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ABSTRACT 

Obesity is a global epidemic which occurs as a result of energy imbalance. Biological, 

environmental, immunological, genetic and social factors also contribute to the 

development of obesity. Body mass index (BMI) is the most common and widely used 

method used to evaluate weight status. Recently, hormones that are involved in energy 

homeostasis have been associated with obesity. These hormones include adiponectin, 

which is secreted by adipocytes, and ghrelin, secreted by cells in the gastric mucosa. 

Furthermore, Helicobacter pylori (H. pylori) a bacteria which infects the gastric mucosa, is 

highly prevalent all over the world including Nigeria, is also implicated in obesity. The 

mechanism connecting H. pylori infection and obesity is controversial and unclear. This 

study investigated the relationships between the hormones, biochemical and 

haematological parameters, and also how the hormones were related with Helicobacter 

pylori infection in Nigeria. A total of 280, apparently, healthy men and women were 

grouped using body mass index (BMI) classes and serum levels of adiponectin and ghrelin 

were assayed by enzyme-linked immunosorbent assay technique. Oxidative stress markers, 

lipid profile, some haematological parameters, as well as H. pylori-serological tests were 

also conducted. Data, presented as mean ± SEM, analysed by ANOVA and Chi-square. 

Pearsonôs and Spearmannôs correlations were used to evaluate associations. The result 

showed a significant (P < 0.05) rise in adiponectin level in the overweight (1.6 ± 0.06 

µg/L) group in male subjects, compared with the normal (1.4 ± 0.03 µg/L) group. In obese 

male subjects, adiponectin was not significantly different from the normal as well as the 

overweight males. Ghrelin level was significantly (P < 0.05) higher in the overweight 

group (718.9 ± 94.40 ng/L) than in the normal (521.2 ± 11.48 ng/L) group in males. In 

both male and female subjects, adiponectin positively correlated with ghrelin (r = 0.442, P 

< 0.001and r = 0.470, P < 0.001); and negatively with H. pylori (r = - 0.507, P < 0.001 and 
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r = -419, P < 0.001). Adiponectin also positively correlated (r = 0.198, P < 0.01) with 

catalase in males only. Ghrelin concentration was significantly (P < 0.05 higher in 

overweight males (718.9 ± 94.40 ng//L), but was not in the female subjects. Ghrelin 

positively correlated with catalase (r = 0.235, P < 0.01), superoxide dismutase (r = 0.189, P 

< 0.05), and age (r = 0.287, P < 0.001) in males; and positively with leucocytes (r = 0.206, 

P < 0.05) in females. Activity of catalase was significantly increased (P < 0.05) in obese 

(48.9 ± 3.19 U/mg) male subjects, while malondialdehyde (MDA) concentration was 

significantly increased (P < 0.05) in overweight (197.2 ± 31.18 nmol/mg) female subjects. 

There were no significant changes in serum lipids in any of the BMI groupings in male and 

in female subjects. Also, none of the fractions of serum lipids correlated with adiponectin 

or ghrelin in both sexes. Packed cell volume and white blood cell count were significantly 

increased (P < 0.05) in obese male subjects; 46.1 ± 0.57% and 5.8 ± 0.21 x 10
3
/ µL 

respectively. Overweight female subjects had significantly (P < 0.05) reduced neutrophils 

(37.0 ± 2.26%). In conclusion, overweight and obesity affect concentrations of adiponectin 

and ghrelin, antioxidant status and other physiological parameters and H. pylori 

colonization in a sex-dependent manner. In addition, adiponectin concentration was 

reduced in H. pylori-positive male and female subjects in the present study.  
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CHAPTER ONE 

1.0 INTRODUCTION  

Obesity is defined as a chronic imbalance between energy input and expenditure, and it is a 

condition of multifactorial origin (Medeiros Nda et al., 2015). This disease is associated 

with many comorbidities, such as myocardial infarction, hypertension, atherosclerosis, 

chronic inflammation, dyslipidaemia, insulin resistance, diabetes mellitus, and other 

metabolic disorders, as such it has been linked with high mortality (Medeiros Nda et al., 

2015). The number of people who are affected by obesity worldwide is increasing, and the 

prevalence rate is so high that obesity is now classified as an epidemic (Kopelman, 2000; 

Abubakari and Bhopal, 2012; Li et al., 2012). In obesity, there is an increase in fat 

accumulation, which occurs as a result of an increase in adipocytes in the body (Sikaris, 

2004). Adipose tissue is a source of important hormones such as adiponectin, which are 

involved with regulation of body weight and energy homeostasis (Singla et al., 2010).   

Adiponectin, one of the proteins that are almost exclusively secreted from adipocytes, is a 

potent modulator of glucose and lipid metabolism and an indicator of metabolic disorders 

(Koszowska et al., 2014). Adiponectin is a fat-derived hormone whose reduction plays 

central roles in obesity-linked diseases including insulin resistance/type 2 diabetes mellitus 

(T2DM), and atherosclerosis (Yamauchi and Kadowaki, 2013). The changes in adiponectin 

levels observed after dieting, exercise and lipid-lowering treatment may further indicate a 

mediating role of adiponectin on metabolic functions (Christou and Kiortsis, 2013).  

Ghrelin is another very important energy-regulating hormone that is produced in the 

stomach (Rambhojan et al., 2015). Ghrelin plays important roles as a key regulator of 

glucose metabolism by affecting food intake (Khatib et al., 2015).  Studies have reported 

that blood levels of ghrelin are decreased in obese individuals, but despite this occurrence, 

normal postprandial ghrelin suppression is abated in obese people (Samat et al., 2013). 
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Suppression of ghrelin secretion after meals is involved in regulation of feeding, which 

subsequently influences weight. Therefore, obese subjects do not exhibit the decline in 

plasma ghrelin seen after a meal in the lean; the lack of suppression following a meal in 

obese subjects could lead to increased food consumption and suggest that ghrelin may be 

involved in the pathophysiology of obesity (Dostálová and Haluzík, 2009).   

Reactive oxygen species (ROS) are molecules containing oxygen such as superoxide 

radicals and peroxides, which are chemically reactive. The ROS are formed as a natural 

by-product of the normal metabolism of oxygen and have important roles in cell signalling 

and homeostasis (Chaudhari et al., 2014). In obesity, there is chronic state of oxidative 

stress and low-grade inflammation (Patel et al., 2007). Oxidative stress may be the 

unifying mechanism underlying the development of comorbidities in obesity.  

There is increasing evidence that obesity is a chronic inflammatory condition, and some of 

the co-morbidity and risks associated with excess weight may be associated with 

inflammatory aspects of the disease (Dixon and O'Brien, 2006). The most basic and widely 

recognised association between obesity and inflammation is provided by an elevated white 

blood cell (WBC) counts (Dixon and OôBrien, 2006).  

In addition to the increase in prevalence of obesity, epidemiologic studies have also 

demonstrated a high prevalence of Helicobacter pylori (H. pylori) infection, especially in 

the developing countries (Carabotti et al., 2014). Previous studies have reported an 

increase in the prevalence of H. pylori infection within obese individuals (Li et al., 2012), 

thereby suggesting that H. pylori infection may predispose to obesity. Recent studies from 

developed countries have, however, reported a decline in infection rate by H. pylori 

bacteria, coinciding with increasing prevalence of obesity (Lender et al., 2014), suggesting 

a protective role of H. pylori infection against development of obesity.  
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1.1 Statement of Research Problem 

Obesity is a global epidemic (Smith and Smith, 2016), which is currently  increasing in 

Nigeria (Akarolo-Anthony et al., 2014) and fast becoming a major health problem 

(Ogunbode et al., 2011; Adediran et al., 2012). Obesity is associated with co-morbid 

conditions such as hypertension and other cardiovascular disorders, metabolic diseases, 

cancers, peptic ulcers and, recently, H. pylori infection (Renshaw et al., 2001). Researchers 

have reported findings on obesity studies, but there is very limited literature available on 

energy-regulating hormones, such as adiponectin and ghrelin, and obesity in Nigerian 

population (Ogunbode et al., 2011). Adiponectin (an adipokine) is involved in mediating 

energy balance (Izadi et al., 2013), weight loss (Altabas and Zjaļiĺ-Rotkviĺ, 2015), and 

exhibits cardio-protective functions. Unfortunately, studies concerning adiponectin levels 

across various racial populations and ethnicity (Gardener et al., 2013), especially in 

Nigeria, are scarce. Ghrelin is a gut hormone, which is secreted in the stomach and 

involved in regulation of appetite, eating behaviour and overall energy balance, is also 

involved with obesity (Bartness et al., 2014) and is also limited in literature in Nigeria.  

In addition, H. pylori infection occurs in a large number of the population world-wide, 

with an estimated prevalence of 70% to 90% in Nigeria (Carabotti et al., 2014). The 

relationship between H. pylori infection and obesity is controversial (Azuma et al., 2002). 

Some studies have suggested a possible protective role of H. pylori and development of 

obesity (Azuma et al., 2002; Atherton and Blaser, 2009); others have linked increased 

obesity with increasing H. pylori (Li et al., 2012). These factors are inter-twined in relation 

with obesity and, therefore, important to establish their relationship, and also clarify the 

relationship and mechanisms between H. pylori and the development of obesity (Wu et al., 

2005). 
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Many individuals in Nigeria are diagnosed daily, with diabetes mellitus, peptic ulcers and 

hypertension, yet investigation on obesity-related hormones and obesity itself, and 

Helicobacter pylori (especially as a risk factor), is limited. Therefore, it is very important 

to investigate two inter-related diseases and adiponectin and ghrelin. The interrelationship 

may subsequently shed more light on prevention and management of obesity in Nigeria. 

1.2 Justification 

Prevalence of overweight and obesity is increasing world-wide, with an equally increasing 

risks and complications which accompany it. Adiponectin and ghrelin are energy-

regulating hormones which play crucial roles in chronic diseases, food intake and energy 

metabolism. Dysregulated secretions of these hormones are found to play major roles in 

obesity-related complications (Yamauchi et al., 2013). In addition, studies concerning 

adiponectin and ghrelin and other biochemical and microbiological parameters, are limited 

in Nigeria. Most of available literatures concerning adiponectin and/ or ghrelin were from 

studies on other races aside from Africans, and the few African studies have paucity of 

data on Nigerians. Although obesity has been studied by various researchers across the 

country (Bakari and Onyemelukwe, 2005; Bakari et al., 2006; Bakari et al., 2007; 

Ogunbode et al., 2011; Amira et al., 2012; Iweala et al., 2013; Sharaye et al., 2014; Okafor 

et al., 2014; Ejike et al., 2015; Ogah et al., 2016), there is a wide gap not only in reports 

from many parts of the country concerning the prevalence, but especially in studies on 

physiological and biochemical aspects relating to obesity. 

The increasing trend of obesity and its associated complications makes it pertinent to 

investigate the relationship(s) that may exist between some biochemical, physiological 

parameters, and H. pylori infection and these hormones, with overweight/obese status, 

within the local population. Results obtained may give an insight on how these substances 

may be affected by overweight status in a Nigerian population.  
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1.3 General Aim of the Study 

This study aims to investigate relationships between obesity, serum levels of adiponectin 

and ghrelin, biochemical and haematological parameters and H. pylori infection in obese 

subjects and compare with normal-weight subjects, in Kaduna State University.  

1.4 Objectives of the Study 

The specific objectives are to: 

i. Assess anthropometric parameters, and calculate BMI of the subjects. 

ii.  Determine blood pressure of the subjects and compare with BMI classes. 

iii.  Determine serum levels of adiponectin and ghrelin (according to BMI categories) 

using Enzyme-Linked Immunosrbent Assay (ELISA) technique. 

iv. Assess biomarkers of oxidative stress according to BMI categories. The oxidative 

markers are: Malondialdehyde (MDA); Superoxide dismutase (SOD); Catalase 

(CAT) and Glutathione (GSH). 

v. Evaluate serum concentrations of lipids in different BMI categories. These lipids 

are: Low-density lipoproteins (LDL); High-density lipoproteins (HDL); Total 

Cholesterol (TC); Triglycerides (TG). 

vi. Determine fasting blood glucose concentrations of the subjects and compare with 

BMI. 

vii.  Determine haematological parameters of complete blood count according to BMI. 

viii.  Determine H. pylori titres using ELISA technique, and relate H. pylori infection 

(according to BMI categories) to concentrations of adiponectin and ghrelin; and  

ix. Evaluate the relationships between the parameters and adiponectin and ghrelin. 
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1.5 Statement of Research Hypothesis (H0) 

There is no association between adiponectin, ghrelin, biochemical and haematological 

parameters and H. pylori infection in obese staff and students in a University setting in 

Nigeria. 
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CHAPTER TWO  

2.0 LITERATURE REVIEW  

2.1 Obesity 

Obesity is a condition which results from excess accumulation of fat in the body (Altabas 

and Zjacic-Rotkvic, 2015). Obesity, also defined as excess of subcutaneous fat in 

proportion to lean body mass, is also described in terms of weight-height ratio, in which 

case the body mass index (BMI), as the most widely used measure of obesity  (Tchernof 

and Despres, 2013), is used. The World Health Organisation (WHO) classification of 

obesity defines a BMI of 30.00 kg/m
2 

or more as obese while a range of 25.00 to 29.99 

kg/m
2
 is considered as overweight and normal is 18.50 to 24.99 kg/m

2
 (WHO, 2000). 

Obesity can also be assessed using the waist circumference (WC), in which case it is 

referred to as central or abdominal obesity. WC greater than 88 cm in women and greater 

than 102 cm in men are used as measures of central obesity while that measured by BMI is 

referred to as generalized obesity (WHO, 2000). The National Institute of Health defines 

obesity as a BMI of 30 kg/m
2
 or more, and overweight as a BMI of 25-30 kg/m

2
 (Janssen 

et al., 2002). BMI is the most frequently used and widely accepted method of distribution 

of body weight and assessment of medical risk (Chinedu et al., 2013).  

Environmental and genetic factors also play some roles in the development of obesity 

(Ogunbode et al., 2011; Fall and Ingelsson, 2014). In fact, until recently, obesity was 

considered the direct result of two weight-linked behaviours of physical inactivity and 

chronic ingestion of excess calories. Although these factors are undoubtedly the principal 

cause in some cases, there is now strong evidence of a genetic influence (Iloh et al, 2011) 

and the involvement of some site-specific metabolites in environment, which suggest that 

the local environment is a moderator of obesity (Dugas et al., 2016). Most human obesity 

generally develops from the interactions of multiple genes and environmental and 
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behavioural factors (Akarolo-Anthony et al., 2014). In addition, socio-economic factors, 

such as poverty, have also been associated with obesity. Besides, dysregulation in the 

mechanisms involved in food intake, which cause an imbalance between energy input and 

energy expenditure, play a significant role in the aetiology of obesity (Carabotti et al., 

2014). 

Obesity is an important public health problem worldwide, and it increases the risk of many 

chronic diseases such as type 2 diabetes mellitus (T2DM) and cardiovascular diseases (Li 

et al., 2012; Feijoo-Bandin et al., 2015). The most widely used measure for determining 

the prevalence of obesity is the body mass index (BMI). The BMI is the weight to height 

proportion, expressed in kg/m
2
. Obesity is classified as a BMI Ó 30 kg/m

2
, with further 

sub-classifications as follows; class II obesity (BMI Ó 35 kg/m
2
), class III obesity (BMI Ó 

40 kg/m
2
), and super obesity (BMI Ó 50 kg/m

2
). BMI has been considered an accurate 

indicator of body composition due to a high correlation with per cent body fat (% BF) 

(Verma et al., 2016). Karmali et al. (2013), suggest that a % BF Ó 25 in males and Ó 30 

females is classified as obese. However, the World Health Organisation, (WHO) classified 

obesity as (Table 2.1) (WHO, 2016): 
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Table 2.1:  The International Classification of Adult Overweight and Obesity  

 according to Body mass index 

 

 

Classification BMI (kg/m
2
) 

Normal Range 18.5 ï 24.9 

Overweight 25.0 ï 29.9 

Obese Class I (Moderate) 30.0 ï 34.9 

Obese Class II (Severe) 35.0 ï 39.9 

Obese Class III Very severe) Ó 40.0 

Source: WHO (2000) 
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2.1.1 Prevalence of Obesity 

The prevalence of obesity all over the world is increasing at an alarming rate, and is seen in 

both developed and developing countries, including Nigeria (Adediran et al., 2012; Iloh et 

al., 2013). Furthermore, the prevalence of obesity has been linked with geographical 

locations; a striking variation existing across ethnic groups in Nigeria was reported 

(Kandala and Stranges, 2014).  

The number of people affected by obesity in most developed countries and in urban areas 

of many less developed countries has been increasing markedly over the past twenty years, 

with a current global prevalence of 12% (Imes and Burke, 2014), which  has reached an 

epidemic proportion (Karmali et al., 2013). Obesity is projected to affect about 700 million 

people in the world in 2015 (Meilleur et al., 2010). A total of 1.4 billion adults, who were 

at least 20 years of age,  were revealed to be either overweight or obese in 2008 (Akarolo-

Anthony et al., 2014). Data from the WHO shows that the prevalence of overweight and 

obesity increased by approximately 20% between 2002 and 2010 in Nigeria (Akarolo-

Anthony et al., 2014).  

Data from studies on the prevalence of obesity in Nigeria have revealed variable but close 

rates. Southwest Nigeria  reported the prevalence of overweight and obesity as 20.8 % and 

8.4 % respectively, with class I obesity as the most common pattern in that part of the 

country (Adebayo et al., 2014). While in northern Nigeria, a study conducted on civil 

servants suggested that 35 % were overweight and 27 % obese (Oladimeji et al., 2014). 

Similarly, from Niger Delta, a prevalence of 39.8 % and 28.0 % for overweight and 

obesity, respectively in men was reported (Idung et al., 2014). The same study also showed 

that more females were found to be overweight and obese than males (Idung et al., 2014).  



11 

Underweight, overweight and obesity exist in young adults in Nigeria, but overweight and 

obesity are more prevalent (Sola et al., 2011). The prevalence of overweight and obesity 

in adults has been on the increase with an estimated 937 million overweight; and 396 

million obese people in the world, as revealed from a study conducted in 2005 (Veghari et 

al., 2014). Furthermore, in 2014, well over 600 million people aged over 18 years were 

obese and 42 million children were obese or overweight (WHO, 2015).  Obesity is no 

longer described as the problem of the affluent or of those in developed countries, but also 

of the developing countries as well (Idung et al., 2014). 

2.1.2 Etiology of Obesity 

Although there is a myriad range of factors that contribute to the aetiology of obesity, an 

imbalance between energy intake and energy expenditure plays the major role (Sikaris, 

2004). Aetiological factors related to hormonal imbalance, genetic predisposition, damage 

to the brain, some drugs and even psychological trauma (Wang et al., 2015) may be 

involved in obesity. Hormonal abnormities, for example, chronic high level of cortisol, 

have been associated with increased risk of obesity (Noppe et al., 2016). High cortisol 

level may also result in Cushingôs syndrome, which is typically associated with visceral 

obesity and is usually difficult to distinguish it from simple obesity without such tests as 

the dexamethasone suppression test (Lu et al., 2016).   

Abnormal eating behaviour could result in obesity due to excessive energy intake, and this 

can occur because of environmental, social (Hruby et al., 2016), and psychological factors 

(Wang et al., 2015). The environmental factors evident are abundance of high energy foods 

and sedentary lifestyle in especially the developed countries. Abnormal eating behaviour 

also accompanies various forms of psychological stress, such as grief reaction and 

depression (Sikaris et al., 2004).  
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Furthermore, factors, such as sedentary life-style, poor eating habits (frequent consumption 

of fast foods and sugary snacks); substandard socio-economic conditions (especially in 

industrialized countries); low educational levels; and certain types of occupations may 

predispose a person to sitting down for many hours (Sabir et al., 2016). Physical inactivity, 

which is the outcome of modernisation, by the availability of machines and computers that 

virtually perform almost any physical activity, in addition to excessive calorie intake, are 

characteristic features, which the western countries have been associated with, and 

contribute to having a high BMI (Rotimi et al., 1995). 

2.1.3 Health effects of Obesity 

Epidemiological studies have shown that obesity is linked to diseases such as 

inflammation, cardiovascular diseases, metabolic syndrome, and various forms of cancers 

(Hruby et al., 2016). A study on chronic low-grade inflammation revealed an association 

of obesity and diseases such as T2DM, hypertension, and metabolic syndrome (Imtiaz et 

al., 2012), although social habits, like smoking, could also confound the inflammatory 

state (Imtiaz et al., 2012). In obesity, oxidative stress, inflammation and insulin resistance 

are the principal offenders associated with obesity complications (Anca et al., 2014).  

High blood pressure and high fasting plasma glucose are leading risk factors for non-

communicable diseases worldwide and are in part associated with obesity (Akarolo-

Anthony et al., 2014). When these conditions occur concurrently with obesity they worsen 

the outcome by increasing the morbidity and mortality associated with it (Adediran et al., 

2012). The global disease burden attributable to high body-mass index increased from 52 

million in 1990 to 94 million in 2010, with an estimated 3.4 million annual deaths 

attributable to high BMI (Finucane et al., 2014). 

The world health organisation reported the burden of overweight and obesity on non-

communicable diseases including diabetes mellitus (44%), ischaemic heart disease (23%), 
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and some malignancies (7 ï 41%) (Idung et al., 2014). In developing countries, including 

sub-Saharan Africa, there is a significant rise in type 2 diabetes mellitus (T2DM), in 

proportion to increase in obesity (Enang et al., 2014). In addition, increase in population 

growth, improved life expectancy, physical inactivity and urbanisation also significantly 

contributed to rise in T2DM (Enang et al., 2014) and metabolic syndrome (a cluster of   

related metabolic abnormalities, including central obesity, hypertension, dyslipidaemia, 

hyperglycaemia, and insulin resistance) (Srikanthan et al., 2016). Altered metabolic profile 

and changes in the structure and function of the cardiovascular system are suggested to be 

responsible for some of the morbidities seen in obesity (Adebayo et al., 2014). Changes in 

serum concentrations of triglycerides (TGs), total cholesterol (TC), high- density 

lipoprotein cholesterol (HDL), and low-density lipoprotein cholesterol (LDL) are observed 

in obesity (Nwaiwu and Ibe, 2015). Obesity is also involved with dysregulation of 

secretion in adipokines (Nakanishi et al., 2016).  

Obesity also induces changes in skeletal muscles, adipose tissue and the liver. These 

changes result in localised inflammation and insulin resistance (IR) through autocrine and 

paracrine signalling. Changes in adipose tissue, which may occur as a result of obesity, 

results in increased secretion of pro-inflammatory cytokines (Figure 2.1). In the target 

tissues, interactions between hormonal signals may contribute to IR. This may occur when 

obesity induce an imbalance in secretion of pro-inflammatory and anti-inflammatory 

cytokines such as adiponectin. The net effects of these changes are systemic inflammation 

and IR (De Luca and Olefsky, 2008) (Figure 2.2). 
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Figure 2.1: Obesity-linked changes in adipose tissue composition 
                                                     Adapted from Nakamura et al. (2014) 
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2.2 Adipose Tissue as an Endocrine Organ 

Adipose tissue is composed of mature differentiated adipocytes, and also contains other 

cell types including endothelial cells, nerve cells, monocytes, macrophages, and 

undifferentiated adipose cells (Exley et al., 2014). Adipose tissue is the largest endocrine 

organ in the body, as it secretes hundreds of hormones and cytokines (Smitka and 

Mareġov§, 2015), which are bioactive factors that act physiologically to modulate energy 

metabolism, and other functions such as anti-inflammation, anti-atherogenic, and even 

immune response (Parimisetty et al.,2016). Fat tissue constantly communicates with other 

tissues by these adipocyte-released secretagogues (cytokines); most important for weight 

control among these are leptin and adiponectin (Altabas and Zjaļiĺ-Rotkviĺ, 2015). 

Cytokines (also known as adipokines) are bioactive substances that are now known to be 

synthesized and secreted by adipocytes, which were originally deemed to be dormant 

tissues for energy storage and mechanical and heat insulation (Smitka and Mareġov§, 

2015). Adipokines participate in the regulation of glucose and lipid metabolism, energy 

homeostasis, feeding behaviour, insulin sensitivity, inflammation, immunity, adipogenesis, 

vascular function or coagulation (Smitka and Mareġov§, 2015). 

Adipose tissue and liver are the two main organs of the body that can store large quantities 

of fat (Jaleel et al., 2006). The major function of the adipose tissue, besides providing heat 

insulation for the body is storage of triglycerides until they are needed to provide energy 

elsewhere in the body (Cohen and Spiegelman, 2016). However, recent studies have 

established that they also function as endocrine glands by producing some hormones and 

proteins, collectively called adipokines (Kojima et al., 1999; Parimisetty et al., 2016). 
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Figure 2.2: Obesity and the development of inflammation and insulin resistance 
(Adapted from De Luca and Olefsky, 2008). 

 

IR = Insulin resistance; FFA = free fatty acids; ER = Endoplasmic reticulum 
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2.3 Adiponectin 

Adiponectin is one of the adipokines which is secreted by adipocytes. It functions mainly 

in regulation of energy homeostasis by controlling how the body uses sugars and fats from 

ingested food (Jaleel et al., 2006; Li et al., 2009). Adiponectin potently modulates energy 

metabolism by affecting glucose and lipid metabolism by inhibiting hepatic 

gluconeogenesis (Wang and Scherer, 2016) thereby reducing hepatic glucose output, and 

decreasing free fatty acids by increasing their oxidation (Stepien et al., 2012). Adiponectin 

enhances the function of pancreatic ɓ-cells by improving their survival, and also reduces 

insulin resistance. In the brain, adiponectin is involved in mediating weight loss (Altabas 

and Zjaļiĺ-Rotkviĺ, 2015). 

2.3.1 Adiponectin Physiology 

Biology and structure  

Adiponectin is a 30 kilodalton polypeptide with a C- terminal globular domain that is 

similar to tumour necrosis factor-Ŭ (TNF-Ŭ) (Jaleel et al., 2006). Adiponectin is secreted 

from adipocytes, predominantly by white adipose tissue, and enters directly into the 

bloodstream. It can exist as full-length form, or as a smaller globular fragment (Nigro et 

al., 2014); almost all adiponectin appears to exist as the full length form in the plasma 

(Kadowaki and Yamauchi, 2005), where it forms a wide range of multimer complexes, and 

combines via its collagen domain to create three major oligomeric forms:  low molecular 

weight (LMW) trimer, middle molecular weight (MMW) hexamer, and high molecular 

weight (HMW) adiponectin, most potently activates AMP kinase (Yamauchi and 

Kadowaki, 2013b). 

These varying forms of adiponectin have been reported to show different interactions with 

adiponectin receptors and exhibit diverse biological effects (Almabouada et al., 2013). For 

example, the T-cadherin receptor confers binding of hexameric and HMW multimers, but 
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not trimeric adiponectin (Shehzad et al., 2012; Ruan and Dong, 2016). Likewise, the 

HMW adiponectin is observed to be the more active form of the protein, and has a more 

relevant role in insulin sensitivity and in protecting against diabetes (Yamauchi and 

Kadowaki, 2013a). In fact, the HMW form of adiponectin is suggested to be an important 

marker for metabolic pathologies; low amounts of HMW oligomers have been found to 

represent an independent risk factor for obesity-related diseases (Nigro et al., 2014); a 

decrease in levels of the HMW isoform correlates more closely with insulin resistance and 

metabolic dysfunction than any of the other isoforms (Duggan et al., 2013).  Consequently, 

a ratio of HMW to total adiponectin has been proposed to be more useful than total 

adiponectin in risk assessment of several diseases, including obesity, insulin resistance, 

T2DM, cardiovascular diseases, and metabolic syndrome (Nigro et al., 2014). 

Receptors  

Adiponectin exerts multiple biological effects throughout the body (Shehzad et al., 2012). 

The effects are mediated via some specific receptors, the discovery of which has aided a 

fundamental understanding of the actions of adiponectin, and their physiological 

significance (Yamauchi and Kadowaki, 2013b). These receptors are AdipoR1, AdipoR2, 

and more recently, T-cadherin receptors (Shehzad et al., 2012). AdipoR1 is abundantly 

expressed in skeletal muscles, and has a high affinity for the globular form of adiponectin, 

but lowered affinity for the full- length adiponectin (Kadowaki et al., 2007); Shehzad et 

al., 2012).  

Metabolic functions of adiponectin on carbohydrate and lipid metabolism in skeletal 

muscles and liver are mediated via adenosine monophosphate-activated kinase (AMPK) 

and peroxisome proliferator-activated receptor-Ŭ (PPAR-Ŭ) activity (Yoon et al., 2006). 

This action is first mediated by binding to adiponectin receptor, which increase PPAR-Ŭ 
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activity, that stimulates glucose uptake and fatty acid oxidation in the myocytes (Yamauchi 

and Kadowaki, 2008). 

Secretion 

Adiponectin, a protein recently discovered to be secreted by adipose cells (Kojima et al., 

1999; Stepien et al., 2012) is, in fact, considered to be exclusively secreted by the 

adipocytes (Wang and Scherer, 2016). The level of adiponectin in the body has a wide 

range of 3 - 30 ng/ml (Wang et al., 2007). This could also differ according to the 

physiological and pathological conditions. Factors that could affect adiponectin level 

include gender and ethnicity (Kruger et al., 2011), certain diseased conditions, such as 

T2DM, which may lower adiponectin concentration in the body (Najam et al., 2014).  

Adiponectin has been associated with other factors. A strong correlation was found with 

thyroid hormones, in which higher adiponectin levels was reported in hyperthyroid states 

than normoactive thyroid state (Chen et al., 2016). Also, just like many hormones, 

adiponectin levels may differ amongst ethnic groups. Chinese have been found to have a 

significantly higher adiponectin level compared to other ethnic groups (Nayak et al., 

2012). Khan et al. (2012) also reported a higher level of adiponectin (both total and HMW 

adiponectin) in Caucasian women, when compared to African Americans, Chinese and 

Japanese women.   Adiponectin level are also found to be generally lower among blacks 

and Hispanics and among other various vascular risk factors, and higher with older age 

(Gardener et al., 2013), and ethnic group (Kruger et al., 2011).  The association between 

body mass and adiponectin varies across race-ethnic groups. Differences in adipose tissue 

distribution may play a role in this variation, as subcutaneous and visceral adipose tissues 

have different secretory profiles for adiponectin (Bidulescu et al., 2013). However, reasons 

for the race-ethnic differences in adiponectin remains poorly understood (Khan et al., 

2012).  
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Furthermore, previous studies have observed gender differences in the circulating levels of 

adiponectin. Females generally have higher plasma adiponectin level than males in humans 

(Nayak et al., 2012), but other studies reported lower adiponectin in women compared with 

men (Bidulescu et al., 2013). This finding suggests that sex hormones play a role in the 

production of adiponectin, although it is not clear how the hormones are involved in its 

regulation (Yamauchi and Kadowaki, 2013a), even though testosterone has been found to 

lower adiponectin level through an unclear mechanism (Chen et al., 2016).    

Role of adiponectin in the body 

Adiponectin has multi -directional biological actions. It plays major roles in energy 

homeostasis, inflammation and cell proliferation: 

a. Energy homeostasis:  

The role of adiponectin in energy homeostasis include promotion of hepatic insulin actions 

and suppression of fatty acid influx into the liver; promotion of glucose uptake in the liver 

and skeletal muscles; and increasing fatty acid oxidation (Singla et al., 2010). 

b. Inflammation 

Previous studies have demonstrated the role of adiponectin in inflammation. Inflammation 

is characterized by infiltration of macrophages, and release of pro-inflammtory cytokines 

such as tumour necrosis factor-alpha (TNF-Ŭ) and interleukin-6 (IL-6). Anti-inflammatory 

function of adiponectin is to inhibit molecular expression TNF-Ŭ and IL-6, which may be 

achieved by causing increase in IL-10. In addition, adiponectin expression and release are 

reduced by an increase in the concentration of these inflammatory mediators (TNF-Ŭ and 

IL-6) (Singla et al., 2010). 
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 Also, adiponectin could contribute to decreased release of pro-inflammatory cytokines by 

decreasing activation and proliferation of T-cells, and inhibition of phagocytosis oxidation 

burst (Singla et al., 2010).  

c. Cell proliferation  

Adiponectin modulates cell cycle to inhibit proliferation in cancer cells (Shrestha et al., 

2015). Specifically, it has been observed to interact with several growth factors to inhibit 

cell proliferation in esophageal adenocarcinoma (Wang et al., 2017). Adiponectin also 

enhance haematopoietic cells recovery in worn-out bone marrow (Masamoto et al., 2017).                                                       

2.3.2 Physiological Functions of Adiponectin 

Adiponectin performs many physiological functions, which mostly involve metabolic 

actions such as energy metabolism (Yamauchi et al., 2001), reduction in the build-up of 

cholesterol in the arteries, anti-atherogenic (Okamoto et al., 2002; Meier and Gressner, 

2004), and it reduces inflammation (Nigro et al., 2014). Other physiological functions of 

adiponectin include the following: 

1. Enhance insulin sensitivity 

Adiponectin promotes insulin sensitivity. Studies have shown that mice lacking 

adiponectin exhibit severe insulin resistant (Moyce et al., 2017), thus portraying the 

insulin-sensitizing effect of adiponectin. This effect is mainly observed in organs that are 

targeted by insulin, such as the liver, adipose tissue and skeletal muscles (Verdile et al., 

2015).    

2. Increase lipid metabolism 

High adiponectin levels are found to increase concentrations of HDL by activating PPAR-

Ŭ gene, which enhances metabolism of HDL (Cote et al., 2005), thereby improving fatty 

acid utilization in muscles (Yamauchi et al., 2003). Low adiponectin concentrations are 
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associated with low concentrations of high-density lipoprotein cholesterol (HDL) and high 

concentrations of triglyceride (TG) (Gardener et al., 2013), which are predictive of the 

onset of T2DM (Nayak et al., 2012). 

2.3.3 Adiponectin and Obesity 

Unlike other adipokines, plasma concentration of adiponectin is inversely correlated with 

body mass. Reports from various parts of the world suggest that the concentration of 

adiponectin is decreased in obesity (Hicks et al., 2007; Najam et al., 2014), but increased 

after successful weight-loss (Nigro et al., 2014). There is expansion of adipose cells in 

obesity, and this results in oxidative stress and inflammation (Yamauchi and Kadowaki, 

2013a; Nigro et al., 2014), as well as dysregulated secretion of adiponectin (Sikarwar et 

al., 2016). Increasing obesity and adiposity may affect the relationship of adiponectin 

concentrations with serum lipid profile by decreasing adiponectin level, consequently 

lowering HDL and increasing TG, markers of inflammation, atherosclerosis, and 

endothelial function (Nayak et al., 2012).  

2.3.4 Adiponectin and other Obesity-related Disorders 

Adiponectin has been associated with various disorders, especially those of metabolic 

origin (Najam et al., 2014).  Reduction of adiponectin in circulation plays a central role in 

obesity-linked diseases such as insulin-resistance, T2DM (Hotta et al., 2001), 

atherosclerosis (Dessein et al., 2014), and even various forms of cancer (Yamauchi and 

Kadowaki, 2013a). The evidence of an association between adiponectin and metabolic and 

cardiovascular complications of obesity is growing all the time, and is especially observed 

through anti-inflammatory and antiartherogenic properties of adiponectin (Ukkola and 

Santaniemi, 2002). Adiponectin exerts most of its metabolic effects by increasing tissue fat 

oxidation, leading to a reduced level of fatty acids and tissue triglyceride content 

(Yamauchi et al., 2001). Adiponectin plays a vital role in protecting against various 
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conditions. Investigators (Najam et al., 2014; Ebrahimi-Mamaeghani et al., 2015) have 

reported the deleterious effects, associated with low adiponectin level in the body. 

However, Huang et al. (2016) associated the risk of incident falls among middle-aged and 

older women, to increased adiponectin level. In addition, serotonin, which has been termed 

as the ónatureôs own appetite suppressant, has likewise been associated with adiponectin in 

obesity (Park et al., 2015), where it is observed to decrease the level of adiponectin in the 

body (Oh et al., 2015). 

a. In type 2 diabetes mellitus  

Chearskul et al. (2015) investigated the influence of increased BMI on cardiometabolic 

risk factors on a Thai population. They observed more incidences of hypertension and high 

TG on obese subjects who also had T2DM when compared with non-obese subjects. The 

study also found low HDL and adiponectin within the obese-T2DM group, suggesting an 

overall cardiometabolic risk in T2DM patients partly due to lowered adiponectin 

(Chearskul et al., 2015).   

Furthermore, low maternal serum levels of adiponectin have been previously linked to 

gestational diabetes mellitus (GDM), and obesity (Ramirez et al., 2014). Obesity, known to 

lower adiponectin level, has also been established to complicate pregnancies, especially 

when accompanied by GDM.  Ramirez et al. (2014) investigated the levels of some 

adipokines on obese Hispanic women who were in their 24th- 28th weeks of pregnancy, 

and observed that obese mothers in mid-pregnancy, who presented with GDM, had 

significantly lower serum adiponectin compared with obese mothers who did not.  

b. In metabolic syndrome 

Previous studies have shown that adiponectin affects glucose and lipid metabolism by 

lowering the level of triglycerides in muscles and liver of obese mice. This action 
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subsequently improves insulin resistance (Bredella et al., 2011). One of such report studied 

the relationship between adiponectin levels and measures of obesity, lipids and insulin 

resistance in diabetic patients from Nigeria and Ghana (Meilleur et al., 2010). Negative 

association was found between adiponectin levels and measures of obesity, such as BMI, 

waist circumference and some lipid profile parameters. Adiponectin was also found to 

correlate negatively with insulin resistance and serum triglycerides, but HDL was 

positively associated with level of adiponectin. 

Low adiponectin levels in the body have been associated with high risk of metabolic 

syndrome, T2DM, and heart diseases. In essence, plasma adiponectin concentration has an 

inverse relationship with adiposity (for example, waist-to-hip ratio), insulin resistance, 

diastolic pressure, triglyceride concentration and inflammatory mediators such as 

interleukin- 6 (Engeli et al., 2003; Blus et al., 2015). The lowering of adiponectin with 

increase in adipose cells occurs as a result of excess fat in the body, which makes the 

adipocytes grow larger, with a subsequent decrease in production of adiponectin and 

consequent adverse health effects (Yamauchi and Kadowaki, 2013a). The metabolic effects 

of adiponectin, which includes insulin sensitivity, may be stronger with increasing 

adiposity; that is, with increasing weight. Therefore, BMI can affect adiponectin levels. A 

study on human adiponectin has suggested that low plasma adiponectin concentration is 

associated with T2DM in obese and morbidly obese, but not in lean persons, (Nayak et al., 

2012). 

c. Endothelial dysfunction and cardiovascular disease 

Relationships between circulating adiponectin level and various cardiometabolic 

comorbidities have well been documented (Ha et al., 2014; Najam et al., 2014; Hui et al., 

2016; Ruan and Dong, 2016). It is worthy to note that relationship exists between obesity 

and hypertension, and is linked to factors, such as endothelial dysfunction and an 
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anomalous production of adipokines (Nigro et al., 2014). Increased level of free fatty acids 

is known to contribute to endothelial dysfunction, but adiponectin decreases fatty acids 

(Nigro et al., 2014). Reports from previous studies suggest that low adiponectin level is 

involved in increased risk for endothelial dysfunction (Wang et al., 2016). For example, a 

recent study observed significantly higher prevalence of cardio-metabolic comorbidities in 

research participants who had low adiponectin levels (Chiara et al., 2015).  Such co-

morbid conditions include low HDL, high BMI and TG.  

Low HDL concentration has been associated with increased risk for cardiovascular disease 

(Holven et al., 2013). Adiponectin is hypothesized to physiologically regulate HDL 

concentration by reducing its catabolism (Izadi et al., 2013). 

2.4 Ghrelin  

2.4.1 Formation of Ghrelin  

The human ghrelin gene is found on chromosome 3, and subsequent transcription and 

translocation lead to the initial formation of preproghrelin is as follows: 

Proghrelin                    Proghrelin                        Ghrelin  

           Figure 2.3: Formation of Ghrelin  

GOAT= ghrelin-O-acyl-transferase. 

At an unknown stage in its processing, ghrelin is acylated to form acyl-ghrelin, which is 

believed to be the active form that stimulates the ghrelin receptors, called the growth- 

hormone secretagogue receptor-1a (GHSR-1a) (Toshinai et al., 2006). Majority of acyl 

ghrelin is produced by X/A-like cells in the gastric oxyntic mucosa (Date et al., 2000; 

Sakata et al., 2002). Ghrelin is initially thought to be the natural ligand for the GHSR, 

actually discovered before ghrelin (Sato et al., 2014); however, recent studies have 

GOAT 
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confirmed ghrelin as a hormone. Ghrelin functions as a regulator of energy homeostasis. 

Studies in mice have revealed that total circulating ghrelin initially decreased as much as 

80% following gastrectomy (Leonetti et al., 2003), ascertaining that the main site of 

production of ghrelin is the stomach. Other sources of ghrelin include the small intestine, 

pancreas, pituitary, brain, and kidney (Ueberberg et al., 2009; Castaneda et al., 2010). 

2.4.2 Secretion of Ghrelin 

Gherlin secretion follows a circadian rhythm (Fonken and Nelson, 2014). It rises from 

midnight to dawn in small frame people. Studies have shown that ghrelin is increased by 

lack of sleep, even though it decreases leptin, which is the satiety hormone that signals to 

stop eating. Therefore, short sleep duration may also lead to obesity through an increase in 

appetite via hormonal changes (Cappuccio et al., 2008). The rise in ghrelin level and fall in 

leptin, has a resultant effect of producing hunger, and probably obesity. 

2.4.3 Physiological Functions of Ghrelin 

Ghrelin, initially discovered in 1999 by Kojima and colleagues, is a 28-amino acid protein. 

It is mainly produced in the stomach by the X/A-like cells of the fundus, and it serves a 

key regulatory function in energy homeostasis, satiety and meal termination (Kojima et al., 

1999; Mishra et al., 2016). Ghrelin promotes energy conservation by regulating appetite 

and energy expenditure (Zigman et al., 2016). Circulating ghrelin exists in two major 

forms: more than 90% as desacyl ghrelin, and less than 10% as acyl ghrelin (Delporte, 

2013). The acyl group of ghrelin is essential for binding to its receptor, called the growth 

hormone secretagogue receptor (GHSR), and is essential for its actions  (Verhulst and 

Depoortere, 2012; Sato et al., 2014). Ghrelin is a multi-functional hormone that exhibits 

various functions in the body (Table 2.2). These actions of ghrelin include appetite 

stimulation and anti-inflammatory properties, which are elicited by the acylated form as it 

is the form which can bind to the ghrelin receptor (Jeffery et al., 2011). Ghrelin is the first 
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circulating hormone, demonstrated to stimulate food intake in man (Perez-Tilve et al., 

2011).  

Ghrelin levels are found to predict quality of life in obese women (Lu, et al., 2016), 

therefore its concentrations might be a valuable marker to monitor in obese women. 

Ghrelin possess receptors in the brain and performs some anti-oxidative functions in the 

brain, as demonstrated in a study, where hypoxia-induced oxidative stress was reduced by 

ghrelin administration (Omrani et al., 2015).  Ghrelin administration was also found to 

reduce oxidative stress in colorectal cancer cells by increasing activities of catalase (CAT) 

(Buldak et al., 2015). Therefore, administered ghrelin may reduce oxidative stress in the 

blood and in the brain, through the mechanism of decreasing lipid peroxidation and 

increasing activities of antioxidant enzymes.  

Effect of ghrelin on glucose 

Ghrelin increases blood glucose by lowering insulin level, while also raising glucagon 

levels (Uchida et al., 2014). Previous studies suggest that endogenous ghrelin signalling is 

important for feeding and regulation of blood glucose. When the endogenous ghrelin 

system is altered, normal glucose utilisation is affected. A study conducted by McFarlane 

et al. (2014) in mice that lacked either ghrelin, ghrelin-O-acyl-transferase (GOAT), or the 

receptor itself, GHSR. A life-threatening hypoglycaemia was observed in the animals after 

a 7-day caloric restriction, but was not demonstrated in the control mice. GOAT is an 

enzyme which is responsible for acylation of ghrelin, while GSHR is the growth hormone 

secretagogue receptor for ghrelin. This suggests that an intact ghrelin system is required for 

glucose homeostasis.   
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Table 2.2: Physiological actions of ghrelin 

Organ Tissue Action Organ Tissue Action 

Intestine Å Increase motility 

Å Increase acid 

secretion 

Heart Å Decrease blood 

pressure 

Å Increase cardiac 

output 

Pancreas Å Modulation of 

endocrine and 

exocrine pancreatic 

secretions 

Reproductive 

Organs 

Å Modulation of 

reproductive 

functions 

Brain  Å Increase appetite 

Å Increase food intake 

Å Increase GH, ACTH 

and PRL 

Bone Å Increase osteoblast 

differentiation 

Å Increase bone 

mineral density 

Liver  Å Increase 

gluconeogenesis 

Å Increase fatty acid 

synthesis 

Tissue cells Å Decrease 

inflammation 

Å Modulation of cell 

proliferation and 

apoptosis 

Adipose 

Tissue 

Å Increase triglyceride 

synthesis 

Å Increase adipogenesis 
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Anti-oxidant Effects 

Ghrelin also has antioxidant properties (Shimada et al., 2014).  The antioxidant properties 

of ghrelin have been recently reported in several studies on different tissues and animals. A 

study conducted to investigate the protective properties of ghrelin on liver of diabetic rats, 

reported that ghrelin administration improved histo-pathologic changes in the diabetic 

liver, and the response of antioxidants, including levels of GSH, CAT and SOD activities 

were altered when ghrelin was administered to diabetic rats (Koyuturk et al., 2015). In 

addition, the study of  Buldak et al. (2015), on the effect of ghrelin administration on 

colorectal cancer cell-lines showed that its administration alone causes a significant 

decrease in ROS level, due to an increased activity of catalase in the cancer cells. The 

study also demonstrated decreased level of malondialdehyde as well. These findings may 

suggest a possible role for ghrelin as a therapeutic agent (Koyuturk et al., 2015).  

The possible antioxidant effect of ghrelin on testis in wistar rats following a 10 days 

ghrelin administration was reported by Kheradmand et al. (2009). Glutathione peroxidase 

was significantly increased, MDA was decreased but no significant differences in SOD and 

CAT activities between the groups. The result of this study indicates for the novel evidence 

for antioxidant property of ghrelin in the rat. Similarly, it significantly increased the 

activity of SOD decreased the level of MDA in the rat ovary (Kheradmand et al., 2010). 

Furthermore, Ghrelin was found to reduce neuronal death in the brain during seizures, by 

preventing lipid peroxidation in erythrocytes and inhibiting the depletion of antioxidant 

enzymes (Obay et al., 2008).  

Antioxidant effect of ghrelin was further demonstrated in the study of Alantary et al. 

(2014), on paracetamol-induced hepatotoxicity in rats. High level of oxidative stress was 

observed in liver tissues that were treated with paracetamol, to which pretreatment with 

ghrelin significantly reduced the oxidative damage.  



30 

 Role of ghrelin in energy / food intake 

Ghrelin participates in regulating the complex process of energy homeostasis, which 

involves both energy input (by adjusting hunger signals), and energy output. Regulation of 

energy output occurs by adjusting the proportion of energy that will go to adenosine 

triphosphate, ATP, production, fat storage, glycogen storage, and short-term heat loss 

(O'Connor et al., 2016). The arcuate nucleus in the hypothalamus appears to be the main 

site of action of ghrelin on food intake; although ghrelin administration into other 

hypothalamic sites, including the paraventricular nucleus and lateral hypothalamus, and 

non-hypothalamic sites, such as the hindbrain also promote positive energy balance 

(Nogueiras et al., 2010). The physiological mechanisms which are concerned with 

regulation of food intake are complex; and it involves gastric distensions and nutrients 

stimulate release of a variety of hormones from entero-endocrine cells throughout the gut 

and pancreas (Bewick, 2012). The hormone acts on the hypothalamus to regulate appetite 

(Bewick, 2012). Ghrelin induces food intake by stimulating neural pathways of the 

hypothalamus and the hind-brain (Perez-Tilve et al., 2011), mainly through the gut-brain 

axis, which plays a major role in the regulation of food intake (Lean and Malkova, 2016). 

This is illustrated in the diagram below (Figure 2.3): 

Mechanisms of energy balance have been widely studied by scientists in order to achieve 

better understanding on how to treat or prevent the incidence of obesity and its associated 

co-morbid conditions (Feijoo-Bandin et al., 2015). Some of the recently studied areas 

include gut hormones (Franceschi et al., 2014). 
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Figure 2.3: Gut-brain axis regulation of food intake (Source: Bewick, 2012) 

PVN - paraventricular nucleus, PYY - petide, ARC - arcuate nucleus,                                                       

GLP - glucagon-like peptide, NYP - neuropeptide Y, AgRP - agouti-related peptide,  

POMC- pro-opiomelanocortin nucleus. 
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Ghrelin and Food Intake  

When food is ingested, the nutrients stimulate release of a variety of hormones from 

entero-endocrine cells throughout the gut and pancreas. These hormones have the potential 

to modulate food intake. 

Meal ingestion results in gastric distension and production of peptide hormones by entero-

endocrine cells, both of which promote a feeling of satiety, and a desire to stop eating 

(Lean and Malkova, 2016). Peptides that are released from multiple sites in the gut in 

response to ingested food, and arcuate nucleus are involved in the immediate need for food 

intake (Konturek et al., 2004). The arcuate nucleus coordinates the homeostatic process 

concerned with food intake. It contains groups of gut-hormone receptors, and also has two 

distinct populations of neurones that are responsible for appetite regulation; the pro-

opiomelanocortin (POMC) appetite-inhibiting neurones, and the neuropeptide-Y (NPY) 

and agouti-related peptide (AgRP) appetite-stimulating neurones (Perez- Tilve et al., 

2011). 

The neuropeptide-Y (NPY) and agouti-related peptide (AgRP) nerones modulate 

melanocortin receptor to stimulate food intake. Signals from the periphery cause changes 

in the relative activity of the neuronal populations and the release of their respective 

neuropeptides. The released peptides subsequently influence feeding behaviour and energy 

expenditure (Perry and Wang, 2012). Ghrelin stimulates the arcuate nucleus to release 

NPY and AgRP, which act through the paraventricular nucleus, causing a decrease in the 

membrane excitability of POMC neurones that secrete melanocortin receptor agonist, the 

Ŭ-melanocyte-stimulating hormone (MSH-Ŭ). MSH-Ŭ suppresses food intake, and, 

therefore, decrease membrane excitability of neurones that cause its release (Perez-Tilve et 

al., 2011). 
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The gut-brain axis is the physiological driver of satiation in humans, its continuing role in 

regulation of food intake and maintenance of body weight is supported by a body of 

evidence (Lean and Malkova, 2016). For example, mice that lack both NPY and AgRP do 

not increase their food intake, when administered with ghrelin, and administration of 

neutralizing antibodies or antagonists of both NPY and AgRP blunted the orexigenic 

effects of ghrelin (Kim et al., 2014). Likewise, ghrelin does not stimulate food intake in 

mice that lack melanocortin receptors; therefore, NPY and AgRP are mediators of the 

orexigenic effect of circulating ghrelin via inhibition of melanocortin signalling.  

2.4.4 Role of Ghrelin in  Pathophysiology of Obesity  

It is a documented fact that ghrelin stimulates food intake, and also aids in sensing the 

palatability of food. High ghrelin in circulation means more food ingestion, but low- 

ghrelin levels are usually found in obese individuals (Marzullo et al., 2004).  

Total plasma ghrelin and its associations with food intake, hedonic eating, and stress are 

decreased in obesity. This provides evidence to support the theory that central resistance to 

ghrelin develops in obesity, and the function of ghrelin in the regulation of appetite may 

have evolved to prevent starvation during food scarcity (Briggs et al., 2013), rather than 

cope with modern food excess. Furthermore, ghrelin is associated with metabolic and 

cardiovascular health, and may have anti-aging effects, but these effects may be attenuated 

in obesity. In addition, serum ghrelin levels are inversely related to adipose tissue mass 

(Sondergaard et al., 2009). 

The physiological function of ghrelin in stimulating appetite may be used to develop a 

therapy for obesity. Its sensitivity is found to be more pronounced in obese individuals 

than in normal weight people, thereby targeting inhibition of circulating ghrelin as a useful 

therapeutic means of treating obesity (Hepper and Tong, 2014).  
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Over the past thirty years, gastrointestinal (GIT) hormones have been increasingly 

understood to play an important role as a regulator of appetite and energy balance in obese 

individuals (Troke et al., 2014). It is now partially clear that gut hormones play a role in 

the regulation of body weight (Franceschi et al., 2014). Ghrelin, as the óhungerô hormone, 

fits with the notion of homeostatic control of body weight; high circulating ghrelin in lean 

individuals favours increased food intake and positive energy balance. Weight loss, 

however, in obese people, result in an elevation of ghrelin level, which may contribute to 

the difficulty in maintaining ideal weight after weight loss (Briggs et al., 2013; McFarlane 

et al., 2014). Ghrelin sensitivity has also been found more pronounced in obese individuals 

than in normal weight people, thereby targeting the inhibition of circulating ghrelin as a 

useful therapeutic means of treating obesity (Longo et al., 2011). Nonetheless, the 

mechanism is still unclear (Hepper and Tong, 2014). In addition, there is usually a 

physiological suppression of ghrelin which occurs after meals, but the process is abated in 

obesity (Khatib et al., 2015; Mihalache et al., 2016).  

2.4.5 Ghrelin and Gastrectomy 

Decrease in ghrelin level occurs after obesity surgery. This is a proposed mechanism 

involved in induction of sustained weight loss in bariatric surgery when compared with 

diet- induced weight loss. In bariatric surgery, there is a decrease in ghrelin secretion, 

which is accompanied by an increased level of peptide YY (PYY). The resulting effect is 

suppression in appetite and amplified feeling of satiety (Karmali et al., 2013). Therefore, 

surgery procedures reduce weight, at least in part, by suppressing ghrelin production and 

its appetite-stimulating effects. 

 The mechanism by which gastric bypass leads to a reduction in ghrelin levels is still not 

fully understood, although it has been suggested that a permanent absence of food in the 

stomach, which results from gastric bypass, could cause a continuous stimulatory signal 
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that ultimately suppresses ghrelin production through a process of overriding inhibition 

(Cummings et al., 2004). In sleeve gastrectomy, ghrelin levels are greatly suppressed 

probably due to resection of the gastric fundus, which is the most important site of ghrelin 

production in humans (Kotidis et al., 2006). 

2.4.6 Therapeutic use of Ghrelin 

People who lose weight by dieting usually find it difficult to maintain a healthy weight; 

there seem to be a rebound weight gain afterwards. This may be explained as a result of 

obesity, possibly affecting hypothalamic circuits that regulate appetite and this impact a 

rebound weight gain after weight loss (Karra et al., 2013).This phenomenon is especially 

seen in diet- induced obesity. Therefore, antagonism of the ghrelin system immediately 

after diet-induced weight loss may provide protection from rebound weight gain that is 

usually seen in people who lose weight by dieting. On the other hand, inhibition of the 

ghrelin system by pharmacological antagonism of ghrelin O-acyl-transferase, an acyl-

ghrelinïspecific neutralizing antibody, GHSR antagonism, or ghrelin vaccination to reduce 

acute weight gain, may also induce negative side effects on numerous ghrelin-regulated 

behaviours, such as neuroprotection, learning, memory, and motivation (Chen and Enriori, 

2015). 

2.5 Oxidative Stress in Obesity 

2.5.1 Oxidative stress 

The human body has a natural cellular antioxidant defence system that is present, and is 

sufficient to reduce, remove and repair oxidative damage (Liu, 2013). However, chronic 

oxidative stress, which could result from increased production of pro-oxidants overwhelms 

this system; that is, when free radical formation is greatly increased or the protective 

antioxidant mechanisms are compromised (Bresciani et al., 2015). In addition, oxidative 

stress is an expression used to describe various deleterious processes, resulting from an 
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imbalance between the excessive formation of ROS and limited antioxidant defences 

(Kandola et al., 2015). 

Oxidant stress plays a crucial role in the aetiology of many diseases, including obesity 

(Sfar et al., 2013). Higher levels of oxidative stress biomarkers have been found in obese 

individuals (Piva et al., 2013). Furthermore, the complications of obesity may be as a result 

of oxidative stress (Habib et al., 2015). In obesity, there is chronic state of oxidative stress 

and low-grade inflammation (Patel et al., 2007). One proposed mechanism by which 

obesity produces oxidative stress is through mitochondrial and peroxisomal oxidation of 

fatty acids, which can generate reactive oxygen species (ROS). Malondialdehyde (MDA), 

a lipid peroxidation end product, is increased in obesity and insulin resistance (Gaxiola-

Robles et al., 2013).  Whilst small fluctuations in the steady-state concentration of these 

oxidants may actually play a role in intracellular signalling, uncontrolled increase lead to 

free radical mediated chain reactions which indiscriminately target proteins, lipids, 

polysaccharides  and DNA (Turrens, 2003). Oxidative stress may be the unifying 

mechanism underlying the development of comorbidities in obesity. Evidence suggest a 

clustering of sources of oxidative stress exists in obesity: hyperglycemia, hyperleptinemia, 

increased tissue lipid levels, inadequate antioxidant defenses, increased rates of free radical 

formation, enzymatic sources within the endothelium, and chronic inflammation (Lay and 

Simard, 2014; Marseglia et al., 2014).   

Reactive oxygen species are generated under physiological conditions during aerobic 

metabolism (Zorov et al., 2014).  A highly reactive superoxide free radical is generated as 

a toxic metabolite in a wide range of normal biological reactions that reduce oxygen. 

Superoxide dismutase (SOD), which is present in all cells, catalyses the conversion of 

superoxide to oxygen and hydrogen peroxide (Equation 1): 
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                   superoxide dismutase   

Superoxide                                                O2 + H2O2                                 (Equation 1) 

Equation 1: Conversion of superoxide to peroxide. 

The deleterious effects of ROS are prevented by several protective biomolecules called 

antioxidants present in the body. These include:  

i. Enzymes: superoxide dismutase (SOD); catalase (CAT); glutathione peroxidase, 

(GPx).   

ii.  Water-soluble molecules such as glutathione, ascorbate (vitamin C), Ŭ-tocopherol 

(vitamin E), and ɓ-carotene (Albuali, 2014).  

These antioxidants convert superoxide radicals (O2
-
) into peroxide (H2O2), and finally 

convert the peroxide into water by a second antioxidant enzyme (Equation 2): 

                Superoxide dismutase              catalase 

 Superoxide                        O2 + H2O2                                     H2O                          (Equation 2) 

Equation 2: Conversion of ROS to water. 

Obesity is a state of energy imbalance, and by inference, a state of over-nutrition. Over-

nutrition causes stress in endothelial reticulum, as well as mitochondria within the cell 

(Frohnert et al., 2014). This results in increased production of superoxide anions, which 

gives rise to oxidative stress. Oxidative stress results from an imbalance between reactive 

species and antioxidant enzymes (Bresciani et al., 2015), and it plays critical roles in the 

pathogenesis of various diseases such as T2DM. 
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Antioxidants function by converting superoxide radicals into harmless substances such as 

oxygen and water (Sfar et al., 2013). Glutathione, for example, protects the body organs 

against damage by reactive species either directly as an antioxidant; or indirectly by 

maintaining other cellular anti-oxidants (Habib et al., 2015). Antioxidant enzyme activities 

were investigated in obese children of both genders in Tunisia. The SOD activity was 

observed to be increased in obese more than non-obese children. The same study also 

reported a gender disparity in SOD activity, where it increases more in obese females than 

males. However, the activity showed an insignificant difference between the obese and 

non-obese of both genders (Sfar et al., 2013). 

Mitochondrial dysfunction has been suggested to promote increased production of 

superoxide radicals. This mainly occurs during mitochondrial respiration, where 

superoxide radicals are produced as a by-product of reactions between oxygen and 

electrons passing through the electron transport chain (Sanz, 2016). Chronic over-nutrition 

in adipose tissue showed increased stress within the endoplasmic reticulum, and 

mitochondria. This results in deterioration in efficacy of oxygen consumption, which 

subsequently leads to production of superoxide anions (Frohnert and Bernlohr, 2014). 

Body systems that have balanced oxidant/antioxidant function metabolize the superoxide 

anion to peroxide, which is finally decomposed to oxygen and water (Sfar et al., 2013; 

Frohnert and Bernlohr, 2014). 

Energy imbalance exists in obesity. Mitochondria are involved with energy metabolism 

and generation of reactive species, which are toxic by-products of respiration. When in 

excess, reactive species result in damage to cells. Mechanisms which can cause excessive 

reactive species include the processing of free fatty acids produced by hydrolysis of 

triglycerides in adipose tissue (Habib et al., 2015).  
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An excess of adipose tissue is also a good source of inflammatory cytokines such as IL-6, 

and TNF-Ŭ, and obesity is considered a chronic inflammatory state (Suliburska et al., 

2012). 

Another mechanism by which oxidants may cause injury is lipid peroxidation (Joppa et al., 

2007). Lipid peroxidation is the oxidative degradation of lipids. It is the process in which 

ROS act upon unsaturated fatty acids in the cell membrane, resulting in cell damage 

(Frohnert and Bernlohr, 2014). The final products of this reaction (lipid peroxidation) are 

reactive aldehydes such as MDA  (Fernández-Sánchez et al., 2011). Obesity has been 

associated with enhanced lipid peroxidation (Habib et al., 2015), and plasma concentration 

of MDA is one of the most frequently used bio-markers of lipid peroxidation. 

 Lipid peroxidation can be assessed in biological fluids as thiobarbituric-acid reactive 

substances (TBARS). The most widely used marker of lipid peroxidation is MDA. MDA is 

considered as a highly toxic molecule that has detrimental effects on cell structures. 

Therefore, higher level of MDA in the body can be an indication of oxidative damage 

(Joppa et al., 2007). 

2.5.2 Oxidative Stress and Obesity 

Oxidative stress, occurring due to obesity, may lead to activation of macrophages in 

adipocytes. This leads to inflammation, which in adipose tissue has been linked with 

insulin-resistance (Frohnert and Bernlohr, 2014). Studies in mice show an increased 

oxidative stress and insulin-resistance in obese females, suggesting a gender variation. 

Inflammation and tissue injury that are involved in obesity-associated complications are 

regulated by adipokines as reported by Habib et al. (2015).  

Obesity is known to complicate other diseases, especially metabolic ones such as type 2 

diabetes mellitus (T2DM). For example, glucose uptake in diabetic condition was found to 



40 

be impaired by increased oxidative (Martinez et al., 2014). A study investigated the levels 

of lipid peroxidation and antioxidant enzyme activities in diabetic patients who were 

obese, in comparison to control diabetic patients that were non-obese. Lipid peroxidation, 

measured as TBARS, was found to be higher in the obese group than the non-obese group. 

Similarly, diminished responses to activities of SOD and CAT were observed in the obese 

diabetic patients. These findings suggest that more oxidative damage occurs in T2DM in 

combination with obesity (Gaxiola-Robles et al., 2013).  

Another study investigated oxidative stress and antioxidant status in obese subjects, who 

were dyslipidaemic compared to obese non-dyslipidaemic. The dyslipidaemic obese had 

significantly high levels of total cholesterol, triglyceride, LDL, and lower HDL. 

Glutathione peroxidase and CAT activities were significantly low in the obese group with 

dyslipidaemia, compared with the non-dyslipidaemic obese (Ha et al., 2014). Furthermore, 

increased oxidative stress in accumulated fat may be the underlying cause of dysregulation 

of adipokines and development of metabolic syndrome (Furukawa et al., 2004).  

2.5.3 Role of Immune Cells and Pro-inflammatory Cytokines 

Immune cells, such as macrophages, accumulate in adipocytes as a result of obesity and 

related metabolic dysfunction. These secrete pro-inflammatory cytokines, such as tumour 

necrosis factor-Ŭ (TNF-Ŭ) and interleukin-6 (IL-6), which have impact on glucose and lipid 

metabolism. Other pro-inflammatory cytokines can also negatively affect metabolic 

pathways, responsible for correctly storing/oxidizing glucose and lipids in tissues that are 

physiological targets for insulin. These inflammatory exchanges may lead to 

hyperglycaemia and dyslipidaemia, which are important parameters indicative of insulin 

resistance, obesity, and T2DM (Verdile et al., 2015). 
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2.5.4 Antioxidants 

Oxidative stress can also result from the alteration of the antioxidant defence system, 

which includes vitamins and antioxidant enzymes. Catalase (CAT) is an important 

antioxidant enzyme occurring endogenously in the body. It degrades hydrogen peroxide 

into oxygen and water, and has been found to be up-regulated in the presence of oxidative 

stress (Schieber and Chandel, 2014). Polymorphism in CAT structure have been associated 

with increased oxidative stress and obesity (Ruperez et al., 2013). 

2.5.5 Endothelial Dysfunction and Obesity 

Oxidative stress that arises due to imbalance between oxidants and anti-oxidants has been 

proposed to contribute to endothelial dysfunction in obesity. Long-term ingestion of diet 

that contains high amount of fat may contribute or aggravate endothelial dysfunction in 

perivascular adipose tissue. A study by Gil-Ortega et al. (2014) showed a significant rise in 

the ratio between reduced glutathione to glutathione in perivascular adipose tissue of high-

fat diet fed animals compared with control group, but not in the SOD or CAT activities.  

2.5.6 Obesity and Antioxidants 

Anti-oxidant enzymes are also altered, when obesity is accompanied with metabolic 

syndrome and ovariectomy. Obese female rats that had metabolic syndrome, with 

ovariectomy were found to have a significant reduction in activities of antioxidant 

enzymes, and an increase in lipid peroxidation (Guerra et al., 2014). The ROS formed 

during lipid peroxidation process, may result in damage to cell membranes and tissues. 

Therefore, oestrogen may partially aid against oxidative damage in females with metabolic 

syndrome.  
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2.6 Lipid s and Obesity 

Obesity is characterised by excessive deposition of subcutaneous fat in the body. There are 

two types of fats present in the body; white adipose tissue (WAT), which stores 

triglycerides (TGs) that contain greater than 90% of total energy stores (Choi et al., 2002). 

They are broken down to produce energy when the caloric need arises (Özer et al., 2015). 

Brown fat, which is mainly present in the viscera, serves as a source of inducible energy 

expenditure in the form of thermogenesis (Tarantal and Berglunt, 2014). Deposition, in 

excess, of this brown fat is suggested to be responsible for abdominal obesity. 

Cholesterol needs an appropriate medium to be transported in blood because it is 

hydrophilic. Lipoproteins, which are normally present in blood, perform this function of 

transporting cholesterol. They exist in various classes, and the most complex class is the 

high-density lipoprotein cholesterol (HDL), which is composed of several sub-classes that 

differ in size, protein, and lipid composition (Asztalos et al., 2014), physiological functions 

and pathophysiological consequences.  

Changes in serum concentrations of lipids occur in obesity. The typical pattern consists of 

elevated serum low-density lipoprotein cholesterol (LDL) and TGs, and lowered high-

density lipoprotein cholesterol levels (HDL) (Nayak et al., 2012; Zhong et al., 2015). 

These changes in lipid levels can occur, when adipose tissue is infiltrated by macrophages 

as a result of inflammation. This results into release of tumour-necrosis factor-Ŭ (TNF-Ŭ) 

and interleukin-6 (IL-6), which may reduce the activity of lipoprotein lipase, consequently 

increasing blood lipid levels (Verdile et al., 2015).   

Another study, conducted in eastern part of Nigeria, revealed a high incidence of abnormal 

lipid profile in obese respondents, with a pattern that showed a decrease in HDL, and 

elevated TC, TGs and LDL (Iloh et al., 2011). In the study, low HDL was found to be the 
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most frequent lipid abnormality, and dyslipidaemia was the most prevalent co-morbidity of 

obesity after hypertension. Many studies have correlated an increase in lipid profile with 

increase in body weight or adiposity (Choi et al., 2002).  

A study has reported an increase in lipid abnormalities in obese individuals in Tanzania 

(Njelekela et al., 2002). They found significantly higher serum total cholesterol, TGs, and 

LDL in obese subjects as compared with lean individuals. In addition, they also showed a 

positive relationship of increase in BMI and waist circumference with a rise in 

dyslipidaemia (elevated TC, TGs and LDL) in both men and women. They also showed 

that dyslipidaemia related to obesity was higher in urban dwellers than in rural areas. 

It is well-known that HDL has significant anti-atherogenic properties. Previous studies 

have established that HDL provides protection against development of atherosclerotic heart 

disease (Zhong et al., 2015). The physiological functions of HDL include removal of free 

cholesterol from macrophages in the arterial wall, and lowering of oxidized lipid species in 

LDL particles. HDL also functions in the esterification of cholesterol and reverse 

cholesterol transporter (Maranhao and Freitas, 2014). Decrease in HDL and increased TGs 

are a characteristic of increased adiposity in the body (Nayak et al., 2012). Elevated level 

of HDL and a decreased level of TG positively influence the cardiovascular system by 

preventing atherosclerosis and acute coronary syndromes, with HDL playing a major role 

(Parhofer, 2015). However, the mechanism by which HDL prevents atherogenesis has not 

been completely understood (Zhong et al., 2015). Some studies have suggested a 

mechanism through peroxisome proliferator activator-inhibitor- ɔ, PPAI- ɔ (Zhong et al., 

2015). 

Previous studies have demonstrated that the dysregulated secretion of adipokines by 

adipocytes may contribute to obesity-associated atherosclerosis, and HDL may protect 
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against atherogenesis through multiple pathways (Zhong et al., 2015). In a study conducted 

in Shanghai to explore HDL  effect on the oxidized low density lipoprotein (oxLDL) 

uptake in inflammatory adipocytes, which were  stimulated by endotoxin 

lipopolysaccharide (LPS); HDL treatment decreased the release of the inflammation-

related adipokines, reduced the inhibition of oxidized low-density lipoprotein (oxLDL) 

uptake, and cause degradation which was stimulated by LPS (Zhong et al., 2015). This 

action of LPS could be explained by activation of the peroxisome proliferator-activated 

receptor ɔ (PPARɔ)/CD36 signalling pathway (Zhong et al., 2015). High HDL level may 

be a preventive factor for the cardiovascular system, by clearing cholesterol from the 

arterial wall (Cuchel and Rader, 2006). HDL is said to be the ógoodô cholesterol because it 

gets rid of excess cholesterol by transporting them out of the blood vessels to the liver for 

subsequent excretion in faeces (Lund-Katz and Phillips, 2010). This is done through the 

reverse cholesterol transport process, which involves interactions of HDL particles with 

receptors that are present on the cell surface, and lipid transporters. The process is 

mediated by apolipoproteins. 

2.6.1 Metabolic Syndrome 

Obesity plays a central role in metabolic syndrome (MS), which also includes 

hyperinsulinemia/insulin resistance (IR), hypertension and dyslipidaemia (Özer et al., 

2015). The most prevalent component of MS in many investigations is high TG levels. In a 

study by Ozer et al. (2015), HDL level was found to be higher in obese children than in 

obese children without MS. Low HDL level was the most significant risk factor for early 

atherosclerosis in children with MS.  

HDL concentration has been associated with adiponectin in obesity. Low HDL and high 

triglycerides have been correlated with Low adiponectin concentration, and occurrence of 

these two measures are predictive of the onset of T2DM (Ali et al., 2014). 
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2.7 Obesity and Blood Glucose 

The BMI, an index of obesity, influences the level of glucose in the blood. Excess blood 

glucose is an established cause of diabetes. Many studies have observed association 

between BMI and blood glucose level (Innocent et al., 2013). Nonetheless, this association 

remains poorly understood. Co-existence of obesity with high blood sugar has been found 

to complicate or worsen the outcomes of various diseases. For example, high BMI 

accompanied with elevated blood sugar increases the mortality rate of women suffering 

from breast cancer (Minicozzi et al., 2013). Furthermore, high BMI, female gender and 

older age have been observed to significantly increase the chances of being diabetic than 

normal BMI individuals in an African population, irrespective of blood pressure and 

educational level (Duboz et al., 2012). 

Obesity, therefore, poses a risk for the development of T2DM and has, in fact, been termed 

as a major precursor to the development of T2DM and several cardiovascular disease 

(CVD) risk factors, including hypertension, dyslipidaemia and pro-inflammatory states 

(Mbanya et al., 2015). Recent studies have shown that in obese children some impairment 

of glucose homeostasis might already be present at fasting glucose concentrations below 

the threshold for impaired fasting glucose (IFG) (Di Bonito et al., 2011). Although 

prevalence of obesity is low among rural Fulani population, it was found to be a major risk 

factor for T2DM (Sabir et al., 2013).  

Family history of obesity has been significantly associated with impaired FBG 

(Oluwayemi et al., 2015). A FBG of between 70 - 100mg/dL is considered normal. 

Impaired fasting glucose (IFG) is a range between 100 - 125mg/dL, while a value above 

126 mg/dL suggests the presence of diabetes. IFG and IGT, are forms of metabolic 

abnormalities that precede the onset of T2DM (Nathan et al., 2007).  The presence of these 

conditions usually increases the risk of occurrence of cardiovascular episodes.  
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Undergraduate students of 16 - 30 years in a Nigerian university showed an increase in 

blood glucose level with increasing BMI, for both males and females (Innocent et al., 

2013). The same study reported a positive correlation between blood glucose level with an 

increasing age and BMI.  

A study in Senegal found a significant association of gender, age and BMI, with diabetes. 

Mayega et al. (2013) investigated the prevalence of abnormal glucose regulation and its 

associated risk factors amongst persons of 35 ï 60 years in Uganda, and observed that 

pevalence of abnormal glucose regulation was twice higher among obese persons, 

compared with normal weight persons.  

Obesity, especially central obesity, has been associated with increased risk of developing 

T2DM (Veghari et al., 2013). The changes in adipose tissue function as a result of obesity 

may be responsible for this risk. Previous studies have indicated that cardiometabolic 

abnormalities usually accompany obesity and non-obese individuals may present lesser 

risks for cardio-metabolic profiles than their obese counterparts. However, a recent study 

on Asian Indians, reported a worse cardio-metabolic profile in non-centrally obese 

individuals with abnormal glucose regulation, than in centrally obese individuals without 

dysglycaemia. Respondents with dysglycaemia with normal waist circumference had 

higher systolic blood pressure, dyslipidaemia, higher TNF-Ŭ, and higher prevalence of 

coronary artery disease (Deepa et al., 2014). Ali et al. (2014) also reported a strong 

correlation between BMI with measures of central adiposity, fat distribution, insulin 

resistance and dyslipidaemia in Europeans, as well. Weight loss was found to lower blood 

sugar level (Nathan et al., 2007), and cause a significant rise in FBG with increasing   BMI 

(Ogbu et al., 2007).  
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2.8 Helicobacter pylori Infection  

2.8.1 Helicobacter pylori Infection- microbiology 

Helicobacter pylori (H. pylori) are Gram-negative bacteria which colonized the human 

stomach for thousands of years. H. pylori bacteria is one of the causes of gastritis, peptic 

ulcer disease and gastric cancer (Laszewicz et al., 2014). Occurrence of this infection has 

been linked with poor sanitation and hygiene, low socio-economic status and high 

population density, common in underdeveloped and developing countries (Laszewicz et 

al., 2014). Animal studies show that H. pylori infection early in life cause reduced weight 

gain and growth retardation, suggesting that it alters host metabolism early in life 

(Khosravi et al., 2015). H. pylori bacteria, has in fact, been classified as a human 

carcinogen because of its strong association with gastric cancer (OôConnor et al., 2017). 

2.8.2 Mechanism of Helicobacter pylori Infection and Obesity 

In recent years, obesity has been linked with H. pylori infection, although there is 

inconsistent data on the actual correlation because the association in the pathophysiology 

of obesity is still controversial (Carabotti et al., 2014) and inconclusive. Some studies have 

reported a positive association between obesity and H. pylori, with high prevalence of the 

infection in obese population  (Li et al., 2012; Cohen et al., 2012), while an inverse 

relationship between obesity and infection by the bacteria was also reported (Lender et al., 

2014). The possible mechanisms relating to this association have been suggested. One of 

such mechanisms is explained by a hypothesis that H. pylori results in some altered 

processes, which ultimately cause reduction in appetite and caloric intake (Vo et al., 2015). 

The processes involved include: (Figure 2.4).  

i. Inflammation of the gastric mucosa. 
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ii.  Modulation of gastric hormones, which entails a decrease in orexigenic ghrelin; and 

increase in anorexigenic leptin.  

iii.  Release of autoantibodies in circulation, which are directed against appetite-

regulating peptide hormones.  

The link between H. pylori infection and obesity, with respect to hormones, mainly 

involves those that are concerned with energy regulation, such as ghrelin. A possible 

mechanism by which H. pylori may cause a reduction in body weight was proposed to 

occur due to damage to the stomach, resulting from H. pylori-induced gastritis; this may 

lead to impaired synthesis and secretion of energy balance regulatory hormones such as 

ghrelin (Carboratti et al., 2014), which affects appetite and food intake.  

Ando et al., (2012) carried out a study to find out the relationship between H. pylori and 

ghrelin. Concentrations of circulating acyl- and de-acyl ghrelin and mRNA expression of 

ghrelin-O-acyl-transferase (GOAT) as well as the effect of eradication of H. pylori in the 

gastric mucosa were investigated on H. pylori-positive and H. pylori-negative participants.  

They observed significantly lower levels of acyl and de-acyl ghrelin concentration and 

GOAT mRNA expression in the H. pylori positive than those who tested negative. 

Ulasoglu et al. (2013) also reported a similar finding. 

Conversely, the reports by Eren et al. (2015), Choi et al. (2015) showed an increase in 

ghrelin level after eradication of the bacteria. Some studies, however, failed to establish 

any relationship between H. pylori infection and ghrelin level (Nagashi et al., 2014; 

Erdemir et al., 2015). But Yang et al. (2012) observed an improvement in acylated ghrelin 

level in children after H. pylori eradication, and this restored body-weight and reversed 

growth retardation which was present in the children when the H. pylori infection was 

active.  
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2.8.3 The link between Ghrelin with Helicobacter pylori infection 

Another mechanism which hypothetically explains the inverse relationship between H. 

pylori infection and obesity (Figure 2.4), through ghrelin secretion, is modulation of gastric 

hormones; H. pylori-induced decrease in ghrelin secretion, and an increase in leptin, 

suppress appetite and caloric intake by inducing satiety and inhibiting hunger, thereby 

causing a decrease in body weight (Vo et al., 2015). 
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Table 2.3: World-wide Prevalence of Helicobacter pylori Infection 

 Country  Prevalence (%) 

North America, United States  and Canada 30.0 

 Canada 23.1 

South America Mexico 70 - 90 

 Chile 70 - 90 

 Brazil 82.0 

Europe Poland 84.2 

 Albania 70.7 

 Estonia 69.0 

 Germany 48.8 

 Czech Republic 42.1 

 Iceland 36.0 

 Switzerland 11.9 

 Sweden 11.0 

Middle East Egypt 90.0 

 Turkey 80.0 

Asia Bangladesh 90.0 

 India 88.0 

 Japan 55.4 

 Taiwan 45.1 

Africa  Ethiopia >95.0 

 Nigeria 70 - 90 

Australia   15.4 

 (Source: Carabotti et al. (2014). 
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Figure 2.4: Hypothetical mechanisms explaining an inverse relationship between 

Helicobacter pylori infection and obesity. (Source: Vo et al., 2015) 
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An increase in weight in H. pylori-infected patients who have undergone a successful 

eradication of the bacteria occurs. In fact, it has been suggested that the increase in 

prevalence of obesity, especially in developed countries, is as a result of the decrease in H. 

pylori infection in those countries (Lender et al., 2014). Some studies have suggested a 

protective role against obesity by H. pylori infection because of the gastritis that it induce, 

which subsequently reduced the production of ghrelin, an orexigenic hormone (Carabotti et 

al., 2014). 

2.8.4 Prevalence of H. pylori in Obese Individuals 

The prevalence of H. pylori in obese people has been investigated in many countries 

(Japan, United States and Australia (Table 2.3). The prevalence of obesity was 

significantly lower than normal-weight among all cases. The prevalence of H. pylori 

infection in morbidly obese patients is still controversial.  Candidates for bariatric surgery 

have a preoperative prevalence of H. pylori ranging from 8.7% in Germany to 85.5% in 

Saudi Arabia, with other series showing different values (Carabotti et al., 2014). 

2.8.5 H. pylori May Protect against Obesity 

Helicobacter pylori infection is an established cause of gastritis, peptic ulcer, and gastric 

cancer (Graham et al., 2015). It has an estimated worldwide prevalence of 50% among 

adults and 80ï90% among adolescents in developing countries. A number of publications 

have suggested that gastric infection with H. pylori may have a protective effect against 

obesity (Graham, 2015). Although paediatric obesity has become an international problem 

and acquisition of H. pylori infection frequently occurs in childhood, only two of the 

published studies have examined this relationship in children. Both reported a correlation 

between obesity and the absence of H. pylori infection (Vo et al., 2015).  
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CHAPTER THREE  

3.0 MATERIALS AND METHOD  

3.1 Materials 

Human adiponectin ELISA kit (WKEA),  Human Growth Hormone-Releasing Peptide-

Ghrelin (Ghrelin) ELISA Kit (WKEA),  Helicobacter pylori ELISA kit (WKEA), Single- 

channel automated     pipette, Micro-analyzer, Microplate reader (capable of measuring 

absorbance at 450 nm), Precision pipettes (2 mL and 1 mL),  Multi-channel precision 

pipettes with disposable tips (10- 100 µL and 50- 200 µL), Pipettes (adjustable 10 ml- 100 

ml) for reagent preparation,  Measuring cylinders (100 ml and 1 liter), Squirt bottle, 

Absorbent paper, Incubator (37
o
C), Distilled water, Graph paper, Test- tubes for standard 

and sample dilutions, Serum samples, Trichloroacetic acid, Distilled water, Thiobarbituric 

acid, Water bath, Measuring cylinder, Beakers, Cuvettes, Glucose GOD/PAP kit, Randox 

Assayed Multisera Level 2 (cat. No. HN 1530) and level 3 (cat. No. HE 1532), Randox 

calibration Serum Level 3 (cat. No. CAL 2351), Centrifuge, Spectrophotometer, Stop-

clock, Volumetric flask (1000mL, 100mL and 20mL), 0.2M phosphate buffer (8.40g of 

NaH2PO4 , 9.94g of Na2HPO4 ), 10% TCA (10g TCA, dissolved in distilled water and 

made up to 100 ml mark of the volumetric flask), 50mM potassium phosphate buffer, 30 

mM hydrogen peroxide, (freshly prepared and kept in amber bottle), 0.05M carbonate 

buffer, 0.3mM adrenaline, freshly prepared, Ellmanôs reagent. 

3.2 Background of Study Area 

Kaduna State University is located in Kaduna State, Nigeria. It was established in 2004, 

and comprises two campuses; one in Kafanchan, and the other in Kaduna metropolis. It has 

a total of seven faculties, with over thirty-nine Departments. The students come across 

from all parts of Nigeria; however, residents in the Northern part of the country 
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predominate. Staff of the institution likewise, are indigenes of various parts of Nigeria. It 

has a population of about 7,000 at the time of this study. 

3.2.1 Study Design  

The study was a cross-sectional descriptive study, involving staff and students of Kaduna 

State University, who consented and met the criteria for selection.  

3.2.2 Study Population  

A total of 280 members of the Kaduna State University community, comprising of males 

(186) and females (94), within the age-group of 18 - 72 years took part in the study. 

Participants who had normal BMI of 18.5 ï 24.9 kgm
-2

 served as the control. Subjects who 

had BMI of 25- 29.9 kg/m
2
 were the overweight group, while those with BMI Ó 30 kg/m

2
 

were the obese group. 

 3.2.3 Inclusion/ Exclusion Criteria  

Inclusion criteria: 

1. BMI Ó 18.5 kg/m2
 

2. Age  Ó 18 

3. Apparently healthy 

Exclusion criteria: 

1. Smokers, 

2.  Frequent alcohol drinkers, 

3. Known diabetics, 

4. Known hypertensives, 

5. Pregnant women, 

6. People who affirmed to having peptic ulcer. 
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3.2.4 Sample Size Determination 

The formula for a cross-sectional study was used, that is: 

     n = Z
 2

pq/d
2
. By using a prevalence of 22.3% for obesity in a Nigerian population 

(Adediran et al., 2012); 

p = 22.3 = 0.223  

q = 77.7%= 0.777 

95% confidence interval (CI), which gives the value for Z = 1.96. 

Where: 

n = the desired sample size 

z = the standard normal deviate, usually set at 1.96, which corresponds to 95% CI. 

p = the proportion in the target population estimated to have a particular characteristic. 

q = 1.0-p 

d = the degree of accuracy desired, usually set at 0.05. 

That is: 

 1.962 x 0.223x 0.777x/0.052 = 266.26 

Therefore, the calculated sample size for the study was 267 subjects. 

For a population of less than 10,000, the finite correction was used.  

Finite Correction Formula:  n = n
0
/1+ (n

0
 ï 1) / N 

Where; 

     n
0
 = calculated sample size 

      N = size of population (6700 in this case). 

That is; 

266.26/1+ (266.26-1)/6700 

This gave the actual sample size to be used as 255.8, approximated to 256 subjects. 24 

subjects were added to give 280 subjects because of attrition or drop-out rate of 10%. 
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3.2.5 Sampling Technique 

Simple random multi-stage sampling were used to select faculties and departments that 

took part in this study. First stage selected three faculties at random, followed by the 

second stage, in which the Departments that participated in the study were randomly 

selected. The third stage selected the number of subjects from each Department by 

proportional allocation to determine the number of staff and students that took part in the 

study.  

3.2.6 Ethical Approval 

Ethical clearance for the study was obtained from the Health Research Ethical committee, 

Kaduna State Ministry of Health, Kaduna, with reference number MOH/ADM/744/Vol.1/61. 

All participants consented to take part in the study, which was conducted in accordance 

with the WHO and American Physiological Society Guiding Principles for Research 

involving animals and human beings (Association, 2009). Sample of informed consent 

form attached (Appendix). 

3.2.7 Data/ Sample Collection  

Subjects who consented to the study were given particular days to be in the department of 

Human Physiology, Kaduna State University (KASU), because an average of 20 subjects 

were evaluated on each working day. They were called a day before their appointment, and 

reminded to fast for 12 hours prior to blood collection.  

On the appointed day, venous blood was collected at arrival of each subject. An apple was 

then given to break the fast. Height and weight were measured using a stadiometre, with 

the participants lightly clothed and without shoes. Body mass index (BMI) was then 

calculated as weight-in-kilograms divided by the square of height (in metres). Each subject 

filled a questionnaire (sample attached at Appendix), containing information on 
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demographic parameters, then blood pressure was measured. Participants were classified as 

normal weight with BMI of 18.5 - 24.9 kg/m
2
; overweight with BMI of 25.0 -29.9 kg/m

2
; 

and obese if BMI was Ó 30 kg/m
2
. 

3.3 Methodology 

3.3.1 Blood Pressure Measurement  

Blood pressure (BP) was measured by use of a sphygmomanometer and stethoscope 

(auscultatory method) according to the WHO standard protocol as follows (CDC Manual): 

a. With participant seated for at least 5 minutes, the cuff was placed around the upper 

left arm.  The mid-point of the length bladder was placed over the brachial artery, 

and the mid height of the cuff was at height level.   

b. Lower edge of the cuff was placed, with its tubing connections, about one (1) inch 

above the natural crease across the inner aspect of the elbow.  

c. The cuff was wrapped snugly about the arm, with the palm of the participantôs hand 

turned upward. 

d.  The cuff was then inflated manually by squeezing a rubber bulb, until the artery is 

completely occluded, which was indicated by obliteration of the pulse, felt by 

palpation on the radial artery on the wrist. Then the pressure in the cuff was slowly 

released by deflating the cuff.  

e. The pressure at which sounds produced by the arterial pulse waves (Korotkoff 

sounds) appear (systolic pressure) and disappear again as flow through the artery 

resumes (diastolic pressure), were noted. 

f. Participants were classified as hypertensive if their systolic BP was Ó 140 mm Hg, or 

if their diastolic BP was Ó 90 mm Hg, or if they were on anti-hypertensive drugs.  

g. All readings are made to the nearest even digit.   
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h. All readings which appears to fall exactly between marking on the mercury column 

were read to the nearest higher marking, i.e. 2,4,6,8 or 0.    

i. All readings were made at the top of the meniscus, the rounded surface of mercury 

column.  

3.3.2 Blood and serum sample collection 

Blood samples were collected by trained laboratory technologists in the Department of 

Human Physiology, KASU, on each working day from 8 am to 10.30 am, under 

supervision by physicians from Community Medicine and Haematology Departments, 

KASU. On arrival of each participant every morning, preliminary exchange of pleasantries 

was done, after which the participants were asked what time they eat or drank anything, to 

confirm the 12 hour fast. This was followed by a brief registration that entailed assignment 

of a sample number on a questionnaire which was later filled by the participant. The 

sample number was quoted on each sample collection tube, accordingly. The sample 

collection began by tying a tourniquet to the upper arm above the cubital fossa. The ante-

cubital area was cleaned with cotton-wool that was soaked in methylated spirit, and 

allowed to dry. The most prominent vein was identified and 10 ml of blood was collected 

into the syringe.  Blood sample (3 ml) was immediately stored in a sample tube containing 

dipotassium ethylenediaminetetraacetic acid (K2EDTA), gently mixed by inverting the 

tube against the stopper repeatedly, and this was later (between 10. 00 am and 10.20 am) 

taken to Barau-Dikko Specialist Hospital for haematological analyses, which was 

conducted  soon as arrival of the sample. The remaining blood sample (7 ml) was emptied 

into labeled plain tubes and left to stand for twenty to thirty minutes, then spun at 3000 g in 

a centrifuge for 20 minutes to obtain the serum. The serum samples were then made into 

aliquots  of about 0.5 ml in labeled sterile Eppendorf  tubes, with each serum sample 

divided into four portions; A, B and C. Each group was put into separate, correspondingly 
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labeled rack and stored at 
-
80

0
 C until needed for analyses (ñAò for hormonal assays; ñBò 

for oxidative stress markers analyses; and ñCò for Lipid profile and fasting glucose 

analyses). The serum samples were frozen within four hours of collection each day.  

Subjects were each given an apple to break their fast after blood collection, then filled a 

questionnaire for data about their socio-demographic background. They then proceeded 

with measurement of blood pressure, height and weight. During the data collection, 

respondents who were found to have an elevated blood pressure were asked to come for a 

second measurement, and if still found to be high, were immediately referred to the sick-

bay, KASU main campus, for consultation by a physician. After laboratory analyses, 

participants who were found with some abnormal values were referred to the sick-bay for 

further investigation and management.  

3.3.3 Assay for adiponectin  

Adiponectin concentration was determined by ELISA according to method described by 

Yamauchi et al., (2001). Human adiponectin ELISA kit (WKEA Med Supplies Corp, 

China) was used. 

Principle 

Purified human adiponectin antibody was used to coat microtitre plate wells, and make 

solid-phase antibody. Addition of adiponectin to the wells, combines the adiponectin with 

labeled enzyme, which forms antibody- antigen-enzyme-antibody complex. The substrate 

is added after washing completely, and a blue colour results. The addition of a sulphuric 

acid solution terminates the reaction and the colour change was measured 

spectrophotometrically at a wavelength of 450 nm. Concentration of adiponectin in the 

samples was then determined by comparing the optical density (OD) of the samples to a 

standard curve. 
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Method  

Standard wells (10) were set on the coated microtitre plate.  Standard (100 µL) was added 

to the first and the second wells, and then 50 µL of standard dilution were also added to the 

first and second wells, and mixed by rotating the microtitre plate. 

From the first and second wells, 100 µL of the mixture was taken out and the second wells, 

and added to the third and the fourth wells separately. Standard dilution (50 µL) was added 

to the third and fourth wells, and mixed. 

From the third and the fourth wells, 50 µL were taken out separately and discarded.  Again, 

50 µL was taken out of the third and the fourth wells separately, and added into the fifth 

and the sixth wells separately. Standard dilution (50 µL) was added to the fifth and sixth 

wells separately, and mixed as above. 

A total of 50 µL each was taken out from the fifth and sixth wells, and added to the 

seventh and eighth wells separately. Exactly 50 µL of standard dilution was added to the 

seventh and eighth wells separately, and mixed.  50 µL was then taken out from the 

seventh and eighth wells and added into the ninth and tenth wells separately.  

Standard dilution (50 µL) was added into the ninth and tenth wells separately, and mixed. 

50 µL was then taken out from the ninth and tenth wells and discarded. 

At the end of each dilution, 50 µL was kept in each well (density: 900 µg/ L, 600 µg/ L, 

300 µg/ L, 150 µg/L, 75 µg/ L). 

Sample wells, and blank wells were set, separately, in microtitre plate. 40 µL of sample 

dilution were added to each sample well, followed by addition of 10 µL of sample, and 

gently mixed. Samples were not added to the blank wells. Care was taken to avoid 

touching the wall and bottom of the wells while adding the samples. 
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The microtitre plate was covered with the closure membrane, and incubated for 30 minutes 

at 37
o
C. 

Wash solution was diluted 30- fold with distilled water, and then reserved in squirt bottle. 

After incubation, the mixture was poured out into a sink; each well was completely filled 

with the wash solution by using the squirt bottle, and then aspirated into the sink. Same 

procedure was repeated four more times, making a total of five washes. 

After the final wash, the microtitre plate was inverted and blotted dry by hitting on 

absorbent paper repeatedly until no moisture appeared.  The sides of the plate frame were 

held firmly during washing and blot-drying, to ensure that all the strips remained securely 

in place. 

Enzyme conjugate reagent (50 µL) was added to each well except the blank, then covered 

with the closure membrane, and incubated for 30 minutes at 37
o
C.  After incubation, it was 

washed five times as above. 

Substrate A (50 µL) and substrate B (50 µL) were added to each well, covered with closure 

membrane, and incubated for 15 minutes at 37
o
C, after which the reaction was stopped by 

addition of 50 µL of the stop solution and mixed well. 

The optical density (OD) of each well was determined by the micro-plate reader within 15 

minutes. 

Calculation:  The standard density was taken as the horizontal, while OD value for the 

vertical, and a standard curve was drawn on the graph paper. The corresponding density 

according to the sample OD value was extrapolated on the standard curve, multiplied by 

the dilution multiple, to get the actual sample density. 
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3.3.4 Assay for ghrelin  

Ghrelin was determined by ELISA technique according to the method that was described 

by (Stylianou et al., 2007). Human Growth Hormone Releasing Peptide- Ghrelin (Ghrelin) 

ELISA Kit (WKEA Med Supplies Corp, China), was used for the assay.  

Principle  

Purified human ghrelin was used to coat microtitre plate wells to make a solid- phase 

antibody, then ghrelin was added to the wells, and the combined ghrelin antibody, with 

labeled enzyme, becomes antibody- antigen- enzyme- antibody complex, after complete 

washing. Addition of substrate catalyzed the reaction with formation of a blue color, which 

is measured spectrophotometrically at a wavelength of 450 nm. The reaction was stopped 

by addition of a sulphuric acid solution.  Concentration of ghrelin in the samples was 

determined by comparing the OD of the samples to the standard curve. 

Method  

Pre-coated standard wells (10) were set on the microtitre plate, 100 µL of the standard 

were added to the first and second wells, followed by addition of 50 µL of the standard 

dilution to the first and second wells. It was mixed by rotating the microtitre plate 

continuously in a circular motion, and then 100 µL of the mixture was taken out of the first 

and the second wells and added to the third and the fourth wells separately. 

Standard dilution (50 µL) was added to the third and fourth wells, mixed as previously 

done and 50 µL was taken out from the third and fourth wells separately and discarded. A 

further 50 µL was taken out from the third and fourth wells separately as before, and added 

into the fifth and the sixth wells. Standard dilution (50 µL) was added to the fifth and sixth 

wells, and then mixed. 
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From the fifth and sixth wells, 50 µL each were removed and added into the seventh and 

eighth wells, then 50 µL of standard dilution was added into the seventh and the eighth 

wells separately and mixed. A total of 50 µL was then taken out from the seventh and 

eighth wells and added into the ninth and tenth wells. Exactly 50 µL of the standard 

dilution was added to the ninth and tenth wells and mixed. 

From the ninth and tenth wells, 50 µL were discarded out of each. 50 µL was left in each 

well after diluting (density: 2400 ng/L, 1600 ng/L, 800 ng/L, 400 ng/L, 200 ng/L). 

Sample wells were set separately from the blank. Sample diluent (40 µL) was added to 

each sample well, followed by addition of 10 µL of each sample. Care was specially taken 

not to touch the wall and bottom of the wells while adding the samples. It was then gently 

mixed. 

The closure plate membrane was used to cover the wells within the microtitre plate, and 

incubated for 30 minutes at 37
o
C.  

The wash solution was diluted 30 fold with distilled water and reserved in squirt bottle. 

The incubation mixture was aspirated into a sink, and then each well was completely filled 

with the wash solution by using the squirt bottle, and then aspirated into the sink. Same 

procedure was repeated four more times, making a total of five washes. 

After the final wash, the microtitre plate was inverted and blotted dry by hitting on 

absorbent paper repeatedly until no moisture appeared.  The sides of the plate frame were 

held firmly during washing and blot- drying, to ensure that all the strips remained securely 

in place. 
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Enzyme conjugate reagent (50 µL) was added to each well except the blank, then covered 

with the closure membrane, and incubated for 30 minutes at 37
o
C.  After incubation, it was 

washed five times as above. 

Substrate A and substrate B (50 µL each) were added to each well, covered with closure 

membrane and incubated for 15 minutes at 37
o
C, after which the reaction was stopped by 

addition of 50 µL of the stop solution and mixed well. 

The OD of each well was determined by the microplate reader within 15 minutes. 

Calculation: The standard density was taken as the horizontal, while OD value for the 

vertical, and a standard curve was drawn on the graph paper. The corresponding density 

according to the sample OD value was extrapolated on the standard curve, multiplied by 

the dilution multiple, to get the actual sample density. Normal assay range was between 

100 ng/ L- 3000 ng/ L. 

3.3.5 Oxidative Stress Profiling 

i. Determination of cellular integrity ï Lipid peroxidation  

Cellular integrity was determined by lipid peroxidation as thiobarbituric acid reactive 

substances, (TBARS), according to Ohkawa et al. (1979), by using trichloroacetic acid 

(TCA) and thiobarbituric acid (TBA).  

Principle 

Lipid peroxidation generates peroxide intermediates, which, upon cleavage, release 

malondialdehyde, (MDA). MDA is a product that reacts with thiobarbituric acid, to 

produce a colored complex which absorbs light at a wavelength of 535 nm, therefore, it 

can be measured. 
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Method  

Test tubes were labeled according to the sample numbers, 1 ml of 15 % TCA added, 

followed by 1 ml of 0.67 % TBA. 

Serum samples (50 µL) were then added into corresponding test tube, and the mixture was 

placed inside a water-bath, kept at 80
0 

C, and incubated for thirty minutes, and then 

allowed to cool. 

It was then centrifuged at 3,000 rmp for ten minutes, by using the centrifuge Labofuge 300, 

Heraeus. The clear supernatant was collected. 

Absorbance of the supernatant was then measured at 535 nm on spectrophotometer 

JENWAY 6305. 

Calculation: TBARS concentrations were expressed in nmol/mg protein, which was 

calculated as follows: 

Concentration mmol/ mg protein = Absorbance of sample/ 1.56 x 10
-5 

x protein 

concentration (mg)   

The MDA that was formed was calculated by using the molar extinction coefficient of 

 1.56 x 10
5
cm

-1
M

-1
.  

Concentration of MDA = absorbance of sample/1.56 x 10
5
 cm

-1
 M

-1  
 

ii.  Superoxide dismutase  

Superoxide dismutase, (SOD), was determined by the method described by Fridovich 

(1989). 

Principle  

The principle was based on the ability of SOD to inhibit auto-oxidation of adrenaline at pH 

10.2. 



66 

Method  

Serum sample (0.1 mL) was diluted with 0.9 mL of distilled water, to make 1: 10 dilution 

of microsome. 

 The diluted mixture (0.2 mL) was added to 2.5 mL of 0.05M carbonate buffer, and then 

0.3 mL of 0.3 nM adrenaline was added to start the reaction. 

Carbonate buffer (2.5 mL) was mixed with 0.3 mL of 0.3 mM adrenaline and 0.2 mL of 

distilled water in a separate test tube. This was the reference mixture. 

Absorbance was measured over 30s up to 150s at 480 nm. 

Calculation: Increase in absorbance per minute = (A5- A1) / 2.5 

 % inhibition = increase in absorbance for substrate    x  100 

   Increase in absorbance of blank 

 

One unit of SOD activity is the quantity of SOD necessary to elicit 50% inhibition of the 

oxidation of adrenaline to adenochrome in one minute. 

iii.  Catalase activity  

Catalase activity was measured by using the method of Abei (1974).  

Method   

Potassium phosphate buffer (2.8 ml), at pH of 7.0, was added into labeled test tubes. 

Each serum sample (10 µL) was added into the test tubes containing the buffer. 

The reaction was initiated by adding 0.1 ml of freshly prepared 30mM hydrogen peroxide, 

H2O2, was then added into each test tube, in batches of twenty, and incubated for 5 

minutes.  

The decomposition rate of the H2O2 was measured at 240 nm, on a JENWAY 6305 

spectrophotometer. 
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Calculation: A molar extinction coefficient (E) of 0.041 mM
-1 

cm
-1 

was used to calculate 

the activity of catalase. 

Catalase concentration = absorbance of sample/molar extinction coefficient x protein 

concentration (mg/ ml). 

*Unit - One unit is the amount of catalase that decomposes 1mmol of H2O2 per minute at 

pH of 7.0.  

iv. Glutathione  

Concentration of reduced glutathione was determined according to Ellman (1959), as 

described by Rajagopalan et al., (2004). 

 Principle  

This test is based on the reaction of 5, 5ô-dithiobis nitro benzoic acid (DNTB) and reduced 

glutathione (GSH). 

Method   

Serum sample (150 µL) was added into correspondingly labeled test- tubes, 1.5 ml of 10 % 

TCA was added into each tube and centrifuged at 1500 g for 5 minutes.  

The supernatant (1 ml) was treated with 0.5 ml of Ellmanôs reagent, and 3 ml of phosphate 

buffer at pH 8.0.  

Absorbance was read at 412 nm. The quantity of GSH was extrapolated from a graph of 

the GSH standard curve. 
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3.3.6 Lipid Profiling  

i. Total cholesterol 

Total cholesterol was determined by enzymatic endpoint method, by using RANDOX 

assay kits (Randox Laboratories Ltd, United Kingdom, Cat no. RX MONZA CH 210), as 

described by Allain et al. (1974). 

Principle  

Cholesterol was determined after enzymatic hydrolysis and oxidation. Quinoneimine, 

which is an indicator, is formed from hydrogen peroxide and 4-aminoantipyrine in the 

presence of phenol and peroxidase. 

                                             Cholesterol esterase             

          Cholesterol ester + H2O                          Cholesterol + Fatty acids              (4) 

 

                                      Cholesterol oxidase 

          Cholesterol + O2                                    Cholestene-3-one + H2O2                (5) 

 

Method 

Distilled water (10 µL), and reagent (1000 µL) were pipetted into a test-tube, labeled as the 

reagent blank. 

Standard (10 µL), and reagent (1000 µL) were added into a test-tube labeled óstandardô.  

Sample (10 µL), and 1000 µL of reagent were collected into another test tube that was 

labeled as sample. 

Contents of each test- tube were mixed, and then incubated for 10 minutes at a temperature 

of 20- 25
0
C. 

Absorbance of the each sample was measured at 500 nm, against the reagent blank within 

60 minutes. 

Calculation:  Concentration of cholesterol in the sample was calculated as follows: 
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Concentration of cholesterol in sample = absorbance of sample/standard x concentration of 

standard. 

Normal values in serum: 

 < 5.17 mmol/l (200 mg/dL) = Desirable blood cholesterol 

1.17 - 6.18 mmol/l (200- 239 mg/dL) = Borderline- high blood cholesterol 

Ó 6.20 mmol/l (240 mg/dL) = High blood cholesterol 

  ii . Serum triglycerides 

Serum triglyceride was measured by colorimetric method (McGowan et al., 1983) using 

Randox kits (Randox Laboratories Ltd, United Kingdom, Cat no. RX MONZA TR 210). 

Principle  

Triglyceride (TG) was determined after enzymatic hydrolysis with lipase. Triglycerides 

were hydrolyzed by lipase to glycerol and free fatty acid (FFA). The glycerol reacted with 

adenosine triphosphate (ATP) to form glycerol-3-phosphate and adenosine diphosphate 

(ADP) under the influence of glycerol kinase (GK). Glycerol-3-phosphate was oxidized by 

glycerol phosphate oxidase (GPO) to dihydroxyacetone phosphate and hydrogen peroxide. 

Hydrogen peroxide was then combined with 4-aminoantipyrine to form quinoneimine (a 

coloured compound), the intensity of which was proportional to the concentration of TG 

that was present in the sample. The coloured complex was read at 500 nm. 

Method 

The test tubes were prepared and labelled as blank, standard and test. Into each test tube, 

1000 µL of working reagent was pipetted.  

Triglycerides standard, 10 ÕL and sample, 10 ɛL were added into the tubes labeled as 

standard and test, respectively. 
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 The contents of each tube were mixed, and then incubated for 10 minutes at 20- 25 
0
C. 

Absorbance was measured at 500 nm against reagent blank. 

Calculation: The results were calculated, thus:  

Triglyceride concentration (mmol/L) = OD of sample/ OD of standard x 2.23 mmol/L  

iii. Serum high density lipoprotein cholesterol 

Serum HDL-cholesterol was measured by precipitation method (Burstein et al., 1970), 

using RANDOX assay kits  (Randox Laboratories Ltd, United Kingdom, Cat. No. CH 

203). 

 

Principle 

When serum is combined with a polyethylene glycol reagent (PEG 6000), all the beta 

lipoproteins, very -low density lipoproteins (VLDL) and low density lipoproteins (LDL) 

are precipitated. After centrifugation, the cholesterol concentration in the HDL fraction 

(alpha- fraction) that remains in the supernatant is then treated as a sample and assayed for 

cholesterol by enzymatic red dye method. 

Method  

One precipitating tube was prepared and labelled as test. Into the tube, 500 µL of 

precipitating reagent (reagent A) was pipetted and 500 µL of sample was added.  

The contents were mixed and then incubated at room temperature for 5 minutes. These 

were then centrifuged at 3000 g for 10 minutes.  

The supernatant was collected and treated as a sample and assayed for cholesterol. 

Three test tubes were then prepared and labelled as blank, standard and test. Into each of 

the test tubes, 1000 µL of working reagent was pipetted. 
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Cholesterol standard, 25 µL and supernatant, 25 µL were added into the tubes labelled 

standard and test, respectively. The contents were then mixed, and measured against 

reagent blank at 500 nm. The result was calculated, thus: 

     HDL-Cholesterol concentration (mmol/L) =  

OD of sample/ OD of standard x 5.09 mmol/L. 

iv. Serum low density lipoprotein cholesterol (LDL-C) 

Serum LDL-C was derived from Friedewald equation (Friedewald et al., 1972). 

3.3.7 Fasting Blood Glucose  

Serum glucose concentration was measured by use of the glucose oxidase method (Trinder, 

1969), using Randox assay kit (Randox Laboratories, USA, CAT. No. GL 2623. Serum 

glucose for each sample was determined within a maximum of forty- eight hours after 

collection. 

Principle  

Glucose was determined after enzymatic oxidation in the presence of glucose oxidase. 

Hydrogen peroxide was formed, which reacted with phenol and 4-aminophenazole, 

catalyzed by peroxide, to form a red- violet quinoneimine dye as indicator.  

Method 

A vial of the reagent was reconstituted with a portion of Buffer, and the entire content was 

transferred to the bottle containing the buffer. This is the working reagent. 

Standard (20 µL) was pipetted into a test tube that was labeled óstandardô. 

Each sample (20 µL) was pipetted into labeled test- tubes. 

Working reagent (200 µL) was added and mixed.  The mixture was incubated for 10 

minutes at about 37
0
C. 



72 

Absorbance of the standard was measured and recorded. Absorbance of each sample was 

also measured and recorded. 

Calculation: Glucose concentration of each sample was calculated thus: 

Glucose concentration (mmol/L) = Optical density (OD) of sample/ OD of standard x 5.55 

Normal range = 4.2- 6.4 mmol/L OR 75 -115 mg/dL.  

3.3.8 Full Blood Count 

This was carried out using an automated analyzer; KX-2IN (Sysmex Corporation, Kobe, 

Japan) Haematology analyzer.  

Principle 

The principle was based on impedance counting of diluted blood cells. The flow rate of the 

diluted sample through an aperture was maintained by an electric current. As cells pass 

through the aperture, some of the fluid was displaced with generation of electrical 

resistance. The resulting potential change between electrodes produced pulses, the heights 

of which corresponded to the volume of the cells passing through. 

3.3.9 Detection of Helicobacter pylori Infection  

H. pylori infection was detected by serological testing as described by Shukla et al., 

(2012).  

Principle  

This assay involves measurement of a specific IgG antibody against H. pylori. Antibody 

index of each sample was calculated by dividing the optical density (OD) value of each 

sample by the cut-off value (that was provided by the manufacturer for the ELISA kit). 

Antibody index < 0.9 indicates no detectable antibody; antibody index of 1.1 is a 

borderline positive; while > 1.1 indicates H. pylori infection. 
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Method  

The wells were placed onto the microplate plate. The number sequence on each well 

corresponded with the serum sample number. The negative and positive controls were 

added separately in different wells. Diluent (40 µL ) was added to each of the remaining 

wells, followed by 10 µL of the serum sample. Samples and enzyme conjugates were not 

added to the blank well. The wells were mixed well, without touching inside, covered with 

the closure plate membrane, and incubated for forty-five minutes at 29°C. 

The wash solution was diluted thirty-fold and made up to 600 ml. After incubation, the 

mixture was poured into the sink and washed (by using a squirt bottle) four times with the 

wash solution. The plate was then inverted and blotted dry by hitting onto absorbent paper 

towels, until no moisture appears. The sides of the plate were particularly held firm by the 

sides to ensure that all strips remain securely in frame during washing.    

Enzyme substrate (50 µL) was added to each well, except the blank, and then covered with 

the closure plate membrane. It was incubated for forty-five minutes at 29°C, then washed 

four times as above, and blotted dry, using the same procedure as earlier done.  

Substrate A (50 µL) and substrate B (50 µL) were added to each well, covered and 

incubated in the dark for thirty minutes at 29°C. 

Stop solution (50 µL) was added to each well to stop the reaction.  

The blank was taken at zero and the absorbance was read off the micro analyser at 450 nm. 

3.4 Statistical Analysis 

Statistical significance between the groups (normal, overweight and obese) was determined 

by analysis of variance (ANOVA). Scheffe post-hoc test was used to determine 

significance. Chi-square was used to analyze qualitative variables. Relations between the 

variables were determined by Pearsonôs and Spearmanôs correlation analysis. All data were 
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analyzed by statistical package for social sciences (SPSS) version 20.0 for windows/IBM 

Corp.). Data were presented as mean ± standard error of mean, and also in percentages 

where relevant. Values of P Ò 0.05 were considered significant.   
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CHAPTER FOUR 

4.0 RESULTS 

A total of 280 subjects, comprising 186 males and 94 females participated in the study. 

Each group of males and females was further classified according to body mass index 

(BMI) categories, into normal, overweight, and obese groups, as follows: 

¶ Normal (BMI of 18.5 ï 24.9 kg/m
2
) 

¶ Overweight (BMI of 25 ï 29.9 kg/m
2
) 

¶ Obese (BMI of 30 kg/m
2 
and above) 

4.1 Overall Demographic and BMI (kg/m
2
) Parameters of the Study Population 

Out of the studied participants, 152 (54.3 %) had normal BMI, 55 (19.6 %) were 

overweight, and 73 (26.1 %) were obese (Table 4.1). The mean age for the participants 

with normal BMI, was 28.1 ± 0.63 years; overweight had 36.8 ± 12.00 years, while the 

obese subjects had (36.5 ± 11.57) years. Majority were in the 25- 39 age range (Table 4.1). 

The difference in age across the BMI classification was significant (P < 0.001) (Table 4.1). 

The mean blood pressure within both the overweight and obese, compared to the controls, 

is normal.  

There were more males (66.1 %) compared to females (33.6 %). 67.1 % of male 

participants had normal BMI while only 21.7 % of the females had normal BMI. 

Furthermore, 45.2 % of participants who were obese were males, and 54.8 % were females 

(Table 4.1).  

Out of 186 males in the study, 113 had normal BMI, 40 were overweight and 33 were 

obese. Mean age of male subjects was 28.1 ± 0.63 years, 37.03 ± 1.90 years, and 38.4 ± 

2.08 years for normal, overweight and obese respectively. The difference in age across the 
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classes was significant (P < 0.001). There was no significant difference in the overweight 

and obese compared to the controls (P > 0.05).  
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Table 4.1: Overall Demographic and BMI (kg/m
2
) Parameters of the Study Population 

  

Variable Normal (n = 152)  Overweight (n = 55)  Obese (n = 73)  p-value 

 

Percentages  54.3  19.6 26.1  

Age (years):     

 

mean ± SEM 27.6 ± 6.79 37.0  ± 12.00 38.4 ± 2.08
a
 0.000**  

 

        < 25 69 (45.4%) 8 (14.5 %) 13 (17.8 %)  

 

        25 ï 39  71 (46.0% ) 28 (50.9 % ) 32 (43.8 %)  

 

        Ó 40 12(7.9% ) 19 (34.5 %) 28 (38.4 %)  

 

Sex:     

 

        Males: 113 (74.3%) 40 (72.7%) 33 (45.2%)  

 

        mean age (years) 28.1 ± 0.63 37.03 ± 1.90 38.40 ± 2.08
a
 0.000**  

 

        Females: 39 (25.7%) 15 (27.3%) 40 (54.8%)  

 

        mean age (years) 24.8 ± 1.07 36.1 ± 3.18
b
 34.9 ± 1.84

a
 0.000**  

 

Blood pressure:  

(mm Hg), mean ± SEM 

    

        SBP  116.5 ± 1.15 119.1 ± 2.64 115.1 ± 1.54 
NS 

 

        DBP  80.5 ± 1.90 78.9 ± 1.24 79.0 ± 0.7157 
NS 

 

a= significant when compared with normal, b= significant when compared with normal, 

SBP = systolic blood pressure, DBP = diastolic blood pressure, SEM = standard error of 

mean, NS = non-significant difference 

 

Out of the 94 females, 39 had normal BMI, 15 were overweight, and 40 were obese. The 

mean age (years) of females within overweight (36.1 ± 3.18) and obese (34.9 ± 1.84) were 

significantly higher (P = 0.001) compared to control (24.8 ± 1.07). Blood pressure 

recordings showed no difference between the overweight and obese to the controls (Table 

4.1). 
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4.2 Levels of Adiponectin and Ghrelin in the Study Population by BMI (kg/m
2
) Class 

In the overall study population, mean adiponectin concentration (µg/ L) was not 

significantly different (P < 0.05) between the groups (Table 4.2). However, when separated 

according to sex, the overweight (1.6 ± 0.06) and Obese (1.5 ± 0.05) males had statistically 

significant (P < 0.05) different value to the controls (1.4 ± 0.03) (Table 4.3). There was, 

however, no statistical significant difference (P > 0.05) between the overweight (1.4 ± 

0.07) and obese (1.5 ± 0.05) in the females compared to controls (1.5 ± 0.06) (Table 4.3).  

Mean values of serum ghrelin concentration (ng/ L) in the overall study population, normal 

(559.0 ± 33.35), compared to overweight (724.0 ± 86.86) and obese (562.0 ± 25.29) was 

statistically significant (P < 0.05), Table 4.2. The strength of this significance (P < 0.01) 

was maintained in the males but not in the females (Table 4.3). 
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Table 4.2: Levels of Adiponectin and Ghrelin in the Overall Study by BMI (kg/m
2
) Class 

Variable (BMI - kg/m
2
) Normal  Overweight  Obese  p-value 

N 152 55 73  

Adiponectin (µg/L)  1.4 ± 0.03 1.5 ± 0.05 1.5 ± 0.03    > 0.05 

Ghrelin (ng/L)  559.3 ± 33.35 724.9  ±  86.86 562.3 ± 25.29    < 0.05 
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Table 4.3: Levels of Adiponectin and Ghrelin in Males and Females According to BMI 

(kg/m
2
) Class 

 

Variables Normal  Overweight  Obese  p-value 

Males:     

n 113 40 33  

Adiponectin (µg/L) 1.4 ± 0.03 1.6 ± 0.06
a
 1.5 ± 0.05 <0.05

 

Ghrelin (ng/L) 521.2 ± 11.48 718.9 ± 94.40
a
 569.7 ± 24.90 <0.01

 

Females:     

n 39 15 40  

Adiponectin (µg/L) 1.5 ± 0.06 1.4 ± 0.07 1.5 ±  0.05 
NS 

Ghrelin (ng/L) 716.4 ± 128.22 748.5 ± 198.93 556.3 ± 20.57 
NS 

a = significant when compared with normal 

NS = non-significant difference 
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4.3 Oxidative Stress Markers of the Study Participants 

Table 4.4 showed that only MDA and CAT were significantly different (P < 0.05) between 

the overweight and obese compared to the controls. Separating the sexes, there was only 

significant difference (P < 0.01) in CAT in males, and MDA in females (Table 4.5). 
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Table 4.4: Overall Oxidative Stress Markers of Study Population According to Body mass  

  index (kg/m
2
) Class 

Variables Normal  Overweight  Obese  p-value 

n 152 55 73  

Malondialdehyde (nmol/mg) 154.3  ± 6.55 191.2  ± 14.81
a
 144.8  ±  10.04 < 0.01 

Superoxide dismutase (U/ml) 16.7  ±  0.82 17.6  ± 1.48 16.6  ±  1.00 
NS 

Catalase (U/mg) 36.4  ± 1.05 41.7  ± 3.18 43.0 ± 1.93
b
 < 0.05 

Glutathione (µg/ml) 57.2  ±  3.24 57.0  ± 5.48 65.9  ±  10.50 
NS 

a = significant when compared with obese 

b = significant when compared with normal 

NS = non-significant difference 
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Table 4.5: Oxidative Stress Responses in Males and in Females 

Variables Normal  Overweight  Obese  p-value 

Males:     

n 113 40 33  

Malondialdehyde 

(nmol/mg) 

156.5 ± 7.4 192.7± 17.69 170.9 ±17.95 
NS 

Superoxide dismutase 

(U/mL) 

16.4 ± 1.00 18.9 ± 1.98 17.8 ± 2.00 
NS 

Catalase (U/mg) 36.6 ± 1.20 44.4 ± 4.26 48.9 ± 3.19
a
 <0.01

 

Glutathione (µg/mL) 58.6 ± 4.10 59.9 ± 7.45 76.9 ± 18.70 
NS 

Females:     

n 39 15 40  

Malondialdehyde 

(nmol/mg) 

144.4 ± 12.55 197.2± 31.18
b
 123.3± 9.75 <0.01

 

Superoxide dismutase 

(U/mL) 

17.7 ± 1.41 14.0 ± 0.87 15.6 ± 0.74 
NS 

Catalase (U/mg) 35.9 ± 2.19 34.4 ± 1.80 38.1 ± 2.08 
NS 

Glutathione (µg/mL) 53.3 ± 4.33 49.0 ± 2.68 56.9 ± 11.40 
NS 

a = significant when compared with normal 

b = significant when compared with obese  

NS = non-significant difference 
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4.4 Levels of Lipid Profile and Serum Fasting Glucose of Study Participants 

Triglyceride (mmol/ L) was the only serum lipid that showed a significant difference (P < 

0.05) especially in the overall class (1.8 ± 0.18) compared to the controls (1.4 ± 0.07) 

(Table 4.4). This difference did not persist after separating into the sexes (Table 4.6). 

The serum fasting sugar (mmol/ L), though showed an increase in both the overweight (4.8 

± 0.24) and obese (4.7 ± 0.19) compared to the control (4.4 ± 0.08), it was not statistically 

significant (Table 4.6).  This persisted even after separating into the sexes (Table 4.7).   
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Table 4.6: Overall Serum Lipids and Fasting Glucose of the Study Population by Body  

  Mass Index (kg/m
2
) Class 

Variables Normal  Overweight  Obese  p-value 

n 152 55 73  

Total Cholesterol (mmol/l) 3.3 ± 0.10 3.8 ± 0.23 3.4 ± 0.13 
NS 

Triglyceride (mmol/l)*  1.4 ± 0.07 1.8 ± 0.18
a
   1.5  ± 0.08 < 0.05* 

High-density lipoprotein 

cholesterol (mmol/l) 

0.8  ± 0.04  0.8  ± 0.04 0.8  ± 0.05 
NS 

Low- density lipoprotein 

cholesterol (mmol/l) 

2.0  ± 0.09 2.3  ± 0.24 2.0 ± 0.13 
NS 

Glucose (mmol/l) 4.4  ± 0.08  4.8  ±  0.24 4.7  ± 0.19  
NS 

a = significant when compared with normal 

NS = non-significant difference 
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Table 4.7: Levels of Serum Lipids in Males and in Females According to Body Mass 

Index (kg/ m
2
) Class 

 

Variables Normal  Overweight  Obese  p-value 

Males:     

N 113 40 33  

Low-density lipoprotein (mmol/L) 1.8 ± 0.10 2.2 ± 0.30 2.0 ± 0.19 
NS 

High-density lipoprotein (mmol/L) 0.8 ± 0.05 0.8 ± 0.05 0.8 ± 0.08 
NS 

Total cholesterol (mmol/L) 3.3 ±0.10 3.6 ± 0.30 3.5 ± 0.21 
NS 

Triglycerides (mmol/L) 1.4 ± 0.08 1.7 ± 0.23 1.5 ± 0.15 
NS 

Glucose (mmol/L) 4.4 ± 0.08 4.5 ± 0.22 4.9 ± 0.29 
NS 

Females:     

N 39 15 40  

Low-density lipoprotein (mmol/L) 2.3 ± 0.22 2.6 ± 0.36 2.0 ± 0.19 
NS 

High-density lipoprotein (mmol/L) 0.8 ± 0.04 0.8 ± 0.08 0.8 ± 0.05 
NS 

Total cholesterol (mmol/L) 3.6 ± 0.21 4.0 ± 0.33 3.4 ± 0.17 
NS 

Triglycerides (mmol/L) 1.4 ± 0.12 1.9 ± 0.25 1.4 ± 0.09 
NS 

Glucose (mmol/L)  4.6 ± 0.24 5.3 ± 0.66 4.6 ± 0.26 
NS 

NS= non-significant difference 
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4.5 Haematological Parameters of the Study Population 

Total Leucocyte count was significantly (P < 0.01) increased in obese subjects (5.7 ± 0.15 

× 10
3
/µL) when compared to normal subjects (5.1 ± 0.12 × 10

3
/µL) (Table 4.8) in the 

overall subjects, but other measured haematological parameters were not significant (Table 

4.8). Obese male participants had significantly increased PCV (46.1 ± 0.57 %) and WBC 

(5.8 ± 0.21 × 10
3
/µL) counts when compared to controls (44.3 ± 0.33 %) and (5.0 ± 0.13 × 

10
3
/µL) respectively (Table 4.9). However, overweight females had significantly decreased 

(P < 0.05) neutrophils (37.0 ± 2.26 %) compared to control (44.5 ± 1.24 %) (Table 4.9). 
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Table 4.8: Haematological Parameters of the Study Population According to Body Mass 

Index (kg/m
2
) 

 

Variables Normal  Overweight  Obese  p-value 

n 152 55 73  

Red blood cell count (x10
6
/µL) 4.9  ± 0.05 4.9 ±  0.08 4.8  ± 0.07 

NS 

Haemoglobin level (g/dL) 13.6  ± 1.94 13.8 ± 1.55 13.2  ± 1.52 
NS 

Packed cell volume (%) 42.5 ± 0.45 43.6 ± 0.65 42.5 ± 0.53 
NS 

White blood cell count (x10
3
/µL) 5.1 ± 0.12 5.2  ± 0.20 5.7 ± 0.15

a
 < 0.01 

Neutrophil (%) 43.3 ± 0.98 40.0 ± 1.78 42.6  ± 0.95   
NS 

Lymphocyte (%) 47.2  ± 0.80 46.5 ± 1.23 47.2  ±  0.86 
NS 

a = significant when compared with normal 

NS = non-significant difference 
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Table 4.9: Haematological Parameters in Males and in Females According to Body Mass 

Index (kg/m
2
) Class 

Variables Normal  Overweight  Obese P-value 

Males:     

N 113 40 33  

Red blood cell count (x10
6
/µL) 5.1 ± 0.05 5.2 ± 0.08 5.3 ± 0.09 

NS 

Haemoglobin (g/dL) 14.2 ± 0.13 14.5 ± 0.17 14.4 ± 0.17 
NS 

Packed-cell volume (%) 44.3 ± 0.33 45.7 ± 0.56 46.1 ± 0.57
a
 < 0.01 

White blood-cell count (x10
3
/µL) 5.0 ± 0.13 5.1 ± 0.24 5.8 ± 0.21

a
 < 0.05

 

Neutrophils (%) 42.8 ± 1.28 40.9 ± 2.13 40.5 ± 1.35 
NS 

Lymphocytes (%) 47.8 ± 0.89 44.9 ± 1.35 47.4 ± 1.32 
NS 

Females:     

N 39 15 40  

Red blood cell count (x10
6
/µL) 4.3 ± 0.13 4.3 ± 0.12 4.4 ± 0.07 

NS 

Haemoglobin (g/dL) 11.8 ± 0.35 11.9 ± 0.26 12.2 ± 0.17 
NS 

Packed-cell volume (%) 37.3 ± 1.10 38.0 ± 0.77 39.6 ± 0.50 
NS 

White blood-cell count (x10
3
/µL) 5.3 ± 0.26 5.6 ± 0.37 5.7 ± 0.21 

NS 

Neutrophils (%) 44.5 ± 1.24 37.0 ± 2.26
b
 44.6 ± 1.29  ̓0.05 

Lymphocytes (%) 45.6 ± 1.76 50.6 ± 2.36 47.0 ±1.13 
NS 

a =significant when compared with normal, b=significant when compared with normal,  

NS= Non significant difference 
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4.6 Pattern of Helicobacter pylori Bacteria in the Overall Study Population 

Out of a total of 277 subjects who were assayed for the presence of H. pylori infection, 125 

(45.1 %) were positive, while 152 (54.9 %) were negative (Table 4.10). Among the obese 

subjects, 28.8 % had the presence of H. pylori and 19.2 % of the overweight, while 52.0 % 

of the control group were positive (Figure 4.1).  

The pie chart (Figure 4.2) showed the percentage distribution of the presence of H. pylori 

in males. 62 % of the controls were positive, while 22 % and 16 % represented the 

percentage for overweight and obese respectively. Within the female subjects, 41.0 % of 

the controls were positive for H. pylori, while 16.0 % and 43.0 % represented the 

percentages for the overweight and obese respectively (Figure 4.3). 
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Table 4.10: Pattern of Helicobacter pylori infection in overall study participants by Body 

mass index 

 

 Helicobacter pylori Total 

 Positive Negative  

Normal 65 (23.5%) 84 (30.3%) 149 

Overweight 24 (8.7%) 31 (11.2%) 55 

Obese 36 (13.0%) 37 (13.4%) 73 

Total 125 (45.1%) 152 (54.9%) 277 

Males: 64 (34.6%) 121 (65.4%) 185 

Females 61 (66.3%) 31 (33.7%) 92 
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Figure 4.1: Pattern of Helicobacter pylori infection in overall study participants by 

Body mass index 
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Figure 4.2: Pattern of Helicobacter pylori Infection in Males According Body mass 

index 
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Figure 4.3: Pattern of Helicobacter pylori Infection in Females According to BMI 
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4.7 Linear Correlation  

 Pearsonôs correlation was used to analyse the data for relationship(s) between all the 

variables. Adiponectin was observed to be significantly correlated with ghrelin in both 

males (0.444, p < 0.01) and females (0.474, p < 0.01) (Figure 4.4 and Figure 4.5). There 

was also a positive correlation between adiponectin and CAT in male subjects (r
2
 = 0.039, 

P < 0.01) (Figure 4.6). Other values of oxidative stress assayed do not show any 

association with adiponectin. In the female participants, there was no association between 

adiponectin and markers of oxidative stress assayed.  

The relationships between adiponectin and all fractions of serum lipids (LDL, HDL, TC 

and TG) did not show any significant association in males and in females. There was also 

no significant relationship between adiponectin and serum glucose in both sexes.  
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Figure 4.4: Correlation between Adiponectin and Ghrelin in Male Subjects 
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Figure 4.5: Correlation between Adiponectin and Ghrelin in Female Subjects 
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Figure 4.6: Relationship between Adiponectin and Catalase in Male Subjects 
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In male and female subjects in the present study, there were no significant correlation(s) 

between adiponectin and all the haematological parameter. Similarly, there was no 

correlation between adiponectin, BMI and blood pressure in the male and female subjects 

(Table 4.11). The relationship between adiponectin and H. pylori, was, however, inverse 

and strongly significant in both males (-0.507, p < 0.01) and in females (-0.419, p < 0.01) 

(Table 4.11). 
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Table 4.11: Correlation (r) between Adiponectin and Anthropometric Parameters and 

Helicobacter pylori Antibodies 

 

Correlated Parameters Males (n= 186) 

r  

Females (n= 94) 

r  

Adiponectin and Age  0.084 -0.127 

 

Adiponectin and Body mass index 0.119 0.002 

 

Adiponectin and Systolic blood pressure -0.044 0.005 

 

Adiponectin and Diastolic blood pressure 0.057 0.069 

 

Adiponectin and Helicobacter pylori antibodies -0.507 
**

 -0.419
**

 

 

**  = P < 0.01 
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Ghrelin was found to be positively associated with age (Figure 4.7), SOD (Figure 4.8) and 

CAT (Figure 4.9). It, however, did not show any significant association with serum lipids 

and fasting glucose in both sexes. 

Ghrelin showed only a positive significant association with WBC in the females (Table 

4.12), but not with all the other parameters. It also did not show any significant association 

with BMI and fasting blood glucose and H. pylori. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



102 

 

 

 

 

Figure 4.7: Association between Ghrelin and Age in Male Subjects 
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Figure 4.8: Relationship between Ghrelin and Superoxide dismutase in Male Subjects 
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Figure 4.9: Relationship between Ghrelin and Catalase in Male Subjects 

 

 

 

 

 

 

 



105 

Table 4.12: Correlation(r) between Ghrelin and Haematological Parameters of the Study 

Population 

 

Correlated Parameters Males (n= 186) 

 

Females (n= 94) 

 

Ghrelin and White blood cell count -0.015 0.206
*
 

 

Ghrelin and Red blood cell count -0.115 -0.051 

 

Ghrelin and Haemoglobin  -0.088 -0.073 

 

Ghrelin and Packed-cell volume -0.066 -0.100 

 

Ghrelin and Lymphocytes  -0.056 -0.139 

 

Ghrelin and Neutrophils  -0.043 -0.160 

 

*  = P < 0.05 
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CHAPTER FIVE  

5.0 DISCUSSION 

Demographic Characteristics and Blood Pressure of Study Participants 

In the present study, the result showed a significant difference in age between the normal, 

overweight and obese subjects, with overweight and obese being older than the normal 

BMI class. This finding agrees with that of Chinedu et al. (2013) that reported increased 

BMI in the older age group in both males and females. The reason for increased BMI with 

advancing age could be as a result of decreased level of activity that is generally seen in 

older people, which could promote accumulation of excess fat and, over time, results in the 

increase in BMI.  

Furthermore, 74.3% of the male subjects had normal BMI, with only 25.7% of the females. 

Majority of the females (74.3%) being overweight and obese. This is similar to the study of 

John et al. (2015) that reported increase in BMI in females. The increased BMI observed in 

the present study could be due to lowering oestrogen level in older females as they tend 

towards menopause. Oestrogen, aside from conferring some cardiovascular protection in 

pre-menopausal women also promotes increase in basal metabolism, thereby resisting 

excess fat deposition (Okafor et al., 2014). 

Lack of significant changes in blood pressure in both male and female subjects could be 

due to the fact that obesity in the present study was mainly generalized obesity, and not 

abdominal obesity. Changes in blood pressure have been reported to occur mainly in 

abdominal obesity, which is, in fact, a strong independent risk factor for high blood 

pressure (Amira et al., 2012).  
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Levels of Adiponectin and Ghrelin in the study participants and by Gender 

The present study failed to observe significant differences in adiponectin and ghrelin 

concentrations in obese subjects. Significant differences occurred mostly within the 

overweight subjects when compared with the controls. This may be as a result of unequal 

sample sizes between the groups. 

Level of Adiponectin 

The result of the present study showed an increase in adiponectin level in the overweight 

subjects, as well as the obese, though not statistically significant. Previous studies have 

reported decreased adiponectin concentration in obese individuals (Arita et al., 1999; 

Najam et al., 2014; Ebrahimi-Mamaeghani et al., 2015). Although disparity in the result is 

difficult to explain, the lack of change in adiponectin level in the obese subjects of this 

study could be as a result of the small sample size, and also, measurement technique used 

in evaluating adiponectin concentration. Total adiponectin was measured and not the high 

molecular form (HMW) of adiponectin, which was found to be more active (Ruan and 

Dong, 2016). In addition, age may also play a role because adiponectin level increases with 

increasing age (Najam et al., 2014; Alehagen et al., 2015; Argente-Arizon et al., 2016), an 

observation that was found in Africans, but not in Caucasians (Kruger et al., 2011), 

suggesting a racial disposition. Overweight and obese subjects in this study are older than 

the normal controls. Furthermore, diet may also play a role, as adiponectin level has been 

found to be affected by diet (Weiss et al., 2006). Although dietary pattern was not included 

in the present study, Nigerians are generally known to consume high-calorie food. The 

amount of energy intake have been reported as a key factor in controlling adiponectin 

expression and circulating level, where high calories are found to decrease adiponectin 

concentration (Lee and Shao, 2014). 
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Ghrelin  Level in the Study Population 

There was an observed increase in the concentration of ghrelin, which was significant in 

the overweight more than the obese subjects in the overall study population, and in the 

males. However, in the females, although the obese had the lowest ghrelin concentration, 

and the overweight had the highest, it was not statistically significant. The significant 

increase in ghrelin concentration in overweight subjects was unexpected. Ghrelin function 

as a key hormone in metabolic and energy process (Mihalache et al., 2016), such that its 

level rises when there is a negative energy balance, and falls in times of positive energy 

balance. In obesity, which is a state of positive energy balance, ghrelin concentration is 

usually low. This has been corroborated by studies in other populations (Daghestani et al., 

2007; Alvarez-castro et al., 2013; Buss et al., 2014). Reason for the observed higher 

ghrelin concentration in overweight subjects in the present study is unclear, however, 

polymorphisms have been reported in ghrelin gene (Araneta and Barrett-Connor, 2007), 

and was suggested to be responsible for racial differences in ghrelin secretion, it therefore, 

may explain the disparity in the present finding.  

There was a reduction in ghrelin concentration in obese females more than the overweight, 

but it was not statistically significant. This finding differs from the reports in Pima-Indians, 

Saudi women, and Caucasians (Tschop et al., 2001; Daghestani et al., 2007; Buss et al., 

2014; Knudsen et al., 2014). The differences may be as a result of small sample size in this 

study. In addition, the present study observed higher ghrelin levels in normal and 

overweight females, and lower level in the obese, than in males, but the difference was not 

statistically significant. The study of Soriano-Guillen et al. (2016) demonstrated sex-

related differences in ghrelin levels, which was found to be higher in females than in 

males. Also, a study on mice has reported higher ghrelin levels in female mice, when 

compared with male mice (Lim et al., 2015), suggesting sex-related differences. However, 
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a study on a Chinese population reported no significant gender difference in ghrelin levels 

(Su et al., 2015).  

Oxidative Stress Markers  

The observed increase in MDA in overweight females in the present study may be 

indicative of lipid peroxidation, which may be a consequence of oxygen metabolism, 

probably due to high lipid content in diet (although dietary pattern was not investigated in 

the study). The increased MDA may also be as a result of oxidative stress probably 

resulting from increasing age and diminishing oestrogen level. Besides, other studies have 

also reported increased MDA concentration in obese women; Uppoor et al. (2015) 

observed increased MDA in obese postmenopausal women in India. 

The evidence of an alteration in the antioxidant status with oxidative stress status is based 

on the change in antioxidant enzyme activities and lipid peroxidation. Therefore, lipid 

peroxidation in the present study was assessed using MDA level. In the study there was 

significant increase in concentration of MDA in the overweight females. The presence of 

increased MDA in the overweight females, but not in males, may involve the contribution 

of female hormones in oxidative stress responses. Therefore, sexual dimorphism may exist 

in antioxidant activities of enzymes, as was observed in children (Sfar et al., 2013). 

The present study also observed a significant increase in catalase activity in the obese 

males. The increase in activity of CAT may be as a result of CAT mopping-up excess 

ROS, induced by obesity as reported by Furukawa et al. (2004).  

Furthermore, findings in the present study could be due to the duration of obesity. For 

example, in the developmental stages of obesity, antioxidant enzymes may be stimulated, 

as was seen by increase in CAT in obese male subjects in the study. However, in long-term 

obesity, the sources of antioxidant enzymes may be depleted, resulting in decreased level 
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of activity. In addition, the degree of obesity may influence antioxidant levels in the sense 

that higher class of obesity may present with more demand on antioxidants in order to 

curtail damage by ROS. In the process, antioxidants are depleted. 

The observed decrease in MDA concentration, and increased CAT activity in the overall 

study population may have resulted from the effect on the males because of their larger 

(186) sample size than that of the females (94).  

Lipid Profile of Study Participants  

Serum levels of TC, LDL and HDL were not statistically significantly different between 

the BMI classes in the overall study participants. The difference in TG level, though not 

statistically significant, was higher in the overweight subjects. Furthermore, all the serum 

lipids, except for HDL, showed highest value in the overweight groups, in both males and 

females, although none was statistically significant. Lack of significant difference in lipid 

profile between the groups may be as a result small sample size of this study. Africans 

were found to have lower TG level despite their high BMI (Tekola-Ayele et al., 2015), and 

this may explain the lack of significant difference in TG across the BMI classes in this 

study. Some studies have also failed to observe significant changes in lipid profile in 

obesity (Shah et al., 2016).  

Blood Glucose Level in the Study Subjects 

Although FBG was highest in obese males and overweight females in the present study, it 

was not statistically significant. This could be attributed to the low sample size in the 

study. A similar study in Korea also failed to observe a significant relationship between 

BMI and impaired fasting glucose (Hong et al., 2014). However, a study in South-West 

Nigeria by Iweala et al. (2013) reported a significant positive correlation between BMI and 
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random blood glucose in females but not in males. Geographical location, cultural and 

genetic factors may contribute to this inconsistency. 

Haematological Parameters 

The present study observed a significant increase in WBC count in obese male subjects, 

similar to the study of Raghavan et al. (2016). They also relate that increase leucocyte 

count may indicate the onset of metabolic syndrome in obese subjects. Peripheral blood 

leucocytosis and tissue leucocytosis are hallmarks of inflammatory process, which have 

been demonstrated in obese patients (Raghavan et al., 2016). Inflammation results in 

release of proinflammatory cytokines including TNF-Ŭ and IL-6, which subsequently 

lowers adiponectin secretion, and eventually leads to insulin resistance and other metabolic 

complications. Increased WBC count in obese male subjects, therefore may indicate an 

inflammatory response to them. Small sample size of the female subjects could be the 

reason for lack of significant changes in the WBC count, in contrast to the findings of 

Farhangi et al. (2013), in Iranians. They observed a significant increase in WBC count in 

obese females.  

Packed Cell Volume 

There was an observed increase in PCV in obese males in this study.  

Increased PCV in obesity is one of the risk factors for cardiovascular and other diseases 

(Salih et al., 2016). PCV is the most important indicator to determine viscosity of the 

blood. Viscosity of the blood is an indicator of vascular risks, and increased BMI is known 

to increase viscosity of the blood (Salih et al., 2016). 

Pattern of Helicobacter pylori infection 

The overall prevalence of H. pylori in the study was 45.1%, which was lower than 70% - 

90% that was reported by Carabotti et al. (2014). Reason for the lower prevalence rate in 
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the present study may be because the study was conducted within a university setting, 

which has better sanitation, and improved hygiene. Poor sanitary conditions and hygiene 

have been found to increase the risk of infection by H. pylori bacteria (Laszewicz et al., 

2014). Helicobacter pylori infection was observed to be more prevalent in female subjects 

(66.3%) than male subjects (34.6%).  

Linear Correlations  

There was a strong positive association between adiponectin and ghrelin in both males (r = 

0.442, P < 0.001) and females (r = 0.474, P < 0.001) in this study. Adiponectin and ghrelin 

are hormones that are involved with energy processes, and have both been found to be 

decreased in obesity. Therefore, more ghrelin level is suggestive of higher adiponectin in 

circulation, and a lower BMI. High ghrelin concentration has been found in lean/non-obese 

individuals and in obese women after weight loss (Jakobsdottir et al., 2016). 

This study demonstrated a significant relationship (r = 0.287, P < 0.001) between age and 

ghrelin level in male participants, but this relationship was not observed in the females. 

This finding could be due to sexual differences in ghrelin secretion (Soriano-Guillen et al., 

2016). The different association of ghrelin levels with age and gender may suggest a 

variation in appetite and energy regulation depending on age (Soriano-Guillen et al., 

2016). Therefore as age progresses, ghrelin secretion may tend to be higher, and this may 

induce appetite.  

Correlation of Adiponectin with BMI  

This study observed no significant (P > 0.05) correlation between BMI of participants and 

adiponectin in both sexes, and it agrees with the study of Vayghan et al. (2013), in 

Iranians. Talaei et al. (2016) could not establish a significant change in adiponectin level 

after weight loss. However, Schoenenberger et al. (2015) and Ayina et al. (2016) reported 
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an inverse correlation between adiponectin and BMI. A study in healthy Japanese have 

also shown that adiponectin level is reduced in obese men (Nakanishi et al., 2016). 

Differences in the finding may be as a result of race-ethnic variations in the association 

between adiponectin and BMI (Gardener et al., 2013). 

Physiologically, women have more subcutaneous fat than men, who have more visceral fat 

than women. Adiponectin is synthesized mainly in subcutaneous fat cells, of which women 

have relatively more than men and it is secreted mostly by adipocytes. Women may be 

expected to have lower adiponectin level, since it has been established in the literature that 

adiponectin is inversely correlated to subcutaneous fat (Kishida et al., 2014). Consistent 

with this finding, the present study observed that women in the normal group had higher 

adiponectin concentration than males of the same group.  Unexpectedly, in the overweight 

group, males had higher adiponectin concentration than women in the same group, but 

there was no change in adiponectin concentration in obese subjects in both males and 

females. The reason for this disparity is difficult to explain. However, levels of adiponectin 

may be different in men and women as they each have a different body composition and fat 

distribution (Vayghan et al., 2013). Women have more body fat than men, while men have 

more muscle tissue. Considering the fat distribution, men have more visceral fat, which 

secretes less adiponectin; and women have more subcutaneous fat, which secretes more 

adiponectin.   

Relationship between Adiponectin and Lipid P rofile  

Adiponectin has been correlated with various parameters of lipoprotein metabolism, 

particularly the metabolism of HDL and triglycerides, where it appears to stimulate an 

increase in serum HDL (Cote et al., 2005). In the present study there was no correlation 

found between the various fractions of lipoproteins and adiponectin in either male or 

female participants. Al though an inverse trend was observed in the male subjects in all the 
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serum lipids, and in the females, only TG level was negative with respect to adiponectin, 

none was significant.   

The present study observed no significant association of adiponectin and LDL in both 

males and females. Adiponectin is known to promote the catabolism of triglyceride-rich 

lipoproteins, and this lowers the levels of triglycerides (Christou and Kiortsis, 2013). 

Hence, an association is expected between adiponectin and triglycerides. Ayina et al. 

(2016), in their study on a Cameroonian population, observed adiponectin to correlate 

positively and significantly with age and negatively with BMI.  

The present study, did not observe any significant relationship between adiponectin and 

HDL in both males and females. But the study of Maghsoudi et al. (2016), conducted 

among Iranian adolescent girls and reported a significant negative association between 

adiponectin and triglyceride, as well as HDL. Eslamian et al. (2016) also demonstrated a 

positive significant (r = 0.23, P < 0.05) association between adiponectin and lipid profile, 

specifically, total cholesterol, as well as LDL (r = 0.30, P < 0.001), but in type 2 diabetic 

patients. The finding further contribute to the inconsistencies in the association between 

adiponectin and lipoproteins (Christou and Kiortsis, 2013). 

Adiponectin and Helicobacter pylori 

The relationship between adiponectin and H. pylori infection has been inconsistent in 

various populations. The present study demonstrated a strong negative relationship 

between adiponectin and H. pylori infection, in both males (r = - 0.507, P < 0.001) and 

females (r = - 419, P < 0.001). This may suggest that infection by H. pylori bacteria could 

have a negative effect on adiponectin concentration in males and females in this study. It 

may also infer that H. pylori infection lowers adiponectin level, and therefore, H. pylori 

infection may contribute to adverse health effects, such as metabolic syndrome, which may 
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have been contributed by low adiponectin concentration in the body (Ando et al., 2013). 

On another perspective, it may infer that high level of adiponectin could lower infection 

rate by H. pylori bacteria. The finding is in agreement with the study of Ando et al. (2013), 

who observed that eradication of H. pylori causes an increase in circulating adiponectin 

level, in a Japanese population, meaning that the presence of the infection caused a 

reduction in circulating adiponectin level.  

Relationship between Ghrelin  and Adiponectin 

The present study demonstrated a significant and positive relationship in both sexes, 

between ghrelin and adiponectin. Higher adiponectin concentration was found to 

contribute to antioxidant function of ghrelin (Barazzoni et al., 2014), which may infer that 

function of ghrelin is dependent on higher adiponectin level. This may explain the 

significant and positive relationship that was demonstrated in both sexes between ghrelin 

and adiponectin.  

Ghrelin and Catalase 

The strong correlation of ghrelin with catalase in the present study is an indication of the 

antioxidant function of ghrelin. It is similar with the study of Shimada et al. (2014), Buldak 

et al. (2015), and Koyuturk et al. (2015). For example, Shimada et al. (2014) demonstrated 

that pretreatment of human retinal microvascular endothelial cells with ghrelin increases 

defense against ROS, through improving the expression of catalase. Other antioxidant 

property of ghrelin has also been determined in a recent study by Omrani et al. (2015), in 

which they showed that ghrelin decreases the level of ROS by increasing the activities of 

CAT. Therefore, the finding in the present study may also suggest that CAT may be 

involved in eliciting antioxidant function of ghrelin. 

 



116 

Ghrelin, Gender and other Antioxidants 

Antioxidant activities of CAT and SOD were significantly related with serum ghrelin 

levels in males, but not in females, suggesting that gender may be a determinant in the way 

the body responds to oxidative stress as a result of obesity in this studied population.  

Effect of Ghrelin on WBC 

Significant relationship which was observed between ghrelin and WBC count in females 

could be attributed to the role of ghrelin in inflammation.  Ghrelin is known to have anti-

inflammatory function. Elevated WBC count, observed in the obese male subjects, may be 

as a result of release of macrophages, which are induced by dead adipocytes.  

Role of Ghrelin in Gender, Age and BMI 

Age had a strong positive relationship (r = 0.287, P < 0.001) with serum ghrelin in the 

male subjects, but no significant association was observed in the females. This may 

suggest a possible increase in ghrelin secretion with increasing age in males. In the 

females, age may not affect ghrelin secretion, in this study. 

 Ghrelin levels in both males and females were not associated with BMI in this study. The 

finding is unexpected because ghrelin is an indication of metabolic status (Stasi and 

Milani, 2016). It increases when there is negative energy balance and decrease when there 

is positive energy balance. The lack of a significant association in this study could be as a 

result of the low sample size. Previous studies have observed inverse correlation between 

ghrelin and BMI in various populations (Monti et al., 2006; Daghestani, 2009). Other 

studies also reported significant association between ghrelin and BMI (Su et al., 2015, Pop 

et al., 2015).   

 



117 

Ghrelin and Helicobacter pylori 

This study did not observe a significant association between ghrelin levels with H. pylori 

infection, in both males (r = - 0.114, P > 0.05) and females (r = 0.142, P > 0.05). It may be 

expected that since ghrelin is secreted in the stomach, and H. pylori bacteria directly infect 

the gastric mucosa, the infection may interfere with ghrelin secretion. It may, therefore, be 

hypothesised that invasion of the gastric mucosa may affect secretions in the gastric 

mucosa. Data from previous studies failed to establish a conclusive theory on the 

relationship of ghrelin with H. pylori infection, even though several observational studies 

have demonstrated that H. pylori infection suppresses circulating ghrelin levels (Boltin and 

Niv, 2012). A recent study reported an increase in circulating ghrelin level after H. pylori 

eradication (Choi et al., 2015), while another study failed to observe an effect on ghrelin 

level after H. pylori eradication (Eren et al., 2015).  
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CHAPTER SIX  

6.0 SUMMARY, CONCLUSION AND RECOMMENDATIONS  

In this cross-sectional study on random samples of apparently healthy adults, differences 

(in measurements and assays) between sex and across BMI categories were observed. Data 

from relevant literature indicated differences in values most commonly within 

overweight/obese groups. However, in this present study, abnormal values were observed 

mostly within the overweight group and not the obese group, probably because overweight 

is a transitional phase in chronic obesity, and as such, may not actually portray similar 

observations as may be seen in long-term obesity. In addition, obese subjects in the present 

study are mostly within class I (BMI Ó 30 Ò 34.9 kg/m
2
), in which significant changes may 

not be readily observable when compared with controls.  

Å Adiponectin and Ghrelin concentrations differ in overweight male subjects, but not 

in female subjects. 

Å Oxidative stress may be present in overweight and obese male and female subjects. 

Å Lipid profile may not be altered by overweight status, in male and in female 

subjects in the present study. 

Å Haematological changes occur in overweight and obese male and female subjects.  

Å A positive relationship exist between adiponectin and ghrelin in both males and 

females in the study. 

Å Ghrelin may have an ameliorative effect on oxidative stress in males, but not in 

females. 

Å Ghrelin concentration may increase with advancing age in males.  

Å H. pylori infection has a negative effect on adiponectin in males and in females. 
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Figure 6.1: A proposed mechanism linking Helicobacter pylori infection, Adiponectin  

 and obesity 

 

In obesity, adipocytes hypertrophy results in death of adipocytes. The dead adipocytes 

attract macrophages, leading to inflammation and release of proinflammatoty 

adipocytokines including tumour necrosis factor alpha and interleukin-6. These cause 

decreased gene expression for adiponectin, consequently lowering adiponectin level. Low 

adiponectin level decreases insulin sensitivity and result in increased risk for metabolic 

complications including insulin resistance. 

Obesity also predisposes to increased risk of infections including Helicobacter pylori 

infection, as suggested from our study, shown by increased leukocyte count in obese 

subjects. Furthermore, in our study, inverse relationship was observed between H. pylori 

infection and adiponectin concentration. Therefore, H. pylori infection, which may be 

contributed by obesity, further reduce adiponectin level with a consequent increase for 

metabolic abnormalities. 
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Recommendations 

The present study for the first time, evaluated energy-regulating hormones (adiponectin 

and ghrelin) in this part of the world. Our research has established that variations in 

concentrations of adiponectin and ghrelin occur in overweight and obese subjects. In 

addition, our study suggests the occurrence of oxidative stress in overweight and obese 

subjects. Finally, we have, for the first time in Nigeria, observed an inverse relationship 

between adiponectin and H. pylori infection. We therefore, recommend the following: 

Å Further research on adiponectin and ghrelin levels in the local population are 

needed in order to establish a normal range of values for our population.  

Å Research on obesity in the country should incorporate more biochemical 

parameters as there is paucity of information and literature concerning these. 

Å H. pylori screening should be adapted in primary health care, with an effective 

treatment strategy, because of its possible involvement in lowering adiponectin, and 

the overall importance of adiponectin in the body. 

Contribution to Knowledge 

The following are contribution to knowledge: 

Å The study found that adiponectin concentrations in normal, overweight and obese 

males as 1.4 ± 0.03, 1.6 ± 0.06, and 1.5 ± 0.05 µg/L, while, in females it was 1.5 ± 

0.06, 1.4 ± 0.07, and 1.5 ± 0.05  µg/L, respectively. 

Å Ghrelin concentration in normal, overweight and obese males as 521.2 ± 11.48, 

718.9 ± 94.40, 569.7 ± 24.90 ng/L, while in females was 716.4 ± 128.22, 748.5 ± 

198.93, and 556.3 ± 20.57 ng/L, respectively. 

Å  Oxidative stress occurs in overweight with highest MDA concentration of 191.2 ± 

14.81 nmol/mg; P < 0.01) and obese has the highest value for activity of catalase as 

43.0 ± 1.93 U/mg.  
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Å Demonstrate antioxidant properties of adiponectin and ghrelin in our population, as 

observed by the significant positive correlations between adiponectin and CAT (r = 

0.198, P < 0.01); ghrelin and CAT (r = 0.235, P < 0.01); and ghrelin and SOD (r = 

0.189, P < 0.05) in male subjects.  

Å For the first time, a significant inverse relationship between adiponectin and H. 

pylori infection was found in our population (males: r = - 0.507, P = 0.01 and 

Females: r = - 0.419, P = 0.01). 

Å A significant positive relationship was observed between adiponectin a d ghrelin in 

males (r = 0.442, P < 0.01) and in females (r = 0.474, P <0.01), with the regression 

equations:  

Å Males: y = 143.96x + 321.26 

Å Females: y = 131.52x + 331.76 

Å A proposed mechanism for the relationship between adiponectin and H. pylori 

infection in obesity (Figure 6.1). 

 

Limitations of the Study 

i. Total ghrelin concentration, and not acylated ghrelin, was assayed in the study.  

ii.  Total adiponectin was measured and not the HMW, which has been proposed to be 

more useful in risk assessment of several diseases including obesity (Nigro et al., 

2014). 

iii.  Helicobacter pylori infection was assayed by serological testing, therefore tis may 

give a positive result even if the infection has been cleared, that is, a false positive. 

iv. Absence of peptic ulcer was solely based on subjectsô claim and not confirmed by 

any diagnostic test. 

v. There were unequal sample sizes between groups. 
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Appendix II  

Samples of Result Slips for ELISA Microassay Measurement 
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Appendix III  

Other Tables 

Correlation (r) between Adiponectin and Markers of Oxidative Stress 

Correlated Parameters Males (n = 186) Females (n = 94) 

Adiponectin and Malondialdehyde -0.050 0.025 

 

Adiponectin and Superoxide dismutase 0.056 0.066 

 

Adiponectin and Glutathione -0.027 -0.172 
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Correlation (r) between Adiponectin, Serum Lipids and Glucose  

Correlated Parameters Males (n = 186) Females (n = 94) 

r (p  value) r (p  value) 

Adiponectin and Low-density lipoprotein -0.035 0.061 

Adiponectin and High-density lipoprotein -0.011 0.018 

Adiponectin and Total cholesterol -0.053 0.057 

Adiponectin and Triglycerides -0.084 -0.021 

Adiponectin and Glucose  0.087 0.016 
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Correlation (r) between Adiponectin and Haematological Parameters 

Correlated Parameters Males (n = 186) Females (n = 94) 

r (p-value) r (p-value) 

Adiponectin and White blood cell count -0.005 
NS

 0.130 
NS

 

 

Adiponectin and Red blood cell count 0.072 
NS

 -0.007 
NS 

 

Adiponectin and Haemoglobin  0.103 
NS

 -0.027 
NS 

 

Adiponectin and Packed-cell volume 0.125 
NS

 -0.023 
NS

 

 

Adiponectin and Neutrophils  0.140 
NS

 -0.240 
NS

 

 

Adiponectin and Lymphocytes  -0.114 
NS

 -0.173 
NS 

 

NS= Non-significant difference 
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Correlation (r) between Ghrelin and Oxidative Stress Markers 

Correlated Parameters Males (n= 186) 

 

Females (n= 94) 

 

Ghrelin and Malondialdehyde  0.118 0.085 

 

Ghrelin and Superoxide dismutase 0.189 0.058 

 

Ghrelin and Catalase   0.059 

 

Ghrelin and Glutathione  -0.002 -0.036 
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Correlation (r) between Ghrelin, Serum L ipids and Glucose 

Correlated Parameters Males (n = 186) 

 

Females (n = 94) 

 

Ghrelin and Low-density lipoprotein  0.016 0.211 

 

Ghrelin and High-density lipoprotein 0.070 -0.069 

 

Ghrelin and Total cholesterol 0.061 0.187 

 

Ghrelin and Triglycerides 0.028 -0.108 

 

Ghrelin and Glucose 0.062 0.073 
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Correlation(r) between Ghrelin and Haematological Parameters 

Correlated Parameters Males (n= 186) 

 

Females (n= 94) 

 

Ghrelin and White blood cell count -0.015 0.206
*
 

 

Ghrelin and Red blood cell count -0.115 -0.051 

 

Ghrelin and Haemoglobin  -0.088 -0.073 

 

Ghrelin and Packed-cell volume -0.066 -0.100 

 

Ghrelin and Lymphocytes  -0.056 -0.139 

 

Ghrelin and Neutrophils  -0.043 -0.160 

 

*= P < 0.05 
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Correlation between Ghrelin, Anthropometric Parameters and Helicobacter pylori 

Antibodies 

 

Correlated Parameters  Males (n= 185) 

 

Females (n= 94) 

 

Ghrelin and Age   -0.100 

 

Ghrelin and Body mass index  0.133 -0.102 

 

Ghrelin and Systolic blood pressure 0.046 -0.052 

 

Ghrelin and Diastolic blood pressure 0.078 0.067 

 

Ghrelin and Helicobacter pylori -0.114 0.142 
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Appendix IV  

Publications and Presentations (1) 
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