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Abstract
Obesity is a state of excessive body fat accumulation due to imbalance between energy input and energy expenditure. The 
worldwide disease of adiposity is seen in specific lifestyle of individuals which consume greater number of calories day by 
day than needed. This review of scientific literature assesses several bioactive compounds from different sources they contain 
that play an important role in the prevention and therapy of obesity. Bioactive compound from marines, plants, animals 
and dietary sources have shown anti-obesity effect. Some Prebiotics and probiotics also shown ant-obesity effects in obese 
individuals. Furthermore, this review focuses on various physical activities that reduces the weight gain and maintain the 
wellbeing of people and non-pharmacological treatments like transcranial direct current stimulation. 
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Background
The expanding westernization, urbanization and mechanization in 
most nation around the globe is related with changes in the eating 
routine and a sedentary lifestyle,In the past few decades people 
distress from ‘weight gain’ i.e., Obesity. Obesity is a state of ex-
cessive body fat accumulation due to imbalance between energy 
input and energy expenditure [1-3]. The hypothalamus, which is 
a part of brain control and coordinate food input and energy use, 
whereas muscle and fatty tissues manages food metabolism and 
energy generation [4]. The worldwide disease of adiposity is seen 
in specific lifestyle of individuals which consume greater number 
of calories day by day than needed [2]. Another perspective on 
obesity is that individuals eat close to nothing anyway they put on 
weight because of a moderate digestion and it isn't therapeutically 
upheld [5]. During obesity, numerous metabolic changes happen 
that can harm a few organs, for example, vascular or skeletal mus-
cle bringing about the dysfunction of these tissues [6]. These days 
a few medications are being utilized for the treatment of obese 
patients or overweight patients. But such medicines cause various 
unpredicted side effects as well as have low efficacies [7,8]. So, 
there is a required of different to these medicines to treat obesity 
without or with reduced side effects [8]. Currently, diet alteration, 
work out, medical procedure, and Pharmacotherapy available to 
treat adiposity [9]. It has serious impact on human’s health. Hence, 
it’s crucial for human to find efficacious bioactive compound, 
functional food, drug against metabolic dysfunction [10].

Adipose Tissues
In Humans and animals, there are at least three type of fat tissues 
are found, which are White adipose tissues, Brown adipose tissues, 
and Perivascular adipose tissues (PVAT) with diverse function, 
anatomy and gene expression [11,12]. For the vital organs, it acts 
as protector and thermal controller [13]. The white fat tissue isn't 
just an energy supply yet in addition a secretory organ of specific 
molecules that have endocrine, paracrine, and autocrine activities 
[14]. Number of different adipokines secreted by WAT that control 
insulin resistance [11,12]. WAT contains macrophages, leukocytes, 
fibroblasts, cell ancestors, and endothelial cells. The presence of 
fibroblasts, macrophages, and different leukocytes, alongside adi-
pocytes, understands the incredible assortment of proteins that are 
emitted by WAT under fluctuating conditions [15,16]. In people, 
two fundamental Storehouses of white fat tissue are separated: 
subcutaneous and visceral adipose tissues. Mesenteric and omen-
tal are the two kind of visceral adipose tissues [17]. In obesity, 
triglycerides stored in adipose tissues but ectopic fat deposition 
occurs mainly in liver, muscle, and heart rather than in adipose 
tissues [18]. Perivascular fat tissue (PVAT) is situated around the 
epicardial fat tissue, periaortic fat tissue [19]. BAT has been ap-
peared to produce body heat, and react to cold and thoughtful ini-
tiation of the nervous system [20,21]. In men, Peripheral or Sub-
cutaneous obesity is more seen, whereas Central obesity has been 
seen in female [22,23]. In this sense, peripheral obesity consists of 
accumulation of subcutaneous adipose tissues, and central obesity 
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comprised of accumulation of visceral fat tissues near the intraab-
dominal vital organs, visceral adipose tissues has been connected 
with the danger of high blood pleasure, hypercholesterolemia, and 
insulin resistance [24,25,26]. Central obesity has been demonstrat-
ed to be a significant indicator for expanded morbidity and mor-
tality from diabetes and coronary illness [27]. Studies show that 
visceral fat is more firmly connected with the metabolic syndrome 
than subcutaneous fat [28].

Adipokines
Adipose tissues produce adipokines which have action on the im-
mune system, metabolism and endocrine system [29]. Adipose 
tissues also produce proteins like leptin, adiponectin, vista fin, re-
sisting, apelin and hormones such as angiotensin all [30,31,32]. 
Free fatty acid and pro-inflammatory cytokines are produced by 
abnormal adipocytes, which induce inflammation of tissues for ex-
amples liver, pancreas, muscle etc. [33]. In a few investigations, 
adiponectin level has been found decreased in individuals associ-
ated with obesity due to dysfunction of adipocytes [34,35].

Adipocyte also produced Peptide hormone leptin that helps to 
regulate energy balance and body weight by hindering hunger. In 
obesity leptin level is high in the serum due to extension of adi-
pocytes large amount of leptin is released, and lead to chronic hy-
perinsulinemia [36,37]. Obesity is related with raised leptin levels. 
Leptin is a delicate marker for anticipating cardiovascular danger 
and metabolic condition [38]. Abdominal obesity has been demon-
strated to be a significant indicator for expanded morbidity and 
mortality from diabetes and coronary illness [27]. Little known 
or very less levels of serum leptin detected in individuals with 
Congenital leptin deficiency, which is indicated by glucose intol-
erance, insulin resistance and severe obesity in the early age and it 
is because of mutation of single gene, hence known as Monogenic 
obesity [39]. SIM1, BDNF and NTRK2 gene mutation causes se-
vere obesity [40]. In one investigation, the extent of bound leptin 
was accounted for to be higher in lean (∼45%) contrasted and fat 
(∼20%) people [41]. Obesity is strongly linked to infertility with 
concern to the hypothalamic-pituitary-gonadal axis and hypotha-
lamic-pituitary-adrenal. In Obese men fertility dysfunction result 
by reduced testosterone levels, hinder spermatogenesis, and loss of 
libido (sex drive) [42].

RBP4
RBP4 is a Retinol binding protein 4 secreted by adipocyte a newly 
recognized adipokine has a place with the lipocalin group of pro-
tein. Expression of RBP4 occurred in mature lipid laden fat cell 
of adipose tissues [43,44,45]. Comorbidity of obesity like insulin 
resistance, type 2 diabetes is linked with RBP4, high serum RBP4 
levels is unquestionably interconnected with body mass index 
(BMI) in both obese individuals with diabetic and without diabetic 
mellitus [46,47,48].

GUT Microbiota Relation with Obesity
Gut microbiota has been exhibited to assume a basic part in the 
event of Obesity by means of the control of energy digestion [49]. 
Gut microbiota also balances host immune system [50]. Studies 
show that gut microbiota has a close relationship with digestion 
through the production of metabolites inferred by intestinal micro-
biota, such as short chain unsaturated fats (SCFAs) that can supply 
colonic epithelial cells with energy [51].

Trimethylamine-N-oxide (TMAO) which is related with the ar-
rangement of white fat tissue, and inosine-5-monophosphate 
(IMP) which has been discovered engaged with the digestion of 
lipids [49]. The connection between gut microbiota and the im-
provement of obesity in hosts could be because of the poisonous 
metabolites produced by gut microbiota, additional energy gath-
ered from gut microbiota, and endotoxemia-related second-rate 
irritation [52]. For example, lipopolysaccharide (LPS), created by 
Gram-negative microorganisms, could cause an incendiary reac-
tion in the host [53]. Gut microbiota includes various species, and 
few species such as Firmicutes, Lactobacillus, and Bacteroidetes, 
which is characterized as obesogenic gut microbiota, may add to 
the improvement of obesity [54]. Other obesogenic gut microbiota 
such as Rhizobium, Lactococcus, and Clostridium, are also con-
nected with the growth of obesity [55,56].

Obesogenic gut microbiota, for example, Firmicutes, certain Bac-
teroidetes, Rhizobium, Lactococcus, and Clostridium, could ad-
vance the improvement of weight chiefly through the creation of 
SCFAs like butyrate, giving additional energy to the host, and the 
acceptance of poor-quality soreness brought about by the metabo-
lites of gut microbiota [49].
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Figure 1: Disbalance of gut microbiota induced obesity 
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Figure 1: Disbalance of gut microbiota induced obesity

The alteration in the composition of gut microbiota promote gen-
eration of metabolic endotoxemia which lead to several metabolic 
disorder like obesity. Changed in microbiota may consequently 
change the take-up of supplements and builds energy collect. Uti-
lizing probiotics or prebiotics in blend would be a superior pro-
cedure to forestall or lighten weight issues. In an investigation by 
the food organization Danisco, the probiotic strain Bifidobacte-
rium (B.) animalis subsp. lactis 420 (B420) has been accounted 
for to lessen tissue inflammation and metabolic endotoxemia neu-
tralizing the unfavorable impacts of a high-fat diet in C57BL/6 
mice [57]. Human determined Lactobacillus rhamnosus PL60, 
diminished bodyweight without diminishing energy consumption 
and caused a critical, explicit decrease of white fat tissue in stout 
mice [58]. The capacity of certain probiotics such as Lactobacil-
lus gasseri SBT2055 and Bifidobacterium breve B-3 to diminish 
body weight and muscle to fat ratio in corpulent patients has been 
demonstrated by a few clinical examinations [59,60]. Insulin-type 

fructans prebiotics exhibited diminishes in the pace of adipocyte 
separation and the adipocyte size through overexpression of G 
protein coupled receptor 43 (GPR43), which is embroiled in the 
regulation of unsaturated fat and glucose homeostasis in fat tissue 
and the digestion tracts [61].

Bioactive Compounds
The innovation such as genomics, proteomics, transcriptomics, 
and recently metabolomics has made it conceivable to approve 
the utilization to conventional drugs experimentally, recognize 
new bioactive mixtures, clarify their systems of activity, and sur-
vey poisonousness and quality control [62]. Bioactive compounds 
are generally secondary metabolites, a significant number of these 
bioactive mixtures with various valuable activities in various body 
frameworks have been found from plant sources and marine and 
animal sources [63,64].
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3.Pharmacological & Non-pharmacological treatment of obesity Pharmacological treatment:

Table 1: FDA approved ant-obesity drugs

Sr.no Anti-obesity Drugs Marketed as Mechanism of action Side effect References
1 Orlistat Alli and Xenical Gastrointestinal lipase 

inhibitor (pancreatic and 
gastric lipase inhibitor)

Severe liver injury, diarrhea, fecal 
incontinence, oily spotting, bloat-
ing, flatulence, dyspepsia.

[65][66]

2 Locaserin Belviq 5-HT2C (Serotonin 2C) 
receptor agonist

Dizziness, depression, headache, 
nausea.

[65][66]

3 Phentermine/topi-
ramate

Osymia Norepinephrine releaser 
and convulsant agent

Dry mouth, paresthesia’s, nasophar-
yngitis, birth defects.

[65][66]

4 Naltrexone/bupro-
pion

Contrave Noradrenaline/dopamine 
reuptake inhibitor and opi-
oid receptor antagonist. 

Nausea, headache, insomnia, con-
stipation. 

[65][66]

5 Liraglutide Saxenda Glucagon-like peptide-1 
agonist (GLP-1)

Nausea, vomiting, diarrhea, consti-
pation, dyspepsia. 

[67]

Ref: Sun NN, Wu TY, Chau CF. Natural dietary and herbal products in anti-obesity treatment. Molecules. 2016 Oct;21(10):1351 [65].

Ref: Kang JG, Park CY. Anti-obesity drugs: a review about their effects and safety. Diabetes & metabolism journal. 2012 Feb;36(1):13 
[66].

Ref for liraglutide: Tak YJ, Lee SY. Long-term efficacy and safety of anti-obesity treatment: where do we stand? Current Obesity 
Reports. 2021 Jan 6:1-7 [67].

 Table 2: Current advanced in the Pharmacological treatment against weight gain

Sr.no Target Target location Drug Mechanism of action Side effects
1 Cannabinoid-1 (CB1) 

receptor (G-protein couple 
receptor)

Hypothalamic 
nuclei

Rimonabant CB1 receptor inhibitor Change in mood, 
anxiety and depres-
sion

2 β3 – adrenoreceptors 
(G-protein couple recep-
tor)

Brown adipose 
tissues (BAT)

Mirabegron and 
Solabegron

Increased lipolysis & free 
fatty acid mobilization in 
WAT and thermogenesis 
in BAT through increase 
in adenylyl cyclase and 
increase in cAMP produc-
tion.

NA

3 Melanocortin receptors 4 
(MC4R)

Brain (CNS) Setmelanotide Melanocortin receptor 4 
agonists (MC4R)

Skin cancer 
development and 
darkening of skin 
pigmentation & hair 
colour

Ref: Schellack N, Grobbelaar S, Wadesango L, Bronkhorst E, Kupa K. New advances in the management of obesity. SA Pharmaceuti-
cal Journal. 2021 Jan 1;88(1):17-21. [68]
Non-pharmacological treatment:
1) Various bioactive compound used in management and treatment of obesity from natural materials.
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Table 3: Various bioactive compound from natural sources

Sr.no Source Bioactive constituents
Fruits
1. Apples Procyanidin, quercetin
2. Mulberries Anthocyanin, quercetin, chlorogenic acids
3. Strawberry Anthocyanin
4. Blueberries Hydroxycinnamic acid, resveratrol
5. Grapes Proanthocyanidins, resveratrol (skin of red grapes).
6. Pomegranates Resveratrol
7. Banana (pulp and peel) Gallic acid, catechin, anthocyanin, 
8. Citrus peel Polymethoxyflavones and hydroxyl polymethoxyflavones
Vegetables
1. Broccoli Thylakoid
2. Onion Quercetin
Spices
1. Ginger Gingerols
2. Turmeric Curcumin
3. Chili Capsaicin
4. Cinnamon Cinnamon oil
5. Garlic Allicin
6. Rosemary Carnosic acid
Legumes
1. Mung bean 8-globulin
2. Soya beans Genistein

Dietary Calcium
A few researchers have detailed that a high intake of dietary cal-
cium may reduce the adiposity due to increase fecal fat discharge 
and energy use [69]. The mechanism of expanding fecal fat dis-
charge is most likely because of the arrangement of insoluble cal-
cium-unsaturated fat cleansers as well as restricting of bile acids 
[70]. Also, high dietary calcium (Ca2+) has been accounted for to 
have against anti-inflammatory properties [71].

Dietary Fiberz
Soluble dietary fiber like pectin’s, gums, hemicellulose, mucilage 
and β-glucans and insoluble dietary fiber like cellulose and lignin 
are used as anti-obesity agent. Dietary fiber could behave like a 
physiologic impediment to bring down energy consumption [72]. 
From epidemiological investigations, it is notable that dietary fi-
ber consumption, particularly consumption of entire grains or oat 
fiber, secure against advancement of stoutness [73,74]. Viscosi-
ty and fermentability are the two physicochemical properties that 
have been perceived as creating gainful physiological impacts 
[75]. Viscosity of soluble dietary fiber increase into the small in-
testine due to the liquid, which may introduce an obstruction to 
moderate gastric exhausting and postpone supplement retention 
[76]. Fermentable DFs are more viable at advancing discharge of 
GLP-1, one of the primary anorexigenic peptides [77].

PUFA
Dietary intake of Tapra fish may reduce the obesity due to the 
tapra fish oil, which contained omega-3s polyunsaturated fatty ac-
ids (n-3 PUFA) such as Eicosapentaenoic acid, Docosahexaenoic 
acid, Propanoic acid, 2-oxo-, ethyl, ester, Butyric acid, 2,3-dioxo 
and 9-Octadecenoic acid [78]. PUFA action is basically because of 
changes in gene expression levels of enzymes in the liver, specifi-
cally a diminished mRNA expression of Fatty acid synthase, stea-
royl-CoA desaturase-1and acetyl-CoA carboxylase alpha, which 
are liable for lipid synthesis [79,80]. In this way, they may keep 
away from free unsaturated fats entering adipocytes for lipogen-
esis and additionally improve lipid oxidation and thermogenesis 
[81].

Protein
Numerous high proteins daily diet from animals and plants sources 
reported to reduces obesity by different mechanism. Whey protein 
isolated from mammalian milk shown production of various bio-
active peptides by its gastrointestinal processing [82,83]. Which 
inhibit the food intake and expanded satiety via release of anorex-
igenic cholecystokinin, peptide YY and reduced the release of 
ghrelin hormones into the digestive tract [84].

Consumption of lactoferrin, whey protein has as of late been ac-
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counted for to diminish abdominal obesity, whereas persistent con-
sumption of lactoferrin has appeared to diminish visceral obesity in 
people [85,86]. Another significant milk-determined whey protein 
is Alpha lactalbumin, which has shown hunger suppressant effects 
and casein whey protein derived hydrolysates has shown satiety 
effect by potential mechanism via secretion of gut hormones such 
as cholecystokinin and GLP-1 [87,88].

2) Regular Physical Exercise
Expanded physical exercise can be utilized to adjust energy con-
sumption by expanding the amount of energy a body employment. 
Regular physical exercise like walking, running, skipping, are 
beneficial in the maintenance of disbalance in energy intake and 
energy expenditure. The general objective of physical activity in 
the treatment or avoidance of weight gain is weight reduction. To 
move toward this objective, the Institute of Medicine of The Na-
tional Academies of Science distributed the suggestion to embrace 
1hour of moderate physical activity a day all week long with no 
difference in caloric admission [89]. The actual advantages of a 
regular exercise in fat patients are predominantly portrayed in an 
alteration in the metabolism, for example, an improved liver ca-
pacity and chemical capacities, similar to an expanded insulin and 
leptin affectability just as expanded ghrelin levels [90,91,92,93]. 
The American College of Sports Medicine suggest ceaseless or ir-
regular aerobic exercise at a recurrence of three to five times each 
week, however minimum 150 min of aerobic activity (e.g., brisk 
Walking or cycling) each week to create and keep a sound way 
of life [94,95]. Daily aerobic exercises are related with various 
advantages remembering enhancements for physical and psycho-
logical well-being [96]. Physical activity also is associated with 
improved fitness, which may attenuate the risk of mortality associ-
ated with obesity. Regular physical exercise additionally is related 
with improved wellness, which may weaken the danger of mortal-
ity related with weight gain [97].

3) Transcranial direct current stimulation
The capacity to control food craving is related with chief working, 
which begin in the prefrontal cortex (PFC) [98]. Research in the 
prefrontal cortex (PFC) of encephalon aera of obese individuals 
demonstrates a strange action in the left dorsolateral Prefrontal 
cortex (DLPC) associated with obesogenic behavioral regulation 
and flavor. It was seemed to have left dorsolateral Prefrontal cor-
tex (PFC) less activation in obese individuals and those liable to 
eat too much [99]. Expanding DLPFC movement may improve 
the capacity to control food craving, giving a novel worldview in 
the treatment of stoutness [100]. Transcranial direct current stim-
ulation (TDCS) approaches are important to advance behavioural 
changes, prompting effective weight reduction. This procedure 
is a non-invasive which include the use of 2mA constant electri-
cal current over the scalp [101]. The current is produced from a 
battery-controlled gadget, where it is conveyed to the cerebrum 
through an anode terminal and gets back to the gadget through a 
cathode terminal [102,103]. the specific mechanism of TDCS is 
not completely perceived, it seems the current represses synapses 
at the neural connection; the anode is related with the hindrance of 

gamma-aminobutyric acid (GABA) though the cathode is related 
with the restraint of glutamate [102,104].

Funding source
This review received no specific grant from any funding agency in 
the public, commercial, or not-for-profit sectors.

Conclusion
It is adequate that exorbitant energy consumption that surpass-
es energy use is one of the primary drivers of weight. Different 
pharmacological and Non-pharmacological procedures have been 
created intended to oversee and forestall this medical problem. 
The utilization of bioactive compound is potential option for 
treatment and management of weight gain. Non-pharmacological 
treatment systems for the improvement of viable and safe enemy 
of anti-weight gain drugs items, could be considered as a steady 
instrument to keep corpulent individuals hanging on their weight 
reduction objectives. Bioactive compound from various sources 
such as plants (Fruit & vegetable), animal and marine sources be-
ing of biological origin have little side effects in comparison to 
current pharmacological drugs, which were approved by the FDA. 
Bioactive compounds may give against weight gain impact as well 
as other medical advantages, for example, hostile to diabetic and 
hostile to hyper-lipidemic exercises. All in all, further exploration 
should go toward bioactive compound from various sources to 
show new preventive and possible helpful techniques against met-
abolic disease. 

References
1. Swinburn, B. A., Caterson, I., Seidell, J. C., & James, W. P. 

T. (2004). Diet, nutrition and the prevention of excess weight 
gain and obesity. Public health nutrition, 7(1a), 123-146.

2. Shimomura, I., Hammer, R. E., Richardson, J. A., Ikemoto, 
S., Bashmakov, Y., Goldstein, J. L., & Brown, M. S. (1998). 
Insulin resistance and diabetes mellitus in transgenic mice 
expressing nuclear SREBP-1c in adipose tissue: model for 
congenital generalized lipodystrophy. Genes & development, 
12(20), 3182-3194.

3.  Sharma, T., & Kanwar, S. S. (2018). Phytomolecules for obe-
sity and body weight management. J Biochem Cell Biol, 1(1), 
1-8.

4.  S. Barcelo-Batllori and R. Gomis. (2009). Proteomics in obe-
sity research. Proteomics, vol. 3, no. 2, pp. 263–278.

5. Wilkins, R., Cross, S., Megson, I., & Meredith, D. (Eds.). 
(2011). Oxford handbook of medical sciences. OUP Oxford. 

6.  Kasprzak, K., Wojtunik-Kulesza, K., Oniszczuk, T., Kuboń, 
M., & Oniszczuk, A. (2018). Secondary metabolites, dietary 
fiber and conjugated fatty acids as functional food ingredients 
against overweight and obesity. Natural Product Communica-
tions, 13(8), 1934578X1801300836.

7.  Bray, G. A., & Tartaglia, L. A. (2000). Medicinal strategies in 
the treatment of obesity. Nature, 404(6778), 672-677.

8. Pradhan, S., Panchali, T., Paul, B., Khatun, A., Rao Jarapala, 
S., Mondal, K. C., ... & Chakrabarti, S. (2020). Anti‐obesity 
potentiality of Tapra fish (Opisthopterus tardoore) oil. Journal 

https://doi.org/10.1079/PHN2003585
https://doi.org/10.1079/PHN2003585
https://doi.org/10.1079/PHN2003585
https://doi.org/10.1101/gad.12.20.3182
https://doi.org/10.1101/gad.12.20.3182
https://doi.org/10.1101/gad.12.20.3182
https://doi.org/10.1101/gad.12.20.3182
https://doi.org/10.1101/gad.12.20.3182
https://doi.org/10.1101/gad.12.20.3182
https://www.researchgate.net/publication/322853012_Phytomolecules_for_Obesity_and_Body_Weight_Management
https://www.researchgate.net/publication/322853012_Phytomolecules_for_Obesity_and_Body_Weight_Management
https://www.researchgate.net/publication/322853012_Phytomolecules_for_Obesity_and_Body_Weight_Management
https://doi.org/10.1093/med/9780199588442.001.0001
https://doi.org/10.1093/med/9780199588442.001.0001
https://doi.org/10.1177/1934578X1801300836
https://doi.org/10.1177/1934578X1801300836
https://doi.org/10.1177/1934578X1801300836
https://doi.org/10.1177/1934578X1801300836
https://doi.org/10.1177/1934578X1801300836
https://doi.org/10.1038/35007544
https://doi.org/10.1038/35007544
https://doi.org/10.1111/jfbc.13448
https://doi.org/10.1111/jfbc.13448
https://doi.org/10.1111/jfbc.13448


    Volume 7 | Issue 2 | 249Int J Diabetes Metab Disord, 2022

of Food Biochemistry, 44(11), e13448.
9. Fu, C., Jiang, Y., Guo, J., & Su, Z. (2016). Natural products 

with anti-obesity effects and different mechanisms of action. 
Journal of agricultural and food chemistry, 64(51), 9571-9585.

10. Wang, H., Fu, Z. M., & Han, C. C. (2014). The potential ap-
plications of marine bioactives against diabetes and obesity. 
Am J Mar Sci, 2, 1-8.

11.  P. Mathieu, I. Lemieux, and J.-P. Després. (2010). Obesity, 
inflammation, and cardiovascular risk. Clinical Pharmacology 
and Therapeutics, vol. 87, no. 4, pp. 407–416.

12. Aldhahi, W., & Hamdy, O. (2003). Adipokines, inflammation, 
and the endothelium in diabetes. Current diabetes reports, 
3(4), 293-298.

13. Siriwardhana, N., Kalupahana, N. S., Cekanova, M., LeMieux, 
M., Greer, B., & Moustaid-Moussa, N. (2013). Modulation of 
adipose tissue inflammation by bioactive food compounds. 
The Journal of nutritional biochemistry, 24(4), 613-623.

14. Fruhbeck, G., Gómez-Ambrosi, J., Muruzábal, F. J., & Bur-
rell, M. A. (2001). The adipocyte: a model for integration of 
endocrine and metabolic signaling in energy metabolism reg-
ulation. American Journal of Physiology-Endocrinology and 
Metabolism, 280(6), E827-E847.

15. Johnson, P. R., Zucker, L. M., Cruce, J. A. F., & HIRSCH, J. 
(1971). Cellularity of adipose depots in the genetically obese 
Zucker rat. Journal of lipid research, 12(6), 706-714.

16.  Krotkiewski, M., Björntorp, P., Sjöström, L., & Smith, U. 
(1983). Impact of obesity on metabolism in men and women. 
Importance of regional adipose tissue distribution. The Jour-
nal of clinical investigation, 72(3), 1150-1162.

17. Mårin, P., Andersson, B., Ottosson, M., Olbe, L., Chowdhury, 
B., Kvist, H., ... & Björntorp, P. (1992). The morphology and 
metabolism of intraabdominal adipose tissue in men. Metabo-
lism, 41(11), 1242-1248.

18.  Gómez-Hernández, A., Beneit, N., Díaz-Castroverde, S., & 
Escribano, Ó. (2016). Differential role of adipose tissues in 
obesity and related metabolic and vascular complications. In-
ternational journal of endocrinology, 2016.

19. Meijer, R. I., Serne, E. H., Smulders, Y. M., van Hinsbergh, 
V. W., Yudkin, J. S., & Eringa, E. C. (2011). Perivascular ad-
ipose tissue and its role in type 2 diabetes and cardiovascular 
disease. Current diabetes reports, 11(3), 211-217.

20. Green, A. L., Bagci, U., Hussein, S., Kelly, P. V., Muzaffar, R., 
Neuschwander-Tetri, B. A., & Osman, M. M. (2017). Brown 
adipose tissue detected by PET/CT imaging is associated with 
less central obesity. Nuclear medicine communications, 38(7), 
629-635.

21.  Cypess, A. M., Lehman, S., Williams, G., Tal, I., Rodman, 
D., Goldfine, A. B., ... & Kahn, C. R. (2009). Identification 
and importance of brown adipose tissue in adult humans. New 
England journal of medicine, 360(15), 1509-1517.

22. Snijder, M. B., Dekker, J. M., Visser, M., Bouter, L. M., Ste-
houwer, C. D., Kostense, P. J., ... & Seidell, J. C. (2003). Asso-
ciations of hip and thigh circumferences independent of waist 
circumference with the incidence of type 2 diabetes: the Hoo-
rn Study. The American journal of clinical nutrition, 77(5), 

1192-1197.
23. Fox, C. S., Massaro, J. M., Hoffmann, U., Pou, K. M., Mau-

rovich-Horvat, P., Liu, C. Y., ... & O’Donnell, C. J. (2007). 
Abdominal visceral and subcutaneous adipose tissue compart-
ments: association with metabolic risk factors in the Framing-
ham Heart Study. Circulation, 116(1), 39-48.

24. Snijder, M. B., Dekker, J. M., Visser, M., Bouter, L. M., Ste-
houwer, C. D., Kostense, P. J., ... & Seidell, J. C. (2003). Asso-
ciations of hip and thigh circumferences independent of waist 
circumference with the incidence of type 2 diabetes: the Hoo-
rn Study. The American journal of clinical nutrition, 77(5), 
1192-1197.

25. Fox, C. S., Massaro, J. M., Hoffmann, U., Pou, K. M., Mau-
rovich-Horvat, P., Liu, C. Y., ... & O’Donnell, C. J. (2007). 
Abdominal visceral and subcutaneous adipose tissue compart-
ments: association with metabolic risk factors in the Framing-
ham Heart Study. Circulation, 116(1), 39-48.

26. Lakka, T. A., Lakka, H. M., Salonen, R., Kaplan, G. A., & 
Salonen, J. T. (2001). Abdominal obesity is associated with 
accelerated progression of carotid atherosclerosis in men. 
Atherosclerosis, 154(2), 497-504.

27. Sandeep, S., Gokulakrishnan, K., Velmurugan, K., Deepa, 
M., & Mohan, V. (2010). Visceral & subcutaneous abdominal 
fat in relation to insulin resistance & metabolic syndrome in 
non-diabetic south Indians. The Indian journal of medical re-
search, 131, 629-35.

28. Shah, R. V., Murthy, V. L., Abbasi, S. A., Blankstein, R., 
Kwong, R. Y., Goldfine, A. B., ... & Allison, M. A. (2014). 
Visceral adiposity and the risk of metabolic syndrome across 
body mass index: the MESA Study. JACC: Cardiovascular 
Imaging, 7(12), 1221-1235.

29. Kotnik, P., Fischer-Posovszky, P., & Wabitsch, M. (2011). 
RBP4: a controversial adipokine. European journal of endo-
crinology, 165(5), 703-711.

30. Saint-Marc, P. (2001). Kozak LP, Ailhaud G, Darimont C, 
Negrel R. Angiotensin II as a trophic factor of white adipose 
tissue: stimulation of adipose cell formation. Endocrinology, 
142, 487-492.

31.  Daviaud D, Boucher J, Gesta S, Dray C, Guigne C, Quilliot 
D, Ayav A, Ziegler O, Carpene C, Saulnier-Blache JS, Valet P, 
Castan-Laurell I. (2006). TNFα up-regulates apelin expression 
in human and mouse adipose tissue. FASEB J. 20:1528–1530. 

32.  Balistreri, C. R., Caruso, C., & Candore, G. (2010). The role 
of adipose tissue and adipokines in obesity-related inflamma-
tory diseases. Mediators of inflammation, 2010.

33. Guri, A. J., & Bassaganya-Riera, J. (2011). Systemic effects of 
white adipose tissue dysregulation and obesity-related inflam-
mation. Obesity, 19(4), 689. 

34.  Y. Arita, S. Kihara, N. Ouchi et al. (1999). Paradoxical de-
crease of an adipose-specific protein, adiponectin, in obesity. 
Biochemical and Biophysical Research Communications, vol. 
257, no. 1, pp. 79–83. 

35.  Hotta, K., Funahashi, T., Arita, Y., Takahashi, M., Matsuda, 
M., Okamoto, Y., ... & Matsuzawa, Y. (2000). Plasma con-
centrations of a novel, adipose-specific protein, adiponectin, 

https://doi.org/10.1111/jfbc.13448
https://doi.org/10.1021/acs.jafc.6b04468
https://doi.org/10.1021/acs.jafc.6b04468
https://doi.org/10.1021/acs.jafc.6b04468
https://d1wqtxts1xzle7.cloudfront.net/56117550/marine-2-1-1-with-cover-page-v2.pdf?Expires=1669876160&Signature=ID5tM3oJqCA7gFdFtOYveV40SXZ5VinljEAw44oYwFgfWyOWrvUHcly7tezRT3Outx3JqMm0LsdY3YihREAUgN4UlT~K0QQxKsp93Ihb~h5KVASJPRxiEZh96YogIDFv~iLZwA6rws50IbIl3K-gadHcAoK8u0ua14foYEJX4fcs8vYLPO9JZIAAwqQwqtLadBjCEmBkbQd73nna5PDaZhS-0M3m9gx0xbO4RavNgTA3W7ZTUlxXs~0ThkjQ8-FtUTG9fNPOx7ogcJI3gaBhPM0Rz5wI2pMO8Y48lAJ2jQ4qEo8zDFI87-hgFGv3egLDDVSuGeN4aflvtsrO56O4Og__&Key-Pair-Id=APKAJLOHF5GGSLRBV4ZA
https://d1wqtxts1xzle7.cloudfront.net/56117550/marine-2-1-1-with-cover-page-v2.pdf?Expires=1669876160&Signature=ID5tM3oJqCA7gFdFtOYveV40SXZ5VinljEAw44oYwFgfWyOWrvUHcly7tezRT3Outx3JqMm0LsdY3YihREAUgN4UlT~K0QQxKsp93Ihb~h5KVASJPRxiEZh96YogIDFv~iLZwA6rws50IbIl3K-gadHcAoK8u0ua14foYEJX4fcs8vYLPO9JZIAAwqQwqtLadBjCEmBkbQd73nna5PDaZhS-0M3m9gx0xbO4RavNgTA3W7ZTUlxXs~0ThkjQ8-FtUTG9fNPOx7ogcJI3gaBhPM0Rz5wI2pMO8Y48lAJ2jQ4qEo8zDFI87-hgFGv3egLDDVSuGeN4aflvtsrO56O4Og__&Key-Pair-Id=APKAJLOHF5GGSLRBV4ZA
https://d1wqtxts1xzle7.cloudfront.net/56117550/marine-2-1-1-with-cover-page-v2.pdf?Expires=1669876160&Signature=ID5tM3oJqCA7gFdFtOYveV40SXZ5VinljEAw44oYwFgfWyOWrvUHcly7tezRT3Outx3JqMm0LsdY3YihREAUgN4UlT~K0QQxKsp93Ihb~h5KVASJPRxiEZh96YogIDFv~iLZwA6rws50IbIl3K-gadHcAoK8u0ua14foYEJX4fcs8vYLPO9JZIAAwqQwqtLadBjCEmBkbQd73nna5PDaZhS-0M3m9gx0xbO4RavNgTA3W7ZTUlxXs~0ThkjQ8-FtUTG9fNPOx7ogcJI3gaBhPM0Rz5wI2pMO8Y48lAJ2jQ4qEo8zDFI87-hgFGv3egLDDVSuGeN4aflvtsrO56O4Og__&Key-Pair-Id=APKAJLOHF5GGSLRBV4ZA
https://doi.org/10.1007/s11892-003-0020-2
https://doi.org/10.1007/s11892-003-0020-2
https://doi.org/10.1007/s11892-003-0020-2
https://doi.org/10.1016/j.jnutbio.2012.12.013
https://doi.org/10.1016/j.jnutbio.2012.12.013
https://doi.org/10.1016/j.jnutbio.2012.12.013
https://doi.org/10.1016/j.jnutbio.2012.12.013
https://doi.org/10.1152/ajpendo.2001.280.6.E827
https://doi.org/10.1152/ajpendo.2001.280.6.E827
https://doi.org/10.1152/ajpendo.2001.280.6.E827
https://doi.org/10.1152/ajpendo.2001.280.6.E827
https://doi.org/10.1152/ajpendo.2001.280.6.E827
https://doi.org/10.1016/S0022-2275(20)39459-1
https://doi.org/10.1016/S0022-2275(20)39459-1
https://doi.org/10.1016/S0022-2275(20)39459-1
https://doi.org/10.1172/JCI111040
https://doi.org/10.1172/JCI111040
https://doi.org/10.1172/JCI111040
https://doi.org/10.1172/JCI111040
https://doi.org/10.1016/0026-0495(92)90016-4
https://doi.org/10.1016/0026-0495(92)90016-4
https://doi.org/10.1016/0026-0495(92)90016-4
https://doi.org/10.1016/0026-0495(92)90016-4
https://doi.org/10.1155/2016/1216783
https://doi.org/10.1155/2016/1216783
https://doi.org/10.1155/2016/1216783
https://doi.org/10.1155/2016/1216783
https://doi.org/10.1007/s11892-011-0186-y
https://doi.org/10.1007/s11892-011-0186-y
https://doi.org/10.1007/s11892-011-0186-y
https://doi.org/10.1007/s11892-011-0186-y
https://doi.org/10.1097/MNM.0000000000000691
https://doi.org/10.1097/MNM.0000000000000691
https://doi.org/10.1097/MNM.0000000000000691
https://doi.org/10.1097/MNM.0000000000000691
https://doi.org/10.1097/MNM.0000000000000691
https://www.nejm.org/doi/full/10.1056/NEJMoa0810780
https://www.nejm.org/doi/full/10.1056/NEJMoa0810780
https://www.nejm.org/doi/full/10.1056/NEJMoa0810780
https://www.nejm.org/doi/full/10.1056/NEJMoa0810780
https://doi.org/10.1093/ajcn/77.5.1192
https://doi.org/10.1093/ajcn/77.5.1192
https://doi.org/10.1093/ajcn/77.5.1192
https://doi.org/10.1093/ajcn/77.5.1192
https://doi.org/10.1093/ajcn/77.5.1192
https://doi.org/10.1093/ajcn/77.5.1192
https://doi.org/10.1161/CIRCULATIONAHA.106.675355
https://doi.org/10.1161/CIRCULATIONAHA.106.675355
https://doi.org/10.1161/CIRCULATIONAHA.106.675355
https://doi.org/10.1161/CIRCULATIONAHA.106.675355
https://doi.org/10.1161/CIRCULATIONAHA.106.675355
https://doi.org/10.1093/ajcn/77.5.1192
https://doi.org/10.1093/ajcn/77.5.1192
https://doi.org/10.1093/ajcn/77.5.1192
https://doi.org/10.1093/ajcn/77.5.1192
https://doi.org/10.1093/ajcn/77.5.1192
https://doi.org/10.1093/ajcn/77.5.1192
https://doi.org/10.1161/CIRCULATIONAHA.106.675355
https://doi.org/10.1161/CIRCULATIONAHA.106.675355
https://doi.org/10.1161/CIRCULATIONAHA.106.675355
https://doi.org/10.1161/CIRCULATIONAHA.106.675355
https://doi.org/10.1161/CIRCULATIONAHA.106.675355
https://doi.org/10.1016/S0021-9150(00)00514-1
https://doi.org/10.1016/S0021-9150(00)00514-1
https://doi.org/10.1016/S0021-9150(00)00514-1
https://doi.org/10.1016/S0021-9150(00)00514-1
http://mdrf-eprints.in/518/1/Visceral_%26_subcutaneous_abdominal_fat_in_relation_to_insulin_resistance_%26_metabolic_syndrome_in_non-diabetic_south_Indians.pdf
http://mdrf-eprints.in/518/1/Visceral_%26_subcutaneous_abdominal_fat_in_relation_to_insulin_resistance_%26_metabolic_syndrome_in_non-diabetic_south_Indians.pdf
http://mdrf-eprints.in/518/1/Visceral_%26_subcutaneous_abdominal_fat_in_relation_to_insulin_resistance_%26_metabolic_syndrome_in_non-diabetic_south_Indians.pdf
http://mdrf-eprints.in/518/1/Visceral_%26_subcutaneous_abdominal_fat_in_relation_to_insulin_resistance_%26_metabolic_syndrome_in_non-diabetic_south_Indians.pdf
http://mdrf-eprints.in/518/1/Visceral_%26_subcutaneous_abdominal_fat_in_relation_to_insulin_resistance_%26_metabolic_syndrome_in_non-diabetic_south_Indians.pdf
https://www.jacc.org/doi/abs/10.1016/j.jcmg.2014.07.017
https://www.jacc.org/doi/abs/10.1016/j.jcmg.2014.07.017
https://www.jacc.org/doi/abs/10.1016/j.jcmg.2014.07.017
https://www.jacc.org/doi/abs/10.1016/j.jcmg.2014.07.017
https://www.jacc.org/doi/abs/10.1016/j.jcmg.2014.07.017
https://doi.org/10.1530/EJE-11-0431
https://doi.org/10.1530/EJE-11-0431
https://doi.org/10.1530/EJE-11-0431
https://doi.org/10.1210/endo.142.1.7883
https://doi.org/10.1210/endo.142.1.7883
https://doi.org/10.1210/endo.142.1.7883
https://doi.org/10.1210/endo.142.1.7883
https://doi.org/10.1096/fj.05-5243fje
https://doi.org/10.1096/fj.05-5243fje
https://doi.org/10.1096/fj.05-5243fje
https://doi.org/10.1096/fj.05-5243fje
https://doi.org/10.1155/2010/802078
https://doi.org/10.1155/2010/802078
https://doi.org/10.1155/2010/802078
https://doi.org/10.1038/oby.2010.230
https://doi.org/10.1038/oby.2010.230
https://doi.org/10.1038/oby.2010.230
https://doi.org/10.1161/01.ATV.20.6.1595
https://doi.org/10.1161/01.ATV.20.6.1595
https://doi.org/10.1161/01.ATV.20.6.1595


    Volume 7 | Issue 2 | 250Int J Diabetes Metab Disord, 2022

in type 2 diabetic patients. Arteriosclerosis, thrombosis, and 
vascular biology, 20(6), 1595-1599.

36. Fried, S. K. (2000). Ricci MR, Russell CD, and Laferrere 
B. Regulation of leptin production in humans. J Nutr, 130, 
3127S-3131S.

37.  Marti, A., Berraondo, B., & Martinez, J. A. (1999). Leptin: 
physiological actions. Journal of physiology and biochemis-
try, 55(1), 43-49.

38.  Ibrahim MM. (2010). Subcutaneous and visceral adipose tis-
sue: structural and functional differences. Obesity reviews. 
Jan;11(1):11-8.

39.  Paz-Filho G, Mastronardi CA, Licinio J. (2015). Leptin treat-
ment: facts and expectations. Metab Clin Exp. 64:146–56. 

40. Ranadive, S. A., & Vaisse, C. (2008). Lessons from extreme 
human obesity: monogenic disorders. Endocrinology and me-
tabolism clinics of North America, 37(3), 733-751.

41. Sinha, M. K., Opentanova, I., Ohannesian, J. P., Kolaczynski, 
J. W., Heiman, M. L., Hale, J., ... & Caro, J. F. (1996). Evi-
dence of free and bound leptin in human circulation. Studies 
in lean and obese subjects and during short-term fasting. The 
Journal of clinical investigation, 98(6), 1277-1282.

42.  Khodamoradi, K., Parmar, M., Khosravizadeh, Z., Kuchakul-
la, M., Manoharan, M., & Arora, H. (2020). The role of leptin 
and obesity on male infertility. Current opinion in urology, 
30(3), 334-339.

43. Zovich, D. C., Orologa, A., Okuno, M., Kong, L. W., Tal-
mage, D. A., Piantedosi, R., ... & Blaner, W. S. (1992). Differ-
entiation-dependent expression of retinoid-binding proteins 
in BFC-1 beta adipocytes. Journal of Biological Chemistry, 
267(20), 13884-13889.

44.  Kotnik, P., Fischer-Posovszky, P., & Wabitsch, M. (2011). 
RBP4: a controversial adipokine. European journal of endo-
crinology, 165(5), 703-711.

45.  Flower, D. R. (1996). The lipocalin protein family: structure 
and function. Biochemical journal, 318(1), 1-14.

46.  Kotnik, P., Fischer-Posovszky, P., & Wabitsch, M. (2011). 
RBP4: a controversial adipokine. European journal of endo-
crinology, 165(5), 703-711.

47. Yang, Q., Graham, T. E., Mody, N., Preitner, F., Peroni, O. 
D., Zabolotny, J. M., & Kotani, K. (2005). Q uadro L, Kahn 
BB: Serum retinol binding protein 4 contributes to insulin re-
sistance i n obesity and type 2 diabetes. Nature, 436(7049), 
356-362.

48. Graham, T. E., Yang, Q., Blüher, M., Hammarstedt, A., Ciaral-
di, T. P., Henry, R. R., ... & Kahn, B. B. (2006). Retinol-bind-
ing protein 4 and insulin resistance in lean, obese, and diabetic 
subjects. New England Journal of Medicine, 354(24), 2552-
2563.

49. Cao, S. Y., Zhao, C. N., Xu, X. Y., Tang, G. Y., Corke, H., Gan, 
R. Y., & Li, H. B. (2019). Dietary plants, gut microbiota, and 
obesity: Effects and mechanisms. Trends in Food Science & 
Technology, 92, 194-204.

50.  Round, J. L., & Mazmanian, S. K. (2009). The gut microbiota 
shapes intestinal immune responses during health and disease. 
Nature reviews immunology, 9(5), 313-323.

51.  Tremaroli, V., & Bäckhed, F. (2012). Functional interactions 
between the gut microbiota and host metabolism. Nature, 
489(7415), 242-249.

52. Zhao, L. (2013). The gut microbiota and obesity: from cor-
relation to causality. Nature Reviews Microbiology, 11(9), 
639-647.

53.  Shen, J., Obin, M. S., & Zhao, L. (2013). The gut microbiota, 
obesity and insulin resistance. Molecular aspects of medicine, 
34(1), 39-58.

54. Prior, R. L., Wilkes, S., Rogers, T., Khanal, R. C., Wu, X., 
Hager, T. J., ... & Howard, L. (2010). Dietary black raspberry 
anthocyanins do not alter development of obesity in mice fed 
an obesogenic high-fat diet. Journal of Agricultural and Food 
Chemistry, 58(7), 3977-3983.

55. Pekkala, S., Munukka, E., Kong, L., Pöllänen, E., Autio, R., 
Roos, C., ... & Cheng, S. (2015). Toll‐like receptor 5 in obe-
sity: The role of gut microbiota and adipose tissue inflamma-
tion. Obesity, 23(3), 581-590.

56. Qiao, Y., Sun, J., Xie, Z., Shi, Y., & Le, G. (2014). Propensity 
to high-fat diet-induced obesity in mice is associated with the 
indigenous opportunistic bacteria on the interior of Peyer’s 
patches. Journal of clinical biochemistry and nutrition, 55(2), 
120-128.

57. Kadooka, Y., Sato, M., Imaizumi, K., Ogawa, A., Ikuyama, 
K., Akai, Y., ... & Tsuchida, T. (2010). Regulation of abdom-
inal adiposity by probiotics (Lactobacillus gasseri SBT2055) 
in adults with obese tendencies in a randomized controlled 
trial. European journal of clinical nutrition, 64(6), 636-643.

58.  Lee, K., Paek, K., Lee, H. Y., Park, J. H., & Lee, Y. (2007). 
Antiobesity effect of trans‐10, cis‐12‐conjugated linoleic 
acid‐producing Lactobacillus plantarum PL62 on diet‐in-
duced obese mice. Journal of applied Microbiology, 103(4), 
1140-1146.

59. Kadooka, Y., Sato, M., Imaizumi, K., Ogawa, A., Ikuyama, 
K., Akai, Y., ... & Tsuchida, T. (2010). Regulation of abdom-
inal adiposity by probiotics (Lactobacillus gasseri SBT2055) 
in adults with obese tendencies in a randomized controlled 
trial. European journal of clinical nutrition, 64(6), 636-643.

60. Minami, J. I., Kondo, S., Yanagisawa, N., Odamaki, T., Xiao, 
J. Z., Abe, F., ... & Shimoda, T. (2015). Oral administration 
of Bifidobacterium breve B-3 modifies metabolic functions in 
adults with obese tendencies in a randomised controlled trial. 
Journal of Nutritional Science, 4.

61. Dewulf, E. M., Cani, P. D., Neyrinck, A. M., Possemiers, S., 
Van Holle, A., Muccioli, G. G., ... & Delzenne, N. M. (2011). 
Inulin-type fructans with prebiotic properties counteract 
GPR43 overexpression and PPARγ-related adipogenesis in 
the white adipose tissue of high-fat diet-fed mice. The Journal 
of nutritional biochemistry, 22(8), 712-722.

62. N. D. Yuliana, A. Khatib, Y. C. Choi, and R. Veerporte. (2011). 
Metabolomics for bioactivity assessment of natural products. 
Phytotherapy Research, vol. 25, no. 2, pp. 157–169.

63. Kitts, DD (1994). Bioactive substances in food: identification 
and potential uses. Canadian journal of physiology and phar-
macology, 72 (4), 423-434.

https://doi.org/10.1161/01.ATV.20.6.1595
https://doi.org/10.1161/01.ATV.20.6.1595
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=36.%09+Fried+SK%2C+Ricci+MR%2C+Russell+CD%2C+Laferrere+B.+Regulation+of+leptin+production+in+humans.+J+Nutr.+%282000%29+130%3A3127S%E2%88%923131S.+doi%3A+10.1093%2Fjn%2F130.12.3127S&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=36.%09+Fried+SK%2C+Ricci+MR%2C+Russell+CD%2C+Laferrere+B.+Regulation+of+leptin+production+in+humans.+J+Nutr.+%282000%29+130%3A3127S%E2%88%923131S.+doi%3A+10.1093%2Fjn%2F130.12.3127S&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=36.%09+Fried+SK%2C+Ricci+MR%2C+Russell+CD%2C+Laferrere+B.+Regulation+of+leptin+production+in+humans.+J+Nutr.+%282000%29+130%3A3127S%E2%88%923131S.+doi%3A+10.1093%2Fjn%2F130.12.3127S&btnG=
https://europepmc.org/article/med/10494659
https://europepmc.org/article/med/10494659
https://europepmc.org/article/med/10494659
https://doi.org/10.1016/j.metabol.2014.07.014
https://doi.org/10.1016/j.metabol.2014.07.014
https://doi.org/10.1016/j.ecl.2008.07.003
https://doi.org/10.1016/j.ecl.2008.07.003
https://doi.org/10.1016/j.ecl.2008.07.003
https://doi.org/10.1172/JCI118913
https://doi.org/10.1172/JCI118913
https://doi.org/10.1172/JCI118913
https://doi.org/10.1172/JCI118913
https://doi.org/10.1172/JCI118913
https://journals.lww.com/co-urology/Abstract/2020/05000/The_role_of_leptin_and_obesity_on_male_infertility.10.aspx
https://journals.lww.com/co-urology/Abstract/2020/05000/The_role_of_leptin_and_obesity_on_male_infertility.10.aspx
https://journals.lww.com/co-urology/Abstract/2020/05000/The_role_of_leptin_and_obesity_on_male_infertility.10.aspx
https://journals.lww.com/co-urology/Abstract/2020/05000/The_role_of_leptin_and_obesity_on_male_infertility.10.aspx
https://doi.org/10.1016/S0021-9258(19)49651-8
https://doi.org/10.1016/S0021-9258(19)49651-8
https://doi.org/10.1016/S0021-9258(19)49651-8
https://doi.org/10.1016/S0021-9258(19)49651-8
https://doi.org/10.1016/S0021-9258(19)49651-8
https://doi.org/10.1530/EJE-11-0431
https://doi.org/10.1530/EJE-11-0431
https://doi.org/10.1530/EJE-11-0431
https://doi.org/10.1042/bj3180001
https://doi.org/10.1042/bj3180001
https://doi.org/10.1530/EJE-11-0431
https://doi.org/10.1530/EJE-11-0431
https://doi.org/10.1530/EJE-11-0431
https://doi.org/10.1038/nature03711
https://doi.org/10.1038/nature03711
https://doi.org/10.1038/nature03711
https://doi.org/10.1038/nature03711
https://doi.org/10.1038/nature03711
https://www.nejm.org/doi/full/10.1056/nejmoa054862
https://www.nejm.org/doi/full/10.1056/nejmoa054862
https://www.nejm.org/doi/full/10.1056/nejmoa054862
https://www.nejm.org/doi/full/10.1056/nejmoa054862
https://www.nejm.org/doi/full/10.1056/nejmoa054862
https://doi.org/10.1016/j.tifs.2019.08.004
https://doi.org/10.1016/j.tifs.2019.08.004
https://doi.org/10.1016/j.tifs.2019.08.004
https://doi.org/10.1016/j.tifs.2019.08.004
C:\Users\user\AppData\Roaming\Microsoft\Word\Round, J. L., & Mazmanian, S. K. (2009). The gut microbiota shapes intestinal immune responses during health and disease. Nature reviews immunology, 9(5), 313-323
C:\Users\user\AppData\Roaming\Microsoft\Word\Round, J. L., & Mazmanian, S. K. (2009). The gut microbiota shapes intestinal immune responses during health and disease. Nature reviews immunology, 9(5), 313-323
C:\Users\user\AppData\Roaming\Microsoft\Word\Round, J. L., & Mazmanian, S. K. (2009). The gut microbiota shapes intestinal immune responses during health and disease. Nature reviews immunology, 9(5), 313-323
https://doi.org/10.1038/nature11552
https://doi.org/10.1038/nature11552
https://doi.org/10.1038/nature11552
https://doi.org/10.1038/nrmicro3089
https://doi.org/10.1038/nrmicro3089
https://doi.org/10.1038/nrmicro3089
https://doi.org/10.1016/j.mam.2012.11.001
https://doi.org/10.1016/j.mam.2012.11.001
https://doi.org/10.1016/j.mam.2012.11.001
https://doi.org/10.1021/jf9030772
https://doi.org/10.1021/jf9030772
https://doi.org/10.1021/jf9030772
https://doi.org/10.1021/jf9030772
https://doi.org/10.1021/jf9030772
https://doi.org/10.1002/oby.20993
https://doi.org/10.1002/oby.20993
https://doi.org/10.1002/oby.20993
https://doi.org/10.1002/oby.20993
https://doi.org/10.3164/jcbn.14-38
https://doi.org/10.3164/jcbn.14-38
https://doi.org/10.3164/jcbn.14-38
https://doi.org/10.3164/jcbn.14-38
https://doi.org/10.3164/jcbn.14-38
https://doi.org/10.1038/ejcn.2010.19
https://doi.org/10.1038/ejcn.2010.19
https://doi.org/10.1038/ejcn.2010.19
https://doi.org/10.1038/ejcn.2010.19
https://doi.org/10.1038/ejcn.2010.19
https://doi.org/10.1111/j.1365-2672.2007.03336.x
https://doi.org/10.1111/j.1365-2672.2007.03336.x
https://doi.org/10.1111/j.1365-2672.2007.03336.x
https://doi.org/10.1111/j.1365-2672.2007.03336.x
https://doi.org/10.1111/j.1365-2672.2007.03336.x
https://doi.org/10.1038/ejcn.2010.19
https://doi.org/10.1038/ejcn.2010.19
https://doi.org/10.1038/ejcn.2010.19
https://doi.org/10.1038/ejcn.2010.19
https://doi.org/10.1038/ejcn.2010.19
https://doi.org/10.1017/jns.2015.5
https://doi.org/10.1017/jns.2015.5
https://doi.org/10.1017/jns.2015.5
https://doi.org/10.1017/jns.2015.5
https://doi.org/10.1017/jns.2015.5
https://doi.org/10.1016/j.jnutbio.2010.05.009
https://doi.org/10.1016/j.jnutbio.2010.05.009
https://doi.org/10.1016/j.jnutbio.2010.05.009
https://doi.org/10.1016/j.jnutbio.2010.05.009
https://doi.org/10.1016/j.jnutbio.2010.05.009
https://doi.org/10.1016/j.jnutbio.2010.05.009
https://doi.org/10.1139/y94-062
https://doi.org/10.1139/y94-062
https://doi.org/10.1139/y94-062


    Volume 7 | Issue 2 | 251Int J Diabetes Metab Disord, 2022

64. Wang, H., Fu, Z. M., & Han, C. C. (2014). The potential ap-
plications of marine bioactives against diabetes and obesity. 
Am J Mar Sci, 2, 1-8.

65. Sun, N. N., Wu, T. Y., & Chau, C. F. (2016). Natural dietary 
and herbal products in anti-obesity treatment. Molecules, 
21(10), 1351.

66. Kang, J. G., & Park, C. Y. (2012). Anti-obesity drugs: a re-
view about their effects and safety. Diabetes & metabolism 
journal, 36(1), 13-25.

67. Tak, Y. J., & Lee, S. Y. (2021). Long-term efficacy and safety 
of anti-obesity treatment: where do we stand?. Current obesity 
reports, 10(1), 14-30.

68. Schellack N, Grobbelaar S, Wadesango L, Bronkhorst E, 
Kupa K. (2021). New advances in the management of obesity. 
SA Pharmaceutical Journal, 88(1):17-21.

69. Trigueros, L., Peña, S., Ugidos, A. V., Sayas-Barberá, E., 
Pérez-Álvarez, J. A., & Sendra, E. (2013). Food ingredients as 
anti-obesity agents: a review. Critical reviews in food science 
and nutrition, 53(9), 929-942.

70. Bendtsen, L. Q., Lorenzen, J. K., Bendsen, N. T., Rasmussen, 
C., & Astrup, A. (2013). Effect of dairy proteins on appetite, 
energy expenditure, body weight, and composition: a review 
of the evidence from controlled clinical trials. Advances in 
nutrition, 4(4), 418-438.

71. Thomas, A. P., Dunn, T. N., Drayton, J. B., Oort, P. J., & 
Adams, S. H. (2012). A high calcium diet containing nonfat 
dry milk reduces weight gain and associated adipose tissue 
inflammation in diet-induced obese mice when compared to 
high calcium alone. Nutrition & metabolism, 9(1), 1-11.

72. Slavin, J. L. (2005). Dietary fiber and body weight. Nutrition, 
21(3), 411-418.

73. Anderson, J. W., Pasupuleti, V., & Anderson, J. (2008). Di-
etary fiber and associated phytochemicals in prevention and 
reversal of diabetes. Nutraceuticals, glycemic health and type 
2 diabetes, 97-125.

74. Kasprzak, K., Wojtunik-Kulesza, K., Oniszczuk, T., Kuboń, 
M., & Oniszczuk, A. (2018). Secondary metabolites, dietary 
fiber and conjugated fatty acids as functional food ingredients 
against overweight and obesity. Natural Product Communica-
tions, 13(8), 1934578X1801300836.

75. Due, A. P. (2010). Astrup A, Kristensen M, Gregersen NT, 
Belza A, Lorenzen JK, Due A, Larsen TM. Can bioactive 
foods affect obesity? Ann NY Acad Sci. 2010 Mar; 1190: 25-
41. Review. Annals of the New York Academy of Sciences.

76. Papathanasopoulos, A., & Camilleri, M. (2010). Dietary fiber 
supplements: effects in obesity and metabolic syndrome and 
relationship to gastrointestinal functions. Gastroenterology, 
138(1), 65-72.

77. Reimer, R. A., Pelletier, X., Carabin, I. G., Lyon, M., Gahler, 
R., Parnell, J. A., & Wood, S. (2010). Increased plasma PYY 
levels following supplementation with the functional fiber 
PolyGlycopleX in healthy adults. European journal of clinical 
nutrition, 64(10), 1186-1191.

78. Pradhan, S., Panchali, T., Paul, B., Khatun, A., Rao Jarapala, 
S., Mondal, K. C., ... & Chakrabarti, S. (2020). Anti‐obesity 

potentiality of Tapra fish (Opisthopterus tardoore) oil. Journal 
of Food Biochemistry, 44(11), e13448.

79. Torres-Fuentes, C., Schellekens, H., Dinan, T. G., & Cryan, 
J. F. (2015). A natural solution for obesity: Bioactives for the 
prevention and treatment of weight gain. A review. Nutritional 
neuroscience, 18(2), 49-65.

80.  Janovska, P., Flachs, P., Kazdova, L., & Kopecky, J. J. P. R. 
(2013). Anti-obesity effect of n-3 polyunsaturated fatty acids 
in mice fed high-fat diet is independent of cold-induced ther-
mogenesis. Physiol Res, 62(2), 153-61.

81. Poudyal, H., Panchal, S. K., Waanders, J., Ward, L., & Brown, 
L. (2012). Lipid redistribution by α-linolenic acid-rich chia 
seed inhibits stearoyl-CoA desaturase-1 and induces cardiac 
and hepatic protection in diet-induced obese rats. The Journal 
of nutritional biochemistry, 23(2), 153-162.

82. Luhovyy, B. L., Akhavan, T., & Anderson, G. H. (2007). Whey 
proteins in the regulation of food intake and satiety. Journal of 
the American College of Nutrition, 26(6), 704S-712S.

83. Satake, M., Enjoh, M., Nakamura, Y., Takano, T., Kawamura, 
Y., Arai, S., & Shimizu, M. (2002). Transepithelial transport 
of the bioactive tripeptide, Val-Pro-Pro, in human intestinal 
Caco-2 cell monolayers. Bioscience, biotechnology, and bio-
chemistry, 66(2), 378-384.

84. Baer, D. J., Stote, K. S., Paul, D. R., Harris, G. K., Rumpler, 
W. V., & Clevidence, B. A. (2011). Whey protein but not soy 
protein supplementation alters body weight and composition 
in free-living overweight and obese adults. The Journal of nu-
trition, 141(8), 1489-1494.

85. Moreno-Navarrete, J. M., Ortega, F. J., Bassols, J., Castro, A., 
Ricart, W., & Fernández-Real, J. M. (2008). Association of 
circulating lactoferrin concentration and 2 nonsynonymous 
LTF gene polymorphisms with dyslipidemia in men depends 
on glucose-tolerance status. Clinical chemistry, 54(2), 301-
309.

86. Moreno-Navarrete, J. M., Ortega, F. J., Bassols, J., Ricart, W., 
& Fernández-Real, J. M. (2009). Decreased circulating lacto-
ferrin in insulin resistance and altered glucose tolerance as a 
possible marker of neutrophil dysfunction in type 2 diabetes. 
The Journal of Clinical Endocrinology & Metabolism, 94(10), 
4036-4044.

87. Hursel, R., van der Zee, L., & Westerterp-Plantenga, M. S. 
(2010). Effects of a breakfast yoghurt, with additional total 
whey protein or caseinomacropeptide-depleted α-lactalbu-
min-enriched whey protein, on diet-induced thermogenesis 
and appetite suppression. British journal of nutrition, 103(5), 
775-780.

88. Nongonierma, A. B., Schellekens, H., Dinan, T. G., Cryan, 
J. F., & FitzGerald, R. J. (2013). Milk protein hydrolysates 
activate 5-HT 2C serotonin receptors: Influence of the starting 
substrate and isolation of bioactive fractions. Food & func-
tion, 4(5), 728-737.

89. Lupton, J. R., Brooks, J., Butte, N. F., Caballero, B., Flatt, J. 
P., & Fried, S. K. (2002). Dietary reference intakes for ener-
gy, carbohydrate, fiber, fat, fatty acids, cholesterol, protein, 
and amino acids. National Academy Press: Washington, DC, 

https://d1wqtxts1xzle7.cloudfront.net/56117550/marine-2-1-1-with-cover-page-v2.pdf?Expires=1669880162&Signature=SqVX4GNysawF4dl03d6UBGLVqjGaXTKEzlgbIbfOElLS5c4EJjGgMfZy4k5DituqYEAf1AMxzYGfhN~AOvuiPkyFQ~RkQhHPDKKpGoiOv6Z3DejGa7yksgPttCP5LhmSQC8QqLsc5vipKq9RvB3SwbSxiOvqOZ-XGXhV7~YKHZd8fikxfj9FLe4XAg2GugNKKVVuZcLjo3coExmKZelW5yyG9qXlduMyK34xCvA~gOzkAZIR2kx2XCGBbEo-39nJuQvc8pF9s8u2bww1daZLGmZIra2A29s2bOqfYbCvow90fAIrFH5GQanMTk0dnEDUOix4plEJqRxF1DG6aiCqdw__&Key-Pair-Id=APKAJLOHF5GGSLRBV4ZA
https://d1wqtxts1xzle7.cloudfront.net/56117550/marine-2-1-1-with-cover-page-v2.pdf?Expires=1669880162&Signature=SqVX4GNysawF4dl03d6UBGLVqjGaXTKEzlgbIbfOElLS5c4EJjGgMfZy4k5DituqYEAf1AMxzYGfhN~AOvuiPkyFQ~RkQhHPDKKpGoiOv6Z3DejGa7yksgPttCP5LhmSQC8QqLsc5vipKq9RvB3SwbSxiOvqOZ-XGXhV7~YKHZd8fikxfj9FLe4XAg2GugNKKVVuZcLjo3coExmKZelW5yyG9qXlduMyK34xCvA~gOzkAZIR2kx2XCGBbEo-39nJuQvc8pF9s8u2bww1daZLGmZIra2A29s2bOqfYbCvow90fAIrFH5GQanMTk0dnEDUOix4plEJqRxF1DG6aiCqdw__&Key-Pair-Id=APKAJLOHF5GGSLRBV4ZA
https://d1wqtxts1xzle7.cloudfront.net/56117550/marine-2-1-1-with-cover-page-v2.pdf?Expires=1669880162&Signature=SqVX4GNysawF4dl03d6UBGLVqjGaXTKEzlgbIbfOElLS5c4EJjGgMfZy4k5DituqYEAf1AMxzYGfhN~AOvuiPkyFQ~RkQhHPDKKpGoiOv6Z3DejGa7yksgPttCP5LhmSQC8QqLsc5vipKq9RvB3SwbSxiOvqOZ-XGXhV7~YKHZd8fikxfj9FLe4XAg2GugNKKVVuZcLjo3coExmKZelW5yyG9qXlduMyK34xCvA~gOzkAZIR2kx2XCGBbEo-39nJuQvc8pF9s8u2bww1daZLGmZIra2A29s2bOqfYbCvow90fAIrFH5GQanMTk0dnEDUOix4plEJqRxF1DG6aiCqdw__&Key-Pair-Id=APKAJLOHF5GGSLRBV4ZA
https://doi.org/10.3390/molecules21101351
https://doi.org/10.3390/molecules21101351
https://doi.org/10.3390/molecules21101351
https://doi.org/10.4093/dmj.2012.36.1.13
https://doi.org/10.4093/dmj.2012.36.1.13
https://doi.org/10.4093/dmj.2012.36.1.13
https://doi.org/10.1007/s13679-020-00422-w
https://doi.org/10.1007/s13679-020-00422-w
https://doi.org/10.1007/s13679-020-00422-w
https://doi.org/10.1080/10408398.2011.574215
https://doi.org/10.1080/10408398.2011.574215
https://doi.org/10.1080/10408398.2011.574215
https://doi.org/10.1080/10408398.2011.574215
https://doi.org/10.3945/an.113.003723
https://doi.org/10.3945/an.113.003723
https://doi.org/10.3945/an.113.003723
https://doi.org/10.3945/an.113.003723
https://doi.org/10.3945/an.113.003723
https://doi.org/10.1186/1743-7075-9-3
https://doi.org/10.1186/1743-7075-9-3
https://doi.org/10.1186/1743-7075-9-3
https://doi.org/10.1186/1743-7075-9-3
https://doi.org/10.1186/1743-7075-9-3
https://doi.org/10.1016/j.nut.2004.08.018
https://doi.org/10.1016/j.nut.2004.08.018
https://books.google.co.in/books?hl=en&lr=&id=9FvCD-a32VMC&oi=fnd&pg=PA97&dq=73.%09Anderson+JW,+Pasupuleti+V,+Anderson+J.+Dietary+fiber+and+associated+phytochemicals+in+prevention+and+reversal+of+diabetes.+Nutraceuticals,+glycemic+health+and+type+2+diabetes.+2008+Aug+1:97-125.&ots=x_bXRlupWW&sig=D7_myl4EJJCJYX7QjI2a-PUO79w&redir_esc=y#v=onepage&q&f=false
https://books.google.co.in/books?hl=en&lr=&id=9FvCD-a32VMC&oi=fnd&pg=PA97&dq=73.%09Anderson+JW,+Pasupuleti+V,+Anderson+J.+Dietary+fiber+and+associated+phytochemicals+in+prevention+and+reversal+of+diabetes.+Nutraceuticals,+glycemic+health+and+type+2+diabetes.+2008+Aug+1:97-125.&ots=x_bXRlupWW&sig=D7_myl4EJJCJYX7QjI2a-PUO79w&redir_esc=y#v=onepage&q&f=false
https://books.google.co.in/books?hl=en&lr=&id=9FvCD-a32VMC&oi=fnd&pg=PA97&dq=73.%09Anderson+JW,+Pasupuleti+V,+Anderson+J.+Dietary+fiber+and+associated+phytochemicals+in+prevention+and+reversal+of+diabetes.+Nutraceuticals,+glycemic+health+and+type+2+diabetes.+2008+Aug+1:97-125.&ots=x_bXRlupWW&sig=D7_myl4EJJCJYX7QjI2a-PUO79w&redir_esc=y#v=onepage&q&f=false
https://books.google.co.in/books?hl=en&lr=&id=9FvCD-a32VMC&oi=fnd&pg=PA97&dq=73.%09Anderson+JW,+Pasupuleti+V,+Anderson+J.+Dietary+fiber+and+associated+phytochemicals+in+prevention+and+reversal+of+diabetes.+Nutraceuticals,+glycemic+health+and+type+2+diabetes.+2008+Aug+1:97-125.&ots=x_bXRlupWW&sig=D7_myl4EJJCJYX7QjI2a-PUO79w&redir_esc=y#v=onepage&q&f=false
https://doi.org/10.1177/1934578X1801300836
https://doi.org/10.1177/1934578X1801300836
https://doi.org/10.1177/1934578X1801300836
https://doi.org/10.1177/1934578X1801300836
https://doi.org/10.1177/1934578X1801300836
https://www.ucviden.dk/en/publications/astrup-a-kristensen-m-gregersen-nt-belza-a-lorenzen-jk-due-a-lars
https://www.ucviden.dk/en/publications/astrup-a-kristensen-m-gregersen-nt-belza-a-lorenzen-jk-due-a-lars
https://www.ucviden.dk/en/publications/astrup-a-kristensen-m-gregersen-nt-belza-a-lorenzen-jk-due-a-lars
https://www.ucviden.dk/en/publications/astrup-a-kristensen-m-gregersen-nt-belza-a-lorenzen-jk-due-a-lars
https://doi.org/10.1053/j.gastro.2009.11.045
https://doi.org/10.1053/j.gastro.2009.11.045
https://doi.org/10.1053/j.gastro.2009.11.045
https://doi.org/10.1053/j.gastro.2009.11.045
https://doi.org/10.1038/ejcn.2010.141
https://doi.org/10.1038/ejcn.2010.141
https://doi.org/10.1038/ejcn.2010.141
https://doi.org/10.1038/ejcn.2010.141
https://doi.org/10.1038/ejcn.2010.141
https://doi.org/10.1111/jfbc.13448
https://doi.org/10.1111/jfbc.13448
https://doi.org/10.1111/jfbc.13448
https://doi.org/10.1111/jfbc.13448
https://doi.org/10.1179/1476830513Y.0000000099
https://doi.org/10.1179/1476830513Y.0000000099
https://doi.org/10.1179/1476830513Y.0000000099
https://doi.org/10.1179/1476830513Y.0000000099
https://www.researchgate.net/profile/Pavel-Flachs/publication/233907911_Anti-Obesity_Effect_of_n-3_Polyunsaturated_Fatty_Acids_in_Mice_Fed_High-Fat_Diet_Is_Independent_of_Cold-Induced_Thermogenesis/links/09e415141e777dad56000000/Anti-Obesity-Effect-of-n-3-Polyunsaturated-Fatty-Acids-in-Mice-Fed-High-Fat-Diet-Is-Independent-of-Cold-Induced-Thermogenesis.pdf
https://www.researchgate.net/profile/Pavel-Flachs/publication/233907911_Anti-Obesity_Effect_of_n-3_Polyunsaturated_Fatty_Acids_in_Mice_Fed_High-Fat_Diet_Is_Independent_of_Cold-Induced_Thermogenesis/links/09e415141e777dad56000000/Anti-Obesity-Effect-of-n-3-Polyunsaturated-Fatty-Acids-in-Mice-Fed-High-Fat-Diet-Is-Independent-of-Cold-Induced-Thermogenesis.pdf
https://www.researchgate.net/profile/Pavel-Flachs/publication/233907911_Anti-Obesity_Effect_of_n-3_Polyunsaturated_Fatty_Acids_in_Mice_Fed_High-Fat_Diet_Is_Independent_of_Cold-Induced_Thermogenesis/links/09e415141e777dad56000000/Anti-Obesity-Effect-of-n-3-Polyunsaturated-Fatty-Acids-in-Mice-Fed-High-Fat-Diet-Is-Independent-of-Cold-Induced-Thermogenesis.pdf
https://www.researchgate.net/profile/Pavel-Flachs/publication/233907911_Anti-Obesity_Effect_of_n-3_Polyunsaturated_Fatty_Acids_in_Mice_Fed_High-Fat_Diet_Is_Independent_of_Cold-Induced_Thermogenesis/links/09e415141e777dad56000000/Anti-Obesity-Effect-of-n-3-Polyunsaturated-Fatty-Acids-in-Mice-Fed-High-Fat-Diet-Is-Independent-of-Cold-Induced-Thermogenesis.pdf
https://doi.org/10.1016/j.jnutbio.2010.11.011
https://doi.org/10.1016/j.jnutbio.2010.11.011
https://doi.org/10.1016/j.jnutbio.2010.11.011
https://doi.org/10.1016/j.jnutbio.2010.11.011
https://doi.org/10.1016/j.jnutbio.2010.11.011
https://doi.org/10.1080/07315724.2007.10719651
https://doi.org/10.1080/07315724.2007.10719651
https://doi.org/10.1080/07315724.2007.10719651
https://doi.org/10.1271/bbb.66.378
https://doi.org/10.1271/bbb.66.378
https://doi.org/10.1271/bbb.66.378
https://doi.org/10.1271/bbb.66.378
https://doi.org/10.1271/bbb.66.378
https://doi.org/10.3945/jn.111.139840
https://doi.org/10.3945/jn.111.139840
https://doi.org/10.3945/jn.111.139840
https://doi.org/10.3945/jn.111.139840
https://doi.org/10.3945/jn.111.139840
https://doi.org/10.1373/clinchem.2007.095943
https://doi.org/10.1373/clinchem.2007.095943
https://doi.org/10.1373/clinchem.2007.095943
https://doi.org/10.1373/clinchem.2007.095943
https://doi.org/10.1373/clinchem.2007.095943
https://doi.org/10.1373/clinchem.2007.095943
https://doi.org/10.1210/jc.2009-0215
https://doi.org/10.1210/jc.2009-0215
https://doi.org/10.1210/jc.2009-0215
https://doi.org/10.1210/jc.2009-0215
https://doi.org/10.1210/jc.2009-0215
https://doi.org/10.1210/jc.2009-0215
https://www.cambridge.org/core/journals/british-journal-of-nutrition/article/effects-of-a-breakfast-yoghurt-with-additional-total-whey-protein-or-caseinomacropeptidedepleted-lactalbuminenriched-whey-protein-on-dietinduced-thermogenesis-and-appetite-suppression/A32852C82A0593DC524D9AE844633C8E
https://www.cambridge.org/core/journals/british-journal-of-nutrition/article/effects-of-a-breakfast-yoghurt-with-additional-total-whey-protein-or-caseinomacropeptidedepleted-lactalbuminenriched-whey-protein-on-dietinduced-thermogenesis-and-appetite-suppression/A32852C82A0593DC524D9AE844633C8E
https://www.cambridge.org/core/journals/british-journal-of-nutrition/article/effects-of-a-breakfast-yoghurt-with-additional-total-whey-protein-or-caseinomacropeptidedepleted-lactalbuminenriched-whey-protein-on-dietinduced-thermogenesis-and-appetite-suppression/A32852C82A0593DC524D9AE844633C8E
https://www.cambridge.org/core/journals/british-journal-of-nutrition/article/effects-of-a-breakfast-yoghurt-with-additional-total-whey-protein-or-caseinomacropeptidedepleted-lactalbuminenriched-whey-protein-on-dietinduced-thermogenesis-and-appetite-suppression/A32852C82A0593DC524D9AE844633C8E
https://www.cambridge.org/core/journals/british-journal-of-nutrition/article/effects-of-a-breakfast-yoghurt-with-additional-total-whey-protein-or-caseinomacropeptidedepleted-lactalbuminenriched-whey-protein-on-dietinduced-thermogenesis-and-appetite-suppression/A32852C82A0593DC524D9AE844633C8E
https://www.cambridge.org/core/journals/british-journal-of-nutrition/article/effects-of-a-breakfast-yoghurt-with-additional-total-whey-protein-or-caseinomacropeptidedepleted-lactalbuminenriched-whey-protein-on-dietinduced-thermogenesis-and-appetite-suppression/A32852C82A0593DC524D9AE844633C8E
https://doi.org/10.1039/C3FO30309H
https://doi.org/10.1039/C3FO30309H
https://doi.org/10.1039/C3FO30309H
https://doi.org/10.1039/C3FO30309H
https://doi.org/10.1039/C3FO30309H
https://www.nationalacademies.org/newsroom
https://www.nationalacademies.org/newsroom
https://www.nationalacademies.org/newsroom
https://www.nationalacademies.org/newsroom


    Volume 7 | Issue 2 | 252Int J Diabetes Metab Disord, 2022

Copyright: © 2022: Sachin Gangaram Kanojiya. This is an open-
access article distributed under the terms of the Creative Commons 
Attribution License, which permits unrestricted use, distribution, and 
reproduction in any medium, provided the original author and source 
are credited.

https://opastpublishers.com/

USA, 5, 589-768.
90.  Houmard, J. A., Pories, W. J., & Dohm, G. L. (2011). Is there 

a metabolic program in the skeletal muscle of obese individu-
als?. Journal of Obesity, 2011.

91. Goedecke, J. H., & Micklesfield, L. K. (2014). The effect of 
exercise on obesity, body fat distribution and risk for type 2 
diabetes. Diabetes and Physical Activity, 60, 82-93.

92. Pérusse, L., Collier, G., Gagnon, J., Leon, A. S., Rao, D. C., 
Skinner, J. S., ... & Bouchard, C. (1997). Acute and chronic ef-
fects of exercise on leptin levels in humans. Journal of applied 
physiology, 83(1), 5-10.

93. Foster-Schubert, K. E., McTiernan, A., Frayo, R. S., Schwartz, 
R. S., Rajan, K. B., Yasui, Y., ... & Cummings, D. E. (2005). 
Human plasma ghrelin levels increase during a one-year exer-
cise program. The Journal of Clinical Endocrinology & Me-
tabolism, 90(2), 820-825.

94. Garber, C. E., Blissmer, B., Deschenes, M. R., Franklin, B. A., 
Lamonte, M. J., Lee, I. M., ... & Swain, D. P. (2011). Ameri-
can College of Sports Medicine position stand. Quantity and 
quality of exercise for developing and maintaining cardiore-
spiratory, musculoskeletal, and neuromotor fitness in appar-
ently healthy adults: guidance for prescribing exercise. Med-
icine and science in sports and exercise, 43(7), 1334-1359.

95. Butryn, M. L., Webb, V., & Wadden, T. A. (2011). Behavioral 
treatment of obesity. Psychiatric Clinics, 34(4), 841-859.

96. Powell, K. E., King, A. C., Buchner, D. M., Campbell, W. W., 
DiPietro, L., Erickson, K. I., ... & Whitt-Glover, M. C. (2018). 
The scientific foundation for the physical activity guidelines 
for Americans. Journal of Physical Activity and Health, 16(1), 
1-11.

97.  Barry, V. W., Baruth, M., Beets, M. W., Durstine, J. L., Liu, 
J., & Blair, S. N. (2014). Fitness vs. fatness on all-cause mor-
tality: a meta-analysis. Progress in cardiovascular diseases, 
56(4), 382-390.

98.  Beaumont, J. D., Davis, D., Dalton, M., Nowicky, A., Rus-
sell, M., & Barwood, M. J. (2021). The effect of transcranial 
direct current stimulation (tDCS) on food craving, reward and 
appetite in a healthy population. Appetite, 157, 105004.

99. Higuera-Hernández, M. F., Reyes-Cuapio, E., Gutiérrez-Men-
doza, M., Rocha, N. B., Veras, A. B., Budde, H., ... & Muril-
lo-Rodríguez, E. (2018). Fighting obesity: Non-pharmacolog-
ical interventions. Clinical nutrition ESPEN, 25, 50-55.

100. Beaumont, J. D., Davis, D., Dalton, M., Nowicky, A., Russell, 
M., & Barwood, M. J. (2021). The effect of transcranial direct 
current stimulation (tDCS) on food craving, reward and appe-
tite in a healthy population. Appetite, 157, 105004.

101. Nitsche, M. A., & Paulus, W. (2000). Excitability changes in-
duced in the human motor cortex by weak transcranial direct 
current stimulation. The Journal of physiology, 527(Pt 3), 633.

102. Filmer, H. L., Dux, P. E., & Mattingley, J. B. (2014). Applica-
tions of transcranial direct current stimulation for understand-
ing brain function. Trends in neurosciences, 37(12), 742-753.

103. Jamil, A., & Nitsche, M. A. (2017). What effect does tDCS 
have on the brain? Basic physiology of tDCS. Current Behav-
ioral Neuroscience Reports, 4(4), 331-340.

104. Stagg, C. J., Antal, A., & Nitsche, M. A. (2018). Physiology 
of transcranial direct current stimulation. The journal of ECT, 
34(3), 144-152.

https://www.nationalacademies.org/newsroom
https://doi.org/10.1155/2011/250496
https://doi.org/10.1155/2011/250496
https://doi.org/10.1155/2011/250496
https://doi.org/10.1159/000357338
https://doi.org/10.1159/000357338
https://doi.org/10.1159/000357338
https://doi.org/10.1152/jappl.1997.83.1.5
https://doi.org/10.1152/jappl.1997.83.1.5
https://doi.org/10.1152/jappl.1997.83.1.5
https://doi.org/10.1152/jappl.1997.83.1.5
https://doi.org/10.1210/jc.2004-2081
https://doi.org/10.1210/jc.2004-2081
https://doi.org/10.1210/jc.2004-2081
https://doi.org/10.1210/jc.2004-2081
https://doi.org/10.1210/jc.2004-2081
https://doi.org/10.1249/mss.0b013e318213fefb
https://doi.org/10.1249/mss.0b013e318213fefb
https://doi.org/10.1249/mss.0b013e318213fefb
https://doi.org/10.1249/mss.0b013e318213fefb
https://doi.org/10.1249/mss.0b013e318213fefb
https://doi.org/10.1249/mss.0b013e318213fefb
https://doi.org/10.1249/mss.0b013e318213fefb
https://doi.org/10.1016/j.psc.2011.08.006
https://doi.org/10.1016/j.psc.2011.08.006
https://doi.org/10.1123/jpah.2018-0618
https://doi.org/10.1123/jpah.2018-0618
https://doi.org/10.1123/jpah.2018-0618
https://doi.org/10.1123/jpah.2018-0618
https://doi.org/10.1123/jpah.2018-0618
https://doi.org/10.1016/j.pcad.2013.09.002
https://doi.org/10.1016/j.pcad.2013.09.002
https://doi.org/10.1016/j.pcad.2013.09.002
https://doi.org/10.1016/j.pcad.2013.09.002
https://doi.org/10.1016/j.appet.2020.105004
https://doi.org/10.1016/j.appet.2020.105004
https://doi.org/10.1016/j.appet.2020.105004
https://doi.org/10.1016/j.appet.2020.105004
https://doi.org/10.1016/j.clnesp.2018.04.005
https://doi.org/10.1016/j.clnesp.2018.04.005
https://doi.org/10.1016/j.clnesp.2018.04.005
https://doi.org/10.1016/j.clnesp.2018.04.005
https://doi.org/10.1016/j.appet.2020.105004
https://doi.org/10.1016/j.appet.2020.105004
https://doi.org/10.1016/j.appet.2020.105004
https://doi.org/10.1016/j.appet.2020.105004
https://doi.org/10.1111%2Fj.1469-7793.2000.t01-1-00633.x
https://doi.org/10.1111%2Fj.1469-7793.2000.t01-1-00633.x
https://doi.org/10.1111%2Fj.1469-7793.2000.t01-1-00633.x
https://doi.org/10.1016/j.tins.2014.08.003
https://doi.org/10.1016/j.tins.2014.08.003
https://doi.org/10.1016/j.tins.2014.08.003
https://doi.org/10.1007/s40473-017-0134-5
https://doi.org/10.1007/s40473-017-0134-5
https://doi.org/10.1007/s40473-017-0134-5
https://doi.org/10.1007/s40473-017-0134-5
https://doi.org/10.1007/s40473-017-0134-5
https://doi.org/10.1007/s40473-017-0134-5

