefore, we here want to summarize the
mechanisms described in the literature that are leading to insulin resistance in people
with obesity.

In some cases, organs develop resistance to insulin, which is a condition that affects
normal cellular functions [2]. In such instances, the tissues and cells that are sensitive to
insulin do not respond to its levels and concentration in the body [2,3]. This condition may
lead to hyperglycemia, hyperinsulinemia, high levels of glycosylated hemoglobin (HbA1lc),
hyperlipidemia, and postprandial hyperglycemia [3]. In most cases, insulin resistance has
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beta-cells compensate for the prevailing insulin resistance by robustly producing more
insulin [4].

Evidence from previous research has associated insulin function and resistance with
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mitochondprial function, the production of fatty acids, inflammation, and cell proliferation
rates [5,6]. Over the years, attempts have been made to identify the mechanisms of insulin
resistance and related complications in humans to gain an understanding of the possible
causes of the problem [6,7]. Furthermore, the outcomes of such studies have been used as a
basis for developing therapies that can assist in improving the health of patients suffering
from conditions such as diabetes [5-7]. The aim of this paper is to examine the mechanisms
underlying insulin resistance among people suffering from obesity.

Normal Insulin Function

Insulin is a critical hormone in the body that regulates glucose levels. Insulin is
a chemical messenger that enables cells to absorb sugar, which is a process that helps
provide the energy needed for various bodily functions [4]. Insulin is produced in the
pancreas, where it is secreted depending on the energy requirements and glucose levels in
the body [5,6]. If the insulin levels are too high or too low, excessive or low sugar levels are
present in the blood, respectively. Researchers concur that glucose is the primary stimulus
for insulin secretion in a healthy person. However, other hormones, macronutrients,
and humoral factors may influence the insulin response and action. In a basal state, the
B cells in the pancreas are capable of producing approximately 0.25-1.5 insulin units
per hour [5]. This insulin helps prevent controlled triglyceride hydrolysis and regulates
gluconeogenesis [6,7]. If exogenous energy is abundant, insulin signals adipose tissues
to suppress the process of fat breakdown. In muscle cells, the energy abundance leads to
glycogen synthesis and storage [5]. Considering these factors, it is apparent that insulin
can promote lipid and glycogen synthesis and suppress the processes of lipolysis and
gluconeogenesis, depending on the energy demands in the body [5-7]. If the amino acid
levels are sufficient, insulin remains in an anabolic state in the muscles.

2. Methodology

This study entailed the identification of articles investigating insulin resistance and
obesity. The sources were obtained from PubMed, LILACS, and EBSCO using identical
strategies and terms, including “insulin”, “resistance”, “obesity”, and “mechanisms”.
Boolean operators were used to combine the terms and phrases. The search was limited
to original research studies and articles related to insulin resistance published in English
between 2008 and 2023. Other records were obtained by studying the bibliographies of the
identified reports. The abstracts of the identified sources were carefully examined to assess
their relevance to the present study. Records that met the inclusion criteria were subjected
to a full-text review, which entailed assessing the credibility of the authors, objectives,
methodologies, results, discussions, conclusions, and limitations of each study. For the
search algorithm see Figure 1.

At the end of the search process, a wide range of sources with different methodologies
were included in the final list. The findings of the studies were used as the basis for
examining the mechanisms underlying insulin resistance among obese patients.

Recently, researchers and experts have engaged in studying different factors that
may affect insulin resistance by examining how insulin resistance influences processes
in the muscles, liver, and adipose tissues [7]. In addition, researchers have used diverse
methodologies that provide high-quality information regarding the possible pathways
associated with insulin resistance. In such studies, the objective is to generate data that can
help researchers, experts, and practitioners understand and address insulin resistance [8].
Furthermore, this information is intended to aid in the discovery of new approaches to
managing complications. For the normal insulin function see Figure 2.
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Figure 1. Prisma flow diagram.

2.1. Arteriosclerosis in Obesity and Diabetes

In many cases, patients with diabetes also suffer from arteriosclerosis, and the same
is the case with patients with obesity. In many cases, patients with obesity also suffer
from arteriosclerosis. Because of these two connections, we have also investigated the
cross-connection between obesity, diabetes, and arteriosclerosis here.

Researchers have discovered that a significant association exists between arteriosclero-
sis, obesity, and diabetes. Arteriosclerosis is a condition characterized by the building up
of cholesterol plaques in the arterial walls, leading to the obstruction of blood flow [7]. In
some cases, the plaques may rupture and cause acute occlusion in the arteries. Experts and
researchers believe that arteriosclerosis occurs when too much cholesterol clogs the arteries,
leading to the formation of plaques [7]. Over time, the vessels may become completely
blocked, leading to further cardiovascular problems such as stroke and heart attack. Recent
studies have shown that millions of patients suffering from diabetes may also be at risk of
developing arteriosclerosis [7]. This correlation is based on the fact that diabetes is char-
acterized by the inability to effectively control blood sugar levels. In such cases, diabetic
patients may also be at risk of developing atherosclerosis-related inflammation.
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Figure 2. Normal insulin function. Rising amounts of blood glucose are leading to increased insulin

levels. This way is shown in the upper part of the figure. On the other hand low amounts of blood
glucose are leading to increased glucagon levels and to gluconeogenesis and to glycogenolysis. This
way is shown in the lower part of the figure.

In non-diabetic individuals, the fast flow of blood into vessels triggers the release
of extracellular signal-regulated kinase 5 (ERK-5). ERK-5 is an enzyme that can signal
and promote the synthesis of endothelial nitric oxide synthase (eNOS), leading to the
production of NO and dilation of the blood vessels [7,8]. Moreover, ERK-5 can activate
peroxisome proliferator-activated receptor-g (PPARg) and Kruppel-like factor 2 (KLF2).
In patients with diabetes, it is believed that blood flow may be compromised through
interference with the ERK-5 production and signaling process [8]. The actual mechanism by
which these changes occur remains unclear. However, research indicates that the inability
of the body to regulate blood sugar levels may increase the production of free radicals and
reactive molecules that can compromise the functioning of cells, causing apoptosis [7,8]. In
addition, such a state can reduce nitric oxide availability, which can affect the relaxation of
the blood vessels.

2.2. Inflammatory Mechanisms of Insulin Resistance

One of the areas that researchers have concentrated on to explore the issue of insulin
resistance and obesity is the role of inflammation as a possible cause [9]. Evidence from
previous studies shows that both acute and chronic inflammation in people with obesity can
lead to different complications, such as hypertension, asthma, and type 2 diabetes [10,11].
In addition, inflammation is considered a critical physiological process associated with an
increased level of pro-inflammatory cytokines and white blood cells in the body [10]. This
condition is also central to vital processes such as the repair of tissues and the healing of
wounds. Akash et al. noted that in patients suffering from obesity, inflammation occurs as
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a result of the presence of pro-inflammatory cytokines and macrophages in body systems
and tissues [12]. The authors added that the effect of these changes can be either positive or
negative, depending on the extent to which they affect the main body functions, such as
the circulation of blood. Furthermore, the identification of inflammatory biomarkers and
factors in patients with obesity has enhanced our understanding of how the problem of
insulin resistance emerges and develops over time [12].

Furthermore, the prime causes of increased systemic and tissue inflammation in obese
patients are the following: An excess of saturated fatty acids in obesity can stimulate TLR4-
mediated inflammation. Additionally, there are also some hepatokines and adipokines that
are produced in excess in obesity and cause insulin resistance by stimulating inflammation.

The inhibition of the insulin signaling process is among the main effects of inflam-
mation in patients with obesity. Researchers have generated evidence suggesting that
inflammation can cause insulin resistance by inhibiting insulin receptor substrate 1 (IRS-1)
in the signaling pathways in adipose and muscle tissues [13—15]. In ordinary cases, IRS-1
receives specific signals from insulin receptors depending on the actions to be undertaken
by the insulin-sensitive tissues, such as muscles and cells [14,15]. The inhibition of the
function of IRS-1 by pro-inflammatory cytokines leads to the development of resistance
against changes in insulin levels in the body [16]. In other instances, the inhibitory effect
is related to the function of peroxisome proliferator-activated receptor gamma (PPARYy),
which is a nuclear receptor that aids and drives the process of fat storage and the synthesis
of lipids in adipose tissue [15]. The activities of PPARy usually depend on different ligands,
such as thiazolidinedione (TZD) [14,15]. Moreover, this receptor has the ability to affect
the expression of proteins and enzymes involved in the processes of lipid generation and
storage [16]. Researchers have reported that inflammation can lead to insulin resistance
by limiting the activity of PPARy [16,17]. In other instances, the effect of inflammation
involves the stimulation of plasma-free fatty acids (FFAs) during lipolysis [15-17]. This
process usually affects how organs, such as adipose tissues, muscles, and the liver, respond
to changes in the level of insulin in the human body.

Another important player is the NLRP3 inflammasome. In obesity, it mediates a major
part of the inflammation. This inflammasome-mediated inflammation plays an important
part in creating a pro-inflammatory environment in insulin-sensitive tissues.

Results from clinical, epidemiological, and experimental studies performed over the
last decade have shown that different biomarkers of chronic and systemic inflammation,
such as tumor necrosis factor-oc (TNFw), interleukin 6 (IL-6), and C-reactive protein (CRP),
are significantly associated with the emergence of insulin resistance [14-17]. The concentra-
tions of TNFe, IL-6, and CRP tend to be high among obese individuals who have developed
resistance to insulin [16]. In addition, the existence of these substances in the human body
is believed to play a direct role in the activation of additional inflammatory pathways
involving hepatocytes and systemic insulin resistance [18]. Further investigations have
shown that the accumulation of macrophages as a result of obesity-related inflammation
can lead to adipokine and kinase production and cause insulin resistance [17-19]. The
identified biomarkers include a serine/threonine protein kinase, JUN N-terminal kinase 1
(JNK1), an inhibitor of kappa light polypeptide gene enhancer in B-cells, kinase beta and
phosphorylation of an inhibitor of NF-«kB (IkB) [20-22]. Important suppressors of cytokine
signaling (SOCS) proteins, such as SOCS-1, SOCS-3, and SOCS-6, have been further associ-
ated with insulin resistance among obese individuals [23-25]. These biomarkers are used
to show how inflammation can lead to resistance to insulin.

2.3. Neural Mechanisms of Insulin Resistance

The role of the brain in glucose homeostasis has been highlighted in several studies.
Recent investigations have shown that the brain usually processes information related to
different adiposity signals, such as leptin and insulin [26,27]. Furthermore, the brain helps
with the processing of signals that influence the proportion of body fat to overall mass.
In some cases, the brain facilitates the process of sending signals that control the feeding
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behavior of an individual and the mechanism of substrate metabolism to improve energy
storage [28]. A review of recent studies investigating diabetes shows that researchers
have highlighted the significant role played by insulin and leptin in controlling the use
and metabolism of glucose in the body [29,30]. In some cases, it has been reported that
brain insulin receptors are critical for normal insulin action. Therefore, changes in neural
processes can affect the expression of SOCS-3 and the sensitivity to both leptin and in-
sulin [30]. These results suggest that neural processes may be involved in the development
of insulin resistance.

The relationship between insulin resistance and feeding and fasting states has also
been explored within the context of neural mechanisms [30]. The human body is designed
in such a way that it can smoothly transition between the fed and fasted states [2,30]. In
the fed state, the elevated insulin levels signal adipose tissues to store the excess calories
within the fat cells. In addition, glucose is used to provide energy for cellular processes. In
contrast, the fasting state is characterized by reduced levels of insulin and the production
of more growth hormones and glucagon [30]. In such instances, the body burns fat to
obtain the energy needed for cellular functions. In most cases, the body is usually in a fed
state, leading to the overuse of glucose-burning processes and pathways. Furthermore, the
burning of fat is reduced because of the presence of insulin [28-30]. However, increased
exposure to high insulin levels as a result of a prolonged fed state may cause metabolic
syndrome and insulin resistance.

Furthermore, researchers have indicated that insulin resistance occurs due to hypotha-
lamic insulin receptor inhibition [31]. In addition, this process can impair the ability of
the body to respond to hepatic glucose levels and output. These results are consistent
with investigations revealing that regular insulin action requires both brain and peripheral
insulin receptors [31,32]. Therefore, the administration of insulin to the body can change
the process of glucose homeostasis and reduce the function of hepatic insulin receptors [33].
More interestingly, recent studies have revealed that leptin and insulin levels affect neu-
ral function and influence substances, that are involved in the development of insulin
resistance [33,34].

In certain instances, researchers have noted that obesity-linked nutrients, such as fatty
acids, may affect the action of insulin in the body [34]. Research shows that sensitivity to
insulin and the activity of insulin receptors can be increased by oleic acid and a carnitine
palmitoyltransferase-1 (CPT-1) infusion [35,36]. These nutrients are known to enhance the
process of fatty acid oxidation through brain action. During this process, CPT-1 inhibition
systematically activates neurons in the brain stem [37]. These neurons control the outflow
of parasympathetic material and increase sensitivity to insulin [37]. Furthermore, these
neurons can influence the process through which the vagal efferent fibers support the
functioning of the liver.

The final category of studies has reported that the central nervous system plays a
principal role in circadian rhythms [37,38]. Circadian changes lead to a lack of rhythmicity
in insulin activity and action patterns and affect the glucose metabolism process [37]. Fur-
thermore, the lack of molecular circadian components key to the functioning of the central
nervous system may lead to the development of a wide range of complications, such as
hyperglycemia and hepatic steatosis [38]. In other cases, the intake of foods that cause obe-
sity, such as fast food, may influence neuroactive peptide expression. Neuropeptides act as
potent modulators of synaptic actions and activities whose functions depend on metabolic
states. Research indicates that neuropeptides, such as neuropeptide Y, cholecystokinin,
and galanin, control food intake, energy homeostasis, and the metabolism of lipids [38].
The levels of neuropeptides in the body may be upregulated as a result of factors such as
starvation and anorexia. These changes can lead to a state of metabolic imbalance that
affects the degree of insulin sensitivity [39]. These arguments are consistent with human
studies showing that workers who consume food that causes obesity may be at a higher
risk of developing complications such as diabetes and insulin resistance [38,39].
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2.4. Biochemical Mechanisms: Ectopic Fat, Oxidative Stress, and Mitochondrial Dysfunction

Various cellular mechanisms have been implicated in the development of insulin
resistance among people with obesity. One such process involves the storage of ectopic
fat in the human body [40]. Research indicates that the increased intake of fatty acids
and lipids can result in obesity and subsequent ectopic storage of fats in the form of
triglycerides in both the liver and muscles [41]. In addition, this process has been linked
to the emergence and progression of complications, such as insulin resistance [42]. One
argument proposed to explain this association is that the accumulation of ectopic lipids
and other fatty acid-derived molecules can lead to endoplasmic reticulum stress and
mitochondrial dysfunction [43]. These damaging mechanisms reduce the sensitivity of
organs to the level of insulin in the body.

Another cellular process that affects the development of insulin resistance is oxidative
stress. According to Park et al., oxidative stress can be described as an imbalance between
the antioxidant defenses and the production of different reactive molecules, such as nitro-
gen and oxygen [44]. This process has been associated with ectopic lipid accumulation,
which is a condition that impairs insulin signaling, alters kidney function, and leads to
arteriosclerosis by interfering with the ERK-5 production and signaling process [45]. The
argument that oxidative stress can cause insulin resistance is based on the observation that
the reversal of the imbalance between reactive molecules, such as oxygen and antioxidants,
can reverse insulin resistance. Further investigations have shown that oxidative stress
leads to the emergence of hyperglycemia among diabetic and obese patients [45,46]. In
both cases, the risk of insulin resistance has been associated with an increase in the num-
ber of fatty acids in the body, uncoupled (3-oxidation, and higher levels of mitochondrial
uncoupling in obese patients compared to their healthy counterparts [47]. For instance,
uncoupled 3-oxidation involves the electron transport chain and oxidative phosphory-
lation [47]. These processes lead to the leakage of fatty acids from adipocytes, thereby
promoting fatty acid-induced insulin resistance in both the liver and muscle tissues [47].

Recent investigations have also explored how oxidative stress contributes to the
development of insulin resistance among obese people [46,47]. In vitro studies have enabled
researchers to generate evidence showing that the accumulation of fatty acids and oxidative
stress (OS) can activate both threonine and serine kinase signaling [47]. These events
compromise the sensitivity of tissues to insulin-signaling receptors. More recent studies
have shown that insulin receptor substrate (IRS) proteins (insulin receptor substrate 1
(IRS-1) and insulin receptor substrate 2 (IRS-2)) are involved in the pathway through
which oxidative stress leads to insulin resistance [48,49]. This process entails the inhibition
of serine phosphorylation and the activation of tyrosine phosphorylation [49]. In other
instances, research has shown that oxidative stress can activate kinases such as Jun N-
terminal kinases (JNK), mitogen-activated protein kinase p38 (p38 MAPK), and IkB kinase 3
(IKK) [48-50]. JNK promotes insulin resistance by causing IRS1 S307 phosphorylation and
impairing insulin action [48-50]. p38 MAPK and IKKf3 are believed to affect lithium action
within the glucose transport system, thereby leading to insulin resistance in muscles [49,50].

Some studies have focused on the concept of mitochondrial dysfunction to explain the
cellular mechanisms associated with the development of insulin resistance among people
with obesity. Mitochondrial dysfunction may cause the ectopic accumulation of fats and
result in higher triglyceride levels in the liver and muscles, which is a condition leading to
an increased risk of insulin resistance among people with diabetes and obesity [38]. In some
cases, these changes are associated with a decrease in mitochondrial ATP synthesis and
reduced mitochondrial oxidative activity. In the long run, such alterations might lead an
individual to develop insulin resistance and be at an increased risk of developing diabetes
later in life. Some studies have suggested that insulin-resistant individuals often accumulate
large quantities of intramyocellular fat because of the decrease in mitochondrial activity
and the inhibition of nuclear-encoded gene expression [40,43,44]. These changes can affect
mitochondrial biogenesis, PPARy coactivator 1o (PGC-1¢) function, and the action of PGC-
1$3. Recently, researchers have stated that mitochondrial dysfunction contributes to the
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development of insulin resistance in humans by inhibiting the activation and induction of
PGC-1«, promoting the accumulation of metabolites, such as diacylglycerol, and disrupting
the process of insulin signaling in the liver and muscles [44]. In the long run, these processes
contribute to the development of the signs and symptoms of insulin resistance among
people with obesity and diabetes.

While researchers believe that mitochondrial malfunctioning can cause obesity-related
insulin resistance, this process appears paradoxical because of the involvement of functional
mitochondria in reactive oxygen species (ROS) production [50,51]. ROS play a physiological
and pathological role. Research shows that physiological levels of ROS are needed for
normal cellular and mitochondrial functions and even cellular sensitivity [50,51]. However,
higher levels are considered pathological and can induce insulin resistance. Furthermore,
some studies have shown that fatty acid-induced oxidation may lead to an increase in ROS
even before the occurrence of mitochondrial dysfunction [51]. At the subsequent stages of
the disease, ROS may also reduce the degree of mitochondrial function and contribute to
the further accumulation of fat in the liver and muscles [52]. These changes illustrate the
complex link between mitochondrial dysfunction and insulin resistance [50]. Moreover,
these events highlight the need to maintain balance in homeostasis and mitochondrial
function to ensure that body processes function normally.

Recent investigations have further generated controversial results showing that mi-
tochondrial dysfunction may be an outcome rather than the cause of insulin resistance
among obese individuals [52,53]. By genetically manipulating insulin signaling molecules,
such as IRS-1 and IRS-2, researchers have highlighted the possibility of insulin insensitivity
hindering mitochondrial function and activity. These changes have also been associated
with increased glucose tolerance, alterations in genes affecting mitochondprial activity and
function, and the level of ATP production and oxidative phosphorylation [54]. The ob-
servations in these studies indicate that insulin signal pathways are deregulated in the
absence of IRS-1 and IRS and that transcription factors, such as Forkhead box protein O1
(Fox01), that may affect genetic processes are associated with the metabolism of lipids and
the production of glucose [53]. Furthermore, these studies have shown the involvement of
gene resistance induction in the development of mitochondrial dysfunction.

Other researchers have stated that insulin resistance is caused by endoplasmic reticu-
lum (ER) stress, which is an event that affects a wide range of cellular functions, such as
the storage of calcium and the folding and assembly of proteins [53,54]. When the body
is exposed to cellular stress conditions, the ER is subjected to higher demands that can
overload its capacity and function. Furthermore, such conditions affect the process of
protein transportation and the expression of misfolded proteins [55]. Moreover, stress can
lead to the depletion of calcium reservoirs and compromise the functioning of the Golgi
apparatus. If these conditions are not reversed, the cells may undergo programmed cell
death [56].

Furthermore, the activation of stressors, such as protein kinase RNA-like endoplas-
mic reticulum kinase (PERK), transcription factor 6 (ATF-6), and inositol-requiring ki-
nase/endoribonuclease 1 (IRE-1), may also increase the level of chaperons and interfere
with the aggregation of misfolded proteins [57]. Some studies have shown that a significant
relationship exists between ER stress, insulin resistance, and inflammatory responses [58].
For instance, the activation of PERK as a result of ER stress can suppress NF-«B inhibition,
leading to the expression of inflammatory molecules such as TNF-a, IL-1§3, and IL-6 that
cause insulin resistance [58]. In addition, ER stress can contribute to the process of insulin
resistance by inducing the activation of JNK and phosphorylate IRS-1 [59,60]. These pro-
cesses compromise the ability of cells and organs to detect changes in the level of insulin in
the body. The findings of these studies provide a basis for an understanding of the cellular
pathways that cause insulin resistance through ER stress.

As an alternative explanation for the development of insulin resistance in obesity,
diacylglycerol-mediated insulin resistance was also considered an alternative and unifying
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hypothesis to explain the most common forms of insulin resistance associated with obesity
in the context of type 2 diabetes.

Further important mechanisms in the development of insulin resistance are lipotoxicity
and hypoxia. Both conditions promote the development of insulin resistance. Table 1 is

giving a short overview over the selected studies.

Table 1. Summary of selected studies.

Studies Related to Inflammatory Mechanisms

Study

Design

Key Findings

Chen et al. (2015) [9]

Systematic review

A wide range of inflammatory processes and molecules, such as cytokines and
macrophages, increase the risk of insulin resistance

Rehman and Akash
(2016) [10]

Systematic review

Inflammation is a critical physiological process associated with increased levels
of pro-inflammatory cytokines and white blood cells in the body

Xu et al. (2015) [15]

Systematic review

Inflammatory markers, such as chemokines and chemokine receptors, play a
vital role in the development of insulin resistance and the progression of type 2
diabetes mellitus

Vella et al. (2013) [18]

Experimental study

Surrogate markers of inflammation are associated with insulin resistance and
the risk of cardiovascular disease among Hispanic women

de Vries et al. (2015) [19]

Randomized controlled trial

Insulin resistance is associated with acute and chronic hyperglycemia and
postprandial leukocyte activation

Al-Hamodi et al.
(2014) [22]

Randomized controlled trial

A significant association exists among insulin resistance, adiposity, adipokines,
C-reactive protein, and the leptin/adiponectin ratio

Studies Related to Neural mechanisms

Study

Design

Key Findings

Samuel and Shulman
(2016) [26]

Systematic review

Insulin resistance is a complex disorder caused by inflammatory and neural
signaling processes and substrate flux

Samuel and Shulman
(2012) [26]

Systematic review

Insulin resistance is caused by unfolded protein response (UPR) activation,
ectopic lipid metabolite accumulation, and innate immune system responses

Wan M et al. (2013) [29]

Systematic review

The GSK3-independent pathway and postprandial hepatic glycogen deposition
contribute to the development of insulin resistance

Lu M et al. (2012) [30]

Experimental study (gene
expression analysis)

Deletion of Akt results in the activation of FoX01-dependent gene expression
and eventually insensitivity to insulin level changes

Kersten (2012) [33]

Systematic review

Liver-derived apolipoproteins influence the risk of insulin resistance

Hill et al. (2010) [36]

Systematic review

Insulin action and sensitivity are regulated by pro-opiomelanocortin neurons.
These neurons also control glucose homeostasis

Studies Related to Cellular Mechanisms

Study

Design

Key Findings

Sironi et al. (2011) [40]

Systematic review

Increased uptake of fatty acids and lipids can result in obesity and the
subsequent ectopic storage of fats

Stinkens et al. (2015) [41]

Systematic review

Fatty acid metabolism and accumulation may result in the emergence and
progression of complications, such as insulin resistance

Tangvarasittichai
(2015) [45]

Systematic review

Oxidative stress leads to dyslipidemia, 3-cell dysfunction, loss of glucose
tolerance, and insulin resistance

Cossarizza et al.
(2010) [46]

Experimental study

(polychromatic flow cytometry)

A significant association exists among reactive oxygen species, oxidative stress,
and cell death

Narayanan et al.
(2010) [48]

Systematic review

Mitochondria dysfunction affects the expression of CaV1.2 in muscles and
contributes to the development of insulin resistance

Tangvarasittichai et al.
(2010) [52]

Systematic review and
meta-analysis

A significant association exists between the serum lipoprotein ratios and insulin
resistance among patients with type 2 diabetes mellitus

Khan and Wang
(2014) [58]

Systematic review

ER stress leads to the development of insulin resistance through neural and
inflammatory mechanisms

Kawasaki et al. (2012) [59]

Systematic review

Obesity-induced ER leads to chronic inflammation in adipose tissues and
increases the risk of insulin resistance
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3. Discussion

Over the last decade, the number of people suffering from obesity has significantly
increased because of factors such as poor diets and failure to engage in exercise [20]. In
addition, researchers project that both developed and developing countries are likely to
face the burden of increasing cases of obesity in the future [23]. This trend may lead to
an increased prevalence of lifestyle diseases and problems, such as diabetes and insulin
resistance [35]. Researchers contend that insulin resistance and diabetes belong to a cluster
of disorders that can increase the risk of cardiovascular complications, cancer, and renal
failure [19,20,34,36]. Therefore, attempts have been made to explore how these conditions
are related to other health problems, such as obesity.

Insulin resistance is one of the most common complications affecting obese people and
those with diabetes [34]. Insulin resistance is a physiological condition that occurs when
insulin function and action become impaired. In such a state, organs, such as muscles and
the liver, are sometimes incapable of responding to energy and metabolic demands [40,45].
Research shows that complications can develop in several organs in the body and affect
normal metabolic processes, such as oxidation and the uptake of glucose [45,50,51]. In the
long run, these changes affect the normal functioning of organs, such as the heart, liver,
and pancreas [50,51]. Furthermore, these changes may lead to the accumulation of lipids
and interfere with processes that occur in tissues, such as skeletal muscles.

The relationship between obesity and insulin resistance is complex and has been linked
to a wide range of molecular processes [30,33,34]. Evidence gathered from molecular studies
has helped highlight some of the fundamental mechanisms leading to the development of
insulin resistance [30,40,45,50]. In patients with obesity, a manifold link has been found
among inflammatory, neural, and endocrine pathways that affect the sensitivity of organs
to the level of insulin in the body [45]. Furthermore, recent research has shown that
disturbances in any of the abovementioned mechanisms may cause significant changes to
cellular processes that affect metabolic tissues and organs, such as muscles, the liver, and
the heart [55-57]. The interconnection between these processes and the involved molecular
mediators presents grounds for further research to explore how obesity contributes to the
development of insulin resistance. Notably, insulin resistance in the liver and muscle has
been extensively characterized because of the important role of these organs in systemic
metabolic activities. However, insulin resistance in the heart is not as widely understood
as that in the liver and muscle. Additional investigations are needed to provide evidence
regarding the causes and cases of insulin resistance in the heart and the possible connection
with other tissues, such as muscles and the liver.

4. Conclusions

Insulin is a critical hormone involved in different processes, such as cell proliferation
and metabolism. Furthermore, insulin is crucial for survival and contributes to the normal
functioning of both central and peripheral organs. The present review examines the pro-
cesses underlying the link between insulin resistance and obesity. This study revealed that
a complex association exists between the two conditions. Evidence from previous studies
shows that different molecular pathways involving inflammatory, neural, and cellular
processes contribute to the development of insulin resistance. A better understanding of
these pathways and how they are interconnected can assist in the discovery of new and
effective therapeutic methods that can be used to address the problem of insulin resistance
among obese patients.
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Akt Agder Kollektivtrafikk /Protein kinase B

ATF-6 Transcription factor 6

Cayl.2 Cardiac L-type Ca®* channel

CRP C-reactive protein

CPT-1 Carnitine palmitoyltransferase-1

HbAlc Glycosylated hemoglobin

IRS-1 Inhibiting insulin receptor substrate 1

FFA Free fatty acid

TNFax Tumor necrosis factor-o

IL-6 Interleukin 6

ER Endoplasmic reticulum

FOXO1 Forkhead box protein O1

GSK3 Glycogen synthase kinase-3

IkB Inhibitor of nuclear factor kappa light chain enhancer of activated B cells
IKBKB Inhibitor of kappa light polypeptide gene enhancer in B-cells, kinase beta
IKKpB IkB kinase f3

IL-1B Interleukin 1 beta

IRE-1 Inositol-requiring kinase/endoribonuclease 1

IRS Insulin receptor substrate

IRS-1 Insulin receptor substrate 1

IRS-2 Insulin receptor substrate 2

JNK Jun N-terminal kinases

JNK1 JUN N-terminal kinasel

NF-Kb Nuclear factor kappa light chain enhancer of activated B cells
p38 MAPK  Mitogen-activated protein kinase p38

PERK Protein kinase RNA-like endoplasmic reticulum kinase

PGC-1a Peroxisome proliferator-activated receptor gamma coactivator 1
PGC-1p3 Peroxisome proliferator-activated receptor gamma coactivator 13
PPARy Peroxisome proliferator-activated receptor gamma

ROS Reactive oxygen species

50CS Suppressor of cytokine signaling proteins

50OCS-1 Suppressor of cytokine signaling proteins 1

SOCS-3 Suppressor of cytokine signaling proteins 3

SOCS-6 Suppressor of cytokine signaling proteins 6

TNF-a Tumor necrosis factor-o

TZD Thiazolidinedione

UPR Unfolded protein response

B cells Beta cells
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