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Chapter 1 

Abstract 

 

The increasing prevalence of obesity is a major public health concern since it is 

associated with many chronic diseases and imparts a large economic burden in the United 

States (U.S). Obesity is marked as a state of chronic low grade inflammation that can lead to 

insulin resistance.  The objective of this study was to examine if Tumor Necrosis Factor-

Alpha (TNF-g) serum levels were higher in obese individuals or overweight individuals. A 

cross-sectional study was conducted that included a total of 68 men and postmenopausal 

women between the ages of 45 to 65 years who were overweight (n=26) or obese (n=42). 

Measurements of each participant’s BMI were done and fasting venous blood was collected 

to assess TNF-g serum levels. An ELISA kit was used to measure the serum levels of TNF-g. 

Data were analyzed using Pearson’s Product Moment correlations (r), where the degree of 

the relationships between BMI and TNF-g serum production was assessed to determine the 

relationship between variables. Data were presented as mean േ standard deviation (SD). 

Significance was accepted at p≤0.05. There were no significant difference between the TNF-

g serum levels in the group of overweight individuals 0.86 ± 0.25(pg/ml) and the obese 

group: 0.92 ± 0.42 (pg/ml). Numerically speaking there were 6% differences between 

overweight verses obese individuals. Our findings, albeit not significantly, support the notion 

that TNF-g plays a role in the development of insulin resistance due to obesity. 
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Chapter 1 

 

Introduction 

 Overweight and obesity are increasing global epidemics, affecting more than half of 

Americans. Obese individuals are at an increased risk of developing comorbidities such as 

cardiovascular diseases, gall bladder disease, dyslipidemia, hypertension, stroke, and 

osteoarthritis. Importantly, excessive adipose tissue is strongly related to the development of 

insulin resistance and type 2 diabetes (T2D).  

 It is known that inflammation is one of the processes that can lead to insulin 

resistance, and obesity is characterized as a state of chronic low-grade inflammation. In 

addition to the primary functions of the adipose tissue to provide insulation and cushion the 

body and critical organs, it also functions as an endocrine organ secreting many factors that 

can have local and systemic effects. The enlargement of these adipose tissues leads to the 

infiltration of macrophages and increased secretion of pro-inflammatory cytokines.  

Tumor Necrosis Factor-Alpha is one of the pro-inflammatory cytokines secreted and 

expressed in adipose tissue and has a strong correlation with the development of insulin 

resistance. Insulin resistance can lead to the development of T2D and heart disease. 

Targeting TNF-g and its receptors can be a promising treatment for insulin resistance and 

T2D.   

The purpose of this study was to examine if TNF-g serum levels were higher in obese 

individuals than in overweight individuals. Assessing the amount of TNF- concentrations in 

each group will give further understanding of the risk of developing conditions and diseases 

that are related to this pro-inflammatory cytokine.  
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Chapter 2 

Background 

1. Obesity 

The prevalence of overweight and obesity has increased worldwide over the past 15 

years and has reached epidemic proportions in the United States affecting both children and 

adults (1). The U.S stands as the second most obese industrialized country in the world (4). 

More than 68% of the U.S population is overweight and the Center of Disease Control and 

Prevention estimates that 37% of the adults and 17% of youth are obese (2, 5). This increase 

has been seen in every race, sex and age (5). Obesity imparts a large economic burden in the 

U.S yearly, with obese patients spending 45% more in inpatient costs than normal weight 

patients and 80% greater expense in medication. The yearly medical cost associated with 

obesity stands at over $140 billion (3). The prevalence of overweight and obese individuals 

is projected to increase, surpassing undernutrition and infection as the leading causes of early 

death and disability in developing and developed countries (1, 3).  

Obesity is defined in its simplest term as having an excessive amount of body fat (12). 

People are categorized as overweight or obese based on their body mass index (BMI) which 

is calculated by taking a person’s weight in kilograms divided by the height in meters 

squared (kg/m2) (12). A normal BMI ranges from 18.5 kg/m2 – 24.9 kg/m2, overweight is 25 

kg/m2 to 29.9 kg/m2, and obese is 30 kg/m2 and above (Table 1). 

Overweight/ obesity is most commonly caused by a positive energy balance (energy 

intake is greater than energy expenditure) and a sedentary lifestyle (5). The complex etiology 

of obesity also includes social, psychological, genetic, environmental, economical and even 
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political factors (5). These factors do not always stand alone but are interrelated in varying 

levels to promote the development of overweight or obesity. 

Along with the rise in obesity, the U.S has also seen a rise in its comorbidities such as 

heart disease, arthritis, hypertension, dyslipidemia, certain cancers and gall-bladder disease 

(3). Importantly, obesity is the leading cause of T2D and insulin resistance (6).  

 

Table 1. Body Mass Index Classification 

BMI  Classification (kg/m2) 

Underweight  18.5 

Normal 18.5 – 24.9 

Overweight   ≥ 25 

    Pre-Obese 25 – 29.9 

    Obese I 30 – 34.9 

    Obese II 35 – 39.9 

    Obese III ≥ 40 

                                        BMI Classifications as reported by WHO (16). 

 
2. Type 2 Diabetes 
 

Worldwide, diabetes is one of the leading causes of death (7). The Centers for Disease 

Control and Prevention report that 9.4 million Americans have diabetes, and 90 – 95 % of 

these cases are T2D (8, 14).  

T2D is a disease in which the body does not properly process food used for energy 

which results in hyperglycemia (8). It is a chronic metabolic disorder characterized by insulin 
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resistance seen in liver, muscle, and adipose tissue (13).  T2D is a result of the co-existence 

of environmental, genetic and lifestyle components and is often times accompanied with 

conditions such as cardiovascular diseases, diabetic neuropathy, retinopathy and kidney 

disease (14).  It decreases the quality of life and can impose a financial and social burden 

(13). The development of insulin resistance from obesity can lead to T2D (6). 

 

3. Inflammation 

Inflammatory responses play a key role in protecting and healing the body. However, 

when not in homeostasis, (such as when there is excessive fat) inflammation can contribute 

to certain diseases and conditions. Inflammation is one of the critical processes resulting in 

insulin resistance, and obesity is now considered a state of chronic low-grade inflammation 

(9).  

With the presence of excessive fat in the body, adipocytes will begin to increase in 

size, a process known as hypertrophy (9). With this increase in size, adipocytes will begin to 

leak lipids into the nearby vicinity and will cause an inflammatory response, releasing pro-

inflammatory cytokines from the adipose tissue resident macrophages (ATMs) (10).  

The levels of cytokines released are related to the infiltration of 

monocytes/macrophages which over time changes the morphology of the adipocyte from an 

anti-inflammatory (M2) one to a pro-inflammatory (M1) one (9). ATMs in lean individuals 

make up 5% of adipose tissue cells whereas the percentage of macrophages in the obese 

makes up 50% of all adipose tissue cells (10). A change in the orientation of ATMs is also 

seen where it forms crown like structures around adipose tissues, leading to pro-

inflammatory features (Figure 2) (10).  
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The local intra-adipose inflammation spreads throughout the body causing a 

widespread chronic low-grade inflammation which contributes to the development of insulin 

resistance. This leads to diseases such as hypertension, arteriosclerosis and T2D (9).  

 

 
                            

                   Figure 2. Cellular changes in adipose tissue in obesity (Adapted by Dalmas et. al. (15) 

 

 

 

 

4. Tumor Necrosis Factor-Alpha 

 

TNF-g is one of the pro-inflammatory cytokines released by the ATMs from the 

adipose tissue and has been strongly correlated with insulin resistance most likely by 

impairing insulin signaling (11). The understanding of this link has been strengthened 

through research showing that obese rats and humans who did not possess TNF-g or its 

receptor were “protected” from developing insulin resistance (11). 
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 TNF-g is one of the main contributors to lipolysis and the secretion of free fatty acids 

(FFA) from the adipose tissue. These FFA can then be transported into skeletal muscles in 

the form of triglycerides contributing to skeletal muscle insulin resistance (11). TNF-g also 

inhibits the accumulation of FFA in the adipose tissue, hence preventing it from being 

cleared out of the blood stream (11). This can once again lead to insulin resistance and 

increase the risk of cardiovascular diseases.  

 Hindering overproduction of TNF-g can lead to improvements in systematic insulin 

sensitivity, which can help to treat T2D and prevent immune-system diseases, such as 

Crohn’s disease, ankylosing spondylitis, psoriatic arthritis and rheumatoid arthritis (13). 

 The purpose of this study was to examine if TNF-g serum production is higher in 

obese individuals than it is in overweight individuals.  

 

5. Hypothesis and Aim 

Hypothesis: Obese men and women have greater serum levels of TNF-g in comparison to 

overweight individuals. This hypothesis is tested via the following specific aim.   

 

Aim 1: To analyze if TNF-g serum levels are greater in obese individuals than in overweight 

individuals. 
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Chapter 3 

Methods 

A total of 68 men and postmenopausal women between the ages of 45 to 65 years 

who were overweight (n=26) or obese (n=42) was included in this cross-sectional study. 

After an initial screening (via telephone), all participants were asked to come to the clinical 

research facility for their visit. During this visit, they were provided with verbal and written 

explanation of the project (informed consent), had any questions answered regarding the 

study, and were given the option to sign an informed consent form to participate. After the 

participant had given his/her informed consent, measurements of their BMI were done. 

 Fasting venous blood was collected from each participant to assess TNF-g serum 

levels. An ELISA kit was used to measure the serum levels of TNF-g. Participants who 

participated in a weight loss program, heavy smokers (> 20 cigarettes per day), heavy 

drinkers (> 12 alcoholic drinks per week), and those with diagnosed CVD, uncontrolled 

hypertension (≥ 160/100 mmHg), and other active chronic diseases such as cancer, asthma, 

glaucoma, thyroid, kidney, liver and pancreatic disease were excluded from the study. Data 

were analyzed using Pearson’s Product Moment correlations (r), where the degree of the 

relationships between BMI and TNF-g serum production was assessed to determine the 

relationship between variables. Data were presented as mean േ standard deviation (SD). 

Significance was accepted at p≤0.05.  
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Chapter 4 

Results 

The anthropometrical and biochemical characteristics of the participants are shown in 

table 1. The average age of participants who were overweight and who were obese were 65 ± 

9 and 60 ± 7 years respectively. The average BMI for overweight and obese individuals were 

26.9 ± 1.59 and 35.7 ± 5.32 kg/m2. The TNF-g serum levels in the group of overweight 

individuals were 0.86 ± 0.25(pg/ml) and did not differ significantly from the obese group: 

0.92 ± 0.42 (pg/ml) (Table 2). As shown in table 2, the younger the participant was the 

higher their BMI was (p < 0.01). There was also a positive correlation between height and 

weight of all participants (p< 0.01). 

 

Table 1.  Anthropometrical and Biochemical Characteristics of 

Participants 

Characteristics Overweight Obese 

Number of Individuals 26 42 

Age (yrs) 65 ± 9 60 ± 7 

Height (cm) 166.9 ± 9.12 167.6 ± 8.47  

Weight (kg) 75.2 ± 9.19 100.4 ± 17.46 

BMI 26.9 ± 1.59 35.7 ± 5.32 

TNF-alpha (pg/ml) 0.86 ± 0.25 0.92 ± 0.42 

 

 

 

 

 

 

Data are presented as mean ± standard deviation. 
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Chapter 5 

Discussion 

 This study compared the serum production of TNF-g between overweight and obese 

individuals. The study was important because obesity is ranked as a state of low grade 

inflammation which contributes to the development of insulin resistance (9). This can lead to 

diseases such as T2D and heart diseases. TNF-g is one of the cytokines released from 

adipose tissue and is associated with insulin resistance (11). 

 Although it was hypothesized that the serum levels of TNF-g would be higher in 

obese individuals than individuals who were overweight, there were no significant 

differences between the serum concentrations of TNF-g. One reason for this could be that 

individuals were characterized as obese or overweight only by BMI without taking into 

consideration their visceral fat as oppose to their subcutaneous fat. It is known that an 
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accumulation of visceral fat is associated with higher risk of metabolic diseases even with 

those with a normal BMI. While an increase in subcutaneous fat has little to no risk (17). In a 

study it was observed that TRIP-Br2, a regulator of fat lipolysis, is elevated in overweight 

and obese individuals’ visceral fat and not their subcutaneous fat (17).  

A study by Popko, K et al. has also stated that even though the increase in body fat 

can lead to increase secretion of TNF-g which can then cause insulin resistance leading to 

T2D, there are other potent causes of T2D than TNF-g (18). Nevertheless, TNF-g does play a 

role in insulin resistance and high levels should be avoided. 

A study by Borst, S.E. reported that a range of anti-TNF-g strategies have 

prevented or reversed insulin resistance in rodents (19). Ventre et al. developed a strain 

of null TNF-g mice that entirely lacked TNF-g protein. These mice were protected from 

insulin resistance, resulting from gold-thioglucose– induced hyperphagia. It was also found 

that in aging Sprague-Dawley rats, anti-TNF-g treatment successfully reversed insulin 

resistance in skeletal muscle (19). 

In humans, anti-TNF-g strategies have been effective in treating inflammatory 

conditions. Remicade (an anti-TNF-g antibody) has been used effectively on Crohn’s 

Disease and Rheumatoid Arthritis. With just a single dose of anti-TNF-g antibody CDP571 

(10 µg/kg) a significant reduction in Crohn’s Disease was seen (20). However, the attempts 

to treat human insulin resistance by neutralizing TNF-g have not been successful (19). 

 In conclusion, the results of the present study indicate that there were no significant 

differences between serum levels of TNF-g in overweight verses obese individuals. 

Nonetheless, numerically speaking there were 6% differences between overweight verses 

obese individuals. Our findings, albeit not significantly, support the notion that TNF-g plays 
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a role in the development of insulin resistance due to obesity (19). Further research is needed 

to develop anti-TNF-g strategies that can treat human insulin resistance.  
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