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Abstract: Glioblastoma multiforme (GBM) is a malignant primary tumor type of the central nervous
system (CNS). This type of brain tumor is rare and is responsible for 12–15% of all brain tumors.
The typical survival rate of GBM is only 12 to 14 months. GBM has a poor and unsatisfactory
prognosis despite advances in research and therapeutic interventions via neurosurgery, radiation,
and chemotherapy. The molecular heterogeneity, aggressive nature, and occurrence of drug-resistant
cancer stem cells in GB restricts the therapeutic efficacy. Interestingly, the CNS tumors in children are
the second most usual and persistent type of solid tumor. Since numerous research studies has shown
the association between obesity and cancer, childhood obesity is one of the potential reasons behind
the development of CNS tumors, including GBM. Obesity in children has almost reached epidemic
rates in both developed and developing countries, harming children’s physical and mental health.
Obese children are more likely to face obesity as adults and develop non-communicable diseases
such as diabetes and cardiovascular disease as compared to adults with normal weight. However, the
actual origin and cause of obesity are difficult to be pointed out, as it is assumed to be a disorder with
numerous causes such as environmental factors, lifestyle, and cultural background. In this narrative
review article, we discuss the various molecular and genetic drivers of obesity that can be targeted as
potential contributing factors to fight the development of GBM in children.

Keywords: adipocytes; adiponcosis; cancer; cytokines; inflammation; metabolic dysregulation;
survival; tumorigenesis

1. Introduction

In 1865, a German pathologist named Rudolf Virchow first reported the histomor-
phology of glial tumors arising from glial cells of the central nervous system (CNS) as
malignant [1]. Harvey Cushing (1869–1939), also known as the father of modern neuro-
surgery, along with Percival Bailey (1892–1973), an American neuropathologist, classified
gliomas as the most histologically atypical malignant tumors, and named them “spon-
gioblastoma multiforme” due to the variations in the cells’ appearance within the tissues [2].
Other classified and discrete tumors, such as astrocytomas, originate from astrocytic glial
cells. However, later the term “spongioblastoma” was replaced by “glioblastoma”, and the
name “glioblastoma multiforme” (GBM) was established [3].

GBM has been reported as the most prevalent and intrinsic brain tumor originating
from progenitor or neuroglial cells [4]. Some histological characteristics manifested by GBM
are endothelial proliferation, amphophilic cytoplasm, hypercellularity, necrosis, prominent
nucleoli, and nuclear atypia. The World Health Organization has assigned it one of the
highest grades (grade IV) of tumor [5]. The peak age of its occurrence is 55–60 years [6],
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with a survival period of 14–15 months after diagnosis [6]. The GBM can be either primary
when diagnosed as fully mature de novo tumors developed due to several genetic alter-
ations, or secondary, progressing slowly from a low-grade astrocytoma [5]. On the other
hand, primary glioblastomas are commonly seen in older people, and secondary glioblas-
tomas frequently develop in younger ones [7,8]. Various computational tools have so
far categorized GBM into four molecular subtypes: (i) classical (C); (ii) mesenchymal (M);
(iii) proneural (P); (iv) neural (N). They can be distinguished based on their molecular
profile signatures and prognosis, but not so much from their morphology [9]

2. Etiology of GBM

Brain neoplasms are usually incurable, and definite carcinogenic elements are yet to
be discovered. To date, high levels of ionizing radiation exposure in the brain are one
of the confirmed causes leading to the origin of brain tumors [10]. The first association
between the brain tumors and ionizing radiation was observed in a study on Israeli children
with tinea capitis who received radiation therapy [11]. Numerous studies on Japanese
people to examine the consequences of radiation during the atomic explosion of Hiroshima
and Nagasaki reported elevated chances for developing all types of tumors, including
gliomas in children and adults [12]. Type 1 and type 2 neurofibromatosis and tuberous
sclerosis are rare genetic disorders linked with a high incidence of glioma [13]. Another
plausible cause is the effect of several drugs such as antihistamines and non-steroidal
anti-inflammatory drugs (NSAIDs), which show an inverse link in the development of all
gliomas [14]. Moreover, The Cancer Genome Atlas (TCGA) has identified alterations in the
three pathways resulting in GBM formation: the retinoblastoma signaling, p53 signaling,
and receptor tyrosine kinase signaling pathways [15]. Interestingly, several more probable
risk factors, such as head injuries, cytomegalovirus infection, and body mass index (BMI),
are correlated with the formation of neoplasms in the CNS [14].

3. Neuropsychiatric Manifestations of GBM

The patients suffering from GBM develop neurocognition impairment, leading to
cognitive, behavioral, and emotional difficulties [16]. The symptoms depend on the location
of the tumor in the cerebral cortex. Table 1 shows the location of the GBM tumor and the
neuropsychiatric symptoms developed by the patients.

Table 1. Neuropsychiatric symptoms associated with the locations of GBM tumors in patients.

S. No. Patient’s Age Patient’s Gender Location of GBM
Tumor Neuropsychiatric Symptoms Reference

1. 37 years Male Left frontal lobe Headache, anomic aphasia, paraphasia,
and dysgraphia [17]

2. 34 years Male Right frontal lobe Delirium, depression [18]

3. 39 years Male Frontal bilateral
lobes

Aphasia, headache, anxiety, PTSD, left
side numbness [19]

4. 63 years Male Right temporal
lobe Partial complex seizure [20]

5. 59 years Male Left temporal lobe
Slurred speech, memory impairment, clonic
movement of arms and legs, weakness, sharp

pain in limbs, and rapid clonic tremor
[21]

6. 55 years Female Left frontoparietal
lobes

Panic attacks, agoraphobia. Depression and
Right-sided weakness [22]

7. 63 years Female Medulla oblongata Gait disturbances, dizziness, loss of appetite [23]

8. 29 years Female Left thalamus Memory impairment, borderline personality
disorder, depressive symptoms, PTSD [24]
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4. Obesity: A Cause of Cancer

Obesity and overweight are two prime risk factors for disorders related to hormones,
blood circulation, and pulmonary functions, as they significantly contribute to chronic
diseases such as atherosclerotic cardiovascular disease (ASCVD), type 2 diabetes, and
asthma. Obesity causes inflammation, oxidative stress, and dysfunctions related to the
hypothalamic–pituitary–adrenal (HPA) axis, as well as mitochondrial and synaptic ac-
tivities, leading to depression, anxiety, cognitive deficits, and post-traumatic stress dis-
order (PTSD). Interestingly, people with obesity also have a decreased brain volume
and are at higher risk of dementia [25]. Importantly, several types of cancer are di-
rectly related to obesity [26,27]. Figure 1 shows some of the biological mechanisms
through which obesity can lead to cognitive decline, various psychological disorders,
or neuropsychiatric manifestations.
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Figure 1. Psychophysiological changes due to high-fat-diet induced obesity. Obesity leads to a
dysregulated HPA axis, mitochondrial and synaptic dysfunction, inflammation, and oxidative stress,
which is further associated with the development of depression, anxiety, cognitive deficits, and PTSD.

Over the last two decades, the correlation of obesity with increased cancer incidence
and death has been well established. The estimated percentage of cancer cases caused
by obesity alone is 20% [28]. Obesity has also accounted for a significant percentage of
deaths in both males and females [28]. The risk of malignancies is influenced by weight
change, diet, body fat distribution, and overall physical activity [29]. To demonstrate the
characteristic features of cancers (e.g., uncontrolled proliferations), the normal cells must
undergo a neoplastic transformation. Obesity causes the chronic activation of cellular
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growth factor signaling pathways due to excess nutrients, leading to an increased risk for
neoplastic transformation [30]. Moreover, the proliferation and growth of cells also depend
on the nutrients that support the macromolecule synthesis. Excess energy due to excess
food intake gets stored in the form of lipids inside the body, skeletal muscles, and organs
(e.g., the liver). The increased level of lipids changes the usual metabolic milieu, which
generates an environment that transmits signals for excess nutrients to the cells. As a result,
the signaling pathways for angiogenesis, proliferation, glucose uptake, and cell growth are
activated, dropping the barrier for oncogenic transformation [31,32].

A recent research study by Calle and Thun established a link between being over-
weight, obesity, and cancer [27], as they found a risk of colorectal cancer in obese adults.
Of note, obese postmenopausal women had a 30–50% greater possibility of breast cancer
according to breast cancer studies [27]. The evidence of the association between obesity
and numerous types of cancer is shown in Table 2.

Table 2. This shows the link between obesity and the development of various types of cancer.

S. No. Cancer Type Association with Obesity Reference

1. Prostate Cancer Obesity promotes low-grade inflammation linked to prostate cancer progression
by compromising treatment and diagnosis. [33]

2. Breast Cancer
In obese women, aromatization activity due to elevated levels of estrogen, the

overexpression of insulin resistance, proinflammatory cytokines, IGFs, oxidative
stress, and hypercholesterolemia contributes to the development of breast cancer.

[34]

3. Lung Cancer

Abdominal obesity has a significant role in the development of lung cancer.
Smoking is one of the leading causes of the development of lung cancer; people

who smoke regularly have an increased BMI. The reduced levels of
sex-hormone-binding globulin and elevated estrogens and androgens are

associated with obesity and an increased risk of lung cancer. However, the exact
mechanism is not understood.

[35]

4. Bladder cancer Obesity is a potential risk factor for recurrence, progression, or death with
bladder cancer. [36]

5. Colorectal Cancer Visceral and abdominal fat increase the risks of colorectal cancer by up to 30–70%
in men and are linked with worse outcomes and recurrence. [37]

6. Kidney Cancer
Renal cell cancer (RCC) is the main form of kidney cancer. Studies have reported
that people with a high waist-to-hip ratio (WHR), waist circumference (WC), and

increased BMI are risk factors associated with RCC.
[38]

7. Hodgkin
Lymphoma (HL)

It has been elucidated that inflammation is common both in HL and obesity. The
interaction of molecules released by adipocytes and the tumor microenvironment

associates obesity with an increased risk of developing HL.
[39]

8. Melanoma

Adipocytes provide nutrients to melanoma cells. Adipokines released by
adipocytes stimulate the progression of myeloma cells. Moreover, it has been

reported that insulin resistance and hyperinsulinemia may promote the growth
of myeloma.

[40]

9. Pancreatic Cancer

Obesity increases the risk of pancreatic cancer through mechanisms that are not
fully understood. Inflammation and hormone imbalance could be plausible

causes. Excess abdominal adiposity is one of the few controllable risk factors for
developing pancreatic cancer.

[41]

10. Thyroid Cancer
Adiponectin (APN) is one of the vitally essential adipocytokines. In obese

individuals, there are reduced levels of APN. Similarly, reduced levels of APN
have been found in patients with thyroid cancer and metabolic syndrome.

[42]

11. Endometrial Cancer Visfatin, leptin, and resistin are associated with endometrial cancer proliferation,
growth metastasis, and invasion. [43]



Life 2022, 12, 1673 5 of 18

Table 2. Cont.

S. No. Cancer Type Association with Obesity Reference

12. Bone Cancer
Bone marrow adipocytes (BMAds) increase in size and number during obesity

and can initiate bone cancer or cancer within the bone marrow. The BMAds
provide nutrients to tumor cells and help in tumor cell proliferation.

[44]

13. Gastric Cancer
Obesity is associated with the occurrence of gastric cancer. The mechanism

involved includes insulin resistance; higher levels of IGFs; and altered leptin,
ghrelin, and adiponectin levels.

[45]

14. Neuroblastoma

Lim et al. reported on a 29-month-old Korean female who developed
neuroblastoma and showed clinical features of ROHHAD. The laboratory

examinations revealed high levels of IGF-1, prolactin, sex hormone, cortisol, and
lactate dehydrogenase.

[46]

5. Understanding the General Causes of Obesity

The research studies indicate several factors contributing to obesity; however, the pri-
mary cause has been related to an imbalance of energy research studies. Energy imbalances
mainly occur when the energy consumed via food (or calorie intake) is not equivalent to
the energy utilized (or calories spent) via regular bodily functions such as proper food
digestion or staying active. Here, we discuss some of the important factors that contribute
to obesity [47].

5.1. A Sedentary Routine

Many people do not maintain an active lifestyle and spend countless hours in front
of computers, televisions, and other digital gadgets. Technology and more advanced
facilities have made it easier for people to do less physical work at home and in the
workplace. People also prefer driving rather than walking and eating junk foods over
cooking homemade meals. Hence, people with a sedentary lifestyle are prone to obesity
and health issues such as coronary artery disease, cancer, and diabetes [48].

5.2. Family History

The probability of being overweight or obese increases if one or both parents are
overweight or obese. Moreover, the food patterns and lifestyle habits of the parents are
picked up by their children. As a result, a child born to obese parents who eat high-calorie
foods and are physically inactive will most probably grow up obese [49]. On the other
hand, if the family members are not obese and follow healthy eating and exercise habits,
the chances of the child being overweight or obese are reduced [49].

5.3. Medicines

It is well established that atypical antipsychotic medications (clozapine, olanzapine,
risperidone, and quetiapine) induce significant weight gain. Antidepressants, includ-
ing amitriptyline, mirtazapine, and selective serotonin reuptake inhibitors (SSRIs), may
also cause weight gain that cannot be attributed primarily to improved depressive symp-
toms [50]. Likewise, low mood is associated with increased food consumption, leading
to lowered metabolic activity [50]. These changes in stabilizers such as lithium, valproic
acid, and carbamazepine have demonstrated a similar effect. Importantly, antiepileptic
medications (AEDs) such as sodium valproate, pregabalin, vigabatrin, carbamazepine,
and gabapentin can cause weight gain [51,52]. Weight gain associated with antiepileptic
medicines (AEDs) is a significant issue in the care of epilepsy patients. Moreover, weight
gain is a reported side effect of corticosteroid medications [53]. Furthermore, histamine, a
neurotransmitter secreted by the posterior hypothalamus, is also involved in body weight
regulation [54], as antagonistic histamine stimulation increases appetite and slows body fat
breakdown [55].
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5.4. Smoking Cessation

Quitting smoking extends the life expectancy by decreasing the risk of major diseases,
but is often associated with weight gain issues [56]. The most likely cause of this is an
increase in appetite and a decrease in energy expenditure [57]. Nicotine or smoking
aids in regulating or managing compulsive eating and overeating. One possibility for
weight gain is that nicotine’s appetite-suppressing effect gets reversed [58]. Substitution
reinforcement may occur when food is substituted for cigarettes [59]. A meta-analysis
examination of weight gain in former smokers (quit for around 12 months) reported that
weight gain following smoking cessation was more than previously believed. On average,
without using nicotine replacement therapy or other medications, some showed 1.1 kg
of weight gain in the 1st month, 2.3 kg in the 2nd month, and a continued increase of
up to 4.7 kg following 12 months of smoking cessation. Furthermore, 13% of individuals
gained over 10 kg upon cessation; interestingly, 16% lost weight after giving up smoking
too [60]. Smokers with a particular history of binge eating during smoking cessation
gain significantly more weight than non-smokers [61]. Another way of describing this is
that sugary and fatty food consumption stimulates reward circuits in the brain, similar to
smoking. [62]. Nicotine withdrawal results in an increased reward threshold, which may
induce individuals to consume more carbohydrates and sugar-containing snacks [63].

6. Development of Tumor Due to Obesity: Underlying the Biological Mechanism

Obesity is defined as the accumulation of an excessive amount of body fat [64]. Sev-
eral published statistical studies show that obesity-related cancer alone causes around
100,000 deaths per year. [65]. Of note, BMI, i.e., the ratio of weight to height squared, is
used to determine the body fat content (square meters). Whereas a BMI of 25–29 kg/m2

is regarded as overweight, a BMI of 30 kg/m2 or above is considered obese [64]. Since
increased adiposity is highly associated with an increased risk of developing or suffering
from various cancers, researchers recently proposed the term “adiponcosis,” which is de-
rived from the fusion of the Latin word ‘adiposis’ (excessive body fat accumulation) with
the Greek word ‘oncosis’ (the development of tumors) [66].

The association of obesity with a very high risk of metabolic diseases such as insulin
resistance, dyslipidemia, and non-alcoholic fatty liver disease (NAFLD) can lead to carcino-
genesis. Chronic inflammation has been described as a significant contributing factor in
the evolution and progression of such chronic diseases [67]. In obesity, the inflammatory
trigger is metabolic and triggered by extra nutrients. Moreover, specific metabolic cells
initiate the inflammatory response via specific metabolic signals to disrupt the normal
cellular metabolic homeostasis [68].

The visceral adipose tissue is the largest endocrine organ, which produces proinflam-
matory cytokines (TNF-alpha, IL-6, and IL-17) and growth factors referred to as adipokines
(adiponectin, omentin, chemerin), leading to dyslipidemia, insulin resistance, diabetes,
cardiovascular disorders, and cancer [69]. Adipokines are aimed explicitly at storing
energy as triglycerides within the lipid droplets of the cytoplasm [69]. Excess nutrients
stimulate metabolic signaling pathways such as c-Jun N-terminal kinase (JNK), nuclear
factor B (NFB), and protein kinase R. When these pathways are activated, lower levels of
inflammatory cytokines are produced, leading to low inflammatory reactions [67]. Excess
nutrition and obesity also cause hyperplasia and the enlargement of white adipose tissue
adipocytes, significant tissue remodeling, and a rise in free fatty acids, all of which result in
adipokine synthesis alterations and low-grade inflammatory responses [70].

Moreover, obesity results in increased endoplasmic reticulum stress, which activates
the unfolded protein response, activating NF-kB, JNK, and oxidative stress, leading to the
overexpression of proinflammatory cytokines [71]. Interestingly, macrophages in visceral
adipose tissue have a unique function in significantly increased obesity. They are involved
with adipose tissue inflammation and the production of inflammatory cytokines (TNF
alpha, IL-6, IL-8, IL-17, IL-18, MCP-1), as well as additional adipokines (resistin, visfatin,
and retinol-binding protein 4) [71]. All of these pathways direct to the onset of obesity-
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related inflammation. While inflammation linked with obesity is predominantly focused on
the white adipose tissue, several other tissue types, such as the liver, pancreas, and brain,
have also exhibited elevated inflammation under obesity [72]. Figure 2 outlines the various
underlying primary mechanisms involved in tumor formation due to obesity.

Life 2022, 12, x FOR PEER REVIEW 8 of 19 
 

 8 

 

Figure 2. Converging pathways of the underlying mechanisms involved in the tumor development 

due to obesity. 

7. Deciphering the Association of Obesity with the Development of GBM 

In the case of glioma treatments for obese patients, the two crucial factors are 

metabolic disorder and the inflammatory milieu. The increased levels of various 

molecules such as adenosine, adenosine receptors, adenosine kinase, insulin, and lipids, 

along with the immune response in the case of obese patients, aid in the failure of 

multimodal therapies for gliomas [73]. The adipocytes that play a vital part in developing 

obesity, type-2 diabetes, and metabolic syndrome [73] are differentiated from adipose-

derived stem cells (ADSCs) [74]. Akimoto et al. investigated the anticancer therapeutic 

ability of the mesenchymal stem cells (MSCs) by extracting human MSCs from umbilical 

cord blood (UCB-MSCs) and adipose tissues (AT-MSCs). The MSCs of various origins 

were cocultured with primary GBM cells to determine their ability to prevent the growth 

of GBM. The results demonstrated that whereas the UCB-MSCs reduced the growth of 

GBM and induced apoptosis, the AT-MSCs enhanced the growth of GBM. Interestingly, 

the AT-MSCs expressed higher quantities of angiogenic factors (vascular endothelial 

growth factor, angiopoietin 1, platelet-derived growth factor, and insulin-like growth 

factor) and stromal-derived factor-1 (SDF-1/CXCL12). Hence, the AT-MSCs and GBM 

when co-transplanted caused highly vascularized tumors. AT-MSCs probably act on 

different mechanisms such as angiogenesis promotion and apoptosis inhibition towards 

the formation of GBM in vivo [75]. The genetic association between GBM and obesity has 

been published by Chen et al., where the fat mass and obesity-associated (FTO) gene on 

chromosome 16q12.2 was linked with obesity and BMI. The recent interest in the FTO 

gene and its expression product was piqued by the discovery of FTO as an N6-

methyladenosine (m6A) demethylase. FTO predominantly affects the downstream 

targets’ m6A levels via their 3′ untranslated regions [76]. The oncogenic potential of FTO 

Figure 2. Converging pathways of the underlying mechanisms involved in the tumor development
due to obesity.

7. Deciphering the Association of Obesity with the Development of GBM

In the case of glioma treatments for obese patients, the two crucial factors are metabolic
disorder and the inflammatory milieu. The increased levels of various molecules such
as adenosine, adenosine receptors, adenosine kinase, insulin, and lipids, along with the
immune response in the case of obese patients, aid in the failure of multimodal therapies
for gliomas [73]. The adipocytes that play a vital part in developing obesity, type-2 di-
abetes, and metabolic syndrome [73] are differentiated from adipose-derived stem cells
(ADSCs) [74]. Akimoto et al. investigated the anticancer therapeutic ability of the mesenchy-
mal stem cells (MSCs) by extracting human MSCs from umbilical cord blood (UCB-MSCs)
and adipose tissues (AT-MSCs). The MSCs of various origins were cocultured with pri-
mary GBM cells to determine their ability to prevent the growth of GBM. The results
demonstrated that whereas the UCB-MSCs reduced the growth of GBM and induced apop-
tosis, the AT-MSCs enhanced the growth of GBM. Interestingly, the AT-MSCs expressed
higher quantities of angiogenic factors (vascular endothelial growth factor, angiopoietin 1,
platelet-derived growth factor, and insulin-like growth factor) and stromal-derived factor-1
(SDF-1/CXCL12). Hence, the AT-MSCs and GBM when co-transplanted caused highly
vascularized tumors. AT-MSCs probably act on different mechanisms such as angiogenesis
promotion and apoptosis inhibition towards the formation of GBM in vivo [75]. The genetic
association between GBM and obesity has been published by Chen et al., where the fat
mass and obesity-associated (FTO) gene on chromosome 16q12.2 was linked with obesity
and BMI. The recent interest in the FTO gene and its expression product was piqued by
the discovery of FTO as an N6-methyladenosine (m6A) demethylase. FTO predominantly
affects the downstream targets’ m6A levels via their 3′ untranslated regions [76]. The
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oncogenic potential of FTO has also been demonstrated in leukemia and glioblastoma,
both of which have high levels of FTO expression [77]. Additionally, it has been estab-
lished that abnormal insulin signaling accelerates glioblastoma growth, and inhibiting
this pathway may provide an alternative therapy to the existing standard care [78]. Since
the 1980s, critical molecular participants in this signaling have been identified and inten-
sively explored experimentally [79]. Insulin-like growth factor 1 (IGF1, and the insulin-like
growth factor 1 receptor (IGF1R) are required for appropriate brain growth during fetal
and postnatal development [80]. Brain cancer cells develop malignant phenotypes in the
same processes [81].

Epidemiological studies have suggested an increased risk of cancer in people with
T2DM and obesity, primarily mediated by hyperinsulinemia induced by insulin resis-
tance [82]. Hyperinsulinemia promotes the production of IGF-1. The higher insulin and
IGF-1 levels have been linked to tumorigenesis in vitro, animal models, and human epi-
demiological investigations [82]. Growth hormone receptor (GHR) signaling is augmented
in hyperinsulinemic conditions due to increased insulin levels in the portal circulation,
which results in increased hepatic IGF1 synthesis [83]. In extensive prospective studies
and meta-analyses, elevated IGF1 levels have been implicated in developing colorectal,
premenopausal breast, and prostate cancer [84]. Additionally, IGF1 induces the tumor’s
metastatic spread, possibly by relocating the integrins to the verge of migrating cells and via
lamellipodial extension, as expressed in neuroblastoma cells [85]. Thus, hyperinsulinemia
can increase circulating IGF1 levels, which can promote tumor growth and metastasis.
Experimentally, it has been demonstrated that prostate cancer cells in Noble rats with
hormone-sensitive prostate cancer upregulate their intrinsic production of IGF1, implying
that the malignant cells rely on circulating IGF1 levels and may also be capable of regulating
their growth via IGF1 production [86].

Studies have reported that IGFIR hyperactivation and subsequent signaling results in
malignant cell proliferation, motility, metastasis, and antiapoptotic signaling [87,88]. As
a result, scientists have targeted IGFIR to inhibit the formation of glioblastoma in vitro
and in animal models; IGFIR inhibition successfully inhibited glioblastoma aggregation
development [89]. Additionally, metabolic problems such as obesity are related to adverse
outcomes in patients with type 2 diabetes and GBM. These metabolic difficulties may sub-
stantially affect tumors through various pathways, including the activation of the insulin
receptor (INSR) and the closely related insulin-like growth factor 1 receptor (IGF1R) in
malignant cells. The investigation demonstrated that INSR was often expressed in GBM
surgical tissues and xenograft tumor lines, with mitogenic isoform-A being the most abun-
dant. Insulin at physiologically appropriate doses increased the proliferation and survival
of GBM cells, possibly via Akt (protein kinase B) activation [90]. The study conducted
by the researchers states that lipid droplets (LDs), which are subcellular organelles that
serve as the primary storage locations for neutral lipids, specifically triglycerides (TG) and
cholesteryl esters (CE), constitute the lipid core, surrounded by a monolayer of phospho-
lipids [91]. It has been demonstrated that the dysregulation of LD metabolism is associated
with a variety of metabolic disorders, including obesity, fatty liver, and atherosclerosis [92].

Moreover, LDs are also detected in various tumor tissues of patients [93]. Current
advancements in the interpretation of cancer biology have revealed a new hallmark of
malignancies—metabolic reprogramming [94]. Guo et al. were the first to demonstrate
that patients with GBM have their lipid metabolism rewired to promote tumor growth [95].
It was discovered that tumor tissues from GBM patients contain high concentrations of
LDs utilizing electron microscopy and fluorescence imaging techniques [96]. To avoid
lipotoxicity and ER (endoplasmic reticulum) stress, GBM cells may store excess fatty acids
and cholesterol in LDs. This research demonstrated that LDs are detected in GBM but not
in normal brain tissues or low-grade gliomas, indicating that LDs may serve as potential
diagnostic biomarkers for GBM [96].

Interestingly, this was shown in tumor tissues from a large cohort of GBM patients.
Furthermore, it has been well established that a higher incidence of LDs in tumor tissues
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is negatively connected with overall survival, implying that LDs may play a role in GBM
progression [96].

8. Causes of Childhood Obesity: A Better Understanding of the Associated Concerns
of Fatigue, Health Disorders, Cancer, and Death Risks in Children

Obese children have difficulty breathing, a tendency for high blood pressure, early
signs of cardiovascular disease, and insulin resistance, in addition to fatigue and fracture
risks [97]. Obesity in childhood has also been related to an increased possibility of adult obe-
sity, early death, and disability. Unfortunately, obesity in children has increased drastically
in recent decades, making it one of the most common general health problems. The etiology
of excessive weight gain is complex, with interactions between genetic, environmental, and
biological variables [98]. Hence, it is important to know the causes of childhood obesity, as
outlined below.

8.1. Genetic Factors and Risk of Childhood Obesity

Heritable factors account for 30% to 50% of adiposity variation [99]. Early-onset obesity
and physical assessment symptoms such as short stature, dysmorphic characteristics,
pauses in development or intellectual disability (mental retardation), retinal abnormalities,
or deafness are common in children with obesity-related genetic disorders. Hypotonia
and eating difficulties are common in children with Prader–Willi syndrome during infancy
(sometimes accompanied by growth failure), followed by hyperphagia and obesity. The
most prevalent single gene defect in children with obesity is mutations in the melanocortin
4 receptor. [100]. Gene mutations in leptin, leptin receptor, proopiomelanocortin, and
proprotein convertase are other common defects. Leptin and leptin receptor gene mutations
are uncommon. Only rare leptin or leptin receptor mutations have been recorded, most of
which are from consanguineous families [101]. The involvement of epigenetic variables
in obesity is also becoming clearer. These epigenetic variables could influence how the
environment, microbiota, and nutrition combine to promote weight gain [102].

8.2. Endocrine Disorder and Childhood Obesity

Only about 1% of children and adolescents with obesity have endocrine factors for
their weight gain. Poor linear development, small height, and hypogonadism are common
in children with endocrine abnormalities that cause weight gain [103]. Endogenous or ex-
ogenous glucocorticoid excess (the use of corticosteroid medication or Cushing syndrome),
hypothyroidism, growth hormone insufficiency, and pseudohypoparathyroidism type 1a
(Albright hereditary osteodystrophy) are all endocrine illnesses that cause weight gain [103].
Some of the endocrine disorders related to weight gain in children are listed below.

8.2.1. Hypothyroidism

Clinical hypothyroidism with high TSH and low T4 levels is frequently accompanied
by some weight gain and a modest increase in BMI (1–2 kg/m2). Reduced resting energy
expenditure, fluid retention, and slowed linear growth are suggested to be the causes of
BMI increases. Subclinical hypothyroidism is seen in approximately 10% of overweight or
obese youngsters, although it is a symptom rather than a reason for obesity and does not
necessitate thyroxine treatment [104].

8.2.2. Cushing Syndrome or Hypercortisolism

Cushing syndrome occurs due to hypercortisolism, and an exogenous Cushing syn-
drome type is found in children. Adrenal tumors or hyperplasia in children under 6 years
and pituitary microadenoma in older children are the most common causes. Exogenous
iatrogenic hypercortisolism (as seen in autoimmune, dermatological, pulmonary, or neo-
plastic diseases) or even the off-label, over-the-counter use of steroids for treatment for
mild respiratory illnesses is also not uncommon [105]. Hypercortisolism is connected to
developmental delays, adiposity, hirsutism, increased appetite, and hypertension. Short
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stature (typically fewer than 3 standard deviations in height), sluggish growth, and mild
truncal obesity are all symptoms of growth hormone deficit (GHD) and obesity caused by
the hypothalamus [105].

8.2.3. Hypothalamic Obesity

The ventromedial, arcuate, paraventricular, and dorsomedial nuclei of the hypothala-
mus generate neuropeptides that regulate hunger and energy expenditure. A congenital
abnormality or injury causes hypothalamic obesity in the hypothalamus, which causes the
nuclei to be disrupted. The primary cause of hypothalamic obesity in children is a surgically
treated craniopharyngioma. Pituitary tumors, aneurysms, inflammatory and infiltrative
disorders, trauma, cranial irradiation, and surgery are other reasons. Patients that are af-
fected are often tired and have low energy expenditure. GHD, hypothyroidism, precocious
or hindered puberty, and diabetes insipidus are all possible endocrinopathies [106]

8.2.4. Rapid Onset Obesity

Hypothalamic dysfunction, hypoventilation, autonomic dysregulation, and neuroen-
docrine tumors (ROHHADNET) syndrome: This syndromic etiology of pediatric obesity
displays weight gain and slowed considerably linear growth, as well as indications of
autonomic dysfunction and hypoventilation, between the ages of 2 and 4. It has been
linked to various degrees of hypothalamic–pituitary axis involvement, including GH deficit
with low IGF1 in some cases, glucocorticoid insufficiency or excess, hypogonadotropic
hypogonadism, hyperprolactinemia, hypothyroidism, irregularities in water and sodium
homeostasis, adrenal tumors, and so on [107].

8.3. Parent–Child Interactions: A Risk Factor for Childhood Obesity

The human brain evolved in a social context [108], and the complex physiologic pro-
cesses maintaining energy balance are intimately linked to the autonomic nerve system,
which develops quickly in childhood [109]. The emotional quality of parent–child connec-
tions can raise a child’s risk of obesity in a variety of ways, and identifying these pathways
is an important study area [108]. The research shows that loving and warmth-related
parenting can alter the autonomic nerve system’s function in children to maintain a healthy
weight [110].

The sympathetic nervous system and the hypothalamic–pituitary–adrenal (HPA) axis
transmit neuroendocrine changes in response to stress, causing physiological arousal and
influencing appetite and mood [110]. The degree to which the brain’s messages and the
body’s response are in synchronization may aid in determining whether a person’s appetite
rises or falls in response to stress [111]. Long-term or severe stress can cause habituation
and insufficiency in the brain’s energy demand signaling, necessitating more food con-
sumption to maintain glucose homeostasis [112]. Another possible link between the nature
of the parent–child relationship and obesity is the capacity of children for self-regulation.
Self-regulation is a multifaceted concept that spans the conscious and unconscious do-
mains [113]. Additionally, a study assessed children’s self-regulating behavioral capacities
between the ages of three and five. It concluded that self-regulation failure in early child-
hood might contribute to an excessive weight gain of a child during early adolescence [114].

In the United States and other countries, child obesity has become one of the most crit-
ical public health issues [115]. Multiple major obesity-related comorbidities have emerged
due to the rising prevalence of childhood obesity [116]. The rates of obesity differ by
ethnicity, race, and socioeconomic situation [117]. Low-income people are also more likely
to be obese [118]. Obesity in children is caused by complex interactions between several
environmental, genetic, and ecological forces.

9. Assessing the Risks of GBM with Childhood Obesity

Children: The statistical data show that by 2014, up to 1.9 billion people (18 years
and older) were overweight (39%) and over 600 million (13%) were obese. Surprisingly,
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42 million children aged five and younger were found to be overweight or obese in
2014 alone. The World Health Organization (WHO) estimates that by the year 2025, 1 out of
5 people will be obese, raising major public health concerns, even in children [119]. Impor-
tantly, obese children experience breathing difficulties; early indicators of insulin resistance,
neuropsychological issues; and higher risks for hypertension, cancer, and cardiovascular
disease [119,120]. Since childhood obesity is highly connected with a higher likelihood of
adult obesity, the risks of developing cancer and threats of early mortality in adulthood
become high for them. Henceforth, it is important to comprehend the causes of obesity and
its relevance in children.

Childhood central nervous system (CNS) tumors are the second most frequently
occurring and persistent type of solid tumor. In the United States, the incidence rate of CNS
tumors in children and adolescents is around 5.67 per 100,000 person-years [121]. The signs
and symptoms vary according to several factors, including the tumor’s location, the child’s
age, and the rate at which the tumor progresses. Supratentorial tumors are more prevalent
in newborns and children up to the age of 3 and after the age of 10, while infratentorial
tumors are more commonly seen in children between 4 and 10 years of age [122]. The
clinical manifestations of the growth of tumors in infants are relatively unspecific, such as
microcephaly, developmental delay, irritability, and vomiting [123], whereas the typical
clinical presentation in older children involves localized neurologic impairments and
symptoms associated with increased intracranial pressure caused by a restriction of the
normal flow of cerebral spinal fluid (CSF), resulting in hydrocephalus. The non-localizing
symptoms associated with prolonged intracranial pressure involve nausea, headaches,
cranial nerve deficits, and vomiting. [124]. Children develop high-grade gliomas (HGGs)
at an annual rate of 0.8 per 100,000 children [124]. HGGs account for approximately 20%
of all pediatric gliomas and include anaplastic astrocytoma (AA), diffuse intrinsic pontine
glioma (DIPG), and GBM [125].

Children, like adults, have a dismal prognosis for malignant (high-grade) gliomas
such as anaplastic astrocytomas (WHO grade III) and GBM [126]. Pediatric HGGs are
histologically identical to adult HGGs but are molecularly distinct entities, making clinical
data from adults nearly impossible to translate to pediatrics. While approximately half of all
adult GBMs show MGMT (methyl guanine ethyl transferase) methylation, impairing DNA
repair, the importance of MGMT methylation in pediatric patients is less apparent [127]. It
has been estimated that children diagnosed with malignant brain tumors have a survival
rate of approximately 70%. These children have an increased risk of dyslipidemia, obesity,
and insulin resistance [128]. Howell et al. used Mendelian randomization (MR) and genetic
variants to uncover evidence of a link between risk factors and the development of glioma.
They discovered that genetically predicted severe childhood obesity raises the chance of all
gliomas and GBM [129]. Interestingly, the research has also indicated opposite associations,
as survivors of childhood brain tumors (SCBT) show risks of overweight and obesity due to
pain; medicinal side effects; and decreased physical activity, mobility, coordination, sleep,
sadness, and pituitary hormone functions [130].

GBM research requires the identification and characterization of newer and specific
molecular players. A recent study identified the RNA-binding ubiquitin ligase MEX3A from
a gene expression analysis of a publicly available dataset and tried assessing its functional
role in GB tumorigenesis. Interestingly, they found significantly upregulated expression of
MEX3A in GB specimens along with a very low level of RIG-I (a tumor suppressor protein
involved in apoptosis and immune response) [131]. The study demonstrated a correlation
between the two molecules, as MEX3A can bind to RIG-I to induce the ubiquitylation
and proteasome-dependent degradation of RIG-I [132]. Moreover, the functional loss
the of the MEX3A gene suppresses GB cell growth by increasing the RIG-I protein levels
(Figure 3). The findings could be of special interest for childhood-obesity-induced GBM,
as targeting MEX3A as a novel molecular approach can regulate the cytokine production
from the adipocytes and immunocytes to prevent the development or progression of GBM
in children [133].
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10. Conclusions

The pathophysiology of excessive weight gain or obesity is complex, as it involves
several interactions between genetic, environmental, and biological components for an indi-
vidual. Interestingly, the convergent pathways involving various adipokines, inflammatory
molecules, and insulin-resistance-associated obesity with cancer have been brought to the
forefront. Moreover, increased adiposity has been linked to a higher chance of acquiring
or suffering from various cancers, including GBM and the aggressive forms of tumor
originating in the CNS. GBM can strike anyone at any age, but a Mendelian randomization
(MR) and genetic variant study indicated that obese children have a plausible chance for
developing all gliomas, including GBM.

Unfortunately, obesity in children has escalated exponentially, making it one of the
most predominant public health problems. Obese children suffering from GBM demon-
strate several health issues along with neuropsychiatric manifestations and an increased
risk of death. Moreover, the survival rate of obese children diagnosed with dyslipidemia,
obesity, and insulin resistance decreases with the development of malignant brain tumors.

Interestingly, now we know that the C subtype of GBM is associated with the ampli-
fication of EGFR and EGFR vIII mutations, and the proneural subtype is also associated
with a younger age at diagnosis, along with IDH1/2 and TP53 mutations. On the other
hand, the M subtype involves more frequent NF1 mutations and the enrichment of gene
signatures associated with EMT (epithelial-to-mesenchymal transition). Personalized treat-
ments for childhood-obesity-induced cancers can be used to study the fine details of the
various GBM subtypes. Moreover, therapeutic interventions to prevent the adverse effects
of obesity on cancer can have several other potential targets. It has also been seen that
patients on insulin or insulin-secreting agents (e.g., sulphonylureas) are at a higher risk of
developing cancer compared to patients on oral insulin-sensitizing agents, e.g., metformin
or thiazolidinediones (TZDs). This is one of most important pending research questions,
which needs special attention and further investigation for appropriate drug discovery.
Another potential therapeutic approach in cases of obesity-induced cancer progression is
the chemo-preventive modulation of the inflammatory pathways. Interestingly, targeting
adipokines for weight loss and bariatric surgery has reduced the incidence and metastasis
of cancer. In contrast, a study examined the effects of obesity-related factors on glioma risk
using genetic markers in a MR framework that eliminates confounding variables and is
unaffected by reverse causality [134]. The study revealed no indication that obesity-related
factors contribute to the development of glioma [134]. However, the positive correlation
between obesity and glioma far outweighed the negative correlation. Additionally, obe-
sity is known to accelerate other degenerative conditions and contributes to aging [135],
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which can also be controlled [136]. Out of the known molecular drivers that play a role in
obesity-induced GBM, the RIG-I protein and MEX3A could be of potential interest, as they
can regulate the cytokines released from the adipocytes and inflammatory cells of an obese
person and can regulate the occurrence or development of GBM.

Further, research and medical studies are needed to determine the precise underlying
mechanisms that communicate among themselves and link GBM with childhood obesity.
More focused studies in different populations as well as in physiological conditions are
needed in order to eradicate the childhood GBM cases induced by obesity or abnormally
high BMI. This will contribute significantly to the overall growth of a nation [137,138] in
the terms of both the economy and public health.
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40. Olszańska, J.; Pietraszek-Gremplewicz, K.; Nowak, D. Melanoma Progression under Obesity: Focus on Adipokines. Cancers 2021,

13, 2281. [CrossRef]
41. Rawla, P.; Thandra, K.C.; Sunkara, T. Pancreatic cancer and obesity: Epidemiology, mechanism, and preventive strategies. Clin. J.

Gastroenterol. 2019, 12, 285–291. [CrossRef] [PubMed]
42. Zhou, Y.; Yang, Y.; Zhou, T.; Li, B.; Wang, Z. Adiponectin and Thyroid Cancer: Insight into the Association between Adiponectin

and Obesity. Aging Dis. 2021, 12, 597–613. [CrossRef] [PubMed]
43. Ray, I.; Meira, L.B.; Michael, A.; Ellis, P.E. Adipocytokines and disease progression in endometrial cancer: A systematic review.

Cancer Metastasis Rev. 2022, 41, 211–242. [CrossRef] [PubMed]
44. Reagan, M.R.; Fairfield, H.; Rosen, C.J. Bone Marrow Adipocytes: A Link between Obesity and Bone Cancer. Cancers 2021, 13, 364.

[CrossRef]
45. Li, Q.; Zhang, J.; Zhou, Y.; Qiao, L. Obesity and gastric cancer. Front. Biosci. 2012, 17, 2383–2390. [CrossRef]
46. Lim, S.H.; Jeon, S.Y.; Jeon, I.S.; Kang, M.H. Rapid-onset obesity with hypothalamic dysfunction, hypoventilation, and autonomic

dysregulation associated with neuroblastoma. Pediatr. Blood Cancer 2018, 65, e26983. [CrossRef]
47. Wright, S.M.; Aronne, L.J. Causes of obesity. Abdom. Imaging 2012, 37, 730–732. [CrossRef]
48. Wadden, T.A.; Tronieri, J.S.; Butryn, M.L. Lifestyle modification approaches for the treatment of obesity in adults. Am. Psychol.

2020, 75, 235–251. [CrossRef]
49. Romero-Ibarguengoitia, M.E.; Vadillo-Ortega, F.; Caballero, A.E.; Ibarra-González, I.; Herrera-Rosas, A.; Serratos-Canales, M.F.;

León-Hernández, M.; González-Chávez, A.; Mummidi, S.; Duggirala, R.; et al. Family history and obesity in youth, their effect on
acylcarnitine/minoacids metabolomics and non-alcoholic fatty liver disease (NAFLD). Structural equation modeling approach.
PLoS ONE 2018, 13, e0193138.

50. Sakata, T.; Yoshimatsu, H.; Kurokawa, M. Hypothalamic neuronal histamine: Implications of its homeostatic control of energy
metabolism. Nutrition 1997, 13, 403–411. [CrossRef]

51. Ness-Abramof, R.; Apovian, C.M. Drug-induced weight gain. Drugs Today 2005, 41, 547–555. [CrossRef]
52. Chukwu, J.; Delanty, N.; Webb, D.; Cavalleri, G.L. Weight change, genetics and antiepileptic drugs. Expert Rev. Clin. Pharmacol.

2014, 7, 43–51. [CrossRef] [PubMed]
53. Rogers, C.C.; Alloway, R.R.; Buell, J.F.; Boardman, R.; Alexander, J.W.; Cardi, M.; Roy-Chaudhury, P.; First, M.R.; Succop, P.;

Munda, R.; et al. Body weight alterations under early corticosteroid withdrawal and chronic corticosteroid therapy with modern
immunosuppression. Transplantation 2005, 80, 26–33. [CrossRef] [PubMed]

54. Clineschmidt, B.V.; Lotti, V.J. Histamine: Intraventricular injection suppresses ingestive behavior of the cat. Arch. Int. Pharmacodyn.
Ther. 1973, 206, 288–298. [PubMed]

55. Parsons, M.E.; Ganellin, C.R. Histamine and its receptors. Br. J. Pharmacol. 2006, 147, S127–S135. [CrossRef]
56. Aubin, H.J.; Farley, A.; Lycett, D.; Lahmek, P.; Aveyard, P. Weight gain in smokers after quitting cigarettes: Meta-analysis. BMJ

2012, 345, 4439. [CrossRef] [PubMed]
57. Hall, E.D. Pathophysiology of spinal cord injury. Current and future therapies. Minerva Anestesiol. 1989, 55, 63–66.
58. Hur, Y.N.; Hong, G.H.; Choi, S.H.; Shin, K.H.; Chun, B.G. High fat diet altered the mechanism of energy homeostasis induced by

nicotine and withdrawal in C57BL/6 mice. Mol. Cells 2010, 30, 219–226. [CrossRef]
59. Lerman, C.; Berrettini, W.; Pinto, A.; Patterson, F.; Crystal-Mansour, S.; Wileyto, E.P.; Restine, S.L.; Leonard, D.G.; Shields, P.G.;

Epstein, L.H. Changes in food reward following smoking cessation: A pharmacogenetic investigation. Psychopharmacology 2004,
174, 571–577. [CrossRef]

60. Harris, K.K.; Zopey, M.; Friedman, T.C. Metabolic effects of smoking cessation. Nat. Rev. Endocrinol. 2016, 12, 684. [CrossRef]
61. White, M.A.; Masheb, R.M.; Grilo, C.M. Self-reported weight gain following smoking cessation: A function of binge eating

behavior. Int. J. Eat. Disord. 2010, 43, 572–575. [CrossRef] [PubMed]

http://doi.org/10.1186/bcr3089
http://www.ncbi.nlm.nih.gov/pubmed/22226054
http://doi.org/10.1093/jnci/djn415
http://doi.org/10.1080/01635581.2020.1856889
http://www.ncbi.nlm.nih.gov/pubmed/33287566
http://doi.org/10.3390/nu8120810
http://www.ncbi.nlm.nih.gov/pubmed/27983672
http://doi.org/10.1007/s11934-015-0546-2
http://doi.org/10.1136/gutjnl-2013-304701
http://doi.org/10.1007/s13277-016-5198-4
http://doi.org/10.3390/cancers13092281
http://doi.org/10.1007/s12328-019-00953-3
http://www.ncbi.nlm.nih.gov/pubmed/30788774
http://doi.org/10.14336/AD.2020.0919
http://www.ncbi.nlm.nih.gov/pubmed/33815885
http://doi.org/10.1007/s10555-021-10002-6
http://www.ncbi.nlm.nih.gov/pubmed/34951691
http://doi.org/10.3390/cancers13030364
http://doi.org/10.2741/4059
http://doi.org/10.1002/pbc.26983
http://doi.org/10.1007/s00261-012-9862-x
http://doi.org/10.1037/amp0000517
http://doi.org/10.1016/S0899-9007(97)91277-6
http://doi.org/10.1358/dot.2005.41.8.893630
http://doi.org/10.1586/17512433.2014.857599
http://www.ncbi.nlm.nih.gov/pubmed/24308788
http://doi.org/10.1097/01.TP.0000164290.17030.BC
http://www.ncbi.nlm.nih.gov/pubmed/16003229
http://www.ncbi.nlm.nih.gov/pubmed/4778620
http://doi.org/10.1038/sj.bjp.0706440
http://doi.org/10.1136/bmj.e4439
http://www.ncbi.nlm.nih.gov/pubmed/22782848
http://doi.org/10.1007/s10059-010-0110-3
http://doi.org/10.1007/s00213-004-1823-9
http://doi.org/10.1038/nrendo.2016.171
http://doi.org/10.1002/eat.20729
http://www.ncbi.nlm.nih.gov/pubmed/19718662


Life 2022, 12, 1673 16 of 18

62. Volkow, N.D.; Wang, G.J.; Fowler, J.S.; Telang, F. Overlapping neuronal circuits in addiction and obesity: Evidence of systems
pathology. Philos. Trans. R. Soc. Lond. B Biol. Sci. 2008, 363, 3191–3200. [CrossRef] [PubMed]

63. Johnson, P.M.; Hollander, J.A.; Kenny, P.J. Decreased brain reward function during nicotine withdrawal in C57BL6 mice: Evidence
from intracranial self-stimulation (ICSS) studies. Pharmacol. Biochem. Behav. 2008, 90, 409–415. [CrossRef] [PubMed]

64. Grundy, S.M. Obesity, metabolic syndrome, and cardiovascular disease. J. Clin. Endocrinol. Metab. 2004, 89, 2595–2600. [CrossRef]
[PubMed]

65. Rubenstein, A.H. Obesity: A modern epidemic. Trans. Am. Clin. Climatol. Assoc. 2005, 116, 103–113. [PubMed]
66. Bifulco, M.; Pisanti, S. “Adiponcosis”: A new term to name the obesity and cancer link. J. Clin. Endocrinol. Metab. 2013, 98,

4664–4665. [CrossRef] [PubMed]
67. Kolb, R.; Sutterwala, F.S.; Zhang, W. Obesity and cancer: Inflammation bridges the two. Curr. Opin. Pharmacol. 2016, 29, 77–89.

[CrossRef]
68. Gregor, M.F.; Hotamisligil, G.S. Inflammatory mechanisms in obesity. Annu. Rev. Immunol. 2011, 29, 415–445. [CrossRef]
69. Fasshauer, M.; Blüher, M. Adipokines in health and disease. Trends Pharmacol. Sci. 2015, 36, 461–470. [CrossRef]
70. Balistreri, C.R.; Caruso, C.; Candore, G. The role of adipose tissue and adipokines in obesity-related inflammatory diseases.

Mediat. Inflamm. 2010, 2010, 2078. [CrossRef]
71. Cnop, M.; Foufelle, F.; Velloso, L.A. Endoplasmic reticulum stress, obesity and diabetes. Trends Mol. Med. 2012, 18, 59–68.

[CrossRef] [PubMed]
72. Cildir, G.; Akıncılar, S.C.; Tergaonkar, V. Chronic adipose tissue inflammation: All immune cells on the stage. Trends Mol. Med.

2013, 19, 487–500. [CrossRef] [PubMed]
73. Green, C.J.; Hodson, L. The influence of dietary fat on liver fat accumulation. Nutrients 2014, 6, 5018–5033. [CrossRef] [PubMed]
74. Villarroya, J.; Cereijo, R.; Gavaldà-Navarro, A.; Peyrou, M.; Giralt, M.; Villarroya, F. New insights into the secretory functions of

brown adipose tissue. J. Endocrinol. 2019, 243, R19–R27. [CrossRef]
75. Akimoto, K.; Kimura, K.; Nagano, M.; Takano, S.; Salazar, G.; Yamashita, T.; Ohneda, O. Umbilical cord blood-derived mesenchy-

mal stem cells inhibit, but adipose tissue-derived mesenchymal stem cells promote, glioblastoma multiforme proliferation. Stem.
Cells Dev. 2013, 22, 1370–1386. [CrossRef] [PubMed]

76. Chen, J.; Du, B. Novel positioning from obesity to cancer: FTO, an m6A RNA demethylase, regulates tumour progression. J.
Cancer Res. Clin. Oncol. 2019, 145, 19–29. [CrossRef] [PubMed]

77. Li, Z.; Weng, H.; Su, R.; Weng, X.; Zuo, Z.; Li, C.; Huang, H.; Nachtergaele, S.; Dong, L.; Hu, C.; et al. FTO Plays an Oncogenic
Role in Acute Myeloid Leukemia as a N6-Methyladenosine RNA Demethylase. Cancer Cell 2017, 31, 127–141. [CrossRef]

78. Gallagher, E.J.; LeRoith, D. Minireview: IGF, Insulin, and Cancer. Endocrinology 2011, 152, 2546–2551. [CrossRef]
79. Cohen, P. The twentieth century struggle to decipher insulin signalling. Nat. Rev. Mol. Cell Biol. 2006, 7, 867–873. [CrossRef]
80. El-Roeiy, A.; Chen, X.; Roberts, V.J.; Shimasakai, S.; Ling, N.; Leroith, D.; Roberts, C.T.; Yen, S.S. Expression of the genes encoding

the insulin-like growth factors (IGF-I and II), the IGF and insulin receptors, and IGF-binding proteins-1-6 and the localization of
their gene products in normal and polycystic ovary syndrome ovaries. J. Clin. Endocrinol. Metab. 1994, 78, 1488–1496.

81. Gascoigne, A.D.; Richards, J.; Gould, K.; Gibson, G.J. Successful treatment of Bacillus cereus infection with ciprofloxacin. Thorax
1991, 46, 220–221. [CrossRef] [PubMed]

82. Vishwamitra, D.; George, S.K.; Shi, P.; Kaseb, A.O.; Amin, H.M. Type I insulin-like growth factor receptor signaling in hematologi-
cal malignancies. Oncotarget 2017, 8, 1814–1844. [CrossRef] [PubMed]

83. Baxter, R.C.; Bryson, J.M.; Turtle, J.R. Somatogenic receptors of rat liver: Regulation by insulin. Endocrinology 1980, 107, 1176–1181.
[CrossRef] [PubMed]

84. Chen, W.; Wang, S.; Tian, T.; Bai, J.; Hu, Z.; Xu, Y.; Dong, J.; Chen, F.; Wang, X.; Shen, H. Phenotypes and genotypes of insulin-like
growth factor 1, IGF-binding protein-3 and cancer risk: Evidence from 96 studies. Eur. J. Hum. Genet. 2009, 17, 1668–1675.
[CrossRef] [PubMed]

85. Kim, B.; van Golen, C.M.; Feldman, E.L. Insulin-like growth factor-I signaling in human neuroblastoma cells. Oncogene 2004, 23,
130–141. [CrossRef]

86. Wang, Y.Z.; Wong, Y.C. Sex hormone-induced prostatic carcinogenesis in the noble rat: The role of insulin-like growth factor-I
(IGF-I) and vascular endothelial growth factor (VEGF) in the development of prostate cancer. Prostate 1998, 35, 165–177. [CrossRef]

87. Poloz, Y.; Stambolic, V. Obesity and cancer, a case for insulin signaling. Cell Death Dis. 2015, 6, e2037. [CrossRef]
88. Dupont, J.; LeRoith, D. Insulin and insulin-like growth factor I receptors: Similarities and differences in signal transduction. Horm.

Res. 2001, 55 (Suppl. 2), 22–26. [CrossRef]
89. Liu, T.J.; LaFortune, T.; Honda, T.; Ohmori, O.; Hatakeyama, S.; Meyer, T.; Jackson, D.; de Groot, J.; Yung, W.A. Inhibition of both

focal adhesion kinase and insulin-like growth factor-I receptor kinase suppresses glioma proliferation in vitro and in vivo. Mol.
Cancer Ther. 2007, 6, 1357–1367. [CrossRef]

90. Gong, Y.; Ma, Y.; Sinyuk, M.; Loganathan, S.; Thompson, R.C.; Sarkaria, J.N.; Chen, W.; Lathia, J.D.; Mobley, B.C.; Clark, S.W.; et al.
Insulin-mediated signaling promotes proliferation and survival of glioblastoma through Akt activation. Neuro. Oncol. 2016, 18,
48–57. [CrossRef]

91. Walther, T.C.; Farese, R.V., Jr. The life of lipid droplets. Biochim. Biophys. Acta 2009, 1791, 459–466. [CrossRef] [PubMed]
92. Beckman, M. Cell biology. Great balls of fat. Science 2006, 311, 1232–1234. [CrossRef] [PubMed]
93. Geng, F.; Guo, D. Lipid droplets, potential biomarker and metabolic target in glioblastoma. Intern. Med. Rev. 2017, 3, 1–11.

http://doi.org/10.1098/rstb.2008.0107
http://www.ncbi.nlm.nih.gov/pubmed/18640912
http://doi.org/10.1016/j.pbb.2008.03.024
http://www.ncbi.nlm.nih.gov/pubmed/18466962
http://doi.org/10.1210/jc.2004-0372
http://www.ncbi.nlm.nih.gov/pubmed/15181029
http://www.ncbi.nlm.nih.gov/pubmed/16555609
http://doi.org/10.1210/jc.2013-2645
http://www.ncbi.nlm.nih.gov/pubmed/24108312
http://doi.org/10.1016/j.coph.2016.07.005
http://doi.org/10.1146/annurev-immunol-031210-101322
http://doi.org/10.1016/j.tips.2015.04.014
http://doi.org/10.1155/2010/802078
http://doi.org/10.1016/j.molmed.2011.07.010
http://www.ncbi.nlm.nih.gov/pubmed/21889406
http://doi.org/10.1016/j.molmed.2013.05.001
http://www.ncbi.nlm.nih.gov/pubmed/23746697
http://doi.org/10.3390/nu6115018
http://www.ncbi.nlm.nih.gov/pubmed/25389901
http://doi.org/10.1530/JOE-19-0295
http://doi.org/10.1089/scd.2012.0486
http://www.ncbi.nlm.nih.gov/pubmed/23231075
http://doi.org/10.1007/s00432-018-2796-0
http://www.ncbi.nlm.nih.gov/pubmed/30465076
http://doi.org/10.1016/j.ccell.2016.11.017
http://doi.org/10.1210/en.2011-0231
http://doi.org/10.1038/nrm2043
http://doi.org/10.1136/thx.46.3.220
http://www.ncbi.nlm.nih.gov/pubmed/1902995
http://doi.org/10.18632/oncotarget.12123
http://www.ncbi.nlm.nih.gov/pubmed/27661006
http://doi.org/10.1210/endo-107-4-1176
http://www.ncbi.nlm.nih.gov/pubmed/6250795
http://doi.org/10.1038/ejhg.2009.86
http://www.ncbi.nlm.nih.gov/pubmed/19491931
http://doi.org/10.1038/sj.onc.1206924
http://doi.org/10.1002/(SICI)1097-0045(19980515)35:3&lt;165::AID-PROS2&gt;3.0.CO;2-G
http://doi.org/10.1038/cddis.2015.381
http://doi.org/10.1159/000063469
http://doi.org/10.1158/1535-7163.MCT-06-0476
http://doi.org/10.1093/neuonc/nov096
http://doi.org/10.1016/j.bbalip.2008.10.009
http://www.ncbi.nlm.nih.gov/pubmed/19041421
http://doi.org/10.1126/science.311.5765.1232
http://www.ncbi.nlm.nih.gov/pubmed/16513957


Life 2022, 12, 1673 17 of 18

94. Vander Heiden, M.G.; Cantley, L.C.; Thompson, C.B. Understanding the Warburg effect: The metabolic requirements of cell
proliferation. Science 2009, 324, 1029–1033. [CrossRef] [PubMed]

95. Guo, D.; Bell, E.H.; Chakravarti, A. Lipid metabolism emerges as a promising target for malignant glioma therapy. CNS Oncol.
2013, 2, 289–299. [CrossRef]

96. Geng, F.; Cheng, X.; Wu, X.; Yoo, J.Y.; Cheng, C.; Guo, J.Y.; Mo, X.; Ru, P.; Hurwitz, B.; Kim, S.H.; et al. Inhibition of SOAT1
Suppresses Glioblastoma Growth via Blocking SREBP-1-Mediated Lipogenesis. Clin. Cancer Res. 2016, 22, 5337–5348. [CrossRef]

97. Mohammed, M.S.; Sendra, S.; Lloret, J.; Bosch, I. Systems and WBANs for Controlling Obesity. J. Healthc. Eng. 2018, 2018, 1564748.
[CrossRef]

98. Kumar, S.; Kaufman, T. Childhood obesity. Panminerva. Med. 2018, 60, 200–212. [CrossRef]
99. Bouchard, C. Genetic determinants of regional fat distribution. Hum. Reprod. 1997, 12 (Suppl. 1), 1–5. [CrossRef]
100. Dubern, B.; Bisbis, S.; Talbaoui, H.; Le Beyec, J.; Tounian, P.; Lacorte, J.-M.; Clément, K. Homozygous null mutation of the

melanocortin-4 receptor and severe early-onset obesity. J. Pediatr. 2007, 150, 613–617.e1. [CrossRef]
101. Farooqi, I.S.; O’Rahilly, S. 20 years of leptin: Human disorders of leptin action. J. Endocrinol. 2014, 223, T63–T70. [CrossRef]

[PubMed]
102. Chang, L.; Neu, J. Early factors leading to later obesity: Interactions of the microbiome, epigenome, and nutrition. Curr. Probl.

Pediatr. Adolesc. Health Care 2015, 45, 134–142. [CrossRef] [PubMed]
103. Jebeile, H.; Kelly, A.S.; O’Malley, G.; Baur, L.A. Obesity in children and adolescents: Epidemiology, causes, assessment, and

management. Lancet Diabetes Endocrinol. 2022, 10, 351–365. [CrossRef]
104. Wagner, E.; Jamil, O.; Hodges, B. Talking About Childhood Obesity. Clin. Pediatr. 2022, 61, 266–269. [CrossRef]
105. Verma, N.; Jain, V. Iatrogenic Cushing syndrome. Indian Pediatr. 2012, 49, 765. [CrossRef]
106. Crocker, M.K.; Yanovski, J.A. Pediatric obesity: Etiology and treatment. Pediatr. Clin. N. Am. 2011, 58, 1217–1240. [CrossRef]
107. Bougnères, P.; Pantalone, L.; Linglart, A.; Rothenbühler, A.; Le Stunff, C. Endocrine manifestations of the rapid-onset obesity with

hypoventilation, hypothalamic, autonomic dysregulation, and neural tumor syndrome in childhood. J. Clin. Endocrinol. Metab.
2008, 93, 3971–3980. [CrossRef]

108. Anderson, S.E.; Keim, S.A. Parent-Child Interaction, Self-Regulation, and Obesity Prevention in Early Childhood. Curr. Obes. Rep.
2016, 5, 192–200. [CrossRef]

109. Schore, A.N. Back to basics: Attachment, affect regulation, and the developing right brain: Linking developmental neuroscience
to pediatrics. Pediatr. Rev. 2005, 26, 204–217. [CrossRef]

110. McEwen, B.S. Understanding the potency of stressful early life experiences on brain and body function. Metabolism 2008, 57
(Suppl. 2), S11–S15. [CrossRef]

111. Peters, A.; Kubera, B.; Hubold, C.; Langemann, D. The selfish brain: Stress and eating behavior. Front. Neurosci. 2011, 5, 74.
[CrossRef] [PubMed]

112. Peters, A.; Langemann, D. Stress and eating behavior. F1000 Biol. Rep. 2010, 2, 13. [CrossRef] [PubMed]
113. Papies, E.K.; Stroebe, W.; Aarts, H. Healthy cognition: Processes of self-regulatory success in restrained eating. Personal. Soc.

Psychol. Bull. 2008, 34, 1290–1300. [CrossRef] [PubMed]
114. Francis, L.A.; Susman, E.J. Self-regulation and rapid weight gain in children from age 3 to 12 years. Arch. Pediatr. Adolesc. Med.

2009, 163, 297–302. [CrossRef] [PubMed]
115. Ogden, C.L.; Carroll, M.D.; Kit, B.K.; Flegal, K.M. Prevalence of childhood and adult obesity in the United States, 2011–2012.

JAMA 2014, 311, 806–814. [CrossRef] [PubMed]
116. Strauss, R.S.; Bradley, L.J.; Brolin, R.E. Gastric bypass surgery in adolescents with morbid obesity. J. Pediatr. 2001, 138, 499–504.

[CrossRef] [PubMed]
117. Kelly, A.S.; Barlow, S.E.; Rao, G.; Inge, T.H.; Hayman, L.L.; Steinberger, J.; Urbina, E.M.; Ewing, L.J.; Daniels, S.R.; on behalf of the

American Heart Association Atherosclerosis, Hypertension, and Obesity in the Young Committee of the Council on Cardiovascular
Disease in the Young, Council on Nutrition, Physical Activity and Metabolism, and Council on Clinical Cardiology. Severe obesity
in children and adolescents: Identification, associated health risks, and treatment approaches: A scientific statement from the
American Heart Association. Circulation 2013, 128, 1689–1712.

118. Eagle, T.F.; Sheetz, A.; Gurm, R.; Woodward, A.C.; Kline-Rogers, E.; Leibowitz, R.; Durussel-Weston, J.; Palma-Davis, L.; Aaronson,
S.; Fitzgerald, C.M.; et al. Understanding childhood obesity in America: Linkages between household income, community
resources, and children’s behaviors. Am. Heart J. 2012, 163, 836–843. [CrossRef]

119. Pineda, E.; Sanchez-Romero, L.M.; Brown, M.; Jaccard, A.; Jewell, J.; Galea, G.; Webber, L.; Breda, J. Forecasting Future Trends in
Obesity across Europe: The Value of Improving Surveillance. Obes. Facts 2018, 11, 360–371. [CrossRef]

120. Ghosh, S.; Sachdeva, B.; Sachdeva, P.; Chaudhary, V.; Rani, G.M.; Sinha, J.K. Graphene quantum dots as a potential diagnostic and
therapeutic tool for the management of Alzheimer’s disease. Carbon. Lett. 2022. [CrossRef]

121. Ostrom, Q.T.; Gittleman, H.; Xu, J.; Kromer, C.; Wolinsky, Y.; Kruchko, C.; Barnholtz-Sloan, J.S. CBTRUS Statistical Report:
Primary Brain and Other Central Nervous System Tumors Diagnosed in the United States in 2009–2013. Neuro. Oncol. 2016, 18,
v1–v75. [CrossRef] [PubMed]

122. Udaka, Y.T.; Packer, R.J. Pediatric Brain Tumors. Neurol. Clin. 2018, 36, 533–556. [CrossRef] [PubMed]
123. Wilne, S.; Collier, J.; Kennedy, C.; Koller, K.; Grundy, R.; Walker, D. Presentation of childhood CNS tumours: A systematic review

and meta-analysis. Lancet Oncol. 2007, 8, 685–695. [CrossRef]

http://doi.org/10.1126/science.1160809
http://www.ncbi.nlm.nih.gov/pubmed/19460998
http://doi.org/10.2217/cns.13.20
http://doi.org/10.1158/1078-0432.CCR-15-2973
http://doi.org/10.1155/2018/1564748
http://doi.org/10.23736/S0031-0808.18.03557-7
http://doi.org/10.1093/humrep/12.suppl_1.1
http://doi.org/10.1016/j.jpeds.2007.01.041
http://doi.org/10.1530/JOE-14-0480
http://www.ncbi.nlm.nih.gov/pubmed/25232148
http://doi.org/10.1016/j.cppeds.2015.03.003
http://www.ncbi.nlm.nih.gov/pubmed/26043042
http://doi.org/10.1016/S2213-8587(22)00047-X
http://doi.org/10.1177/00099228211070390
http://doi.org/10.1007/s13312-012-0147-9
http://doi.org/10.1016/j.pcl.2011.07.004
http://doi.org/10.1210/jc.2008-0238
http://doi.org/10.1007/s13679-016-0208-9
http://doi.org/10.1542/pir.26.6.204
http://doi.org/10.1016/j.metabol.2008.07.006
http://doi.org/10.3389/fnins.2011.00074
http://www.ncbi.nlm.nih.gov/pubmed/21660101
http://doi.org/10.3410/B2-13
http://www.ncbi.nlm.nih.gov/pubmed/20948819
http://doi.org/10.1177/0146167208320063
http://www.ncbi.nlm.nih.gov/pubmed/18596220
http://doi.org/10.1001/archpediatrics.2008.579
http://www.ncbi.nlm.nih.gov/pubmed/19349557
http://doi.org/10.1001/jama.2014.732
http://www.ncbi.nlm.nih.gov/pubmed/24570244
http://doi.org/10.1067/mpd.2001.113043
http://www.ncbi.nlm.nih.gov/pubmed/11295712
http://doi.org/10.1016/j.ahj.2012.02.025
http://doi.org/10.1159/000492115
http://doi.org/10.1007/s42823-022-00397-9
http://doi.org/10.1093/neuonc/now207
http://www.ncbi.nlm.nih.gov/pubmed/28475809
http://doi.org/10.1016/j.ncl.2018.04.009
http://www.ncbi.nlm.nih.gov/pubmed/30072070
http://doi.org/10.1016/S1470-2045(07)70207-3


Life 2022, 12, 1673 18 of 18

124. Zhukova, N.; Ramaswamy, V.; Remke, M.; Pfaff, E.; Shih, D.J.; Martin, D.C.; Castelo-Branco, P.; Baskin, B.; Ray, P.N.; Bouffet,
E.; et al. Subgroup-specific prognostic implications of TP53 mutation in medulloblastoma. J. Clin. Oncol. 2013, 31, 2927–2935.
[CrossRef]

125. Braunstein, S.; Raleigh, D.; Bindra, R.; Mueller, S.; Haas-Kogan, D. Pediatric high-grade glioma: Current molecular landscape and
therapeutic approaches. J. Neurooncol. 2017, 134, 541–549. [CrossRef]

126. Zarghooni, M.; Bartels, U.; Lee, E.; Buczkowicz, P.; Morrison, A.; Huang, A.; Bouffet, E.; Hawkins, C. Whole-genome profiling
of pediatric diffuse intrinsic pontine gliomas highlights platelet-derived growth factor receptor alpha and poly (ADP-ribose)
polymerase as potential therapeutic targets. J. Clin. Oncol. 2010, 28, 1337–1344. [CrossRef]

127. Qaddoumi, I.; Kocak, M.; Panandiker, P.A.S.; Armstrong, G.T.; Wetmore, C.; Crawford, J.R.; Lin, T.; Boyett, J.M.; Kun, L.E.; Boop,
F.A.; et al. Phase II Trial of Erlotinib during and after Radiotherapy in Children with Newly Diagnosed High-Grade Gliomas.
Front. Oncol. 2014, 4, 67. [CrossRef]

128. Papalia, H.; Rochette, E.; Pereira, B.; Merlin, E.; Kanold, J.; Duché, P. Metabolic response to exercise in childhood brain tumor
survivors: A pilot controlled study. Pediatr. Blood Cancer 2020, 67, e28053. [CrossRef]

129. Howell, A.E.; Robinson, J.W.; Wootton, R.E.; McAleenan, A.; Tsavachidis, S.; Ostrom, Q.T.; Bondy, M.; Armstrong, G.; Relton, C.;
Haycock, P.; et al. Testing for causality between systematically identified risk factors and glioma: A Mendelian randomization
study. BMC Cancer 2020, 20, 508. [CrossRef]

130. Green, D.M.; Cox, C.L.; Zhu, L.; Krull, K.R.; Srivastava, D.K.; Stovall, M.; Nolan, V.G.; Ness, K.K.; Donaldson, S.S.; Oeffinger, K.C.;
et al. Risk factors for obesity in adult survivors of childhood cancer: A report from the Childhood Cancer Survivor Study. J. Clin.
Oncol. 2012, 30, 246–255. [CrossRef]

131. Thompson, E.M.; Donnai, D.; Baraitser, M.; Hall, C.M.; Pembrey, M.E.; Fixsen, J. Multiple pterygium syndrome: Evolution of the
phenotype. J. Med. Genet. 1987, 24, 733–749. [CrossRef] [PubMed]

132. Bufalieri, F.; Basili, I.; Di Marcotullio, L.; Infante, P. Harnessing the Activation of RIG-I Like Receptors to Inhibit Glioblastoma
Tumorigenesis. Front. Mol. Neurosci. 2021, 14, 710171. [CrossRef] [PubMed]

133. Qiu, Y.; Meng, M.; Cao, C.; Zhang, J.; Cheng, X.; Huang, Y.; Cao, H.; Li, Y.; Tian, D.; Huang, Y.; et al. RNA-binding protein MEX3A
controls G1/S transition via regulating the RB/E2F pathway in clear cell renal cell carcinoma. Mol. Ther. Nucleic. Acids. 2021, 27,
241–255. [CrossRef] [PubMed]

134. Disney-Hogg, L.; Sud, A.; Law, P.J.; Cornish, A.J.; Kinnersley, B.; Ostrom, Q.T.; Labreche, K.; Eckel-Passow, J.E.; Armstrong, G.N.;
Claus, E.B.; et al. Influence of obesity-related risk factors in the aetiology of glioma. Br. J. Cancer 2018, 118, 1020–1027. [CrossRef]
[PubMed]

135. Sinha, J.K.; Ghosh, S.; Swain, U.; Giridharan, N.V.; Raghunath, M. Increased macromolecular damage due to oxidative stress in
the neocortex and hippocampus of WNIN/Ob, a novel rat model of premature aging. Neuroscience 2014, 269, 256–264. [CrossRef]

136. Ghosh, S.; Sinha, J.K.; Raghunath, M. Epigenomic maintenance through dietary intervention can facilitate DNA repair process to
slow down the progress of premature aging. IUBMB Life 2016, 68, 717–721. [CrossRef]

137. Sinha, J.K.; Vashisth, K.; Ghosh, S. The importance of sleep studies in improving the health indices of a nation. Sleep Med. X 2022,
4, 100049. [CrossRef]

138. Ghosh, S.; Raghunath, M.; Das, B.C.; Sinha, J.K. High sugar content in baby food: An Indian perspective. Lancet Diabetes Endocrinol.
2019, 7, 748–749. [CrossRef]

http://doi.org/10.1200/JCO.2012.48.5052
http://doi.org/10.1007/s11060-017-2393-0
http://doi.org/10.1200/JCO.2009.25.5463
http://doi.org/10.3389/fonc.2014.00067
http://doi.org/10.1002/pbc.28053
http://doi.org/10.1186/s12885-020-06967-2
http://doi.org/10.1200/JCO.2010.34.4267
http://doi.org/10.1136/jmg.24.12.733
http://www.ncbi.nlm.nih.gov/pubmed/3430553
http://doi.org/10.3389/fnmol.2021.710171
http://www.ncbi.nlm.nih.gov/pubmed/34305530
http://doi.org/10.1016/j.omtn.2021.11.026
http://www.ncbi.nlm.nih.gov/pubmed/34976441
http://doi.org/10.1038/s41416-018-0009-x
http://www.ncbi.nlm.nih.gov/pubmed/29531326
http://doi.org/10.1016/j.neuroscience.2014.03.040
http://doi.org/10.1002/iub.1532
http://doi.org/10.1016/j.sleepx.2022.100049
http://doi.org/10.1016/S2213-8587(19)30291-8

	Introduction 
	Etiology of GBM 
	Neuropsychiatric Manifestations of GBM 
	Obesity: A Cause of Cancer 
	Understanding the General Causes of Obesity 
	A Sedentary Routine 
	Family History 
	Medicines 
	Smoking Cessation 

	Development of Tumor Due to Obesity: Underlying the Biological Mechanism 
	Deciphering the Association of Obesity with the Development of GBM 
	Causes of Childhood Obesity: A Better Understanding of the Associated Concerns of Fatigue, Health Disorders, Cancer, and Death Risks in Children 
	Genetic Factors and Risk of Childhood Obesity 
	Endocrine Disorder and Childhood Obesity 
	Hypothyroidism 
	Cushing Syndrome or Hypercortisolism 
	Hypothalamic Obesity 
	Rapid Onset Obesity 

	Parent–Child Interactions: A Risk Factor for Childhood Obesity 

	Assessing the Risks of GBM with Childhood Obesity 
	Conclusions 
	References

