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Neuroimmunomodulation in obesity

The old concept of obesity perceived as a symbol of 
wealth and fertility has become outdated.[6,7] In the 
present century, obesity is stigmatized, and it is one of the 
leading preventable causes of death both in adults and 
children.[6,7] Many of the obese people die from diseases 
caused by the complications of overweight and obesity.[8] 
A previous study has reported that severely obese people 
die 8–10 years sooner than those of normal‑weight, and 
every 15 extra kilograms increases the risk of early death 
by approximately 30%.[9]

Obesity is influenced by multiple factors like increased 
dietary intake of energy‑dense foods, reduced physical 
activity, and even genetic factors.[8,10] Obesity is 
increasing across all socioeconomic groups. The 
current food environment stimulates a reflexive 
response that automatically enhances the desire to eat 
and increase the caloric intake, making it exceedingly 
difficult for individuals to resist overeating.[11] Energy 
intake should match with energy expenditure.[12,13] 
When the energy intake is more than the energy 
expenditure, the excess of positive energy gets stored 
in the adipose tissue leading to hypertrophy of the 
adipocytes.[14,15] The consequences of visceral adiposity 
and pathogenic fat cell hypertrophy are due to the 
mechanistic contributions of genetic and environmental 
predispositions, adipogenesis, adipocyte factors, and 
inflammation.[14‑16] As a result, the excess fat that is not 
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Abstract
Obesity is the major risk factor for many chronic diseases such as diabetes, hypertension, cardiovascular diseases, and 
cancer. Obesity has a negative impact on the immune systems. Obesity is associated with chronic low‑grade inflammation 
and altered immune functions. The regulation of body weight is by the interplay of many neuronal circuitries in the brain 
that control the food intake and energy expenditure. There is a link between the central nervous system (CNS) and immune 
system. Therefore, in the present review article, we have discussed the immunomodulation in obesity and its interactions 
with the CNS.
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OBESITY: GENERAL CONCEPT

Obesity is a serious health problem worldwide.[1] 
According to World Health Organization report, obesity 
has reached the epidemic proportions globally with 
2.8 millions of death occurring every year.[2] Obesity 
rates were doubled in adults and more than tripled 
in children.[3] Obesity in adults decreases the life 
expectancy of about 7 years in both sexes.[4] Obesity 
is common among children and adolescents.[5] 
Adolescent obesity is a strong predictor of adulthood 
obesity.[5] Excessive weight gain during adolescence 
is unlikely to decrease over time and increases the 
risk of obesity‑related comorbid conditions such 
as hypertension, atherosclerosis, type  2 diabetes, 
cardiovascular disorders, and certain types of cancer in 
adulthood.[5,6] The rising obesity rates have significant 
consequences on the health of an individual and create 
a major strain on the health care system.
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burned due to lack of physical activity gets stored and  
further building up of stored fat contributes to obesity.

IMMUNOMODULATION IN OBESITY

Chronic inflammation in obesity
Obesity affects the immune system both directly 
and indirectly. Excess adiposity negatively impacts 
the immune function and host defense in obese 
individuals.[17,18] Obesity is associated with low‑grade 
inflammation of white adipose tissue  (WAT) resulting 
from chronic activation of the innate immune 
system.[19] The accumulated adipose tissue produces 
many secretory bioactive substances, also known as 
adipocytokines or adipokines, which may directly affect 
the adjacent or distant organs.[20] Most adipocytokines 
are pro‑inflammatory, thereby promoting obesity‑linked 
disorders.[20,21] Moreover, it is now recognized that 
dysregulated production or secretion of adipocytokines 
caused by adipocyte dysfunction leads to the development 
of obesity‑linked complications.[20] Obesity is also 
characterized by activation of an inflammatory process 
in metabolically active sites such as adipose tissue, liver, 
and immune cells. This in turn results in a sharp increase 
in circulating levels of pro‑inflammatory cytokines, 
adipokines and other inflammatory markers like tumor 
necrosis factor  (TNF), C‑reactive protein  (CRP), and 
interleukin‑6  (IL‑6).[22‑25] This activation of the immune 
response in obesity is mediated by distinct signaling 
pathways, with Jun N‑terminal kinase (JNK) and IκB kinase 
beta/nuclear factor  (NF) kappa‑light‑chain‑enhancer of 
activated B cells.[26] Inflammatory responses mediated 
by the adipose tissue in obesity are central to the 
development of the disease. Once initiated, the chronic 
inflammation associated with obesity leads to modulation 
of immune cell function with an influx of macrophages 
into visceral adipose tissue  (VAT), impaired activity of 
the dendritic cells and macrophages, decreased activity 
of natural killer cells and dysfunction of lymphocytes and 
monocytes.[17]

Chronic inflammation characterized by T cell and 
macrophage infiltration of VAT is a hallmark of 
obesity‑associated insulin resistance and glucose 
intolerance.[27] Studies have shown that B cells accumulate 
in VAT of diet‑induced obese (DIO) mice, and those DIO 
mice lacking B cells are protected from the disease despite 
the weight gain.[27] It was also reported that in nonobese 
healthy individual, VAT‑resident regulatory T‑cells and 
T‑helper 2 cells play a beneficial role in reducing VAT 
inflammation. But in contrast, in a DIO individual, these 
cells were overwhelmed by a pro‑inflammatory cluster of 
differentiation 8 (CD8+) and T‑helper 1 cells, and promote 
insulin resistance and glucose intolerance.[27] Obesity 
affects both innate and adaptive immune systems. 

Previous studies have correlated the obesity indices 
namely body mass index and waist‑hip ratio with 
immunological parameters like CD4 concentration, and 
differential leukocyte count.[28‑30]

Obesity causes immunosuppression in both humans and 
mice.[29,31‑34] In humans, obesity results in poor wound 
healing and increases the risk of infection[31,32] and sepsis in 
burns patients.[35] Obesity also reduces the bacterial killing 
capacity of polymorphonuclear cells.[36] Obese patients 
are more prone to nonhealing injuries, infection, and 
disease.[17] Numerous studies done in genetically obese 
mice indicate a global impairment of immune function in 
these mice.[37‑42] Furthermore, genetically obese mice have 
decreased resistance to bacterial and viral infections,[33,40] 
as well as reduced cell‑mediated cytotoxicity.[42,43] The 
exact reason for immunomodulation in obesity is not 
known. However, it has been suggested that the pathways 
that are altered in obesity have significant roles in 
immune responses. These include nuclear factor kappa 
B  (NF‑κB), phosphoinositide‑3 kinase, glucocorticoids, 
catecholamines, and adipokines.[44]

Inflammatory markers associated with obesity
In obesity, WAT is characterized by an increased production 
and secretion of many inflammatory molecules which has 
both local and systemic effects. Recent data indicate 
that obese WAT is infiltrated by macrophages, which is 
a primary source of locally‑produced pro‑inflammatory 
cytokines. In several animal models of obesity, TNF‑alpha 
was overproduced in the adipose tissue, and they play a 
significant role in the etiopathogenesis of insulin resistance. 
There is increased production of IL‑6 in the human adipose 
tissue of obese individuals, and this increased IL‑6 
induces hepatic CRP synthesis and promotes the onset of 
obesity‑related complications. Hence, IL‑6 and TNF‑alpha 
are known to alter the insulin sensitivity. Resistin is also 
known to induce insulin resistance, however; its role in the 
control of insulin sensitivity in humans remains unclear.

Obesity increases the expression of leptin and decreases 
adiponectin expression in adipose tissue.[44] Adipokine 
modulation of immune function, particularly leptin, 
is the best‑characterized link between obesity and 
immune function.[45] Adiponectin levels were found to 
be reduced in conditions like obesity‑related insulin 
resistance, diabetes mellitus, and cardiovascular 
disorders. Adiponectin protects from arteriosclerosis by 
opposing the pro‑inflammatory action of TNF‑alpha on 
the arterial wall. The pro‑inflammatory effects of cytokines 
in obesity are mediated by NF‑κB and JNK systems. 
Any alterations in the pro‑inflammatory effectors will 
result in insulin resistance. Thus, obesity is a sub‑clinical 
inflammatory condition that enhances the production 
of pro‑inflammatory factors that are involved in the 
pathogenesis of insulin resistance.[19]
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NEUROPHYSIOLOGICAL CONTROL OF 
OBESITY

Food intake and energy expenditure are controlled by 
a complex, redundant, and distributed neural systems 
involving thousands of genes reflecting the fundamental 
biological importance of adequate nutrient supply and 
energy balance.[15,46] One important fact is that not 
everybody becomes obese. This shows that individual 
factors interact with recent environmental changes to 
predispose some to overeat. It is believed that individual 
differences in the neural encoding of foods may 
influence few people to overeat in the presence of an 
excess of energy‑dense food.[15,16,47] Significant portions 
of the central nervous system  (CNS) of animals and 
humans are concerned with the procurement of food.[46] 
The hypothalamus, limbic system, cortex, basal ganglia, 
and the medulla are known to play a role in the control of 
feeding and adiposity.[16,34,48] The hypothalamus and the 
brain stem are thought to be the principal homeostatic 
brain areas responsible for regulating the body weight.[34] 
The hypothalamus orchestrates the neurophysiological 
control of energy balance in a complex neural loop.[49] 
The afferent signals come from the viscera and the 
brain areas that are concerned with the energy stores, 
signal transduction occurs in the periventricular nucleus 
and the lateral hypothalamic area. The efferent signals 
reach the hypothalamus, mesolimbic areas, and the 
visceral organs that are concerned with food intake and 
adiposity.[49]

There are several possible neurophysiological pathways 
to explain how and why people consume more calories 
than what they expend.[11] When people were shown 
different images of food, there was increased secretion 
of dopamine in the dorsal striatum, which resulted in 
craving and increased the desire to eat.[11,50] People have 
preferences for sweet and salt right from their birth; 
besides, they also prefer fats because they activate the 
brain’s reward system and reduce the physiological 
satiety signals.[11,51] Humans lack the ability to estimate 
volume and portion amounts based on appearance.[11] It 
has been reported that people have a tendency to imitate 
the food habits of others.[11,52‑55] This mimicking behavior 
continues throughout life, and people tend to mimic the 
expressions, body language and gestures of others, often 
without awareness. People imitate the eating behaviors 
of others, including choices of food and portions.[11,52‑55]

NEUROENDOCRINE AXIS OF OBESITY

The regulation of body weight involves the interaction 
of many neuronal networks in the brain that control 
food intake and adiposity with the endocrine secretions 
that regulate the activity of these neurons. The neuronal 

networks that control food intake and adiposity also 
modulate the hypothalamic‑pituitary‑adrenal  (HPA) 
axis. These neurons secrete various neuropeptides 
like neuropeptide Y (NPY), orexins, endocannabinoids, 
melanocortins, agouti‑related protein, cocaine‑  and 
amphetamine‑regulated transcript, leptin, peptide YY, 
corticotrophin releasing hormone, dopamine and growth 
hormone (GH) releasing hormone. NPY, agouti‑related 
peptide  (AgRP), melanin‑concentrating hormone, 
orexins, and endocannabinoids are anabolic peptides. 
Dopamine, melanin stimulating hormone, cocaine‑ and 
amphetamine‑regulated transcript, leptin, peptide YY 
and corticotropin‑releasing hormone are catabolic 
peptides.[56]

The HPA axis plays a significant role in obesity.[57] HPA 
axis activity is found to be abnormal in obesity, and 
excessive cortisol exposure has been implicated in 
metabolic derangements. Hence, there is ample evidence 
of altered HPA axis function in obesity.[58] Obesity impairs 
arcuate NPY/AgRP neuronal function and renders these 
homeostatic neurons unresponsive to the orexigenic 
hormone ghrelin.[59] Negative energy balance in lean 
animals and humans consistently inhibits the activity 
of the hypothalamic‑pituitary‑thyroid,  ‑gonadotropic 
and somatotropic axes while concomitantly activating 
the HPA axis. Animal studies have shown that 
these neuroendocrine changes may result from the 
hypothalamic actions of orexigenic and anorexigenic 
peptides.[60] Ghrelin has many functions in the brain 
aside from appetite control, including cognitive 
function, mood regulation, and protection against 
neurodegenerative diseases. Ghrelin levels were found 
to be reduced in obesity.[61] The increase in interleukin-1 
and IL‑6 in the mesenteric fat tissue together with a 
rise in corticosterone in obese states is associated with 
obesity‑related complications like insulin resistance and 
hyperlipidemia.[62] The thyrotropin‑releasing hormone 
also plays a significant role in the regulation of energy 
homeostasis.[63] The thyroid hormone T3 directly 
stimulates feeding at the level of the hypothalamus. 
Peripheral administration of T3 doubled the food intake in 
ad libitum‑fed rats. Leptin suppresses thyroid stimulating 
hormone‑induced thyroid function.[64]

Diet‑induced obesity is characterized by a reduction in 
basal and stimulated GH release in humans. Several 
hypotheses have been put forth regarding how 
obesity‑associated hyperinsulinemia may suppress GH 
production. Pituitaries of obese mice remain responsive 
to the acute actions of insulin despite systemic insulin 
resistance, and the changes in pituitary expression 
observed in hyperinsulinemic, obese mice can be 
replicated by insulin administration in vitro. These results 
strongly support the hypothesis that insulin at higher 
doses is one of the major determinants of suppression of 
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GH output in the obese state by direct down-regulation 
of somatotrope function.[7-9]

Long-term high-fat feeding alters the function of the 
pituitary-testicular axis, resulting in hypogonadotropic 
hypogonadism. These rats exhibited a metabolic 
profile compatible with insulin resistance and metabolic 
syndrome, and they concomitantly showed decreased 
serum luteinizing hormone concentrations, low serum 
testosterone levels and elevated serum 17 beta-estradiol 
concentrations. Hence, the pituitary attempts to 
counterbalance the effects of long-term obesity on 
reproductive functions.[65] Studies have shown that the 
hypothalamic IKKbeta/NF-κB program is a general neural 
mechanism for energy imbalance underlying obesity. This 
indicates that suppression of hypothalamic IKKbeta/NF-κB 
may represent a strategy to combat obesity and its related 
diseases.[66]

NEUROENDOCRINE AXIS OF 
IMMUNITY

There is a link between the immune system and CNS.[67] 
The CNS signals the immune system via hormonal and 
neuronal pathways and the immune system signals the 
CNS through immune mediators. Among the hormonal 
pathway, the most important is the HPA axis [Figure 1]. The 
autonomic nervous system controls the functions of the 
immune system primarily via adrenergic neurotransmitters 
released through neuronal routes.[67] The neuroendocrine 
control of immune system plays an important role in the 
emergency and stressful situations. Cortisol plays an 
essential role in this neuroendocrine system, and it has 
multiple effects on immune cells.[68] The sex hormones 
and the hypothalamic-pituitary-gonadal axis also play a 
significant role in the regulation of immune functions. 
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Figure 1: Mechanism of neuroimmunomodulation in obesity. HP-adrenal axis: Hypothalamic -pituitary-adrenal axis, HP-thyroid axis: Hypothalamic-
pituitary-thyroid axis, HP-gonadotrophic axis: Hypothalamic-pituitary-gonadotrophic axis, NF-kB: Nuclear factor - kappa B, TNF-α: Tumor necrosis 
factor-alpha, hs-CRP: High sensitive-C-reactive protein
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Hence, inflammation and inflammatory responses are 
modulated by bidirectional communication between the 
neuroendocrine and immune system.[69‑71]

CONCLUSION

Obesity represents a state of both systemic and vascular 
inflammation. There is a report of altered immune 
functions in obesity. There exists an active neural 
regulation of adiposity and immune functions. However, 
the gender difference in immunomodulation by the 
different brain areas in obesity has not been discussed 
in detail. Hence, future reviews can focus on the gender 
difference in neuroimmunomodulation in obesity.
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