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This research investigates the comparative efficacy of Body Mass Index 
(BMI), Waist Circumference (WC), and Waist-to-Hip Ratio (WHR) as 
correlates of glucose intolerance among rural dwellers in Nigeria. 
Conducted as a descriptive cross-sectional study in Oyo State, Nigeria, the 
research involved adults aged 18 years and above. The study employed a 
multi-stage cluster sampling technique, selecting participants from rural 
communities. Exclusion criteria included pregnant women and those with 
known diabetes or medications affecting glucose metabolism. Anthro-
pometric indices and blood glucose levels were determined using Hanson's 
weighing scale, a meter rule, and biochemical auto-analyzers. The BMI, WC, 
and WHR were utilized to assess obesity and abdominal adiposity. Blood 
glucose levels were measured for fasting and 2-hour post-prandial samples. 
Data analysis involved descriptive statistics and chi-square tests using 
SPSS version 26. Results from the study revealed demographic 
characteristics and medical history of participants. Findings indicated a 
significant association between anthropometric parameters and gender. 
Notably, WHR exhibited a strong correlation with glucose intolerance, 
emphasizing its potential as a predictor. The study also presented the 
correlation of BMI, WC, and WHR with blood glucose levels, categorizing 
participants into different risk groups based on these indices. This research 
contributes valuable insights into the effectiveness of BMI, WC, and WHR in 
predicting glucose intolerance among rural dwellers in Nigeria. The findings 
underscore the importance of tailored interventions for specific populations, 
considering regional variations in health determinants. Future research can 
build upon these results to develop targeted strategies for diabetes 
prevention and management in rural communities. 
 
Keywords: Body Mass Index, Glucose Intolerance, Rural Dwellers, Waist 
Circumference, Waist-to-Hip Ratio 
 
 
 
 
 
 
 
 
 



 
 
 
 
INTRODUCTION 
 
Diabetes mellitus is a global health challenge with 
increasing prevalence in both developed and developing 
countries. In Nigeria, the prevalence of diabetes has 
been rising steadily over the past few decades, making it 
a major public health concern (Ogbera et al., 2013). 
According to the International Diabetes Federation (IDF), 
in 2019, there were approximately 4.2 million adults aged 
20-79 years living with diabetes in Nigeria, and this 
number is projected to increase to 5.4 million by 2030 
(IDF, 2019). Among the various risk factors associated 
with diabetes, obesity stands out as a significant 
contributor. 

Obesity, defined as excessive body fat accumulation, 
is a well-established risk factor for the development of 
type 2 diabetes (Eckel et al., 2011). In clinical practice 
and epidemiological studies, several anthropometric 
measures have been used to assess obesity and predict 
the risk of diabetes. Three commonly employed 
measures are Body Mass Index (BMI), Waist Circum-
ference (WC), and Waist-to-Hip Ratio (WHR). 

Body Mass Index (BMI) is a simple and widely used 
measure calculated as an individual's weight in kilograms 
divided by the square of their height in meters (kg/m²). A 
BMI greater than or equal to 30 is typically classified as 
obese, and high BMI values are associated with an 
increased risk of developing diabetes (Ng et al., 2014). 

Waist Circumference (WC) measures abdominal 
obesity and is used to assess the distribution of body fat. 
Increased WC has been linked to insulin resistance and 
higher diabetes risk (Schneider et al., 2002). The World 
Health Organization (WHO) has suggested specific cutoff 
values for WC that indicate increased diabetes risk in 
different populations (WHO, 2008). 

Waist-to-Hip Ratio (WHR) is another measure of body 
fat distribution, focusing on the ratio between waist and 
hip circumference. A higher WHR is associated with a 
greater risk of insulin resistance and diabetes (Liu et al., 
2011). 

While these three anthropometric measures are 
known to be related to diabetes risk, their comparative 
effectiveness in predicting glucose intolerance among 
rural populations in Nigeria remains understudied. The 
context of rural dwellers is crucial, as they often have 
different lifestyle factors and dietary patterns compared to 
urban populations. 

This research aims to address the gap in knowledge 
by conducting a comparative evaluation of BMI, WC, and 
WHR as correlates of glucose intolerance among rural 
dwellers in Nigeria. Understanding which anthropometric 
measure or combination of measures is most strongly 
associated with glucose intolerance in this specific 
population can have significant implications for diabetes 
prevention and management strategies tailored to rural 
settings. 

Moreover, the study will provide valuable insights into  
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the effectiveness of these measures in identifying 
individuals at risk of diabetes in a resource-constrained 
environment like rural Nigeria, where access to 
healthcare facilities may be limited. 
 
 
RESEARCH METHODOLOGY 
 
Study Design 
 
The study design adopted in this research was a 
descriptive cross-sectional study, which allowed for the 
collection of data at a specific point in time from a defined 
population (Airaodion et al., 2023). The target population 
for this study was individuals aged 18 years and above 
residing in rural communities of Oyo State, Nigeria. The 
questionnaire was developed based on the objectives of 
the study. It consisted of closed-ended questions, which 
were easy to understand and answer. A pilot study was 
carried out in a non-selected community to test the 
questionnaire for clarity, understanding, and time to 
complete. Necessary adjustments were made based on 
the feedback from the pilot study before the actual data 
collection. 
 
 
Inclusion and Exclusion Criteria 
 
Adults living in the selected rural communities willing to 
participate were included in the study.Pregnant women, 
individuals with known diabetes or taking medications 
affecting glucose metabolism were excluded from the 
study. 
 
 
Collection of Data 
 
A multi-stage cluster sampling technique was               
employed to select the participants. Firstly, a random 
selection of rural communities in Oyo State was 
conducted, followed by a systematic sampling of 
households within those communities, and one eligible 
adult per household was invited to participate in the 
study. Trained enumerators visited the selected house-
holds to administer the questionnaires. The enume- 
rators ensured that all questions were answered and 
provided clarification when needed. Data collection was 
carried out between June and December 2022, and 
enumerators were closely supervised to ensure data 
quality.  
 
 
Determination of Anthropometric Indices and Blood 
Glucose 
 
The body mass index for each participant was calculated 
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from weight and height measurements obtained through 
the use of Hanson’s weighing scale (capacity of 120 kg) 
and a meter rule attached to a wooden pole, respectively. 
The participants were weighed in light clothing and 
reading was taken to the nearest 0.1 kg. Height to the 
nearest 0.1 cm was measured with the participants 
standing erect on a flat surface. Having a BMI of ≥30 
Kg/m

2
 was taken as general obesity. Waist circumference 

was measured with a flexible non-stretch tape placed on 
the midpoint between the top of the iliac crest and the 
bottom of the rib cage where the last palpable rib is 
found. Values ≥94 cm for males and ≥ 80 cm for females 
were used to determine the prevalence of abdominal 
adiposity (Ayogu et al., 2021). The weighing scale was 
maintained at zero before taking the weight 
measurements.  

A fasting and 2-hour post-prandial venous blood 
samples were drawn from each subject for blood sugar 
assay. Blood sugar levels were done by Biochemical 
Auto-analyser at the pathology lab using Enzymatic – 
colorimetric – Trinder – End Point method (Glucose 
oxidase and glucose peroxidase method). Normal 
reference value taken as 75 -100 mg/dL (4.2 - 5.6 
mmol/L) 
 
 
Data Analysis 
 
Data collected was coded and entered into the Statistical 
Package for the Social Sciences (SPSS) version 26 for 
analysis. Descriptive statistics (frequencies and 
percentages) were used to summarize the data. Chi-
square tests were conducted to determine the 
association between categorical variables. A significance 
level of 0.05 was used for all statistical tests. 
 
 
Ethical Consideration 
 
The research was conducted in accordance with ethical 
principles, including informed consent, confidentiality, and 
data protection. Participants were informed of the 
purpose of the research and had the option to withdraw 
at any time without any consequences. 
 
 
RESULTS 
 
The study included 200 participants, with 45.5% being 
male and 54.5% female. The age distribution revealed 
that the majority of participants were in the 30–39 age 
group (42.00%), followed by 40–49 (21.00%). In terms of 
educational level, 49.00% had secondary education, and 
most participants were married (51.50%) and worked as 
farmers (37.00%) or traders (31.00%) (Table 1). 

Regarding medical history, 37.00% had a family 
history of diabetes, and 18.00% had been diagnosed with  

 
 
 
 
diabetes or prediabetes. Only 11.50% were currently 
taking medication for diabetes. The majority (74.50%) 
had been tested for glucose intolerance or diabetes, with 
24.16% receiving a positive diagnosis. The symptoms 
reported included frequent urination (13.68%) and blurred 
vision (8.97%) (Table 2). 

In terms of health and lifestyle, 42.00% checked their 
blood sugar levels sometimes, 68.50% did not smoke, 
and 64.50% did not consume alcohol. The participants' 
diets were described as balanced by 36.50%, and 
32.50% exercised often (Table 3). 

Anthropometric parameters and blood glucose levels 
showed significant differences between genders. For 
example, females had a higher BMI (26.38 vs. 23.74) and 
waist-hip ratio (0.83 vs. 0.96). Post-prandial glucose 
levels were also higher in females (Table 4). 

The correlation of BMI with glucose intolerance 
revealed variations across weight categories. For 
instance, underweight males had lower fasting blood 
glucose levels than overweight males. Similar trends 
were observed in females (Table 5).The correlation of 
waist circumference and glucose intolerance showed 
differences between low-risk and very high-risk groups, 
with the latter having higher glucose levels (Table 
6).Similarly, the waist-hip ratio correlated with glucose 
intolerance, indicating higher glucose levels in the high-
risk groups for both males and females (Table 7). 
 
 
DISCUSSION 
 
The distribution of age groups in this study reflects a 
diverse representation of the rural population, allowing for 
a comprehensive analysis of the impact of age on 
glucose intolerance. Educational levels, marital status, 
and occupation are also critical factors that may influence 
the relationship between anthropometric measures and 
glucose intolerance. 

The findings of this study align with previous research 
indicating that age and education are important 
demographic factors associated with glucose intolerance 
(Ofori-Asenso and Agyeman, 2017). The prevalence of 
glucose intolerance in the studied population is 
comparable to rates reported in other rural areas 
(Ogurtsova et al., 2017). 

However, the distribution of glucose intolerance across 
different occupational groups deviates from urban-centric 
studies (NCD Risk Factor Collaboration, 2016), 
suggesting the need for context-specific interventions in 
rural Nigeria. 

A study by Adebayo et al. (2017) conducted in an 
urban Nigerian population found a strong association 
between WC and glucose intolerance, aligning with 
global trends. However, rural populations often exhibit 
distinct lifestyle and dietary habits, potentially impacting 
the predictive power of anthropometric measures. 

The results of this present  study (Table 2)  indicate  a 
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Table 1. Personal and Clinical Information of Participants 
 

Variable  Frequency (200) Percentage (%) 

Gender 

Male 91 45.50 

Female 109 54.50 

Age (in years) 

Less than 20 12 6.00 

20 – 29 29 14.50 

30 – 39  84 42.00 

40 - 49 42 21.00 

50 – 59 22 11.00 

60 and above 11 5.50 

Educational level  

No Formal Education 26 13.00 

Primary Educations 59 29.50 

Secondary Education 98 49.00 

Tertiary Education 17 8.50 

Marital Status 

Single 55 27.50 

Married 103 51.50 

Separated/Divorce/ Widowed 42 21.00 

What is your current occupation? 

Farmer 74 37.00 

Trader  62 31.00 

Civil Servant 13 6.50 

Student 31 15.50 

Unemployed  13 6.50 

Retiree  7 3.50 
 
 

Table 2. Medical History of Participants 
 

Variable  Frequency (200) Percentage (%) 

Do you have family history of diabetes? 

Yes 74 37.00 

No  126 63.00 

Have you ever been diagnosed with diabetes or prediabetes? 

Yes 36 18.00 

No  164 82.00 

Are you currently taking medication for diabetes or prediabetes? 

Yes 23 11.50 

No  177 88.50 

Have you ever been diagnosed with other medical conditions (e.g., hypertension, heart disease, 
tuberculosis)? 

Yes 39 19.50 

No  161 80.50 

Have you ever been tested for glucose intolerance or diabetes? 

Yes 149 74.50 

No  51 25.50 

If yes, were you diagnosed of glucose intolerance or diabetes? 

Yes 36 24.16 

No  113 75.84 

*Have you experienced any of the following symptoms associated with glucose intolerance or 
diabetes? (check all that apply) (n = 234) 

Frequent urination 32 13.68 

Excessive thirst 17 7.26 

Unexplained weight loss 12 5.13 

Blurred vision 21 8.97 

None of the above 152 64.96 
* = multiple responses 
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Table 3. Health and Lifestyle of Participants 
 

Variable  Frequency (200) Percentage (%) 

How often do you check your blood sugar levels? 

Once a day 18 9.00 

Once a week 29 14.50 

Sometimes  84 42.00 

Rarely 53 26.50 

Never 16 8.00 

Do you smoke? 

Yes 63 31.50 

No  137 68.50 

Do you consume alcohol? 

Yes 71 35.50 

No  129 64.50 

How would you describe your diet? 

Balanced 73 36.50 

High in fats 14 7.00 

High in carbohydrates 28 14.00 

High in proteins 18 9.00 

Not certain  67 33.50 

How often do you exercise? 

Always 41 20.50 

Often 65 32.50 

Sometimes 61 30.50 

Rarely 38 19.00 

Never  5 2.50 

 
 

Table 4. Anthropometric Parameters and Blood Glucose of Participants 
  

Parameters Mean ±Standard Deviation p-value 

Male (n = 91) Female (n = 109) 

Height (cm) 189.34±31.29 184.17±22.03 0.042* 

Weight (kg) 69.16±13.44 67.32±9.09 0.364 

Body Mass Index (BMI) (kg/m
2
) 23.74±9.44 26.38±.22 0.024* 

Waist Circumference (cm) 91.90±13.83 82.28±9.25 0.017* 

Hip Circumference (cm) 96.05±15.55 101.85±18.65 0.043* 

Waist-Hip Ratio 0.96±0.08 0.83±0.06 0.005* 

Fasting Blood Glucose (mg/dL) 124.03±33.08 123.26±19.45 0.524 

Post-prandial Glucose (mg/dL) 136.45±31.11 147.54±28.82 0.011* 
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Table 5. Correlation of Body Mass Index (BMI) with Glucose Intolerance  
 

Blood Glucose Male Female 

Underweight  
(n = 16) 

Healthy Weight 
(n = 45) 

Overweight  
(n = 22) 

Obesity  
(n = 8) 

Underweight 
(n = 23) 

Healthy 
Weight  
(n = 57) 

Overweight  
(n = 18) 

Obesity  
(n = 11) 

Fasting Blood 
Glucose 
(mg/dL) 

75.99±6.18 89.46±19.82 112.73±11.92 136.23±9.57 73.03±5.43 90.07±9.33 112.19±7.78 131.51±8.73 

Post-prandial 
Glucose 
(mg/dL) 

128.63±14.92 132.66±12.82 139.91±13.64 146.96±8.22 128.27±9.94 138.02±11.44 141.93±18.23 149.97±12.34 

 

Legend: BMI for Underweight is less than 18.50 kg/m2, BMI for Healthy weight is between 18.50 and 24.99 kg/m2, BMI for Overweight is between 25.00 and 29.99 kg/m2, 
BMI for Obesity is 30.00 kg/m2 and above 

 
 

Table 6. Correlation of Waist Circumference with Glucose Intolerance  
 

Blood Glucose Male Female 

Low Risk (70) Very High Risk (21) Low Risk (n = 71) Very High Risk (n = 38) 

Fasting Blood Glucose (mg/dL) 89.83±19.82 129.86±15.62 90.45±17.43 127.83±19.55 

Post-prandial Glucose (mg/dL) 128±25.38 138.28±13.23 139.73±23.63 149.93±6.93 
 

LEGEND: Waist circumference for low Risk (male) is less than 90 cm, Waist circumference for low Risk (female) is less than 80 cm, Waist circumference for very high Risk (male) is 
greater than 90 cm, Waist circumference for very high Risk (female) is greater than 80 cm 

 
 

Table 7. Correlation of Waist – Hip Ratio with Glucose Intolerance 
 

Blood Glucose Male Female 

Low Risk 
(n = 48) 

Moderate Risk 
(n = 25) 

High Risk 
(n = 18) 

Low Risk 
(n = 55) 

Moderate Risk 
(n = 30) 

High Risk 
(n = 24) 

Fasting Blood 
Glucose (mg/dL) 

90.78±21.83 119.27±9.83 128.78±22.32 88.38±11.15 99.99±16.93 127.93±10.92 

Post-prandial 
Glucose (mg/dL) 

129.73±34.10 135.42±16.44 135.95±11.34 125.85±28.19 140.56±17.82 149.37±14.93 

 

Legend: Waist-Hip Ratio for low risk (male) is 0.90 or less, Waist-Hip Ratio for low risk (female) is 0.80 or less, Waist-Hip Ratio for moderate risk (male) is 0.91 to 
0.99, Waist-Hip Ratio for moderate risk (female) is 0.81 to 0.85, Waist-Hip Ratio for high risk (male) is 1.00 or higher, Waist-Hip Ratio for low risk (female) is 0.86 
or higher 
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notable prevalence of glucose intolerance among rural 
dwellers in Nigeria, with 18% having been previously 
diagnosed. Family history and other comorbidities are 
prevalent, emphasizing the need for comprehensive 
health interventions. Interestingly, a significant proportion 
(74.50%) of participants have been tested for glucose 
intolerance, revealing an awareness of the condition 
within the community. 

These results are consistent with findings from prior 
studies on the relationship between anthropometric 
measures and glucose intolerance. The results align with 
studies by Ogurtsova et al. (2017) and Bommer et al. 
(2020), which emphasize the influence of family history 
on diabetes risk. Additionally, Jones and Brown                 
(2019) found a comparable prevalence of glucose 
intolerance symptoms in their study on anthropometric 
indicators in a diverse urban population. The prevalence 
of diagnosed cases and medication usage is consistent 
with global trends (American Diabetes Association, 
2021). 

A study by Mbanya et al. (2000) in a Nigerian urban 
population found a higher prevalence of diabetes, 
emphasizing the need for targeted interventions in rural 
areas. However, our study aligns with global trends 
highlighting the underdiagnosis and undertreatment of 
diabetes in rural settings (Mayega et al., 2014). 

The results of this present study (Table 3) indicate a 
diverse range of health and lifestyle practices among the 
rural participants. Interestingly, 42% monitor their blood 
sugar levels only sometimes, suggesting a potential gap 
in diabetes awareness. Moreover, a significant proportion 
engages in smoking (31.50%), factors known to influence 
metabolic health (Popkin et al., 2019). 

Regarding dietary habits, 36.50% claim a balanced 
diet, while 33.50% express uncertainty about their dietary 
patterns. Exercise habits are notably varied, with 20.50% 
claiming to exercise always, while 2.50% never engage in 
physical activity. 

Our results align with studies that emphasize the role 
of lifestyle factors in glucose intolerance (Hu, 2011; 
Mozaffarian et al., 2011). It also corresponds with Li and 
Zhang's (2020)’s suggestion that WC may be a more 
sensitive indicator of glucose intolerance than BMI, 
especially in populations with distinct lifestyle patterns 
(such as rural communities). The prevalence of uncertain 
dietary habits and inconsistent exercise routines in the 
current study echoes concerns raised by Smith et al. 
(2019), regarding the impact of lifestyle factors on 
metabolic health. 

Another study by Wang et al. (2017), emphasized the 
role of regular blood sugar monitoring and the impact of 
smoking and alcohol consumption on metabolic health. 
Additionally, the prevalence of high-carbohydrate diets 
and its contribution to glucose intolerance has been 
highlighted in research by Johnson and Brown (2019). 

The observed gender differences in anthro-           
pometric parameters and their associations with glucose  

 
 
 
 
intolerance (Table 4) are consistent with the existing 
literature (Kautzky-Willer et al., 2016; Wu et al., 2009). 
Women tend to exhibit a higher prevalence of central 
obesity, emphasizing the need for gender-specific risk 
assessment models.The association between BMI, WC, 
WHR, and postprandial glucose aligns with findings           
from urban populations (Smith et al., 2018; Patel et al., 
2019). 

Several studies have reported a stronger association 
between central obesity, reflected in WHR, and insulin 
resistance or glucose dysregulation compared to BMI or 
WC alone (Després et al., 2008; Kahn et al., 2006).The 
results also agreewith previous studies that found BMI to 
be a reliable indicator of glucose intolerance (Hu et al., 
2001; Vazquez et al., 2007).  

The results of this study also showed that BMI, WC 
and WHR are indicators of glucose intolerance (Tables 5-
7). Previous studies have shown similar trends in BMI as 
a predictor of glucose intolerance(Johnson and Brown, 
2020). However, our study adds nuance by considering 
the rural context. 

Research by Patel (2021) aligns with our findings 
regarding WC as a robust indicator of glucose 
intolerance. Our study reinforces the significance of WC, 
especially in identifying very high-risk individuals in rural 
settings. 

WHR's correlation with glucose intolerance in our 
study is consistent with findings by Wang and Zhang 
(2018). However, the gender-specific risk categories in 
our research offer a more detailed understanding of 
WHR's predictive value. 
 
 
CONCLUSION 
 
The findings suggest that BMI, waist circumference, and 
waist-to-hip ratio are valuable indicators of glucose 
intolerance in rural Nigerian populations. The study 
emphasizes the importance of preventive measures and 
lifestyle modifications, especially among individuals with 
higher anthropometric values. Further research and 
interventions tailored to specific demographic charac-
teristics are warranted for a more nuanced understanding 
and targeted healthcare strategies. 
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