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Abstract 

Objective: Obesity is an excessive accumulation of fats in fatty tissue to such an extent that it impairs health. It is a 
world health disorder associated with chronic low-grade systemic and local inflammation which possibly leads to the 
emergence of diabetes mellitus. This study assessed the predisposition of diabetes mellitus among obese individuals in 
Enugu, Nigeria. 

Methods: One hundred participants(18-65 years) consisting of fifty obese subjects, as test group and fifty normal 
weight subjects, as control groups were recruited for this cross sectional study. Anthropometric parameters (waist 
circumference (WC), height, weight, blood pressure (BP)) were measured and body mass index (BMI) calculated. Five 
milliliters of fasting and 2 hours after meal blood sample were collected from subjects, and used for the analysis of 
fasting blood glucose (FBG) and 2 hours postprandial (2HPP) blood glucose level respectively using colorimetric 
method. Data was analyzed and result expressed as mean ± standard deviation (SD). 

Results: The results showed a significant increase (P< 0.05) in the mean ± SD of WC (103.53 ± 12.10, 78.64 ±7.8), SBP 
(130.44 ± 20.70, 108.96 ± 12.60), DBP (84.72 ±13.1, 72.32 ± 7.6), FBG (110.16 ± 15.38, 87.26 ± 9.12) and 2HPP (131.72 
± 20.24, 110.78 ± 11.97) in the test and control group respectively. A positive correlation (P < 0.05) exist in BMI vs WC, 
WC vs DBP, SBP vs DBP, DBP vs 2HPP and FBG vs 2HPP. A significant statistical difference in the predisposition rate in 
both FBG and 2HPP of test group (76%, 34%) and control group (10%, 0%) respectively was observed. 

Conclusion: This study suggests that Obesity predisposes an individual to increase blood glucose level. 

Keywords: Obesity; Blood glucose; Predisposition; Enugu; Diabetes Mellitus 

1. Introduction

Obesity is a medical condition, sometimes considered a disease in which excess body fat has accumulated to such an 
extent that it negatively affects health [1, 2]. People are classified as obese when their body mass index (BMI), a 
measurement obtained by dividing a person's weight by the square of the person's height is over 30 kg/m²; the range 
25–30 kg/m² is defined as overweight and the range 18-24.9 kg/m² as normal weight [3]. Obesity was classified as a 
disease condition in 2013 by several medical societies, including the American Medical Association and the American 
Heart Association [4, 5]. In Africa, 18.4% of women and 7.8% of men on the continent live with obesity up from 12% 
and 4.1%, respectively in 2000. An indication of an upward trend in the rate of obesity [1, 6]. 
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 The prevalence of overweight and obese individuals in Nigeria is of epidemic proportions with 20.3%-35.1% 
overweight while 8.1%-22.2% was obese [7].  

In 2020, it was estimated that there were 21 million and 12 million overweight and obese persons in the Nigerian 
population aged 15 years or more, with an age adjusted prevalence of 20.3% and 11.6% respectively. Obesity and 
overweight were also found to be higher among urban dwellers (14.4% and 27.2%) compared to rural dwellers (12.1% 
and 16.4%). [8]. Obesity has individual, socioeconomic, and environmental causes. Some of the known causes are diet, 
physical inactivity, automation, urbanization, genetic susceptibility, medications, mental disorders, economic policies, 
endocrine disorders, and exposure to endocrine-disrupting chemicals [1, 7, 8, 9]. Obesity increases mortality and risk 
for many chronic diseases and health conditions [10]. In Nigeria, nutritional and epidemiological transitions driven by 
demographic changes, rising income, urbanization, unhealthy lifestyles and consumption of highly processed diets are 
among the leading contributors to overweight and obesity [11- 12]. In fact, the burden has extended to younger 
population age groups in the country with about 9% of children aged 5-9 years estimated to be obese or overweight 
[12-13]. Obesity and overweight are strongly linked with several cardio-metabolic disorders including high blood 
pressure, high blood glucose, insulin resistance, high blood cholesterols, coronary heart disease, stroke and cancers [8, 
13 -16]. As stated by Petrie et al [17], hypertension which is one of the clinical implications of obesity causes insulin 
resistance and increases the risk of developing diabetes mellitus. It causes insulin resistance by altering the delivery of 
insulin and glucose to skeletal muscle cells, resulting in impaired glucose uptake [18]; the effect is elevated plasma 
glucose and consequently diabetes mellitus overtime [19]. 

Diabetes mellitus (DM) is a carbohydrate metabolic disease, involving inappropriately elevated blood glucose levels [20] 
caused by an absolute or relative insulin deficiency or insensitivity [21]. It is generally characterised by excessive thirst, 
frequent urination often at night, extreme hunger (polyphagia), numbness of extremities, unexplained weight loss, 
frequent infections, blurry vision, extreme fatigue and sores that heal slowly [10]. Over time, diabetes can damage blood 
vessels in the heart, eyes, kidneys and nerves leading to retinopathy and permanent vision loss, nephropathy, 
neuropathy, foot ulcer and amputation, heart attack and stroke [22]. Diabetes can also lead to gum diseases, 
hypertension, cancers, gynaecological and sexual problems, nerve and blood vessels damage to the brain and ear leading 
to dementia and hearing problems [10]. The American Diabetes Association (ADA), an International Expert Committee 
(IEC), and the WHO recognized plasma glucose measured in the fasting state (≥126 mg/dl [6.9 mmol/l]), glycated 
haemoglobin (HbA1C) level ≥6.5% (≥48 mmol/l) and 2 hours after an oral glucose load (≥200 mg/dl [≥12.5mmol/l]) as 
diagnostic criteria for diabetes [23]. The WHO defines high risk individuals as those with fasting blood glucose (FBG) 
between 100 to 125 mg/dl (5.6 to 6.9 mmol/l), oral glucose tolerance test (OGTT) or 2 hours postprandial between 
140-199 mg/dl (8.8-12.4mmol/l); all of which are indication of prediabetes and recommends changes in lifestyle and 
monitoring glycaemia. A glycated haemoglobin level (HbA1C) of 5.7% to 6.4% also indicates prediabetes [10]. 

Body mass index and obesity have a strong relationship to diabetes and insulin resistance. In obese individuals, the 
amount of non-esterified fatty acids, glycerol, hormones, cytokines, proinflammatory markers, and other substances 
that are involved in the development of insulin resistance, is increased thereby leading to diabetes mellitus [24].  

According to WHO, being affected by obesity (BMI of 30-39.9) or morbid obesity (BMI of 40 or greater), greatly increases 
one's risk of developing type 2 diabetes. In a study conducted among Japanese adults, it was concluded that central 
obesity (excess of adipose visceral fat) was an independent risk factor for the development of diabetes mellitus as 
subjects with central obesity had a 72% increased risk of developing diabetes compared to subjects with non-central 
obesity [25]. As stated by the Centre for Disease Control and Prevention (CDC), the WHO recommends a waist 
circumference (WC) as a criterion for assessing central obesity. In a study conducted on the prevalence of obesity in 
Enugu metropolis using 716 subjects consisting of 416 males and 300 females, the prevalence of obesity was 13.1%. 
Females were mostly affected and obesity peaked at the age of 40-49 years [9]. 

A recent meta-analysis reported that approximately 5.8% (about 6 million) of adult Nigerians are living with diabetes 
mellitus [26]. The prevalence of diabetes is growing primarily due to the rising prevalence of obesity globally; obesity 
and diabetes mellitus have caused many deaths [27]. At least 2.8 million people each year die as a result of being 
overweight or obese and 1.5 million deaths are directly attributed to diabetes [2]. These data have made diabetes 
mellitus a very significant medical condition to study among obese individuals in Enugu metropolis southeastern 
Nigeria. 
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2. Material and methods 

2.1. Study Design/Selection 

This cross sectional study involved a total number of one hundred (100) adult human volunteers aged (18-65 years) 
from Enugu metropolis. The study comprised of fifty (50) obese individuals as test subjects and fifty (50) normal weight 
individuals as control subjects. Informed consent was obtained from each participant. Questionnaires were distributed 
and duly filled by the participants before commencement of the study.  

2.2. Inclusion and Exclusion Criteria  

2.2.1. Inclusion criteria for test group  

Apparently healthy subjects with BMI of 30kg/m² and above, ages 18 - 65 years old  

2.2.2. Inclusion criteria for control group 

Apparently healthy subjects with BMI of 18.5 to 24.9Kg/m², ages 18 - 65 years old  

2.2.3. Exclusion Criteria for both test and control groups  

Diagnosed diabetic patient, subjects on medications, pregnant women and known hypertensive subjects. 

2.3. Ethical Considerations and Informed Consents 

Ethical approval was duly obtained from the ethics committee of the University of Nigeria Teaching Hospital, Ituku-
Ozalla, Enugu with Ref no: (UNTH/HREC/2023/05/603). Written consent of willingness to participate in the study as 
subject was obtained from all the participants. 

2.4. Anthropometric Measurements 

2.4.1. Measurements of Body Mass Index (BMI) 

The weight, height and BMI of the respondents were recorded. A digital weighing scale ((Hana FAO1419)) was used to 
measure the body weight (kg). A stadiometer was used to measure height (m); and the BMI was calculated by dividing 
the weight (kg) by the square of height (m²). The waist circumference was measured in cm using a measuring tape.  

2.4.2. Measurements of Blood Pressure (BP) 

A standardized automatic BP monitor (ANDON MODEL KD-595) was used to take the blood pressure measurements in 
two readings after the participants have been sat undisturbed for a minimum of five minutes and the average record 
was used. 

2.5. Blood Collection/Handling 

A fasting blood sample was obtained after overnight fasting of 10-12 hours for the measurement of fasting blood glucose 
level. Blood sample was also obtained two hours after eating for 2 hours’ postprandial glucose level. Blood (5mls) was 
collected from the volunteers by venipuncture using sterile needle and disposable syringe which was immediately 
transferred into a sterile well labelled fluoride oxalate bottle and mixed properly. It was spun at 5000 rpm for 5 minutes 
and plasma separated and used for the assay. 

2.6. Laboratory Analyses 

2.6.1. Glucose Estimation 

Estimation was done using Glucose Oxidase Method, with the manufacturer’s instructions dully followed.  

2.7. Data Analysis 

Data obtained from this study were analyzed using the Statistical Package for the Social Sciences (SPSS) version 25 of 
Windows IBM Inc. Chicago, IL, USA. Results were presented as mean ± standard deviations. Student’s independent T- 
test was used to calculate differences between means. The relationships between parameters were obtained using 
correlations and chi-square. 
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3. Results  

Table 1: Shows the Anthropometric parameters of obese and normal weight subjects. The result shows a significant 
increase (P < 0.05) in the mean ± standard deviation of systolic blood pressure (130.44 ± 20.7, 109.96 ± 12.6), diastolic 
blood pressure (84.72 ± 13.10, 72.32 ± 7.6), body mass index (33.0 ± 3.8, 21.71 ± 13.1), waist circumference (103.53 ± 
12.1, 78.64 ± 7.8) of obese and normal weight subjects respectively. 

Table 1 Anthropometric parameters of obese and normal weight subjects 

 

Groups 

Systolic blood  

Pressure (SBP) 

(mmHg) 

Diastolic blood 

Pressure (DBP) 

(mmHg) 

Body mass  

Index (BMI) 
(kg/m²) 

Waist circumference 
(WC)  (cm). 

Obese subjects N=50 130.44 ± 20.7 84.72 ± 13.1 33.0 ± 3.8 103.53 ± 12.1 

Normal weight subjects N= 50 109.96 ± 12. 6 72.32 ± 7.6 21.72 ± 2.1  78.64 ± 7.8 

t- statistics 5.986 5.776 18.608 12.256 

P- Value 0.000* 0.000* 0.000* 0.000* 
Values are given as mean ± SD * = significant values (p <0.05) 

Table 2: Shows the fasting blood glucose (FBG) and 2 hours postprandial (2HPP) of obese and normal weight subjects. 
The result shows a significant increase (P < 0.05) in the mean ± standard deviation of FBG (110 ± 15.38, 87.26 ± 9.12) 
and 2HPP (131.72 ± 20.24, 110.78 ± 11.97) of the obese and normal weight subjects respectively. 

Table 2 Fasting blood glucose (FBG) and 2 hours postprandial (2HPP) levels of obese and normal weight subjects 

Groups FBG (mmol/l) 2HPP (mmol/l) 

Obese subject  N = 50 6.1 ± 15.38 7.32 ± 20.24 

Normal weight subject  N = 50 4.85 ± 9.12 6.15 ± 11.97 

t – statistics 9.055 6.298 

P – value 0.000* 0.000* 
Values are given as mean ± standard deviation * = significant values (P< 0. 05) 

Table 3 Relationship between BMI, SBP, DBP, WC, FBG, 2HPP in obese subjects 

Parameters N = 50 r (Pearson) P – values 

BMI verses WC 0.645 0.000* 

BMI verses SBP 0.118 0.414 

BMI verses DBP 0.199 0.166 

BMI verses FBG 0.122 0.399 

BMI verses 2HPP 0.153 0.290 

WC verses SBP 0.229 0.110 

WC verses DBP 0.317 0.025* 

WC verses FBG 0.091 0.530 

WC verses 2HPP 0.235 0.101 

SBP verses DBP 0.770 0.000** 

SBP verses FBG   - 0.112 0.439 

SBP verses 2HPP 0.121 0.403 

DBP verses FBG  0.091 0.531 

DBP verses 2HPP 0.382 0.006** 

FBG verses 2HPP 0.711 0.000** 
* = Correlation is significant at 0•05 level. ** = Correlation is significant at 0•01 level. 
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Table 3. Shows the relationship between the systolic blood pressure (SBP), diastolic blood pressure (DBP), body mass 
index (BMI), waist circumference (WC), fasting blood glucose (FBG), 2 hours postprandial (2HPP) in the obese subjects. 
There exists a positive significant correlation (P < 0.05) in the BMI vs WC (r = 0. 645, P = 0.00), WC vs DBP (r =0.317, P 
= 0.025), SBP vs DBP (r = 0.770, P = 0.000), DBP vs 2HPP (r = 0.382, P = 0.006) and FBG vs 2HPP (r = 0.711, P = 0.000) 
while there was no significant correlation between the other parameters (P>0.05).  

Table 4 shows the rate of predisposition of diabetes mellitus in obese and normal weight subjects compared using chi- 
square. The results presented shows that the predisposition rate was higher in obese subjects compared to the normal 
weight subjects according to the FBG criterion (>5.6mmol/L) and 2HPP (>8.8mmol/L). The FBG criterion gave a 
significant predisposition rate of 76% and 10% (X = 44.431, P = 0.000) while 2HPP criterion gave a significant 
predisposition rate of 34% and 0% (X= 20.482, P = 0.000) in the obese and normal weight subjects respectively. 

Table 4 The rate of predisposition of diabetes mellitus in obese and normal weight subjects compared using chi square 

Criterion No of 
subjects 

Prediabetes/ 
diabetes 

Non prediabetes 
/non diabetes 

Predisposition 
rate (%) 

Chi square 

(X) 

P – 
value 

FBG 50 obese 38 12 76  

44.431 

 

0.000* >5.5 
mmol/L 

50 normal 
weight 

5 45 10 

2HPP 50 obese 17 33 34  

20.482 

 

0.000* >8.8mmol/L 50 normal 
weight 

0 50 0 

* = Significant value (P< 0.05) 

4. Discussion 

Obesity and overweight are strongly linked with several cardio-metabolic disorders including high blood pressure, high 
blood glucose, insulin resistance, high blood cholesterols, coronary heart disease, stroke and cancers [1, 8, 13 -16]. This 
study examined some predisposition factors of diabetes mellitus in relation to blood glucose (FBG and 2HPP) in 
apparently healthy obese and normal weight individuals including undiagnosed diabetic individuals. The general 
predisposition of diabetes was studied by estimating the prevalence of prediabetes and diabetes among this population 
and the correlation between anthropometric parameters and blood glucose (FBG and 2HPP). 

This study in table 1 shows that obese individuals have higher blood pressure (both systolic and diastolic), and a larger 
waist circumference compared to normal weight subjects. These differences indicate potential health risks associated 
with obesity. The rise in blood pressure could be as a result of increase visceral fat (high WC) where fats accumulate 
within and around the kidney leading to the alteration of renin-angiotensin system causing increasing salt retention 
and elevated blood pressure. This finding agrees with previous studies by [1, 28-29]. The increase WC in obese subjects 
could be as a result of increase lipid accumulation within and around the liver and the abdominal skeletal muscle which 
could result from ingestion of fatty and energy laden processed food as well as sedentary lifestyle. This finding is in line 
with previous study [30], where 89% of obese females and 47% of obese males had a waist circumference above the 
90th percentile and high waist circumference was said to be linked to health risks like hypertension and diabetes 
(usually type 2). Even in those with normal metabolic profiles, a higher waist circumference increased the risk of 
hypertension by 24-59% [30]. 

Table 2 of this study estimated the blood glucose level of the obese individuals; there exist significant increase (p< 0•05) 
in both fasting blood glucose (FBG) and 2 hours postprandial (2HPP) levels between obese and normal-weight subjects, 
as indicated by the low p-values and high t-statistics. Both FBG and 2HPP levels were higher in obese subjects compared 
to normal weight subjects, suggesting that these groups have different glucose metabolism profiles and obese subjects 
could be more predisposed to diabetes mellitus than the normal weight subjects. This rise in blood glucose level could 
be as a result of insulin resistance and reduced dehydroepiandrosterone sulfate (DHEAS) which is common in obese 
subjects. Again the higher blood pressure level of the obese subjects in this study can cause insulin resistance by altering 
the delivery of insulin and glucose to skeletal muscle cells, resulting in impaired glucose uptake. This finding is in line 
with other previous studies [18, 19, 24-25]. In a study conducted by Akter et al [31] on the Effect of obesity on fasting 
blood glucose, it was found that fasting serum glucose is significantly increased in both male and female obese persons. 
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This study also assessed the relationship between the different parameters in the obese individuals. There exist 
significant (P < 0.05) positive correlations between BMI vs WC, DBP vs WC, SBP vs DBP, DBP vs 2HPP, and FBG vs 2HPP. 
This showed that an independent increase in WC in obese individuals was associated with an increase in BMI as well as 
in DBP while an independent increase in DBP was associated with an increase in SBP and 2 HPP. Again there was 
association between FBG and 2HPP showing that as one was increasing the other was also increasing. This finding 
agrees with the work of Chen et al [32], who reported a positive correlation between obesity and diabetes. 

The predisposition of diabetes mellitus among the two groups (obese and normal weight subjects) was assessed using 
Chi-square and it was found that obese subjects had a 76% and 34% predisposition rate of diabetes mellitus when 
compared to the normal weight subjects that had 10%, 0% in FBG and 2HPP respectively. This finding agrees with the 
previous works by [33-34] which reported a higher predisposition of diabetes mellitus among obese individuals when 
compared to normal weight subjects. In a similar study on the association between body weight and the prevalence of 
diabetes mellitus in Sri Lanka,12% of obese subjects were found to be diabetic while 2% of normal weight subjects were 
diabetic showing a 10% increase prevalence of diabetes among obese than the normal subjects [35]. 

5. Conclusion 

This study observed that there was an increase in waist circumference, blood pressure (systolic and diastolic) and blood 
glucose (fasting and 2 hours postprandial) level in obese individuals when compared to normal weight individuals. The 
study also concludes that obese individuals have a higher predisposition rate of diabetes mellitus than normal weight 
individuals. Hence, the need for regular evaluation of blood glucose level in obese subjects to avert hyperglycaemia 
complications.  
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