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In Nigeria, indices predictive of adolescent central adiposity are lacking. This study aimed to develop age- and gender- specific cut-offs for 
WC and WHtR for Nigerian adolescents.

Methods: Cross-sectional study involving 2,995 students aged 9-19 years (1,187 boys and 1,808 girls) in 20 schools in the Federal Capital 
Territory Abuja, Nigeria, using a multistage cluster sampling design. Weight, height, Waist circumference (WC), body mass index (BMI), 
waist to height ratio was measured and Percentiles calculated using the LMS method. The receiver operating characteristic (ROC) curves   
and areas under the curves (AUCs) were employed to derive optimal age- and sex-specific WC and WHtR references for predicting 
abdominal obesity. 

Results: At age 13 and 14, the mean WC, WHtR and BMI were significantly higher in girls than boys while the mean WHtR was 
significantly higher in girls at ages 13 through 18 years. The WC increased with age in both genders from the 5th through the 50th percentile 
with a significant fall thereafter. The WHtR in girls increased with age up to 15 years and plateaued across other percentiles. In boys, WHtR 
values decreased continuously. 
The WC cut-offs according to WHO criteria for obesity ranged from 73.99 cm - 84.00 cm and 67.99 cm - 82.98 cm among girls and boys 
respectively. The WHtR cut-offs ranged from 0.461 to 0.506 and 0.438-0.488 for girls and boys across all ages. Identifying central obesity 
in girls, the AUC for WHtR and WC were 0.9396 (95% CI, 0.9207 - 0.9585) and 0.9297 (95% CI, 0.9100 - 0.9494) and in boys, 0.9638 (95% 
CI, 0.9463 - 0.9814) and 0.9169 (95% CI, 0.8880 - 0.9459) respectively. .

Conclusion: The age- and gender-specific cut-offs from this study may be used as surrogate markers to identify central obesity and also 
for further research to evaluate their relationship to adverse metabolic outcomes in Nigerian adolescents.

Introduction
Overweight and obesity in children and adolescents has become one of the most important public health problems in many 
nations of the world [1-3]. Obesity is associated with a less favorable cardiovascular risk factor status in children and adolescents. 
Studies have demonstrated a close relationship between increased excess of adipose tissue in the abdominal region and increased 
risk of cardiovascular disease [4,5].

In the past two decades, the rates of overweight and obesity have tripled in developing countries that have been adopting a 
western lifestyle involving decreased physical activity and the over-consumption of high fat, high sugar, high salt, energy dense 
and micronutrient - poor foods. Such lifestyle changes are also affecting children in these countries [6-8]. 

In many developing countries, the prevalence of obesity is increasing rapidly. A survey in seven African countries showed that 
school students in Egypt had the highest rates of overweight and obesity (31.4% and 9.3%) [9]. According to WHO report, in 
Africa, the prevalence of overweight and obesity among children and adolescents aged 5-19 has risen dramatically from just 4% 
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Indices predictive of adolescent central adiposity which are inexpensive and non-invasive include waist circumference (WC) and 
waist-to-height ratio (WHtR). WC in the detection of trunk fat mass has demonstrated high sensitivity and specificity compared 
to dual- energy X-ray absorptiometry [18]. WHtR is being increasingly used to detect the risk of diseases related to central fatness. 
The rational being that for a given height, there is an acceptable degree of fat stored on the upper body [19,20]. Research by Savva 
et al has also shown that waist circumference and WHtR are better predictors of cardiovascular disease risk factors than BMI 
in Greek-Cypriot children aged 10-14 years [21]. Such reference data are lacking for Nigerian youths. WC and WHtR cut-offs 
differ from country to country due to genetic and environmental factors. Each country must have its own reference values to 
identify abdominal obesity within the country and also allow comparison with world-wide curves generated for other adolescent 
populations. The objective of this study therefore was to develop age- and gender- specific definition of central obesity and possible 
cut-offs for WC and WHtR for Nigerian youths.

in 1975 to over 18% in 2016 [10]. In Nigeria, reports from different regions of the country showed a prevalence ranging from 
1% to 18% [11-13]. It has been estimated that 11% of African children will be overweight by the year 2025 [14] thus diet-related 
chronic diseases such as diabetes, hypertension, cardiovascular diseases and cancer, known from older adults are now observed 
in children and adolescents. Using the body mass index (BMI) alone to assess adiposity is inaccurate and non-indicative of body 
fat distribution [15]. In addition, there are some problems associated with the application of BMI in the assessment of childhood 
obesity. Children are in a continuous growth phase, therefore fixed categories cannot be obtained as in adults, instead, BMI needs 
to be adjusted for age in childhood.  It is also now clear form studies that in children, as in adults, an upper body or centralized 
deposition of excess fat carries an increased risk for coronary artery disease during childhood, adulthood obesity and an increased 
risk of adulthood morbidity and mortality [16,17]. 

Materials and Methods
A cross-sectional study was conducted involving 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 (Yourba, Ibo, and Hausa) and the minorities are all resident there, with their children in schools. Thus 
we consider this representative and the study could provide WC and WHtR reference data representative of Nigeria. 

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. 

Sampling Technique

Anthropometric Measurements
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) [22].  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) [23].

Statistical Methods
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 (1,187 boys and 1,808 girls) enrolled 
in the study but outliers, those aged 9 and 19 years were removed thus 2, 879 1,137 (39.4%)   boys and 1,745 (60.6%) girls were 
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. Smoothed age- and gender- specific percentiles (5th, 10th, 25th, 50th, 75th, 90th and 95th) were 
constructed for WC and WHtR with the use of LMS Chart Maker Pro, version 2.54. The LMS method assumes that data at each age 
can be normalized by using Box-Cox power transformation. The percentile curves were the result of smoothing the age specific 
curves: L for skewness, M for median and S for coefficient of variation. 

The receiver operating characteristic (ROC) curves   and areas under the curves (AUCs) were employed to derive optimal age- and 
gender-specific WC and WHtR cutoffs for predicting abdominal obesity (BMI > 97th percentile) according to BMI classification 
based on WHO criteria 2007 [24]. Goulding et al, in his study found a curvilinear relationship between BMI and waist-to-height 
ratio with 90% of children and adolescents with BMI >97th percentile having WHtR > 0.5 [25]. Mann-Whitney and Kruskal-Wallis 
tests were used for comparing continuous variables between males and females. A value of P< 0.05 was considered as significant.

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 
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Results 
In this study, the attrition rate was 118 (3.9%) consisting of incomplete data, age <10 and > 18, and outliers as shown in Figure 1.

Figure 1: Attrition Analysis of Study subjects

Table 1 presents the means and standard deviations for the anthropometric data of the secondary school adolescents by age and 
sex. At age 13 and 14, the mean WC, WHtR and BMI were significantly higher in girls than boys while the mean WHtR was 
significantly higher in girls at ages 13 through 18 years. 

The following curves show the smoothed age- and sex-specific percentile values at the 5th, 10th, 25th, 50th, 75th, 90th 95th and 97th 
percentiles which were developed and smoothed by the LMS method for WC (Figure 2) and for WHtR (Figure 3). The WC 
increased with age among the girls and the boys from the 5th through the 50th percentile. Among the girls, at the 75th and 80th 
percentiles the values were constant across ages 10-14 years with a decrease afterwards and tended to plateau from 16-18 years 
across all estimated percentiles. Boys tended to plateau between the 75th and 90th percentiles from ages 10-14 years, then increased 
between 15-16 years and then decreased continuously. There is a significant rise at about 16 years from the 75th through the 95th 
percentile. The WHtR among the girls increased with age at the 5th and 10th percentiles. At the 25th and 50th percentiles the values 
were constant across ages 10-14 years with a slight increase afterwards. Between ages 15-17 years the values seemed to plateau 
across all other percentiles, whereas among the boys WHtR values decreased continuously.

Age** 
(years)

Girls
1,745 (60.6%)

Boys
1,134 (39.4%)

n (%) WC (cm) BMI 
(kg/m2) WHtR Ht (m) Wt (kg) n (%) WC 

(cm)
BMI 

(kg/m2) WHtR Ht (m) Wt (kg)

10 51 (2.9) 70.32 21.69 0.462 1.52† 50.47† 41 (3.6) 66.39 20.62 0.456 1.46 44.15

11 146 (8.4) 67.66 20.78 0.438 1.54† 50.03† 108 (9.5) 66.75 20.12 0.442 1.51 46.25

12 228 (13.1) 68.61 20.91 0.440 1.56 51.23† 146 (12.9) 69.26 20.60 0.447 1.55 49.96

13 274 (15.7) 70.24† 21.89† 0.439† 1.60 56.35† 162 (14.3) 66.99 19.64 0.422 1.59 49.82

14 283 (16.2) 70.32† 21.92† 0.439† 1.60 56.33† 176 (15.5) 68.13 20.02 0.420 1.62† 53.29

15 311 (17.8) 69.43 22.01† 0.432† 1.61 56.96 188 (16.6) 69.72 20.64 0.418 1.67† 57.80

16 244 (14.0) 69.85 22.02 0.436† 1.60 56.66 141 (12.4) 71.29† 21.54 0.420 1.70† 62.30†

17 137 (7.9) 69.89 22.18† 0.438† 1.60 56.48 112 (9.9) 70.63 21.38 0.416 1.70† 62.01†

18 71 (4.1) 70.25 22.79† 0.448† 1.57 56.32 60 (5.3) 69.48 21.34 0.410 1.70† 61.42†
Table 1: Mean Values for Weight, Height, Body Mass Index, Waist Circumference, Waist-To-Height Ratio by Age and Sex
**Age Indicates the Whole Age Group e.g. 10 = 10.0-10.11 years, †: Significant Difference between Male and Female Subjects, N Is Number of 
Subjects per Sex Category, Wc; Waist Circumference, Whtr: Waist Height Ratio, Ht: Height, Wt: Weight.   

Figure 2: (a) Percentile for Girls; (b) Percentile for Boys

(a) (b)



Annex Publishers | www.annexpublishers.com                    
 

Volume 5 | Issue 2

 
Journal of Obesity and Overweight

 
4

Using ROC analysis (Table 2 and 3), the WC cut-offs according to WHO criteria for overweight ranged from 66.00 cm-74.01 cm 
and 63.01 cm-78.00 cm among girls and boys respectively, while for obesity it ranged from 73.99 cm-84.00 cm and 67.99 cm-
82.98 cm among girls and boys respectively. The WHtR cut-offs ranged from 0.461 to 0.506 and 0.438-0.488 for girls and boys 
respectively. 

Age* 
(years)

Overweight Obese

AUC 95% CI Cutoff (≥) Sen (%) Spe (%) AUC 95% CI Cutoff (≥) Sen (%) Spe (%)

Girls   

10 0.759 0.5877-0.9308 (%)  55.6 81.0 (%)  0.9385-1.0000 73.99 85.7 93.3

11 0.853 0.7628-0.9426 66.00 71.4 82.7 0.935 0.8759-0.9937 73.01 84.8 96.0

12 0.907 0.8551-0.9582 68.00 84.5 85.8 0.952 0.9271-0.9769 74.00 87.0 87.9

13 0.906 0.8612-0.9513 71.00 79.7 87.7 0.922 0.8684-0.9755 75.99 86.7 88.2

14 0.861 0.8124-0.9096 72.01 72.7 83.5 0.954 0.9228-0.9849 80.00 82.1 95.7

15 0.895 0.8538-0.9367 72.00 71.9 88.0 0.970 0.9396-1.0000 77.01 90.5 92.8

16 0.862 0.7993-0.9239 72.00 75.0 80.5 0.995 0.9882-1.0000 82.00 90.9 98.3

17 0.821 0.7199-0.9215 74.01 65.0 84.7 0.988 0.9692-1.0000 84.00 80.0 97.7

18 0.853 0.7162-0.9895 74.01 77.8 88.9 0.973 0.9362.1.0000 79.99 83.3 96.9

Boys

10 0.792 0.6033-0.9801 63.01 75.0 78.6 0.962 0.8879-1.0000 67.99 92.9 96.3

11 0.816 0.7141-0.9172 66.01 73.9 82.0 0.938 0.8789-0.9974 71.00 87.5 92.1

12 0.863 0.7887-0.9372 68.99 70.0 87.1 0.972 0.9497-0.9946 74.01 90.0 94.0

13 0.817 0.7234-0.9104 69.99 74.2 85.1 0.911 0.7990-1.0000 73.99 85.7 90.5

14 0.872 0.7732-0.9714 71.00 79.2 86.3 0.976 0.9548-0.9976 75.99 85.7 92.0

15 0.921 0.8647-0.9764 75.01 73.7 92.7 0.980 0.9611-0.9991 78.00 92.9 93.7

16 0.853 0.7199-0.9852 76.01 61.5 92.1 0.992 0.9770-1.0000 80.00 90.0 94.7

17 0.958 0.9177-0.9972 75.00 83.3 91.7 1.000 1.0000-1.0000 82.98 100.0 97.3

18 0.965 0.8991-1.0000 78.00 75.0 98.2 0.924 0.8575-0.9900 77.00 100.0 91.5
Table 2: Sensitivity and Specificity of Waist Circumference Cutoffs by Age and Sex According To the Receiver Operating Characteristic (ROC) 
Curve Analysis for Obesity Based On the World Health Organization (WHO) Criteria 
AUC: Area Under the Curve, CI: Confidence Interval, Spe: Specificity, Sen: Sensitivity

Age* (years) AUC 95% CI Cutoff (≥) Sensitivity (%) Specificity (%)  

Girls

10 0.968 0.9277-1.0000 0.486 85.7 96.7

11 0.934 0.8745-0.9940 0.461 87.0 94.0

12 0.967 0.9475-0.9871 0.467 89.1 91.2

13 0.920 0.8613-0.9785 0.469 86.7 89.5

14 0.953 0.9139-0.9924 0.493 89.3 93.3

15 0.966 0.9410-0.9906 0.473 85.7 91.0

16 0.988 0.9720-1.0000 0.494 90.9 94.4

17 0.985 0.9538-1.0000 0.500 80.0 93.9

18 0.982 0.9548-1.0000 0.506 83.3 95.4

Figure 3: (a) Percentile for Girls; (b) Percentile for Boys

(a) (b)
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Cut-off for all age groups combined using WC: overweight for Girls, 70.50cm (AUC 0.846 CI 0.8230-0.8697), sensitivity 71.3%, 
specificity 81.0%. Boys, 69.99cm (AUC 0.748 CI 0.7041-0.7915) sensitivity 67.3%, specificity 72.2%. Obesity cut-off for girls, 
75.99cm (AUC 0.930 CI 0.9100-0.9494), sensitivity 83.0%, specificity 88.9% while for boys 74.01cm (AUC 0.917 CI 0.8880-0.9459) 
sensitivity 81.5%, specificity 87.0%. The WHtR cut-off for Girls: 0.469 (AUC 0.940 CI 0.9207-0.9585), sensitivity 83.3%, specificity 
88.5%, Boys: 0.465 (AUC 0.964 CI 0.9463-0.9814), sensitivity 85.4%, specificity 94.8%.  

 Comparing WHtR and WC optimal cutoff points using ROC curves for identifying abdominal obesity in girls, the AUC for WHtR 
and WC were 0.9396 (95% CI, 0.9207-0.9585) and 0.9297 (95% CI, 0.9100-0.9494) respectively. Among the boys, the AUC for 
WHtR and WC were 0.9638 (95% CI, 0.9463-0.9814) and 0.9169 (95% CI, 0.8880-0.9459) respectively. The AUC for WHtR was 
significantly larger than that for WC in both genders P<0.05 (Figure 3).

The spearman’s rank correlation between the anthropocentric data revealed strong relationship between measurements as shown 
in (Table 4, Figure 4, 5 and 6). The correlation coefficient (r) for WC & BMI = 0.79478, WHtR & BMI r =0.75219, WC & WHtR r 
= 0.8212).

AGE WC WHtR BMI

AGE 1 0.12995 -0.08317 0.16266

*<.0001 <.0001 <.0001

WC 0.12995 1 0.8212 0.79478

<.0001 <.0001 <.0001

WHtR -0.08317 0.8212 1 0.75219

<.0001 <.0001 <.0001

BMI 0.16266 0.79478 0.75219 1

<.0001 <.0001 <.0001
Table 4: Spearman’s Correlation between Anthropometric Data

Figure 4: Correlation between Waist Circumference (Wc) And Body Mass Index (BMI)

Boys

10 0.988 0.9665-1.0000 0.471 92.9 96.3

11 0.941 0.8771-1.0000 0.465 87.5 96.1

12 0.945 0.9078-0.9827 0.477 76.7 94.8

13 0.952 0.9033-1.0000 0.458 85.7 92.6

14 0.975 0.9506-1.0000 0.465 92.9 94.4

15 0.982 0.9641-1.0000 0.455 92.9 93.1

16 0.979 0.9384-1.0000 0.488 90.0 100.0

17 1.000 1.0000-1.0000 0.470 100 97.3

18 0.814 0.7133-0.9138 0.438 100 81.4
Table 3: Sensitivity and Specificity of Waist -To-Height Cutoffs by Age and Sex According To the Receiver Operating Characteristic 
                       AUC: Area Under The Curve, Ci: Confidence Interval, Spe: Specificity, Sen: Sensitivity
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Figure 5:  Correlation between Waist Height Ratio (WHtR) and Body Mass Index (BMI)

Figure 6: Correlation between Waist Circumference (Wc) and Waist Height Ratio (WHtR)

Discussion
Developing reference ranges, percentiles and cut-offs for WC and WHtR is needed to enable clinicians identify adiposity in 
Nigerian youths aged 10-18 years with the rising prevalence of overweight and obesity in this population [11-13]. Each country 
must have its own reference values to identify obesity within the country.

Research has shown that abdominal fat, irrespective of whether an individual is overweight or not is a major risk factor for 
cardiovascular and metabolic diseases [4,14,16,17]. 

Waist circumference is a highly sensitive and specific measure of upper body fat and is the simplest, easiest, cheapest, non-invasive 
and most widely accepted method for evaluation of body composition in children [18]. Consistent evidence has demonstrated 
significant correlation between waist circumference and cardiovascular and metabolic disease risk factor levels in children and 
adolescents [21,26,27]. In this study, the waist circumference was measured at the point of noticeable narrowing as done in some 
studies [28,29]. 

The WC and WHtR from the present study were significantly higher in girls at 13-14 years, while the WHtR remained significantly 
higher in girls from 13 through 18 years. Puberty is the critical period for body fat development and distribution in both boys and 
girls and there is a normal increase in WC throughout puberty [30,31]. Central fat distribution appears to be more predominant 
in the girls than the boys in in this study, in contrast to some other studies that have shown boys, having more adipose tissue 
distribution in the upper body [15,31]. 

Waist circumference cut-offs values are affected by ethnicity and environment, such data are not available for Nigerian adolescents, 
thus the need to provide population specific reference values for this age group. We have proposed from our data, for the girls, 
overweight and obesity cut-offs of 70.50cm (AUC 0.846) and 75.99cm (AUC 0.930)  and for the boys 69.99cm (AUC 0.748) 
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and 74.01cm (AUC 0.917) respectively. Based on the cut-offs for all the age groups proposed in this study, we found an overall 
prevalence of abdominal adiposity to be 19.6%. Among the girls, 20.6% and the boys 18.1%. The overall prevalence is higher than 
14% found by Bacopoulou et al. in Greek adolescents aged 12-17 years [30].

The waist height ratio (WHtR) is an index of the amount of upper body fat accumulation in relation to height thus useful in 
children. This ratio starts to increase when extra fat would start to accumulate on the upper body [15]. The mean WHtR was 
significantly higher among the girls from age 13 through 18 years in this study. This finding is in contrast to that of McCarthy HD 
and Ashwell M, where the girls had lower WC values than the boys at any given height in two surveys (children aged 5-16years 
and 11-16 years) [15]. This difference could be due to genetics and environment. In the Nigerian environment, the girls about this 
age stay more at home and join their mothers to do the cooking and are exposed to more food environment with little physical 
activity, while the boys are outgoing and more likely to be involved in physical activity. 

In this study, the proposed cut-offs based on BMI percentiles associated with body adiposity for WHtR ranged from 0.461-0.506 
and 0.438-0.488, and overall 0.469 and 0.465 for Girls and Boys respectively with high sensitivity and specificity. The overall 
prevalence of abdominal obesity was 18.7%. However, the prevalence was higher in adolescent girls 21.5% than boys 14.4%. When 
the universal cut-off of 0.5 suggested by McCarthy and Ashwell was used, abdominal adiposity was found in only 10.0% and 7.1% 
of the girls and boys respectively. The cut-offs in this study is close to the age specific cut-offs of 0.467-0.506 used by Cintra et al., 
in the Brazilian study  and they reported excess body weight in 28.15% of their adolescents [32].  

Other authors such as Panjikkaran have also reported different WHtR cut-offs for identifying their own school children in Kerala, 
India with excess weight. He found that the area under the ROC curve (AUC) was 0.827 at WHtR cutoff of 0.48 compared to 0.673 
at WHtR 0.50, showing that 0.48 is an optimal cut-off for their population [33]. In the present study, the AUC was 0.940 at WHtR 
0.469 for girls and AUC 0.964 at WHtR 0.465 for boys. This finding suggests that our adolescents with these WHtRs may be at risk 
of abdominal adiposity. 

Research has shown that abdominal adiposity starts in childhood, progresses through adolescence to adulthood [4,17,34]. In this 
study, the AUC for WHtR for Girls (0.9396) and boys (0.9638) respectively were found to be significantly larger than the AUC 
for WC (0.9297) and (0.9169) for girls and boys respectively. Therefore WHtR which is a simple straightforward indicator of 
abdominal obesity appears to be a better screening tool than WC and can be used for assessing increased health risk in children. 
Freedman et al., studied 2,498 children and adolescents aged 5 to 17 years and found a strong correlation between WHtR and 
visceral fat and risk factors of cardiovascular disease [35]. Also Mokha et al., in his own work in adolescents aged 4-18 years 
reported that WHtR is not only an important indicator of central obesity and adverse cardio metabolic risk for obese children but 
also for normal-weight children with WHtR > 0.5 [36].

In this study, a strong correlation was found between WC and BMI r = 0.79478, WHtR and BMI r =0.75219, WC and WHtR r = 
0.8212. This finding corroborates with Goulding et al., in his study who found a curvilinear relationship between BMI and waist-
to-height ratio with 90% of children and adolescents with BMI >97th percentile having WHtR > 0.5 [25]. Freeman et al., also in 
the Bogalusa Heart Study concluded that BMI-for-age and WHtR do not differ in their abilities to identify children with adverse 
risk factors [37].

Conclusion
Our findings show that abdominal adiposity was more prevalent in our adolescent girls than boys using both WC and WHtR. 
Overall, with WC, 19.6% and with WHtR 18.7% had abdominal adiposity. Our cut-off values showed high sensitivity and specificity. 
We propose that these percentiles could be used for now in clinical practice to identify children with excessive accumulation of 
fat on the upper body. Early detection of abdominal obesity in Nigerian youths is urgent considering the associated elevated risk 
factors for cardiovascular disease, future adulthood morbidity and mortality. 

Limitation 
In this study, anthropometric measurements were taken only once by trained healthcare professionals. There were no repeat 
measurements therefore; we could not estimate the error margin of the measurements. 

Acknowledgement
We want to thank the Word Diabetes Foundation who provided the funding for a diabetes prevention program in the young. We 
also appreciate the area councils, the schools and staff who supported us in the program. Finally, to Caleb Ehusani who did the 
secretarial work, we say thank you. 

Reference
1. Chinn S, Rona RJ (2001) Prevalence and trends in overweight and obesity in three cross sectional studies of British Children, 1974-94. BMJ 322: 24.
2. Bundred P, Kitchiner D, Buchan I (2001) Prevalence of overweight and obese children between 1989 and 1998: population based series of cross sectional studies. 
BMJ 322: 10.1136/bmj.322.7282.326

https://www.bmj.com/content/322/7277/24/rapid-responses
https://www.bmj.com/content/322/7282/326/rapid-responses


Annex Publishers | www.annexpublishers.com                    
 

Volume 5 | Issue 2

 
Journal of Obesity and Overweight

 
8

7. Popkin BM (2002) An overview on the nutrition transition and its health implications: the Bellagio meeting. Public Health Nutr 5: 93-103. 

4. Juonala M, Magnussen CG, Berenson GS, Venn A, Burns TL, et al. (2011) Childhood adiposity, adult adiposity, and cardiovascular risk factors. N Engl J Med 
365:1876-85.  
5. Krushnapriya Sahoo, Bishnupriya Sahoo, Ashok Kumar Choudhury, Nighat Yasin Sofi, Raman Kumar, et al. (2015) Childhood obesity: causes and conse-
quences. J Family Med Prim Care 4: 187-92.
6. Popkin BM (1994) The nutrition transition in low-income countries: an emerging crises. Nutr Rev 52: 285-98. 

3. World Health Organization (1998) Obesity: preventing and managing the global epidemic: report of a WHO Consultation on Obesity, Geneva, 3-5 June 1997 
Geneva, Switzerland. 

9. Manyanga T, El-Sayed H, Doku DT, Randall JR (2014) The prevalence of underweight, overweight, obesity and associated risk factors among school-going 
adolescents in seven African countries. BMC Public Health 14: 887.
10. World Health Organization. Obesity and Overweight Fact Sheet. (2016) Geneva, Switzerland.
11. Ben-Bassey UP, Oduwole AO, Ogundipe OO (2007) Prevalence of overweight and obesity in Etiosa LGA, Lagos, Nigeria. Obes Rev 8: 475-9.
12. Senbanjo IO, Njokanma OF, Oshikoya KA (2009) Waist circumference values of Nigerian children and adolescents. Ann Nutr Metab 54: 145-50.
13. Abah S, Aigbiremolen A O, Duru CB, Awunor NS, Asogun AD et al. (2012) Prevalence of overweight and obesity among students in private and public second-
ary schools in a peri- urban Nigerian town. J Biol, Agric and Healthcare 2:11
14. Ahmed AY, Sayed AM (2016) The Development of Reference Values for Waist Circumference, Waist Hip and Waist Height Ratios in Egyptian Adolescents. 
Curr Pediatr Res 20: 69-73.
15. McCarthy HD, Ashwell M (2006) A study of central fatness using waist-to-height ratios in UK children and adolescents over two decades supports the simple 
message--’keep your waist circumference to less than half your height’. Int J Obes (Lond) 30: 988-92.
16. Kissebath AH, Vydelingum N, Murray R, Evans DJ, Hartz AJ, et al. (1982) Relation of body fat distribution to metabolic complications of obesity J Clin Endo-
crinol Metab 54: 254-60.
17. Ekelund U, Ong KK, Linne Y, Neovius M, Brage S, et al. (2007) Association of weight gain in infancy and early childhood with metabolic risk in young adults 
J Clin Endocrinol Metab 92: 98-103.
18. Taylor RW, Jones IE, Williams SM, Goulding A (2000) Evaluation of waist circumference, waist-hip ratio and the conicity index as screening tools for high 
trunk fat mass, as measured by dual-energy X-ray absorptiometry, in children aged 3-19 y. Am J Clin Nutr 72: 490-5.
19. Sargeant LA, Bennet FI, Ferrester TE, Cooper RS, Wilks RJ (2002) Predicting incident diabetes in Jamaica: the role of anthropometry. Obes Res 10: 792-8.
20. Hsieh SD, Yoshinaga H, Muto T (2003) Waist-to-height ratio, a simple and practical index for assessing central fat distribution and metabolic risk in Japanese 
men and women. Int J Obes Relat Metab Disord 27: 610-6.

8. Popkin BM, Nielsen SJ (2003) The sweetening of the world’s diet. Obes Res 11: 1325-32.

21. Savva SC, Tornaritis M, Savva ME, Kourides Y, Panagi A, et al. (2000) Waist circumference and waist-to-height ratio are better predictors of cardiovascular 
disease risk factors in children than body mass index. Int J obes Relat Metab Disord 24: 1453-8.
22. Rogol AD, Clark PA, Roemmich JN (2000) Growth and pubertal development in children and adolescents: effects of diet and physical activity. Am J ClinNutr 
72: 521S-8S.
23. Ashwell MA, Lejeune SRE, McPherson B (1996) Ratio of waist circumference to height may be better indicator of need for weight management. BMJ 312: 377.
24. World Health Organization “Growth reference 5-19 years,” (2007) Geneva, Switzerland.  
25. Goulding A, Taylor RW, Grant AM, Parnell WR, Wilson NC, et al. (2010) Waist-to-height ratios in relation to BMI z-scores in three ethnic groups from a 
representative sample of New Zealand children aged 5-14 years. Int J Obes (Lond) 34: 1188-90.
26. Caprio S, Hyman LD, McCarthy S, Lange R, Bronson M, et al (1996) Fat distribution and cardiovascular risk factors in obese adolescent girls: importance of 
the intraabdominal fat depot. Am J Clin Nutr 64: 12-7.
27. Daniels SR, Morrison JA, Sprecher DL, Khoury P, Kimball TR. (1999) Association of body fat distribution and cardiovascular risk factors in children and 
adolescents. Circulation 99: 541-5. 
28. McCarthy HD, Jarret KV, Crawley HF (2001) The development of waist Circumference percentiles in British children aged 5.0-16.9 y. Eur J Clin Nutr 55: 902-7.

32. Cintra I S, Maria A Z P, Luana C S, Helymar D M, Mauro F (2014) Waist-to-height ratio percentiles and cutoffs for obesity: A cross-sectional Study in Brazillian 
Adolescents. J Health Popul Nutr; Sept 32: 411-9.

29. Katzmarzyk PT (2004) Waist circumference percentiles for Canadian youth aged 11-18 y of age. Eur J Clin Nutr 58: 1011-5.
30. Maffeis C, Pietrobelli A, Grezzani A, Provera S, Tato L (2001) Waist circumference and cardiovascular risk factors in pre-pubertal children. Obes Res 9: 179-87.
31. Bacopoulou F, Efthymiou V, Landis G, Rentoumis A, Chrousos GP (2015) Waist circumference, waist-to-hip ratio and waist-to-height ratio reference percen-
tiles for abdominal obesity among Greek adolescents. BMC Pediatr; 15: 50.

34. Cook S, Weitzman M, Auinger P, Nguyen M, Dietz WH (2003) Prevalence of a metabolic syndrome phenotype in adolescents: findings from the third National 
Health and Nutrition Examination Survey, 1988-1994. Arch Peditr Adolesc Med 157: 821-7.
35. Freedman DS, Kahn HS, Mei Z, Grummer-Strawn LM, Dietz WH et al. (2007) Relation of body mass index and waist-to-height ratio to cardiovascular disease 
risk factors in children and adolescents: the Bogalusa Heart Study. Am J Clin Nutr 86: 33-40.
36. Mokha JS, Srinivasan SR, DasMahapatra P, Fernandez C, Chen W, et al. (2010) Utility of waist-to-height ratio in assessing the status of central obesity and 
related cardiometabolic risk profile among normal weight and overweight/obese children: the Bogalusa Heart Study. BMC Peditr 10: 73. 
37. David S Freedman, Henry S Kahn, Zuguo Mei, Laurence M Grummer-Strawn, William H Dietz, et al. (2007) Relation of body mass index and waist-to-height 
ratio to cardiovascular disease risk factors in children and adolescents: the Bogalusa Heart Study Am J Clin Nutr 86: 33-40.

33. Panjikkaran ST (2013) Waist-to-height ratio for recording the risks of overweight in schoolchildren in kerala. Indian Pediatr 50: 493-5.

https://www.ncbi.nlm.nih.gov/pubmed/12027297
https://www.ncbi.nlm.nih.gov/pubmed/22087679
http://www.jfmpc.com/article.asp?issn=2249-4863;year=2015;volume=4;issue=2;spage=187;epage=192;aulast=Sahoo
https://www.ncbi.nlm.nih.gov/pubmed/7984344
https://apps.who.int/iris/handle/10665/63854
https://www.ncbi.nlm.nih.gov/pubmed/25168589
https://www.who.int/news-room/fact-sheets/detail/obesity-and-overweight
https://www.ncbi.nlm.nih.gov/pubmed/17900290
https://www.ncbi.nlm.nih.gov/pubmed/19390165
http://citeseerx.ist.psu.edu/viewdoc/download?doi=10.1.1.856.8011&rep=rep1&type=pdf
https://pdfs.semanticscholar.org/bb31/7c140715803dca3b472c351ff26a79efc3e2.pdf
https://www.ncbi.nlm.nih.gov/pubmed/16432546
https://www.ncbi.nlm.nih.gov/pubmed/7033275
https://www.ncbi.nlm.nih.gov/pubmed/17032722
https://www.ncbi.nlm.nih.gov/pubmed/10919946
https://www.ncbi.nlm.nih.gov/pubmed/12181388
https://www.ncbi.nlm.nih.gov/pubmed/12704405
https://www.ncbi.nlm.nih.gov/pubmed/14627752
https://www.ncbi.nlm.nih.gov/pubmed/11126342
https://www.ncbi.nlm.nih.gov/pubmed/10919954
https://www.ncbi.nlm.nih.gov/pubmed/8611847
https://www.who.int/growthref/en/
https://www.ncbi.nlm.nih.gov/pubmed/20065976
https://www.ncbi.nlm.nih.gov/pubmed/8669407
https://www.ncbi.nlm.nih.gov/pubmed/9927401
https://www.ncbi.nlm.nih.gov/pubmed/11593353
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4221447/
https://www.nature.com/articles/1601924?proof=true&draft=journal
https://www.ncbi.nlm.nih.gov/pubmed/11323443
https://www.ncbi.nlm.nih.gov/pubmed/25935716
https://www.ncbi.nlm.nih.gov/pubmed/12912790
https://www.ncbi.nlm.nih.gov/pubmed/17616760
https://www.ncbi.nlm.nih.gov/pubmed/20937123
https://academic.oup.com/ajcn/article/86/1/33/4754390
https://www.ncbi.nlm.nih.gov/pubmed/23255676


Annex Publishers | www.annexpublishers.com                    
 

Volume 5 | Issue 2

                                   Journal of Obesity and Overweight
 
9

Submit your next manuscript to Annex Publishers and 
benefit from:

                                    Submit your manuscript at
              http://www.annexpublishers.com/paper-submission.php

→  Easy online submission process
→  Rapid peer review process

→  Open access: articles available free online
→  Online article availability soon after acceptance for Publication

→  Better discount on subsequent article submission
→  More accessibility of the articles to the readers/researchers within the field


