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ABSTRACT 
 
One complex metabolic disorder that can unenviably affect the normal human 
physiology is diabetes mellitus (DM). It is indeed one of the commonest non-
communicable diseases that has heightened to an epidemic level worldwide. For diseases 
like DM, hypertension, cardiovascular disease, type II DM, and other chronic diseases, 
body mass index (BMI) is identified as a positive and independent risk factor associated 
with morbidity and mortality. The objective of the study was to determine the 
relationships between BMI, blood pressure, and total body fat among inhabitants of peri-
urban Ho, Ghana. A cross-sectional survey was carried out between May and June, 2018, 
among 132 inhabitants of Ho to determine the prevalence and associations among DM 
risk factors. The participants were selected by systematic random sampling. Standardized 
international protocols were used to measure BMI, blood pressure, blood glucose, and 
total body fat. Out of 132 respondents, majority 96 (72.7%) were female and the most 
common age group was 54-60 (31.1%). From the BMI classifications, 65 (49.2%) people 
were of normal weight while 6 (4.5%) were underweight. Total body fat (%) and blood 
pressure, likewise total body fat and BMI recorded significant associations of values 
(0.299, p<0.001-systolic; 0.298, p=0.001-diastolic), and 0.585 (p<0.001), respectively. 
On the contrary, there were insignificant associations found between blood glucose and 
diastolic blood pressure and also blood glucose and systolic blood pressure (0.100, 
p=0.253) and (0.057. p=0.514), respectively using the Spearman’s correlation analysis. 
Lastly, the test of association of socio-demographics and anthropometrics revealed there 
was a significant (p<0.001) correlation between total body fat and BMI using Pearson’s 
correlation analysis. BMI is closely related to total body fat and blood pressure; hence, 
education on lifestyle modification needs to be intensified to create awareness among the 
inhabitants of Ho municipality of Ghana. It is imperative to educate Ghanaians and 
beyond about the risk factor associations that predispose an individual to DM. 
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INTRODUCTION  
 
An unparalleled increase in non-communicable diseases (NCDs) is experienced 
worldwide as this is driven by urbanization, the globalization of markets, and increasing 
longevity. The World Health Organization (WHO) [1] indicated that four diseases, 
diabetes mellitus (DM), cardiovascular disease, cancer, and chronic respiratory disease 
are responsible for over 80% of NCD deaths of which more than 40% occur in people 
under 70 years of age. Diabetes Mellitus (DM), a leading NCD in Africa, contributes to 
the increasing disease burden among adults. Data available from WHO [2] revealed that 
as of the year 2019, approximately 463 million people had DM. This figure has been 
projected to escalate to 851,000 people by the year 2030.  In sub-Saharan Africa, 21.5 
million people live with diabetes, leading to approximately half a million diabetes-related 
deaths in 2013 [3]. 
 
Various researchers across the globe have identified several risk factors for DM. These 
risk factors fall under the four broad groups of risk factors for NCDs. A good number of 
these risk factors border on lifestyle and dietary patterns [4-6]. Another way of 
considering DM risk is from a preventive, treatment, or interventional point of view, 
which looks at the various risk factors as modifiable or non-modifiable [7]. Modifiable 
risk factors such as obesity, excessive use of alcohol, physical inactivity, and dietary 
factors can be altered in the prevention of the disease. Non-modifiable risk factors like 
age, ethnicity, and family history may serve to alert an individual of his or her baseline 
risk of contracting the disease. The risk of an individual developing DM is dependent on 
the total presence and combination of exposure to both modifiable and non-modifiable 
risk factors [7]. 
 
Cross-country studies have revealed differences in social and behavioral factors of 
subjective wellbeing and disability among diabetic patients, as well as in the role gender 
plays in the wellbeing of these patients [8, 9]. In this regard, country-specific studies 
have found an association between DM and socio-economic factors such as education, 
employment status, wealth, and social class [10-12]. Diabetes Mellitus (DM) has also 
been associated with individual behavioral characteristics such as physical inactivity, 
poor dietary intake, inadequate intake of fruits and vegetables, tobacco use, and alcohol 
consumption [13]. 
 
The International Diabetes Federation (IDF) stimulates global public health interest by 
publishing best estimates of the total numbers of people in the world, who are either 
undiagnosed (example pre-diabetic) or diagnosed with DM. The American Diabetes 
Association (ADA) and the IDF both advocate self-management to be a core component 
of diabetes care [14]. Also, adequate knowledge of diabetes is a key component of 
diabetic care.  
 
Many studies have shown that increasing patient knowledge regarding a disease and its 
complications has significant benefits on patient compliance to treatment and decreasing 
complications associated with the disease [15]. Although some researchers [16-18] have 
reported findings of the knowledge and management of DM, its prevalence keeps rising 
in Ghana [19, 20]. This study aimed to determine the distribution and correlations of 
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blood glucose levels with some risk factors of DM among the inhabitants of Ho 
municipality, Ghana. 
 
MATERIALS AND METHODS 
 
Sample Size Determination 
For three months of data collection, the total expected study population was 240. A 
minimum acceptable sample size of 130 at 95% confidence level, 5% allowable error, 
and a response distribution of 50% were calculated. The Raosoft online sample size 
calculator was employed.  
 
Anthropometric measurements 
The weights of subjects were taken in minimum clothing with the Body Composition 
Monitor and Scale (HBF-516 IL, USA). The same instrument was used in estimating 
visceral fat. Standard protocols were followed in taking their heights to the nearest 0.1 
cm using the Seca Stadiometer (Hamburg, Germany). Height and weight measurements 
were used in computing the Body Mass Index (BMI) of the participants. The following 
categorization was used in classifying them: underweight (<18.5 kg/m2), normal (18.5–
24.9 kg/m2), overweight (25.0–29.9 kg/m2), and obese (≥30.0 kg/m2) [21].  
 
Blood Pressure (BP) 
Subjects were made to sit in a relaxed and comfortable position before taking blood 
pressure measurements. The measurements were taken using a digital BP machine 
(OMRON CEO 197, Kyoto, Japan.). All measurements were taken on the right arm. 
Blood pressure levels (in mmHg) were categorized as prescribed by Bimenya et al. [22] 
as follows: systolic (≤120, acceptable; >120, unacceptable) and diastolic (≤80, 
acceptable; >80, unacceptable).  
 
Total body fat 
The lipid profile was assessed by drawing 3 mL of venipuncture blood from subjects into 
gel separator tubes. Blood samples were centrifuged at 3,000 rpm for 10 minutes and 
serum samples used for the analysis. 
 
Blood Glucose 
126 mg/dL of blood was taken from participants. This was done by measurements using 
a glucometer (Omron, US). Categorizations into diabetics and intermediate 
hyperglycemic were made according to WHO [22]. 
 
Inclusion criteria 
All persons with normal blood glucose levels: 14-17 g/dL for men and 12.3-15 g/dL for 
women. 
 
Ethical Clearance  
Approval was obtained from the Research and Ethics Committee of the University of 
Health and Allied Sciences, Ho, Ghana. Informed consent of the participants in the study 
was obtained and respondents were assured of the confidentiality of the information 
supplied. Participants’ pain during blood withdrawal was managed by engaging an 
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experienced phlebotomist who identified the vein before jabbing and also by priming 
them to be enduring before vein jabbing. Participants were not compensated.  
 
Statistical Analysis 
Data obtained were analyzed using International Business Machines Statistical Package 
for the Social Scientist (IBM SPSS Inc., USA) version 23. Data were summarized using 
descriptive statistics (frequencies and percentages). Also, inferential statistics were 
conducted to explore relationships between variables. A statistical test with p-value ≤ 
0.05 was considered significant.  Before conducting inferential statistics, the dataset was 
assessed for normality subjectively using histograms and stem and leaf, and objectively 
using the Kolmogorov-Smirnov tests. The results of normality testing indicated that the 
data were not normally distributed, while Kolmogorov-Smirnov tests indicated 
statistically significant p values (p≤0.05). Hence, the non-parametric Spearman’s Rank 
Order Correlation (rho) was conducted to explore relationships between the 
anthropometric indices.  
 
RESULTS AND DISCUSSION 
 
Demographics 
The socio-demographic results of the survey conducted are presented below (Table 1). 
Out of a total of 132 participants, the majority 96 (72.7%) were female. The age group 
of 54-60 years with 41 (31.1%) constituted most of the participants. Most participants 
were married 54(41.2%) while only 1 (8%) person cohabited with the partner. 
Monogamy was dominant 117 (89.3%) and the family size in the range of 4-7 (55%) 
constituted the majority. The level of education for most of the participants was Junior 
High School (JHS) and Senior High School (SHS) levels with 49 (37.1%) and 50 
(37.9%), respectively. 
 
Body Mass Index values of the respondents were ranked according to the WHO. Majority 
65 (49.2%) of the respondents had normal weight, while 6 (4.5%) of the respondents 
were underweight. However, overweight and obese respondents were also common with 
recorded values of 28 (21.2%) and 32 (24.2%), respectively.  
 
Blood pressure of the majority of the respondents was acceptable (diastolic- 96 (72.7%); 
systolic 84 (63.6%). Only a few of them had unacceptable (diastolic-36 (27.3%); 
systolic-48 (36.4%) blood pressure readings. 
 
Blood glucose levels were categorized into: not normal, normal, and diabetic. A greater 
proportion (47%) of the respondents had their blood glucose levels in the normal range, 
while less than 10% were within the diabetic category. The prevalence of diabetes in the 
study population was 12%. A significant (p<0.05) majority (49.2%) of the respondents 
had their total body fat (%) being >36%, while the rest were equitably distributed (Table 
2).   
 
Associations of some anthropometric indices of respondents 
Table 3 shows results obtained from the different associations of some anthropometric 
indices of respondents. There was a significant association between the BMI and the 
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diastolic BP of the respondents (0.353, p<0.001).  There was also a significant 
association between total body fat and the diastolic BP of the respondents (0.298, 
p=0.001). Similarly, respondents, BMI was strongly associated with their systolic BP 
(0.398, p<0.001). Also, a strong relationship was established between total body fat and 
systolic BP (0.299, p<0.001). Lastly, a significant (p<0.001) association (0.746) between 
systolic BP and diastolic BP was observed. 
 
Contrary to these observations, there was neither an association between the blood 
glucose and the diastolic BP nor systolic BP of the respondents with values of 0.100 
(p=0.253) and 0.057 (p=0.514), respectively. Results of association between blood 
glucose and BMI were not significant (p=0.954, -0.005). Lastly, there was no significant 
association between total body fat and blood glucose (0.130, p=0.137).  
 
Results obtained from the tests of relationships between socio-demographics and the 
anthropometrics of the respondents can be found in Table 4. Out of the many parameters 
tested with the Pearson’s correlation test, only total body fat (%) and BMI (kg/m2) had a 
significant (0.585, p<0.001) association. There were no statistically significant (p>0.05) 
associations found among the anthropometric indices and demographic indicators. 
 
The results of this survey showed good associations between total body fat and systolic 
BP, which corroborates results reported by several researchers [23-25]. Body Mass Index 
(BMI) was also found to be a major contributor to high blood pressure in our study. 
Generally, overweight and obese young adults (adolescents) have more body fat and 
higher BP than adults with normal weight [26]. Flynn and Faulkner [27], showed a strong 
relationship between BMI and BP, which is well established for both systolic and 
diastolic BP. This relationship was also observed in our population, with a stronger effect 
of BMI on systolic BP.  
 
The high and ever-increasing prevalence of overweight, as well as obesity and 
hypertension, is a huge health challenge. The adverse consequences of these 
abnormalities can potentially affect public health and can be considered as risk factors 
for systemic disorders. Obesity is a major cause of metabolic syndrome, which leads to 
the development of hypertension and diabetes. Hypertension tends to develop more often 
in patients with diabetes [28-31] and can lead to severe complications including diabetic 
retinopathy, cardiovascular disorders, and kidney disease [29, 32]. Tesfaye et al. [33] 
suggested that generally, associations between BMI and risk of hypertension seem to 
hold in multiethnic populations, although the extent may vary. 
 
Results from the current study showed a strong association of total body fat and BP. This 
agreed with the previous finding by Wang et al. [34], who also found strong associations 
of total body fat and blood pressure in middle-aged Chinese populations. Recently, Chen 
et al. [35] and Chandra et al. [36] reported increasing evidence that visceral adiposity is 
a pathological depot that accumulates when subcutaneous depots are overwhelmed or 
unavailable for storage. Visceral fat is characterized by being more sensitive to lipolysis 
and by its ability to secrete higher amounts of inflammatory cytokines [37]. Although 
these are unwanted and likely contributory effects, the exact mechanism underlying the 
association of visceral fat and hypertension remains unknown. Increased adipose tissue 
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may release a variety of adipokines that are related to a decrease in the production and 
use of nitric oxide, which has important functions in the control of vascular tone and 
suppression of vascular smooth muscle cell proliferation. A decrease in the effect of nitric 
oxide has been associated with endothelial dysfunction and arterial hypertension [38].  
The BMI, which reflects body fat mass was shown to be an independent risk factor for 
hypertension, an observation that is consistent with previous studies [39, 40]. Keaney et 
al. [41] and Narayan et al. [42] stressed that the chronic nature and long-term economic 
burden make diabetes and hypertension archetypal public health problems. The results 
obtained in this work support evidence from other studies [43, 44] that lifestyle factors 
including physical activity in particular probably play a large part by affecting BP and 
also body composition. Vasodilation is achieved by regular exercise, which increases 
and preserves muscle mass, and also lowers blood pressure through a number 
mechanisms including activation of the β-adrenergic system. Ghanaians must be 
educated to exercise regularly to minimize the risk of contracting type 2 diabetes [45].  
 
CONCLUSION 
 
These results showed significant associations between BMI and BP (diastolic and 
systolic) and then total body fat and BP (especially systolic). The risk of hypertension is 
higher among population groups with overweight and obesity. 
 
Knowledge of the interactions of these indices is imperative since education can have a 
significant impact on an individual’s life by becoming well informed to undertake regular 
exercises, good nutrition, not engaging in too many stressful activities and several others.  
Studies have shown that individuals, especially adolescents, who develop hypertension 
may be considered high-risk for concurrent target hypertensive organ damage and future 
cardiovascular diseases risk based on several factors, including major indices such as BP 
and BMI magnitudes as well as the minor indices such as age, family history, and 
ethnicity. Lifestyle modification and pharmacotherapies have been demonstrated to be 
successful in preventing hypertension and reducing already elevated BP in humans if 
well informed on these risk factors. 
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Table 1: Socio-demographic data of the respondents 

                       Characteristics Frequency Percent (%)  

Gender Male 36 27.3  
 Female 96 72.7  

Age <18 1 8.0  
 19-25 11 8.3  
 26-32 8 6.1  
 33-39 18 13.6  
 40-46 29 22.0  

 47-53 24 18.2  
 54-60 41 31.1  

Marital Status Married 54 41.2  
 Single 48 36.6  
 Cohabitation 1 8.0  
 Separated 17 13.0  
 Widowed 11 8.4  

Family Setting Polygamy 13 9.9  
 Monogamy 117 89.3  
 Others 1 8.0  

Household Size 2-3 36 27.3  
 4-7 55 41.7  
 8-10 20 15.2  
 >10 21 15.9  

Educational level No Formal Education 12 9.1  
 JHS 49 37.1  

 SHS 50 37.9  
 Tertiary 21 23.2  
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Table 2: Anthropometric data of the respondents 

                        Characteristics Frequency Percent (%) P-value 

BMI (Kg/m2) n=131    

Underweight <18.5 6 4.6 <0.001 

Normal 18.5-24.9 65 49.6  

Overweight 25-29.9 28 21.4  

Obese >30 32 24.4  

Systolic blood pressure (BP)     

Acceptable <120 84 63.6 <0.001 

Unacceptable >120 48 36.4  

Diastolic BP     

Acceptable <80 96 72.7 <0.001 

Unacceptable >80 36 27.3  

Blood Glucose     

Not normal <3 29 22.0 0.004 

(IGT) 4-6 30 22.7  

Normal 7-9 37 28.0  

Diabetic 10-12 26 19.7  

 >12 10 7.6  

Total Body Fat (%) <10 9 6.8  

 11-15 14 10.6 <0.001 

 16-20 7 5.3  

 21-25 11 8.3  

 26-30 7 5.3  

 31-35 19 14.4  

 >36 65 49.2  

 
The proportion of participants with underweight, normal weight, overweight and obese 
were significantly different (p<0.001). The participants with unacceptable blood pressure 
were significantly lower than those with acceptable levels for both diastolic and systolic 
blood pressures (p<0.001). Also, the proportions of participants for the various levels of 
blood glucose and total body fat (%) were significantly different (p<0.01). BMI = Body 
mass index 
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Table 3:  Associations of anthropometric measurements using the Spearman’s rho 
correlation analysis 

 Body Mass Index (BMI) 
 

Systolic 
Blood 

Pressure 

Diastolic  
Blood 

Pressure 

Total 
Body 

Fat(%) 

Blood 
Glucose 

1. BMI 1.00     

2. Systolic 
        Blood  

           Pressure 

 
                 0.398** 

 

 
1.00 

 

   

3. Diastolic 
      Blood 

           Pressure 

0.353** 
 

0.746** 
 

1.00 
 
 

  

4. Total 
           Body 

              Fat (%) 

0.585** 
 

0.299** 
 

0.298* 
 

1.00 
 

       

 

5. Blood 
              Glucose 

-0.005 
 

0.057 
 

0.100 
 

0.130 
 

1.00 
 
 

        ** Correlation is significant at the 0.01 level (2-tailed) 

*Correlation is significant at the 0.05 level (2-tailed) 
 
 

Table 4: Relationships of some socio-demographic and anthropometric indices 
using Bivariate Spearman’s rho correlation analysis 

  Body mass 
index (BMI)  

Educational  
             
level 

Total body 
            Fat 
(%) 

Blood 
Glucose 

Age 

BMI  1     

Educational level 0.040 1    

Total body fat (%) 0.585** -0.018 1   

Blood Glucose -0.005 -0.141 0.130 1  

Age 0.	019 -0.026 -0.072 0.009 1 

 
** Correlation is significant at the 0.01 level (2- tailed) 
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