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Introduction
Obesity is associated with a less favorable cardiovascular risk factor status in children and adolescents and evidence has shown that 
excess of adipose tissue is associated with subclinical inflammation, insulin resistance and atherosclerosis [1,2]. 

Worldwide, with changing food habits and increased sedentary lifestyles, the prevalence of overweight and obesity in school-age 
children has increased at alarming rate [3,4] and in Nigeria, reports from different regions of the country showed a prevalence 
ranging from 1% to 18% [5-7]. This suggests that millions of children are now vulnerable to pathologies previously only seen in 
adults which include type 2 diabetes, hypertension and dyslipidaemia and cardiovascular disease [8]. Nichols et al in a large group 
of adults, has observed a 6% increased risk of developing diabetes with each 0.06mmol/l increase in FPG [9].
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Fasting plasma glucose is a risk factor for diabetes and cardiovascular disease in obese children. This study aimed to evaluate the 
association between WC, BMI and WHtR and blood glucose in children.

Methods: This was part of a cross-sectional study in 2,995 students 9-19 years (1,187 boys and 1,808 girls) using a multistage 
cluster sampling design. 442 (Girls 313, Boys 129) with risk factors for glucose dysregulation were selected for fasting blood glucose 
measurement. Weight, height, Waist circumference (WC) were measured and body mass index (BMI) and waist to height ratio (WHtR) 
calculated. Data were analyzed to get the mean; SD. Logistic regression analysis was computed to examine the relationship between 
impaired fasting glucose (IFG) and its associations.

Results: IFG was found in 72 (23.0%) mean fasting blood glucose 107+ 6.3 mmo/l and 5 (1.6%) had diabetes, mean blood glucose 144.6 
+ 16.8 mmol/l among the girls, while 52 (40.3%) and 2 (1.6%) of the boys had IFG and diabetes, mean fasting glucose 107 + 5.9 and 129.3 
+ 0.4 mmol/l respectively. There was progressive increase in the blood glucose levels among the boys and girls from age 12 to >15 years. 
Those with increased WC had the highest fasting blood glucose and increased WC had 2.2 times greater odds of IFG regardless of sex, 
OR 2.200 95% CI 1.189-4.068.

Conclusion: Waist circumference appears to be the best anthropometric index for IFG. A measure of fasting blood glucose in overweight/
obese children could identify those for targeted preventive measures in Nigeria. 

Abstract
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Impaired Fasting Glucose; FPG: Fasting Plasma Glucose; FBG: Fasting Blood Glucose; HDL: High Density Lipid; IGT: Impaired 
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Studies have demonstrated that impaired fasting glucose (IFG) is associated with a threefold increase in the risk of developing type 2 
diabetes thus acts as a good marker of the acute insulin response and the glucose disposition index [9,10]. Reports have also suggested 
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that high normal FBG levels constitute an independent risk factor for diabetes and a risk marker for cardiovascular disease [11]. Thus, 
before fasting glucose reaches the diagnostic range for IFG, impairment in the regulation of glucose homeostasis might already exist. 
In obese youths classified as having normal glucose tolerance (NGT) but with 2-hour glucose levels in the higher range, reduced B-cell 
function relative to insulin sensitivity has already developed, increasing the future risk of impaired glucose tolerance [12].

It is important therefore to determine whether a child who is obese has a higher odd of presenting with risk factors known to 
lead to cardio-metabolic disease for targeted screening and subsequent lifestyle interventions. This study aimed to evaluate the 
association between WC, BMI and WHtR and blood glucose levels, and to ascertain which of the three simple anthropometric 
indices is the best predictor of IFG in adolescent Nigerians.

This study was part of a cross-sectional study conducted in 2,995 students aged 9-19 years (1,187 boys and 1,808 girls) in 20 
secondary schools in the Federal Capital Territory Abuja, Nigeria. The Federal Capital Territory has citizens from every part of 
Nigeria; the three major ethnic groups (Yoruba, Ibo, Hausa) and the minorities are all resident there, with their children in schools. 

A multistage cluster sampling design was used. Sample was stratified according to school types (government and private) the 
schools randomly selected from the list obtained from the School’s Board and the Ministry of Education. In the second stage, inside 
each school, students were randomly selected from each class (Junior Secondary 1-3, Senior Secondary 1-3). Subjects represented 
socio-economic and urban/rural groups. The third stage of sampling involved 442 students (Girls 313, Boys 129) with risk factors 
for glucose dysregulation, had their fasting blood glucose measured.

All measurements were performed by well-trained health professionals: Weight was measured in minimal clothing and recorded 
to the nearest 0.1kg on calibrated scales and height in bare feet to the nearest millimeter. Body mass index (BMI) was calculated as 
weight (kg) divided by height squared (m2) [13]. Waist circumference (WC) was measured at the point of noticeable waist narrowing 
to the nearest millimeter and waist-to-height ratio (WHtR) calculated as waist circumference (in cm) divided by height (in cm) [14]. 

SAS software (SAS Institute, Cary, North Carolina, USA) version 9.4 was used for database management and analyses. The data was 
not normally distributed so a non-parametric analysis was done. A total of 2,995 students 9-19 years (1,187 boys and 1,808 girls) 
enrolled in the study but 442 students (Girls 313, Boys 129) with risk factors for glucose dysregulation, were selected for fasting 
blood glucose measurement and subjected to analysis. 

Mean + Standard Deviation (SD) were calculated for continuous variables (weight, height, BMI, WC and WHtR) while categorical 
variables were given as percentages. Mann-Whitney and Kruskal-Wallis tests were used for comparing continuous variables between 
males and females. Logistic regression analysis was computed to examine the relationship between IFG and its associations. A 
value of P< 0.05 was considered as significant. 

Abnormal waist circumference (WC) was based on the International Diabetes Federation (IDF) 2007 consensus cutoff ≥ 90th 
percentile [15], WHtR ≥0.5 was used to detect abdominal obesity [16], while overweight and Obesity using BMI were defined 
according to WHO growth reference for school-aged children and adolescents [17]. Impaired Fasting Glucose (IFG), was defined 
according to ADA criteria: fasting plasma glucose level of 100-125 mg/dL [18].

Materials and Methods

Sampling Technique

Anthropometric Measurements

Statistical Methods

Results

Approval for the study was obtained from the Federal Capital Territory Education Secretariat, Secondary Education Board and the 
Federal Ministry of Education. Written and oral consent was obtained from the school authorities, students and their parents.

Table 1: presents the mean, standard deviation, minimum and maximum for age, anthropometric data and fasting blood glucose 
for students by sex. The mean BMI and WHtR were statistically significantly higher in girls than in boys, while the boys were taller 
and had significantly higher fasting blood glucose. It is worthy of note that we had a maximum waist circumference of 118cm for 
girls and 117cm for boys.
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Table 2: shows the prevalence of overweight, obesity using waist circumference (WC), waist height ratio (WHtR) and body mass 
index (BMI) by age and sex. Among the girls, using WC and WHtR, 26.5% and 46.0%, and the boys, 18.6% and 40.3% had 
abdominal obesity respectively. Using BMI, the girls had 33.9% and 56.2% overweight and obesity, while the boys had 24.0% and 
55.8% overweight and obesity respectively.

                  
N

WC WHtR BMI

Normal Obese Normal Obese Normal Overweight Obese

N (%)

Girls (years)

All Girls 313 230 (73.5) 83 (26.5) 169 (54.0) 144 (46.0) 31 (9.9) 106 (33.9) 176 (56.2)

≤12 82 34 (10.9) 48 (15.3) 30 (9.6) 52 (16.6) 4 (1.3) 3 (1.0) 75 (24.0)

13 -15 146 116 (37.1) 30 (9.6) 83 (26.5) 63 (20.1) 12 (3.8) 52 (16.6) 82 (26.2)

>15 85 80 (25.6) 5 (1.6) 56 (17.9) 29 (9.3) 15 (4.8) 51 (16.3) 19 (6.1)

Boys (years)

All Boys 129 105 (81.4) 24 (18.6) 77 (59.7) 52 (40.3) 26 (20.2) 31 (24.0) 72 (55.8)

≤12 40 26 (20.2) 14 (10.9) 12 (9.3) 28 (21.7) 4 (3.1) 4 (3.1) 32 (24.8)

13 -15 53 46 (35.7) 7 (5.4) 34 (26.4) 19 (14.7) 10 (7.8) 10 (7.8) 33 (25.6)

>15 36 33 (25.6) 3 (2.3) 31 (24.0) 5 (3.9) 12 (9.3) 17 (13.2) 7 (5.4)

N= Number %= Percentage WC= Waist Circumference WHtR= Waist Height Ratio BMI= Body Mass Index ≤= less or equal to >= greater than 
Table 2: Anthropometric Indices of the Subjects categorized by age and Sex

Normal < 100mg/dL IFG 100-125mg/dL Diabetic ≥ 126mg/dL

N (%) Mean±SD N (%) Mean±SD N (%) Mean±SD

Girls (years)

All Girls 236 (75.4) 89.7±6.5 72 (23.0) 107.7±6.3 5 (1.6) 144.6±16.8

≤12 50 (16.0) 90.0±5.9 30 (9.6) 106.5±5.7 2 (0.6) 156.0±24.0

13 -15 114 (36.4) 89.7±6.9 29 (9.3) 107.8±6.3 3 (1.0) 137.0±7.8

>15 72 (23.0) 89.3±6.4 13 (4.2) 110.5±7.3 NA NA

Boys (years)

All Boys 75 (58.1) 90.1±8.9 52 (40.3) 107.3±5.9 2 (1.6) 129.3±0.4

≤12 26 (20.2) 89.2±12.3 14 (10.9) 106.4±4.6 NA NA

13 -15 26 (20.2) 90.5±6.6 26 (20.2) 106.6±5.4 1 (0.8) 129.6

>15 23 (17.8) 90.5±6.6 12 (9.3) 109.8±7.7 1 (0.8) 129.0

Table 3: Blood glucose dysregulation according to age and sex among the students. Impaired fasting glucose (IFG), was found in 72 
(23.0%) with a mean blood glucose of 107+ 6.3 mmo/l and 5 (1.6%) had diabetes with a mean blood glucose 144.6 + 16.8 mmol/l 
among the girls, while 52 (40.3%) and 2 (1.6%) of the boys had IFG and diabetes with mean glucose values of 107 + 5.9 and 129.3 
+ 0.4 mmol/l respectively. It is also noted that there is a progressive increase in the blood glucose values among the boys and girls 
from 12 to >15 years.

Characteristic
Girls

P-value
Boys

n (%) Mean SD Min Med Max n (%) Mean SD Min Med Max

Age (years)

313 (70.8)

14.1 2.2 9.0 14.0 19.0 0.4113

129 (29.2)

14.0 2.3 10.0 14.0 19

WC (cm) 79.27 9.54 56.00 79.00 118.00 0.3518 80.06 11.63 56.00 79.00 117.00

BMI (kg/m2) 27.42 4.24 16.60 26.90 45.00 0.0070* 26.33 4.98 15.00 26.30 48.50

Body height (m) 1.60 0.08 1.40 1.59 1.82 <0.0001* 1.65 0.11 1.40 1.67 1.86

Body weight (kg) 69.05 12.76 40.00 68.00 117.00 0.0938 70.62 16.77 30.00 70.00 126.0

WHtR 0.497 0.059 0.361 0.494 0.720 0.0207* 0.487 0.069 0.363 0.485 0.765

FBS (mg/dL) 94.70 11.95 58.00 93.00 173.00 0.0001* 97.62 12.10 50.00 98.00 129.60

P-value is MWW test for comparing means between sexes; *significant differences between males and females. N= Number SD=Standard Deviation, 
Med = Median, Min=Minimum Max= Maximum BMI=Body Mass Index WC=Waist Circumference WHtR= Waist Height Ratio
Table 1: Baseline characteristics of the subjects by sex
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Studies have shown that there is substantial tracking of body weight and obesity from adolescence into adulthood [19]. Garnet et al 
reported that 78.9% of children who were overweight or obese on the basis of BMI at 8 years, were still overweight and obese at 15 
years and 69.2% of children who had increased central adiposity at 8 years continued to be so at 15 years [20]. 

Our result showed that the mean waist circumference among the girls and boys were similar 79.3 + 9.5 and 80.1 + cm, with a 
maximum WC of 118cm in girls and 117cm in the boys. However, the mean BMI and WHtR were significantly higher in the girls 
than in the boys. Studies have demonstrated a close relationship between increased excess of adipose tissue in the abdominal region 
and increased risk of cardiovascular disease [21,22] and that WC is the best simple anthropometric index of abdominal visceral 
adipose tissue and may also be the best index for predicting cardiovascular disease [23,24]. 

Discussion

Figure 1: Mean blood glucose categorization according to waist circumference, waist height ratio and body mass index of the 
students. On the whole, the students with abnormal WC had the highest fasting blood glucose, followed by WHtR and lastly BMI.

Table 4: Logistic regression model of associations of impaired fasting glucose (IFG). In a multivariate analysis, the female sex had a 
reduced association with IFG, (OR 0.423, 95% CI 0.269-0.664). Increased WC had 2.2 times greater odds of having IFG regardless 
of sex OR 2.200 95% CI 1.189-4.068.

Table 4: Logistic regression model of associations of Impaired Fasting Glucose in the Subjects

Risk Factor Multivariate Analysis

Parameter Estimate Adjusted Odds Ratio 95% Confidence Interval

Sex

Boys 1

Girls -0.8613 0.423 0.269 - 0.664

WC

Normal weight 1

Obese central 
weight 0.7884 2.200 1.189 - 4.068

Waist height ratio (WHtR) is also being increasingly used to detect the risk of diseases related to central fatness in children. The 
rational being that for a given height, there is an acceptable degree of fat stored on the upper body [25,26]. In Nigeria, reference values 
for waist circumference and waist height ratios have been suggested to detect abdominal adiposity in youths 10-18 years of age [27].

FBS= Fasting Blood Sugar WC= Waist Circumference WHtR= Waist Height Ratio BMI= Body Mass Index
Figure 1: Mean Fasting blood glucose of the Subjects according to Anthropometric Indices

Normal < 100mg/dL IFG 100-125mg/dL Diabetic ≥ 126mg/dL

N (%) Mean±SD N (%) Mean±SD N (%) Mean±SD

Both sexes (years)

All 311 (70.4) 89.8±7.2 124 (28.1) 107.5±6.1 7 (1.6) 140.2±15.6

≤12 76 (17.2) 89.8±8.6 44 (10.0) 106.5±5.3 2 (0.5) 156.0±24.0

13 -15 140 (31.7) 89.9±6.8 55 (12.4) 107.2±5.9 4 (0.9) 135.2±7.4

>15 95 (21.5) 89.6±6.4 25 (5.7) 110.1±7.4 1 (0.2) 129.0

N= Number, IFG= Impaired Fasting Glucose, > greater than < less than, ≥greater than or equal to, ≤ less than or equal to, SD= Standard Deviation, 
Table 3: Glucose Dysregulation among the Subjects According to Age and Sex
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Looking at the obesity indices in relation to blood glucose values in this study, the mean FBG was highest in the children with 
increased WC, followed by WHtR and lastly BMI in a decreasing order; 98.7 + 14.1, 97.1 + 13.0 and 95.5 + 11.9 mmol/l respectively, 
even though the values were still within the conventional normal ranges. 

Multivariate analysis showed that the children with increased WC are 2.2 times more likely to have IFG regardless of sex than 
those with normal WC, OR 2.200 95% CI 1.189-4.068. WC has been said to be the best simple anthropometric index of abdominal 
visceral adipose tissue and may also be the best index for predicting cardiovascular disease [23,24]. 

The Bogalusa Heart Study showed that children and adolescents with large waist circumference were more likely to have elevated 
cardiovascular risk factors than those with normal a smaller waist circumference. Also, that fasting glucose levels were positively 
related to the level of obesity and adults who developed IGT or type 2 diabetes had higher glucose levels from childhood [34].

O’Malley et al in his work on obese youths, stratified the children into quartiles of fasting plasma glucose. They noted that quartile 
four with the highest normal fasting plasma glucose had the greater degree of obesity [8]. 

Claudio et al in Italy has demonstrated that fasting blood glucose could be considered a screening tool to narrow clinical indication 
to OGTT in obese white children and adolescents [35]. O’ Malley et al. in their work have suggested that in children who are in the 
metabolically stressful state of obesity, glucose dysregulation appears to occur earlier than adverse cardiovascular profile. Thus, a 
critical window of opportunity for effective treatment before the onset of cardiovascular damage might be available to clinicians in 
children with high normal fasting plasma glucose [8].

In conclusion, our findings highlight the fact that overweight and obese children, with fasting blood glucose concentration within 
the seemingly normal range or with IFG are not normal with respect to glucose metabolism and the risk of developing diabetes 
and cardiovascular disease in future. Waist circumference appears to be the best anthropometric index for IFG in this study. Early 
diagnosis of IFG could be very helpful; thus, a simple measure of fasting blood glucose in this category of children could assist 
clinicians in identifying those for targeted preventive measures in the Nigerian setting. 
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