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Toxicity of abdominal fat 
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ABSTRACT 
Abdominal fat or truncal obesity consists of 
both subcutaneous and visceral fat. It has been 
found that visceral fat is more metabolically ac- 
tive than subcutaneous fat. The low-level in- 
flammation linked with abdominal fat is associ- 
ated with insulin resistance and with increases 
in the release of inflammatory adipokines and 
cytokines. As a result of these changes, ab- 
dominal fat can cause a variety of health condi- 
tions. In this review, we focus on the adverse 
effects of abdominal fat on the body and how it 
can lead to the development of cardiovascular 
disease, hypertension, type 2 diabetes mellitus, 
hyperlipidemia, stroke and cancer. Additionally, 
we discuss how abdominal fat can be reduced 
as a result from correction of hormonal defi- 
ciencies. 
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1. INTRODUCTION 

The obesity pandemic plagues many lives and poses a 
tremendous health risk. Obesity can be classified as ei- 
ther android or gynoid obesity [1]. Android obesity oc- 
curs when fat is deposited in the abdominal (truncal) re- 
gion. Gynoid obesity occurs when fat is deposited in the 
buttocks and thighs (hips). Android obesity is more of a 
health concern than gynoid obesity. There are several 
ways in which we can measure the degree of obesity in 
an individual. By measuring the body weight and height, 
one can calculate the body mass index (BMI) specific to 
that person. An adult with a BMI of >30.0 kg/m2 or ≥40 
kg/m2 is classified as obese or morbidly obese, respec- 
tively [2]. By measuring waist circumference, we can  

determine if an individual possesses a health risk that is 
associated with body weight. Women with a waist cir- 
cumference >80 cm and men with a waist circumference 
>94 cm are at an increased health risk [2]. 

Generally, obesity is caused when energy consumption 
exceeds the amount of energy expended. In order to com- 
pensate for the extra energy, adipose tissue is utilized in 
energy storage, and when there is a large demand of lipid 
storage, adipocyte hypertrophy occurs [2]. In adipocyte 
hypertrophy, fat cells increase their volume so that they 
can withstand the large lipid storage. Thus, this results in 
weight gain in adults. Adipose tissue can be categorized 
into white and brown adipose tissue and brown adipose 
tissue. Adipose tissue mainly consists of white adipose 
tissue which is used in energy storage, whereas brown 
adipose tissue is used as a homeostatic mechanism [3]. In 
the abdomen, fat can be stored as either visceral fat or 
subcutaneous fat. When normal subcutaneous adipose 
tissue storage sites are full, and the body needs to store 
excess triglycerides, the excess triglycerides are stored in 
abnormal subcutaneous adipose tissue storage sites. Ab- 
normal subcutaneous adipose storage sites have a de- 
creased ability to store fatty acids and can also cause an 
abundant release of free fatty acids (FFAs) [4]. It has 
been determined that upper body subcutaneous fat is 
more lipolytically active than lower body fat. However, 
visceral fat is more lipolytically active than subcutaneous 
fat. Thus, visceral fat is more of a health threat than sub- 
cutaneous fat. It has been found that higher levels of ab- 
dominal subcutaneous adipose tissue and abdominal vis- 
ceral adipose tissue have been shown to increase the risk 
of cardiometabolic conditions [5]. Effective methods of 
assessing abdominal fat are dual-energy X-ray absorp- 
tiometry (DEXA) and anthropometric measures, which 
are instrumental in the calculation of visceral fat [6]. 

2. PATHOPHYSIOLOGY 

Abdominal fat causes a variety of changes throughout 
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the body, which are elicited through triggering of the 
immune system. This can be categorized as low-level 
chronic inflammation. Chronic inflammation can lead to 
insulin resistance, which in turn causes increases in the 
levels of adipokines, such as serum Amyloid-A and re- 
sistin, as well as in the levels of inflammatory cytokines, 
such as tumor necrosis factor (TNF-α), interleukin-6 (IL- 
6) and monocyte chemotactic protein (MCP-1) [7]. Se- 
rum Amyloid-A is an adipokine that directly influences 
the cells of the immune system to cause an increase in 
the production of inflammatory cytokines [7]. Resistin is 
an inflammatory cytokine that can increase cytokine 
production in macrophages. Since resistin production is 
controlled by the inflammatory cytokines, the increase in 
cytokine production amplifies the response. Thus, the 
system shifts away from equilibrium, as a result of posi- 
tive feedback. 

2.1. Cardiovascular Disease 

The occurrence of chronic inflammation is associated 
with an increased risk of cardiovascular disease [3]. 
Low-level chronic inflammation disrupts cardiovascular 
function and it can even accelerate atherosclerosis [7]. 
According to the INSPIRE ME IAA Study, increased 
abdominal circumference associated with visceral fat is 
strongly associated with cardiovascular disease [8]. 
Epicardial adipose tissue is visceral fat deposited in the 
chest cavity, which covers the coronary arteries and 
muscular tissue of the heart. Epicardial adipose tissue is 
linked with high-risk plaques and atherosclerosis [9]. It 
has been found that individuals who suffer from coronary 
artery disease (CAD) have increased epicardial adipose 
tissue thickness and volume, as compared to individuals 
devoid of CAD [9]. 

2.2. Type 2 Diabetes Mellitus 

Hyperinsulinemia and insulin resistance are both asso- 
ciated with an increased risk of type 2 diabetes mellitus 
[10]. In the body, visceral fat is a source of lipids. These 
lipids are transported to the liver via the hepatic portal 
vein. The accumulation of these lipids interferes with 
insulin signaling in liver cells [6]. This occurs because 
excess FFAs can alter blood glucose levels through se- 
veral mechanisms, including excess of acetylcoenzyme A, 
as well as a reduction of nicotinamide adenine dinucleo- 
tide, ATP and citrate [4]. Increased levels of adipokines 
and cytokines are also linked to visceral fat. The latter in- 
creased levels of cytokines can deter insulin receptor 
kinase activity, thus disrupting insulin signaling by in-
hibiting the transmission of chemical responses within 
cells [7]. In addition, obesity causes a decrease in insulin 
sensitivity of the liver and thereby leading to insulin re- 
sistance [10]. Thus, the liver extracts less insulin than 

usual. Furthermore, visceral fat causes an increase in the 
amount of secreted insulin which enters the blood. The 
decrease in extracted insulin by the liver and increase in 
the amount of secreted insulin entering the blood can 
cause hyperinsulinemia. 

2.3. Hyperlipidemia  

The metabolism of lipoproteins is controlled by he- 
patic triglyceride lipase (HTGL) [11]. When the concen- 
tration of post-hepatic HTGL is high, then the serum 
concentration of high-density lipoprotein (HDL) choles- 
terol is low. In visceral adipose tissue there is high HTGL 
activity. Thus, visceral fat causes low levels of HDL cho- 
lesterol (also referred to as “good cholesterol”). Visceral 
fat also contains high levels of triglycerides. The abun- 
dance of triglycerides is linked with high concentrations 
of very-low-density lipoprotein (VLDL) as well as low- 
density lipoprotein (LDL). Thus, visceral fat can cause 
increased concentrations of VLDL and LDL in the blood.  

2.4. Hypertension 

Hypertension is a condition in which there is elevated 
systemic blood pressure. Adiponectin is an adipokine 
that is secreted by adipocytes; however, in obesity, there 
are decreased levels of adiponectin [12]. Adiponectin is a 
vasodilator and it helps to regulate blood pressure. In 
obese individuals, subcutaneous adipose tissue expresses 
a greater amount of adiponectin than in visceral adipose 
tissue. Thus, excess visceral adipose tissue is a factor 
which can lead to the development of systemic hyperten- 
sion through low-level chronic inflammation and de- 
creased levels of adiponectin.  

2.5. Stroke 

Obesity is associated with an environment that pro- 
motes inflammation and thrombosis [13]. This type of 
environment can lead to the development of stroke. Spe- 
cifically, it has been shown that an increase in abdominal 
obesity leads to an increased risk of cerebral thrombosis. 

In the human body, the carotid arteries provide the ma- 
jority of blood to the brain. The Multicultural Commu-
nity Health Assessment Trial (M-CHAT) Study demon-
strated that increased abdominal girth, in particular, vis-
ceral adipose tissue is associated with the development 
of carotid atherosclerosis [14]. 

2.6. Cancer  

As we previously discussed, obesity is associated with 
low-level chronic inflammation. In this environment, 
macrophages are triggered and these macrophages are 
able to enter tumors. When the macrophages enter tumors, 
they produce cytokines, prostaglandins and angiogenic 
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factors, which in turn aid tumor growth [15]. Plasmino- 
gen activator inhibitor-1 (PAI-1) is a protein that is made 
in visceral white adipose tissue. Increased PAI-1 levels 
can lead to the formation of new blood vessels, which 
can promote tumor cell growth and cause the tumor cells 
to metastasize [15]. 

3. DISCUSSION 

3.1. How to Reduce Visceral Fat 

Despite a heritability of 48% - 57% for visceral fat [6], 
there are several methods to maintain low-levels of ab- 
dominal fat. Exercise is a critical way of reducing ab- 
dominal fat. Intense physical activity can improve over- 
all health [2]. It is recommended that individuals partake 
in at least 30 minutes of high-intensity physical activity 
daily. Additionally, resistance strength training is impor-
tant, because it helps maintain muscle mass when an 
individual is trying to lose weight via diet [2]. Moreover, 
a well-rounded low-glycemic diet is effective in combat- 
ing obesity. Effective diets are diets that reduce the total 
energy intake and result in the most weight loss. Con- 
verting from a diet that includes refined grain foods to a 
diet that includes whole grain foods has shown to de-
crease visceral fat [16]. It has been found that two drugs 
are effective in reducing belly fat: Sibutramine and Orlis- 
tat [2]. Sibutramine prevents the reuptake of certain neu- 
rotransmitters, which results in decreased food intake. 
On the other hand, Orlistat decreases the absorption of 
triglycerides in the small intestine. In severe cases of 
obesity, gastric bypass surgery can be performed. In this 
type of surgery, the stomach is stapled and this creates a 
small pouch. This reduces food intake, and since a por- 
tion of the stomach and a portion of the small intestine 
are bypassed, certain nutrients cannot be absorbed. 

3.2. Hormonal Deficiencies (HGH,  
Testosterone and DHEA)  

Hormonal deficiencies can also be the root of ab- 
dominal fat. Adults with acquired human growth hor- 
mone (HGH) deficiency have increased visceral adipose 
tissue [17]. As the extent of obesity increases in adults, 
growth hormone secretion decreases within the body. 

Even in nonobese individuals, abdominal fat has shown 
to decrease growth hormone secretion [17].  

In men, testosterone is vital in order to decrease fat 
and to preserve muscle. Therefore, testosterone defi- 
ciency can lead to obesity. In addition, low levels of tes- 
tosterone can lead to the development of metabolic syn- 
drome and type 2 diabetes mellitus [18]. This occurs be- 
cause low levels of testosterone lead to increased adi- 
pokine release by the adipocytes, which in turn can lead 
to the chronic low-level inflammatory state associated 
with obesity. When testosterone is restored to an ade- 

quate level, it reduces triglyceride storage and lipopro- 
tein lipase (LPL) activity [18].  

Dehydroepiandrosterone (DHEA) is a hormone se- 
creted by the adrenal gland. Decreased levels of DHEA 
sulfate are associated with obesity. It has also been found 
that DHEA sulfate stimulates adiponectin gene expres- 
sion in visceral fat [19]. Therefore, DHEA sulfate defi- 
ciency can lead to decreased levels of adiponectin, and 
subsequently abdominal obesity [19]. 

4. CONCLUSION 

The increase in abdominal fat is associated with the 
risk of developing cardiovascular disease, type 2 diabe- 
tes mellitus, hypertension, stroke and certain cancers. 
Abdominal fat contains both visceral and subcutaneous 
adipose tissue, but visceral adipose tissue poses more of 
a health threat. It has been found that exercise, diet, pre- 
scribed drugs and surgery are viable options which can 
effectively reduce abdominal fat. However, hormonal 
deficiencies of HGH, testosterone and DHEA can lead to 
the rise of abdominal fat. All in all, it is important to ac- 
knowledge the hazardous effects of abdominal fat and to 
know how to effectively manage it. 
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ABBREVIATIONS 

ATP: Adenosine triphosphate  
BMI: Body mass index 
CAD: Coronary artery disease 
DHEA: Dehydroepiandrosterone 
DXA: Dual-energy X-ray absorptiometry 
HDL: High-density lipoprotein 
H GH: Human growth hormone 

HTGL: Hepatic triglyceride lipase 
IL-6: Interleukin-6 
LDL: Low-density lipoprotein 
LPL: Lipoprotein lipase 
MCP-1: Monocyte chemotactic protein 
PAI- 1: Plasminogen activator inhibitor-1 
TNF-α: Tumor necrosis factor 
VLDL: Very-low-density lipoprotein 
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