
Submit Manuscript | http://medcraveonline.com

Introduction
Obesity is a chronic, multifactorial condition with complex 

psychological, environmental (social and cultural), genetic, 
physiologic, metabolic and behavioral causes and consequences. 
There are indications that prevalence of overweight and obese people 
is increasing worldwide in many developing and developed countries. 
Environmental and behavioral changes brought about by economic 
development, modernization and urbanization have been linked to the 
rise in global obesity. Rising rates of obesity have been linked to food 
supply trends and to the increase in the consumption of energy-dense 
foods.1–3 An increased consumption of snacks,4 caloric beverages5,6 and 
fast foods7 by children and young adults has been shown repeatedly 
to be associated with obesity and excess weight gain. Studies have 
examined the contribution to the obesity epidemic of dietary sugars 
and fats,8 larger portion sizes9 and the lower nutrient density of foods 
eaten away from home.10 

Epidemiological studies have shown that obesity contributes 
to the increase in mortality from cancers of the colon, breast (in 
postmenopausal women), endometrium, kidney (renal cell), esophagus 
(adenocarcinoma), gastric cardia, pancreas, gallbladder and liver 
and possibly other types11 while some experimental investigations 
have revealed that obesity is a major risk factor for type 2 diabetes, 
atherosclerosis, cancer and other chronic diseases.12 

The common approach to the measurement and identification 
of overweight and obesity is the use of body mass index (BMI). 
Although some reports have supported the use of BMI, it is not a 
perfect measurement. BMI is not a direct measure of adiposity and as 
a consequence it can overestimate or underestimate adiposity. BMI is 
a derived value that correlates well with total body fat and markers 
of secondary complications, e.g., hypertension and dyslipidemia. An 
abnormally high body mass index does not address the distribution of 
body fat. BMI is solely dependent on height and weight and does not 
consider other factors such as a person’s physical activity level, sex or 

age. Obesity is a risk factor for metabolic syndromes and therapeuctic 
approach for the treatment of obesity involves different mechanisms 
and strategies

Factors that induce overweight and obesity
High caloric intake

Food intake can be affected by many factors such as portion size, 
taste, variety and accessibility of foods. A high fat diet enriched with 
saturated fatty acids is the common diet in many developed countries 
while vegetarian diet is common to developing countries.13 Liu et al.,14 
reported that diet may affect body weight by controlling satiety and 
metabolic efficiency, or by modulating insulin secretion and action. 
Thus, the calorie dense diet common in the western world may induce 
obesity via increase in postprandial insulin levels resulting from the 
high carbohydrate intake which leads to increased triglyceride storage 
in the adipose tissue depots.15 High insulin levels may also provoke 
a vicious metabolic cycle. Insulin induces hunger by depleting the 
glucose levels of the blood and this promotes further food intake 
which leads to greater insulin secretion. This metabolic cycle will lead 
to overweight and chronic hyperinsulinaemia.16,17 Moreover, some 
researchers have reported that obese subjects have a high preference 
for fatty foods13 which will heighten the release of insulin and storage 
of triglyceride.

Furthermore, previous studies have shown that there is a 
positive correlation between high fat diet and obesity.18,19 This also 
agrees with the report of20 and Piers et al.,21 which revealed that 
food containing saturated fat causes weight gain compared to food 
containing unsaturated fatty acids. This is because Fatty acids activate 
peroxisome proliferator-activated receptors delta and gamma (PPAR 
δ, PPAR γ), which promote adipogenesis and expansion of adipose 
tissue depots.22 The common diet in many developed and developing 
countries contains more fat and considerably less fibre than the 
recommended levels which leads to the prevalence of obesity.

Adv Obes Weight Manag Control. 2016;4(1):15‒21. 15
© 2016 Oluwole et al. This is an open access article distributed under the terms of the Creative Commons Attribution License, which 
permits unrestricted use, distribution, and build upon your work non-commercially.

Atielogy, prevention and management of obesity: a 
nutritional approach

Volume 4 Issue 1 - 2016

Oluwatoyin Oluwole, Tosin Olasehinde, 
Temiloluwa Adesioye, Olajumoke Odediran, 
Phebean Ibidapo, Bamke Adeyoju, Folashade 
Owolabi, Joy Onyibe, Adebukola Agboola
Department of Food Technology, Federal Institute of Industrial 
Research Oshodi, Lagos, Nigeria

Correspondence: Oluwatoyin Oluwole, Department of Food 
Technology, Federal Institute of Industrial Research Oshodi, 
Lagos, Nigeria, Email oluwatoyinoluwole575@yahoo.com
 
Received: November 08, 2015 | Published: January 18, 2016

Abstract

Obesity is a chronic, multifactorial condition with complex metabolic and behavioral 
causes and consequences. Epidemiological studies have shown that obesity contributes 
to the increase in mortality from cancers of the colon, breast (in postmenopausal 
women), endometrium, kidney (renal cell), esophagus (adenocarcinoma), gastric 
cardia, pancreas, gallbladder and liver and possibly other types while some 
experimental investigations have revealed that obesity is a major risk factor for 
type 2 diabetes, atherosclerosis, cancer and other chronic diseases. Factors such as 
high caloric intake, genetic factors and psychological factors can lead to obesity. 
Furthermore, pharmaceuticals, sleep duration, environmental temperature and 
endocrine disruptors have been established to also be a causative factor of obesity. The 
therapeutic approach for the treatment of obesity involves different mechanisms and 
strategies. Plant-based diets are increasingly being recognized for their health benefits 
in weight management, satiety effects and glycemic control. Therefore, dietary agents 
that have a potential to decrease body fat or improve hyperglycemia may be used 
as therapeutic agents for the treatment and/or management of obesity. This review 
therefore focus on the role of functional foods and nutraceuticals in the treatment and/
or management of obesity
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Genetic factors

The genes may act as determinant factor of BMI by modulating 
energy balance. More than 300 genes, markers and chromosomes have 
been discovered to be linked with physical characteristics related with 
human obesity23 and it has been estimated that 30–70% of the variance 
in BMI in humans can be explained by genetic factors.24 Some reports 
have linked the leptin gene with the role adipose tissues play in the 
regulation of energy balance and appetite.25 Leptin play a major role 
by reducing food take via its action within the arcuate nucleus of the 
hypothalamus which decreases the expression of orexigenic signals 
and increase the levels of anorexigenic signals.26 There are many other 
genes which are expressed in the hypothalamus that controls appetite. 
However the mutation of these genes contributes to low cases of human 
obesity which makes it difficult to understand the pathologic process 
of this condition. Nevertheless, recent experimental investigations 
involving gene screening techniques have revealed that some genes 
may induce the deposition of adipose tissues. Many of these genes 
have been found to be present in the central nervous system and are 
responsible for the regulation of food intake.27

Psychological factors

The psyche of humans can influence eating habits, due to the fact 
that many people eat in response to negative emotions. Also stress 
for example, not only increases consumption of food but also shifts 
consumption toward high caloric foods that are normally avoided.28 An 
experimental investigation using rodent models reported by Dallman 
et al.,29 revealed that high levels of adrenal glucocorticoid (GC) which 
are released due to stress can induce increase in food intake which 
in turn causes abdominal obesity. Furthermore some neurological 
disorders can induce high intake of food which contributes to the 
accumulation fat.30 A study carried out by Johanssen et al.,31 and 
Blisset et al.,32 revealed that families of patients with morbid obesity 
have proposed that abnormal or irrational eating habits of families, 
parental conflicts and parents’ psychopathology may influence weight 
gain in children. 

Other factors

Other factors that may contribute to the pathogenesis of obesity 
include

Pharmaceuticals: Some synthetic drugs such as antidepressants 
(e.g. serotonin re-uptake inhibitors), contraceptives, corticosteroids, 
antidiabetic agents (e.g. insulin, sulphonylureas and thiazolidinediones) 
and some antihypertensive agents (e.g. beta adrenergic receptor 
antagonists) may lead to increase in weight gain.33 

Sleep duration: It has been shown in human studies that longer sleep 
duration is associated with high BMI.34

Endocrine disruptors: The by-products of industrial processes 
can leak into the environment and hence into the food chain. These 
molecules are able to elicit endocrine responses and include agents 
that have oestrogen-like effects (e.g. vinclozolin and bisphenol A) and 
also substances that are able to activate adipogenesis via interaction 
with transcription factors.34

Environmental temperature: The advent of air conditioners has 
meant that humans spend less time in temperatures outside the 
thermoneutral zone (TNZ). The TNZ is the range of temperatures 
over which changes in metabolic rate are not required to maintain 
normal body temperature. Once a person leaves the TNZ, energy 
expenditure will increase in an attempt to maintain body temperature 

at the required level. Thus, in humans who are constantly within the 
TNZ, energy expenditure is reduced and this predisposes to weight 
gain at lower levels of energy intake when compared to subjects who 
do not spend large periods of time within the TNZ.34

Role of functional foods and nutraceuticals in 
the treatment and/or management of obesity

Given the worldwide increase in obesity and its health 
consequences, efficient strategies for its prevention and treatment are 
important. Since obesity arises from an energy imbalance whereby 
energy intake exceeds energy expenditure, prevention and treatment 
of obesity requires some changes in one or both components of 
energy balance. Strategies to weight management targets multiple 
aspects of the energy balance systems: dietary energy intake, physical 
energy expenditure, energy storage and lifestyle changes via the use 
of natural and synthetic compounds. However, the use of functional 
foods designed for weight management may be a more attractive 
approach than the use of synthetic drugs due to their side effects.35

Plant-based diets are increasingly being recognized for their 
health benefits in weight management, satiety effects and glycemic 
control. Therefore, dietary agents that have a potential to decrease 
body fat or improve hyperglycemia may be used as therapeutic agents 
for the treatment and/or management of obesity. Several functional 
food ingredients are known to post absorptively influence substrate 
utilization or thermogenesis. Characteristics and supporting data on 
conjugated linoleic acid, diglycerides, medium-chain triglycerides, 
green tea, ephedrine, caffeine, capsaicin and calcium, are examples of 
compounds that alter energy expenditure or appetite control. 

Dietary interventions

Reduction of energy intake: Functional foods are foods that are 
capable of demonstrating physiological effects and can reduce the 
risk of chronic diseases beyond their basic nutritional functions. 
Functional foods have the potential to reduce energy intake by 
inducing satiety. These foods can increase the sense of fullness and 
discourage overeating thereby reducing energy intake. There are three 
strategies that can be used to increase satiety. These include; 

a)	 Modification of the energy density of the diet; 

b)	 Modification of the macronutrient composition of the diet; and 

c)	 Modification of the glycemic index of the diet. Satiety is 
physiologically associated with the total volume of food 
consumed. 

Therefore, modification of the energy density could contribute 
to the reduction of total energy intake and therefore reduce obesity 
and overweight.36 One physiological signal for satiety may relate 
to the total weight or volume of food ingested. This suggests that 
modifying the energy density of the diet could be a way to reduce total 
energy intake and therefore reduce obesity. The main determinant of 
energy density is the non-caloric content of the food, primarily the 
water content. Foods with high water content have a lower energy 
density.37,38

Research has shown that fiber also reduces energy density since it 
contributes substantially more to food weight than to caloric content. 
Dietary fiber intake seems to affect total energy intake. Increase in 
fiber diets have been linked to lower food intake. This is due to the 
fact that fiber diets may trigger maximal sensory stimulation in the 
mouth due to the increased need for chewing, reduce gastric emptying 
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and a slow rate of nutrient absorption and reduce the energy density 
of the overall diet. Moreover, scientific investigations have shown 
that increase in dietary fiber is generally thought to aid in weight 
management.39

Further, macronutrient composition of a diet can affect its energy 
density. Some reports have revealed that fat has a higher energy-
density than either protein or carbohydrate. Therefore reducing the 
proportion of fat in the diet can have a major impact on reducing the 
energy density of the diet. Previous reports show that reducing energy 
density reduces energy intake (at least in the short term), functional 
foods aimed at modifying energy density may be useful in managing 
obesity.36

The glycemic index of a food is determined by the level of 
postprandial glucose that occurs after eating that food in relation to 
the rise in glucose seen after eating a standardized food such as white 
bread. High glucose levels following eating would stimulate insulin 
secretion which may consequently increase appetite and facilitate 
other disease processes linked to insulin action. Whether or not the 
glycemic index of the diet affects energy intake and obesity remains 
controversial. There is no convincing evidence that food intake is 
directly related to glycemic index, although there is some evidence 
that high glycemic diets are linked to weight gain. The glycemic index 
of the total diet could be modified by eating foods with a low glycemic 
index. If the glycemic index were shown to affect food intake, a good 
target would be to develop more good-tasting, low-glycemic foods.40

Functional foods to increase energy expenditure 

Increase in the total energy expenditure without increasing energy 
intake is another approach for the management and/or prevention of 
obesity. Some bioactive compounds mostly known as nutraceuticals 
which are present in functional foods are capable of enhancing energy 
expenditure. 

Caffeine and ephedrine: A combination of caffeine and ephedrine 
has shown to be effective in long-term weight management, likely 
due to different mechanisms that may operate synergistically, e.g., 
respectively inhibiting the phosphodiesterase-induced degradation 
of cAMP and enhancing the sympathetic release of catecholamines. 
There has, however, been recent concern about the longterm safety 
of ephedrine.41

Tea: Green tea, by containing both tea catechins and caffeine, may 
act through the inhibition of catechol O-methyl-transferase and the 
inhibition of phosphodiesterase. Here, the mechanisms may also 
operate synergistically. In addition, tea catechins have antiangiogenic 
properties that may prevent the development of obesity. Furthermore 
green, black and oolong teas may cause decreased energy intake from 
the gastrointestinal tract due to their interactions with pancreatic 
lipase. Previous reports have shown that bioactive components 
present in some teas (catechin and epigallocatechin-3-gallate) are 
capable of enhancing weight loss.42,43 Furthermore polyphenols 
such as L-epicatechin, epicatechin-3-gallate, epigallocatechin, 
epigallocatechin-3-gallate which were isolated from tea extracts are 
potent inhibitors of pancreatic lipase which contributes to weight 
loss.44,45 

Oolong tea also contribute to increasing energy expenditure, 
perhaps through its catechin content. Resting metabolic rate was 
increased by 3–4% during three days of oolong tea consumption at 
five cups per day. Interestingly, most of the rise in metabolic rate was 
from increased fat oxidation, which would have the greatest impact 
upon decreasing body fat stores.46 The mechanism for increasing 

energy expenditure by green tea has been postulated to be its flavonoid 
content and even more specifically its polyphenolic content. One 
class of these compounds, the catechins, has been shown to inhibit 
catechol Ο-methyltransferase (COMT), an enzyme that degrades 
norepinephrine.47 Although there are numerous catechins in green tea, 
probably the most influential is epigallocatechin gallate (EGCG). This 
cannot be obtained in appreciable amounts from any other food source. 
The inhibition of COMT by catechins allows norepinephrine to exert 
a prolonged influence on thermogenesis and fat metabolism. Both of 
these metabolic processes are controlled by the sympathetic nervous 
system via norepinephrine. The delay in degrading norepinephrine 
allows it to remain in the sympathetic synaptic cleft longer and there 
for exert its effect. Caffeine also has an effect on norepinephrine by 
inhibiting phosphodiesterases and prolonging the life of cAMP in the 
cell. These actions coupled with the sustained effect of norepinephrine 
caused by EGCG greatly affect thermogenesis.48

Capsaicin: Capsaicin the main bioactive compound in pepper fruits 
has been shown to be effective in the management of obesity but 
when it is used clinically it requires a strong compliance to a certain 
dosage. This dosage has not been shown to be feasible yet. Scientists 
are reporting new evidence that capsaicin may cause weight loss and 
fight fat buildup by triggering certain beneficial protein changes in 
the body.49

Calcium: Recent reports have revealed that diets rich in calcium may 
contribute to weight loss and that part of the mechanism may be an 
increase in energy expenditure.50 In some previous studies, high Ca 
intake was associated with a lower BMI, but there has yet been no 
clear demonstration that this is a causal relationship.51

Other compounds helpful in weight reduction

Brain serotonin: An experimental investigation conducted by Bell & 
Goodrick47 revealed that brain serotonin can reduce overeating. This 
work suggests a role for amino acids in regulating food intake. The 
brain neurotransmitter serotonin is produced via the conversion of 
tryptophan to 5-HTP. Serotonin enhances energy balance and induces 
the circadian patterns of eating (i.e., three times a day) by activating 
the neurons responsible for satiety in the medial hypothalamus. 
Serotonin also decreases rate of appetite and carbohydrate intake by 
interacting with norepinephrine antagonistically.

Dietary chromium: Dietary chromium is an essential trace element 
that is capable of enhancing insulin action. Chromium deficiency 
can lead to impaired glucose metabolism, insulin resistance and 
hyperglycemia. Supplementation can reduce the severity of these 
symptoms. Adequate insulin utilization can lead to decrease in body 
fat. In addition, correcting insulin resistance may have a positive 
effect on muscle mass by slowing its catabolism.52

Naturally occurring bioactive compounds

Some bioactive compounds such as phenolic compounds, lipoic 
acid and n-3 LC-PUFA have been discovered to have antiobesity 
activity.

Phenolic compounds: Some in vivo and in vitro experiments have 
shown the anti-obesity activity of some flavonoids and phenolic acid. 
Mahat et al.,53 reported that flavonoids such as kaempferol, apigenin 
and luteolin have the ability to block molecular mechanisms involved 
in triggering the inflammatory response, especially the signaling 
pathway of the transcription factor NF-κB, which increases the 
expression of genes that encode proteins involved in obesity-related 
inflammation
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Apigenin is capable of reducing food intake by inducing gene 
expression of anorexigenic neuropeptides.54 The potential of 
kaempferol to increase energy expenditure Kaempferol may cause 
increase in skeletal myocyte oxygen consumption and high energy 
expenditure da Silva et al.55 Furthermore, the anti-inflammatory, anti-
oxidant and proapoptotic effects of quercetin have been linked to 
its antiobesity activity. An animal experiment conducted by Stewart 
et al.,56 using mice fed with high fat diet revealed that there was 
increase in energy expenditure due to the supplementation of the rat 
feed with quercetin. The anti obesity activity of reveratrol has been 
linked with its ability to decrease lipid synthesis in adipocytes by 
PPAR-γ supression, increase lipolysis and reduce lipid accumulation 
in maturing preadipocytes,57,58 through the inhibition of lipogenesis 
and differentiation of 3T3-L1 adipocytes via activation of AMPK in a 
dose-dependent manner59 and inhibition of adipogenesis by means of 
GSH up-regulation.60

Curcumin is the most important polyphenolic compound in 
turmeric (Curcuma Longa L.) which is a rhizome ginger (Zingiber 
officinale). Ejaz et al.,61 reported that curcumin can reduce body 
weight gain and adiposity, decrease serum cholesterol, suppress 
angiogenesis in adipose tissue, inhibits adipocyte differentiation62,63 
and decrease lipid accumulation by reducing the expression of fatty 
acid synthase (FAS).

Some reports have revealed the potentials of catechins (the most 
abundant phenolic compound present in tea and beverages) in the 
management of obesity. Wang et al.,64 and Basu et al.,65 reported that 
catechins are capable of improving body composition and lower and 
reduce oxidative. In an experiment involving diabetic patients, it was 
reported that catechin rich beverages reduced body weight, increased 
adiponectin secretion and recovered insulin secretory ability and 
abdominal adiposity in moderately overweight subjects. In diabetic 
subjects, catechin-rich beverages have also contributed to reducing 
body weight, increasing adiponectin secretion and recovering insulin-
secretory ability.66 Other researchers have also linked the anti-obesity 
activity of catechins to their ability to reduce adipocyte differentiation, 
proliferation, lipogenesis,59,67,68 fat mass, body weight, oxidised 
LDL-c and blood pressure and can improve glycemic control.69–72 
Furthermore phenolic acids have been reported to inhibit adipocyte 
proliferation and enzymes involved in carbohydrate metabolism and 
lipid pathways and improve adipocyte metabolism.73–76 Son et al.,77 
also reported the antiobesity activity of ferulic acid and its derivative, 
gamma-oryzanol which was associated with regulation of insulin 
secretion and hepatic glucose-regulating enzyme activities which 
reduces the risk of hyperglycemia induced by high fat

n-3 Long-chain polyunsaturated fatty acids: Some experimental 
investigations have revealed that some polyunsaturated fatty acids 
such as eicosapentaenoic acid (EPA) and docosahexaenoic acid 
(DHA) show some physiological effects in the adipose tissue. In-vitro 
studies reported by 89-92 revealed the EPA and DHA has the capacity 
to inhibit adipocyte differentiation, increase cell apoptosis and up-
regulate the expression of PPAR-γ, proteins that enhance glucose 
uptake and improve insulin resistance. Furthermore, results from in 
vivo experiment conducted by Flachs et al.,78 and Perez-Matute et al.,79 
revealed that EPA improved insulin resistance and hypolipidemia in 
animals fed with a high-fat diet, reduces adipose tissue inflammation 
and visceral adiposity, increases adipocyte apoptosis and serum 
adiponectin and up-regulates mitochondrial biogenesis, which may 
induce β-oxidation in white fat.

Lipoc acid: Lipoic acid is an organo-sulfur compound derived from 
caprylic acid that acts as a co-factor of mitochondrial enzymes. It is 
synthesised in the human body, but is also present in foods and has 

gain much interest due to its therapeutic potential.80 Lipoic acid has 
been considered to be effective in the management of obesity due 
to its ability to modulate adipogenesis81 and induce the release of 
adipokines, such as leptin, adiponectin and apelin. The anti-obesity 
mechanisms of lipoic acid improve mitochondrial function via the 
stimulation of organelle biogenesis and consistent activation of 
Beta oxidation metabolic pathway.82,83 Prieto-Hontoria et al.,84 and 
Salinthone et al.,85 associated the anitobesity activity of lipoic acid 
to reduction of inflammation via cAMP, prevention of high-fat diet 
induced weight gain, slight increase in apelin expression and decrease 
in intestinal sugar uptake and insulin resistance.

Medicinal plants

Herbal supplements are common therapies for weight loss and are 
used as complementary and alternative therapeutic approach for the 
treatment and/or management of obesity.86 Many natural bioactive 
compounds and medicinal plants, including crude extracts and 
isolated compounds from plants can be used to induce weight loss and 
prevent diet-induced obesity. Many researchers have reported the use 
of herbal supplements in the management of obesity due to containing 
a large variety of several components with different anti-obesity and 
anti-oxidant effects on body metabolism and fat oxidation. 

Anti-obesity activity of some medicinal plants have been linked 
to the reduction in lipid absorption, reduced energy intake, increased 
energy expenditure, decreased pre-adipocyte differentiation and 
proliferation, or decreased lipogenesis and increased lipolysis. 

Moreover, chitosan, levan, mate tea, oolong tea, jasmine tea and 
green tea have been reported to inhibit pancreatic lipase.87–92 Further 
medicinal plants such as turmeric, capsicum, palm oil, banana leaf, 
brown algae, flaxseed, garlic and soybean are capable of preventing 
adipocyte differentiation.93–96 Okuda et al.,90 and Smyth & Heron97 
reported that herb teas and cinnamon enhances lipid metabolism while 
pine nut, pomegranate leaf and ginseng helps to decrease appetite.98–100 
Yun101 reported that Nigella Sativa showed was able to enhance 
weight loss and re-duce waist circumference with a mild reduction 
in fasting blood sugar, triglycerides and low-density lipoprotein 
levels.102 Pistachio,103 Psyllium Fibre,104 black Chinese Tea,43 Camellia 
Sinensis,105 Yacon Syrup,106 Oolong Tea,107 Xantigen108 and olive oil109 
also show similar antiobesity activity with Nigella sativa. Furthermore, 
previous reports on the anti-obesity effects of whole grain, pistachio, 
virgin olive oil and nuts revealed that these herbal plants were capable 
of reducing obesity.110,111 
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