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Abstract: Cases of overweight and obesity are increasing worldwide. Recently, the application of body mass
index (BMI) cut off points for overweight and obesity classifications have been questioned. Bioelectrical
impendance analysis (BIA) is a safe, accurate and reliable method for screening overweight and obesity. This
study determined the pattern of body weight distribution and the prevalence of overweight and obesity using
both BMI percentile and BIA in adolescents living inurban and rural settings of Enugu State, Nigeria. A total
of 760 adolescents domiciled in urban and rural areas of Enugu state were recruited for the study. Their body
height and weight were measured using standard protocol and BMI was calculated using the formula BMI =
Weight (kg)/[Height (m)] . The BMI obtained was plotted on the CDC BMI-for-age growth charts to obtain the2

percentile ranking used for children and adolescent weight classification while body fat percentage was
measured using BIA. Body weight distribution was reported according to age, sex and place of domicile.BMI
percentile weight categories gave 9.8% and 2.8% prevalence of overweight and obesity respectively in the
urban area and 5.2% and 1.1% overweight and obesity prevalence in rural area. Body fat % categorization gave
5.6% and 1.8% overweight and obesity prevalence respectively in urban setting and 4.3% overweight and 1.1%
obesity prevalence in the rural area. The prevalence of overweight / obesity was highest in the urban area. This
shows that BMI percentile is not a direct measure of body fat % and should be used with caution in the
diagnosis of overweight and obesity in children and adolescents. Also the prevalence of overweight and
obesity in the study population calls for urgent pediatric public health action to address the situation.
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INTRODUCTION The sudden rise in excess fat gain led the American

Over the years, there has been a change in people’s consequences of this epidemic [21, 22]. Obesity and
perception about being robust which was earlier seen to overweight are mostly caused by significant decline in
be a sign of affluence. This is as a result of increased physical activities due to increasing use of mechanized
awareness of the health risks associated with excess fat or transportation and prevalence of labour saving
obesity [1-3]. Obesity is now one of the major medical technology in homes and also excessive consumption of
problems affecting both children and adults  and  has high caloric diets,fast foods and canned foods [23-30].
been described as a global epidemic [4-10] because it is Paradoxically, excessive quest to remain in the
associated with numerous health problems like healthy fat category, to be fit and also to avoid most of
cardiovascular disease, type 2 diabetes, certain cancers, the obesity related disorders/disease have made many
[11-16] and increased risk of morbidity and mortality in people under fat especially among the athletes. However,
adulthood [17-20]. being under fat is not a medical certificate for good health

Heart Association (AHA) to call for action to curb
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because it also has its own health implications [31] such 0.1kg) with the subjects on bare feet and with light
as infertility, eating disorders, loss of bone mass and clothing using an electronic weighing balance calibrated
density [32]. each morning accordingto the manufactures instruction.

Various techniques are used to measure body fatness From the weight and height got, body mass index (BMI)
to predict the risk of having the health complications was calculated using the formula; BM = weight
predisposedby abnormal body fat. The use of most of (kg)/Height (m ) BMI calculated were plotted on CDC
these methods is limited to research settings because of BMI- for- age growth charts to obtain a percentile ranking
their complexity and cost. The most frequently used tools used for children and adolescents. Thinness was defined
in public health evaluations and clinical screening is body as BMI/ for-age <5th percentile, Normal BMI-for –age was
mass index [33-38]. But, recently, bioelectrical impendance taken as values 5th percentile but = 85 percentile of the
analysis  (BIA)  has  received a great interest as a useful reference data, overweight was taken as 85  to less than
tool in evaluating body fat in both healthy individuals 95 percentile while obesity was taken as BMI  95
and patients [39-42]. Following the increasing incidence
of   obesity,    the    need   for   accurate   measurement   of
adiposity has become increasingly important not only for
the prevention and treatment of most of the obesity
related complications but also because of psychosocial
complications related to body dissatisfaction which are
especially prevalent among adolescents [43]. Though few
studies have been done on the prevalence of overweight
and obesity in Nigeria, majority of them were limited by
design. They used mostly BMI to diagnose overweight
and obesity, also, current information about the extent of
obesity in developing countries is needed in order to
assist policy makers and health planners with setting
priorities and for mobilizing and allocating resources to
programmes. Hence, this study is therefore aimed at
investigating the prevalence of overweight and obesity in
adolescents residing in urban and rural settings of Enugu
State, Nigeria using both BMI percentile weight category
and BIA methods.

Method: A total of 780 adolescents who were apparently
in good health from both private and public secondary
schools in Enugu State were recruited for the study. They
included 430 subjects from Urban and 350 subjects from
rural areas aged between 10 and 20 years. Urban area here
refers to a town with virtually all the trappings of a city:
good paved roads, electricity, pipe-borne water and
almost all the inhabitants do not engage in subsistence
agriculture while rural area refers to a town where most of
the inhabitants are unskilled artisans, but still engage in
subsistence farming. For descriptive purpose, we first
grouped the adolescents in the pooled data into four
groups (10-12 yrs, 13-15yrs, 16-18yrs and 19yrs).

Height was measured (to the nearest 0.5cm) using
stadiometer with the subjects standing on bare feet with
head kept erect. Weight was measured (to the nearest

2 .
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percentile of first U.S National Health and Nutrition
Examination survey (NHANES) 1971-1974 reference data
for blacks as approved by the World Health Organization
(WHO) [26]. Body fat percentage was measured using
hand-held body fat monitor which uses the principle of
Bioelectrical impendence analysis (BIA) to determine an
individual’s body fat percentage, body fat categorization
was done using body fat percentage chart.

A hand written questionnaire validated by Nduka U.
C. from the Department of Statistics, University of Nigeria,
Nsukka was used to solicit information on weight
classification of subjects’ parents (overweight/obesity)
and family history of body fat related complications
(Hypertension, diabetes, kidney disease).

Statistical Analysis: To calculate the prevalence, we
divided the number of such cases by the number of
subjects in that category and multiplied the answer by
100. All data analyses were done using the statistical
software SPSS version 18.

BMI Percentile Weight Categories of Urban Subjects:
The prevalence of overweight and obesity in urban
dwelling boys were 5.0 % each, with those aged 13-15
years and 10-12 years recording the highest prevalence of
overweight (6.4%) and obesity (15.8%) respectively.
84.2% of the boys in the study area had healthy weight
while 5.8% of the boys were under weight. For the urban
girls, a total of 85.1% had healthy body weight, 1.3% were
under weight. While, 11.7% and 1.9% were overweight
and obese respectively. The highest prevalence of
overweight (19.2%) and obesity (3.8%) were recorded in
those aged 10-12 years. Altogether, 2.6% of the subjects
in urban area using BMI Percentile categorization were
under weight, 84.8% had healthy weight, 9.8% overweight
while 2.8% were obese (Table 1).
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Table 1: BMI percentile weight categories of urban subjects.

BOYS GIRLS TOGETHER
Age ---------------------------------------------------------- --------------------------------------------------------- ----------------------------------------------------------
(Years) N UW (%) HW(%) OW(%) O (%) N UW(%) HW(%) OW(%) O (%) N UW(%) HW (%) OW(%) O (%)

10-12 19 5.3 73.7 5.3 15.8 26 0.0 77.0 19.2 3.8 45 2.2 75.6 13.3 8.9
13-15 78 5.1 85.9 6.4 2.6 212 1.4 84.4 12.3 1.9 290 2.4 84.8 10.7 2.1
16-18 22 9.1 86.4 0.0 4.5 69 1.4 90.0 7.2 1.4 91 3.3 89.0 5.5 2.2

19 2 0.0 100.0 0.0 0.0 2 0.0 100.0 0.0 0.0 4 0.0 100 0.0 0.0
Total 121 5.8 84.2 5.0 5.0 309 1.3 85.1 11.7 1.9 430 2.6 84.8 9.8 2.8

 N, UN, HW, OW and O stand for number of subjects, underweight, healthy weight, overweight and obese, respectively.

Table 2: BMI percentile weight categories of rural subjects.

BOYS GIRLS TOGETHER
Age ---------------------------------------------------------- --------------------------------------------------------- ----------------------------------------------------------
(Years) N UW (%) HW(%) OW(%) O (%) N UW(%) HW(%) OW(%) O (%) N UW(%) HW (%) OW(%) O (%)

10-12 11 9.1 81.8 9.1 0.0 11 9.1 72.7 18.2 0.0 22 9.1 77.3 13.6 0.0
13-15 108 2.8 92.6 4.6 0.0 80 1.3 862 10.0 2.5 186 21 89.9 6.9 1.1
16-18 58 10.3 87.9 1.7 0.0 71 8.5 88.7 0.0 2.8 129 9.3 88.3 0.5 1.6

19 2 50.0 50.0 0.0 0.0 9 0.0 88.9 11.1 0.0 11 9.1 81.8 9.1 0.0
Total 179 6.1 89.9 3.7 0.0 171 4.7 86.5 6.4 2.3 350 5.4 88.3 5.2 1.1

 N, UW, HW, OW and O stand for number of subjects, underweight, healthy weight, overweight and obese, respectively.

Table 3: Body fat percentage categories of urban subjects

BOYS GIRLS TOGETHER
Age ---------------------------------------------------------- --------------------------------------------------------- ----------------------------------------------------------
(Years) N UW (%) HW(%) OW(%) O (%) N UW(%) HW(%) OW(%) O (%) N UW(%) HW (%) OW(%) O (%)

10-12 19 5.3 78.9 15.8 0.0 26 7.7 84.5 3.9 3.9. 45 6.7 82.2 8.9 2.2
13-15 78 3.9 84.5 7.7 3.9 212 2.4 92.4 4.3 0.9 290 2.8 90.3 5.2 1.7
16-18 22 9.1 77.3 13.6 0.0 69 5.9 91.3 1.4 1.4 91 6.6 87.9 4.4 1.1

19 2 0.0 100.0 0.0 0.0 2 0.0 100.0 0.0 0.0 4 0.0 100.0 0.0 0.0
Total 121 5.0 82.6 9.9 2.5 309 3.6 91.5 3.6 1.3 430 4.0 89.0 5.4 1.6

 N, UF, HF, OF and O stand for number of subjects, under fat, healthy fat, over fat and obese, respectively.

Table 4: Body fat percentage categories of rural subjects

BOYS GIRLS TOGETHER
Age ---------------------------------------------------------- --------------------------------------------------------- ----------------------------------------------------------
(Years) N UW (%) HW(%) OW(%) O (%) N UW(%) HW(%) OW(%) O (%) N UW(%) HW (%) OW(%) O (%)

10-12 11 27.3 63.6 9.1 0.0 11 18.2 81.8 0.0 0.0 22 22.7 72.7 4.6 0.0
13-15 108 0.9 94.4 3.8 0.9 80 2.5 91.2 6.3 0.0 188 1.6 93.1 4.8 0.5
16-18 58 6.9 89.7 3.4 0.0 71 1.4 91.5 2.8 4.2 129 3.9 90.7 3.1 2.3

19 2 0.0 100.0 0.0 0.0 9 11.1 77.8 11.1 0.0 11 9.1 81.8 9.1 0.0
Total 179 4.5 91.0 3.9 0.6 171 3.5 90.0 4.7 1.8 350 4.0 90.6 4.3 1.1

 N, UF, HF, OF and O stand for number of subjects, underfat, healthy fat, over fat and obese, respectively, n = 780.

BMI  Percentile  Weight   Categories   of  Rural of  underweight  (50.0%).  As  much   as   6.4%   of  the
Subjects:  Table  2  shows  that  obesity  was not girls  in  the  rural  area  were overweight, 2.3%
prevalent in rural-dwelling boys, while 3.7% were overweight, 4.7% underweight while 86.5% had healthy
overweight, 89.9% had health weight  and  6.1%  were weight. Irrespective of sex, 5.4% of the subjects in rural
under  weight.  The  highest  number   of   overweight area using BMI categorization were under weight, 88.3%
boys  was  recorded  in  those  aged  10-12  years  (9.1%) had healthy weight 5.2% over weight while 1.1% were
while those aged   19  yrs  had  the  highest  prevalence obese.
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Table 5: Weight classification of subject parents overweight/obese

Urban N (percent) Rural N (percent) Total N (percent)

Father 40(5.1) 35(4.5) 75(9.6)
Mother 85(10.9) 78(10.0) 163(20.9)
Both 81(10.4) 45(5.8) 126(16.2)
None 224(28.7) 192(24.6) 416(53.3)

Table 6: subjects’ relatives suffering from hypertension, diabetes and kidney
diseases

Urban N (percent) Rural N (percent) TotalN (percent)

Hypertension 24(3.1) 23(2.9) 47(6.0)
Diabetes 37(4.7) 31(4.0) 68(8.7)
Kidney disease 6(0.8) 1(0.1) 1(0.9)

Body Fat Percentage Categories of Urban Subjects:
Obesity was prevalent in only boys aged 13-15 years
(3.8%) in the urban area using body fat percentage
categorization while over fat was most prevalent at ages
of 10-12 years (15.8%). Among the urban subjects, 5.0%
of the boys were under fat, 82.6% had healthy fat, 9.9%
over fatand 2.5% obese, for the girls, 3.6% were under fat,
91.5% had healthy fat, 3.6% over fat while 1.3% were
obese. Obesity and under fat were more prevalent in girls
aged 10-12 years (3.9%) and 13-15 years (4.3%)
respectively. Collectively, 4.0% of the subjects in this area
irrespective of sex were under fat, 89.0% had healthy fat,
5.4% over fat while 1.6% were obese (Table 3).

Body  Fat Percentage Categories of Rural Subjects:
Table 4 shows that 91.0% of the boys in the rural area had
healthy fat, 4.5% were under fat, 3.9% over fat and 0.6%
obese. Only 0.9% of the boys aged 13-15yrs were obese
in this area while the over fat was more prevalent at 10-12
yrs (9.1%.), similarly, only girls aged 16-18 yrs (4.2%) were
obese in this area with the over fat being more prevalent
for girls  19 years (11.1%). A total of 90.0% of the girls in
this area had healthy fat, 3.5% under fat, 4.7% over fat and
1.8% obese. Altogether, out of 350 subjects categorized
using body fat percentage in this area, 4.0% were under
fat, 90.6% had healthy fat, 4.3% over fat and 1.1% obese.

Weight Classification of Subject Parents Overweight/
Obese: Table 5 shows subjects genetic disposition. From
the results, 75 subjects (9.6%) have overweight/obese
father, 163 subjects (20.9%), have overweight/obese
mother: 85 of this subjects (10.9%) were from urban area
while 78 subjects (10.0%) were from the rural area. The
Table also shows that 126 subjects have both parents
overweight/obese while 416 have none of their parents
overweight/obese.

Subjects’ Relatives Suffering from Hypertension (HBP),
Diabetes and Kidney Disease: A total of 47 subjects
(6.0%) have relatives suffering from HBP, 24 of these
subjects (3.1%) were from the urban area while 23 (2.9%)
came from rural area. Sixty eight subjects (8.7%) have
relatives suffering from diabetes while only 7 subjects
(0.9%) have relatives who suffered or are still suffering
from kidney disease (Table 6).

DISCUSSION

Worldwide, obesity trends are serious public health
concern and in many countries threatening the viability of
basic care delivery [14] and has been adjudged by the
World Health Organization as having reached pandemic
proportion [21].

BMI classification of overweight and obesity has
been controversial and investigating whether the
accepted BMI cut off points are appropriate for
identifying increased health risk is an important challenge
for the health system.

One of the major findings in the present study is that
there is a large discrepancy between BMI percentile and
BIA -defined adiposity status. This study shows that
BMI percentile weight classification over diagnosed
overweight and obesity in the subjects compared with
body fat % measured with BIA. In urban area, it was 9.8%
vs6% overweight and 2.8% vs 1.6% obesity; thereby
predicting almost fifty percent increase in overweight and
obesity respectively while in the rural area, it was 5.2% vs
4.3% overweight and 1.1% vs.1.1% obesity. This shows
that BMI is not a direct measure of body fatness. A
sizeable proportion of the subjects were misclassified by
BMI percentile criteria. This poses serious health
consequences on the population, as intervention may be
misapplied. BMI is calculated from an individual weight
which includes muscle and fat. As a result some
individual´s may have high BMI but not have a high body
fat%. This agrees with reports from previous studies
carried by [6, 15 and 2] and also reinforces the statement
made by Goodman et al. (2000) [29] that error in BMI is
significant due to its inability to differentiate between
body fat and lean mass.

However, the advantage of using BMI is that height
and weight are variables readily available and easy to
measure [33]. But it is important to remember that weight
and height changes that occur during growth results in
substantial (50%) increase in BMI, further complicating
the interpretation of this index among children and
adolescents
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The prevalence of overweight and obesity obtained adjustment in fat oxidation is accelerated by an increased
in this study is significantly lower than the 10.7% level of exercising in man.
prevalence reported by Chigbo and Aja, (2011) [21] who It is worrisome to realize that this high prevalence of
studied pregnant women in Southeast Nigeria, 20% overweight and obesity is expected to increase especially
overweight and 5% obesity obtained in two villages in in urban areas due to considerable increase in sedentary
south-western Nigeria by Durazo-Arvizu et al., (2008) [24] lifestyle and the “crazy” demand for fast food. Popkin
and also 53.3%overweight and 21% obesity prevalence (1994) [1] has called attention to the nutrition transition in
recorded in Northern Nigeria by Wahab et al. (2011) [18]. developing countries or shift from traditional diet or
Our figures are also lower than 17.2% and 4.2% lifestyles to the western diet (diets high in saturated fats,
overweight and obesity respectively obtained by Puepet sugar and refined food) and the combination of reduced
et al. (2002) [13] who studied Nigeria adults in Jos. The level of physical activity and increased stress. The feared
lower prevalence of overweight and obesity in the present outcome of the nutritional transition are increased level of
study when compared with previous studies carried out obesity and chronic and degenerative diseases. Hence,
in Nigeria using adult population may be due to the the need for urgent measures to save the magnitude of its
younger age group of the subjects because obesity occurrence in the near future and more so considering the
increases with age [4, 6 and 8]. fact that some subjects have parents who are overweight

Significantly, more subjects in the urban setting had and or obese and also have obesity related complications
higher prevalence of overweight and obesity compared like hypertension, diabetes and kidney disease (as shown
with their rural counterparts. This is probably because of in Tables 5 and 6) which are hereditary [22 and 37].
the high consumption of fast food, canned and backed
foods in this area. These food types have been associated CONCLUSION
with greater energy intake and glycemic load and poor
nutritional quality which cause higher body fatness [24 This study shows that BMI Percentile does not
and 27]. Poti et al., (2014) [12] proposed that fast foods measure body fat accurately. Hence it is recommended
have high total energy, total fat and saturated fat and also that caution should be taken when BMI percentile is used
lower fibre content. The obesegenic effects of dietary fats in clinical and scientific research as diagnostic tool for
have been attributed to its high energy density and overweight and obesity. Also, there is need for immediate
palatability which leads to passive over consumption. The public health interventions to reduce overweight and
high efficiency of dietary fat storage, which leads to a obesity prevalence in Enugu state.
more positive energy balance and a weaker metabolic
feedback system of appetite control for fat, leads to ACKNOWLEDGMENTS
greater energy consumption and fat accumulation [30]. In
the rural populations of Southeast Nigeria, the diet We thank all volunteers who participated in this
consists mainly of traditional high fibre foodstuff and study and also the principals and staff of the schools
complex carbohydrates (Chigbu and Aja, 2011) [21]. studied.
Carbohydrate overfeeding studies found the presence of
homeostatic control that quickly increase carbohydrate REFERENCES
oxidation in response to overfeeding and that
subsequently balance dietary carbohydrate intake with 1. Popkin,  B.M.,  1994.  The  Nutrition  Transition  in
oxidation [30]. Low Income Countries: an Emerging Crisis. Nutrition

In addition, it could also be due to significant decline Review, 52: 285-298.
in physical activities especially in the urban area due to 2. Odo, I.F., L.U.S. Ezeanyika and N.O. Uchendu, 2015.
the use of mechanized transportation and greater The Relationship among Body Composition and
prevalence of laboursaving technologies in homes [4]. Body Mass Index in a Population of Adolescents in
Overweight and obesity are results of caloric imbalance Enugu State, Nigeria. International Journal of Current
due to few calories expanded for the amount of calories Microbiology and Applied Sciences, 4(1): 884-897.
consumed. Increased physical activity enhances the 3. Amani, R., 2007. Comparism between Bioelectrical
ability to increase 24 hours fat oxidation in response to Impendence Analysis and Body Mass Index
increasing intake of fat in the diet and thus help in Methods in Determination of Obesity Prevalence in
reducing positive fat balance and ultimately weight gain. Ahvazi Women. European Journal of Clinical
Hence, it was shown by Hansen et al., (2007) [30] that Nutrition, 61: 478-482.



World Eng. & Appl. Sci. J., 5 (2): 23-29, 2014

28

4. Berentzen,   T.,   S.   Madsbad,  J.J.  Sorensen  and 16. Schroder, H., L. Ribas, C. Koebnick, A. Funtikova,
A.V. Astrup, 2006. The Importance of Physical
Activity Fitness in Avoiding the Complication of
Obesity: Ugeskr leader., 168(2): 144-149.

5. Bezerra, I.N., C. Curioni and R. Sichien, 2012.
Association between Eating out of home and Body
weight. Nutrition Review, 70(2): 65-79.

6. Bibiloni,  M.M.,  A.  Pons  and  J.A.  Tur,   2013.
Defining  Body  Fatness  in  Adolescents. A
proposal of   AFAD-A  Classification.  Plos  one,
8(2) e55849.

7. Cali, A.M. and S. Caprio, 2008. Obesity in Children
and Adolescents. Journal of Clinical Endocrinology
and Metabolism., 93: S31-S36.

8. Papandrou,   D.,   P.   Malindretos   and  I.  Rousso,
2010.  First  Body  Fat  Percentiles  for  607  Children
from Thessalonika Northern Greece. Hipporkratia,
13: 208-211.

9. Park,   E.J.,   J.H.  Lee,  G.Y.  Yu,  G.   He, S.R.   Ali,
R.G.   Holzer,   G.H.  Sterreicher,  H.  Takainashi  and
M. Karin, 2010. Dietary and Genetic Obesity Promote
Liver Inflammation and TV Morigenesis by
Enhancing     IL-6    and    TNF.    Expression   Cell,
140: 197-208.

10. Poirier, P., T.D. Giles, G.A. Bray, Y. Hong, J.S. Stern,
Pi-Sunyer F-XP and R.H. Eckel, 2006. Obesity and
Cardiovascular Disease. Pathophpysology,
Evaluation and Effect of Weight Loss. Circulation,
113: 898-918. 

11. Poti, J.M. and B.M. Popkin, 2011. Trends in Energy
take among US Children by Eating Location and
Food Source, 1977-2006. Journal American Diet
Association, 111(8): 1156-64.

12. Poti,   J.M.,   K.J.   Duffey  and  B.M.  Popkin,  2014.
The Association of Fast Food Consumption with
Poor Dietary Outcomes and Obesity among
Children:is it the fast food or the remainder of the
diet. The American Journal of Clinical Nutrition,
99(1): 162-171. 

13. Puepet, F.H., A.L. Zoakah and E.K. Chuhwak, 2002.
Prevalence of overweight and obesity Among Adults
in Jos Nigeria. Highland Medical Research Journal,
1(1): 13-16.

14. Raj, M. and R.K. Kumar, 2010. Obesity in Children
and Adolescent. Indian Journal of Medical Research,
132(5): 598-607.

15. Rush, E.C., J.H. Goedeck, C. Jennings, F.L. Mickles,
L. Dugas, E.V. Lambert and Plank, 2007. BMI, Fat and
Muscle differences in urban Women of five
ethnicities from two countries. International Journal
of Obesity, 31(8): 1232-1239.

S.F. Gomez, M. Fito, R.C. Perez and L. Serra-Magem,
2014. Prevalence of Abdominal obesity in Spanish
children and Adolescents. Do we need Waist
Circumference Measurements in Pediatric Practice?
2014 plosone, 9(1): e87549. 

17. Terres, N.G., R.T. Pinheiro, B.L. Horta, K.A. Pinherio,
L.L. Horta, 2006. Prevalence and Factors Associated
to overweight and Obesity in Adolescents Rev.
Saudi. Public, 13: 627-633.

18. Wahab, K.W., M.U. Sani, B.O. Yusulf, A. Gbadamosi
and I. Yandutse, 2011. Prevalence and determinatsof
obesity-a cross sectional study of adult Northern
Nigeria Population. Internationl Archives of
Medicine, 4: 10.

19. Weker,    H.,    2006.  Simple   Obesity   in   Children.
A   study  on the  Role   of   Nutritional   Factors.
Med. Wieku Rozwoj., 10(1): 3-191.

20. Wells,    J.C.K.    and    M.S.   Fewtrell,   2006.
Measuring Body Composition. Archives of Disease
in Childhood, 91(7): 612-617. 

21. Chigbu, C.O. and L.O. Aja, 2011. Obesity in
Pregnancy in South East Nigeria. Annals of Medical
and Health Sciences Research, 1(2): 135-140. 

22. Cuypers, K.,  K.  Kvaloy,  G.  Bratberg,  K.  Midthjell,
J. Holmen and T.L. Holmen, 2012. Being Normal
Weight but  Feeling  Overweight  in   Adolescence
may Affect Weight Development into Young
Adulthood-an 11 years follow up. The Hunt study,
Norway-2012 Journal of Obesity, 601872.

23. Duffey,   K.J.,    P.    Gordon-larsen,   L.M.   Steffen,
D.R.    Jacobs     and      B.M.     Popkin,    2009.
Regular Consumption from Fast Food Establishments
Relative to others Restaurants is Differentially
Associated with Metabolic outcomes in Young
Adults. The Journal of Nutrition, 139(11): 2113-2118.

24. Durazo-Arvizu, R.A., A. Luke, R.S.  Cooper,  G.  Cao,
L. Dugas, A. Adeyemo, M. Boyne and T. Forrester,
2008. Rapid increase in Obesity in Jamaica compared
to Nigeria and the United State. BMCPublic Health,
8: 133.

25. Eckel, R.H., D.A. York,  S.  Rossner,  V.C.  Hubboad,
J. Carterson, S.T. St. Jeor, L.L. Haymen, R.M. Mullis
and S.N. Blair, 2004. American Heart Association
Preventive    Conference   vii:   Obesity   a  World
Epidemic Related to Heart Disease and Stroke:
Executive summary. Circulation, 110: 2968-2975.

26. Ejike, C.E.C.C., C.E. Ugwu and L.U.S. Ezeanyika, 2010.
Variations in the Prevalence of Point (pre)
Hypertension in a Nigeria School-Going Adolescent
Population Living in a Semi-urban and an urban area.
BioMed Central Pediatrics, 10: 10.



World Eng. & Appl. Sci. J., 5 (2): 23-29, 2014

29

27. Flagal, K.M., B.I. Graubard, D.F. Williamson and 35. Kazuhiro, T.M., M. Nobuyuki, K. Akira, K. Misaka,
M.H.   Grant,    2005.    Excess   Death  Associated H. Yasuki and T. Hiroaki, 2014. Estimation of thigh
with  Underweight,  Overweight  and  Obesity. muscle cross-sectional area by single-and multi
Journal of the American Medical Association., analysis in elderly. Journal of Applied Physiology,
293(15): 1861-867. 116(2): 176-182.

28. Fogelholm, M., 2010. Physical Activity Fitness and 36. Kennedy, A.P., J.L. Shea and G. Sun, 2009.
Fatness: Relations to Mortality, Morbidity and Comparison    of    the   Classification    of   Obesity
Disease Risk Factors: A systematic Review. Obesity by  BMI   Vs  Dual-energy   X-ray   Absorptiometry
Review, 11(3): 202-221. in   the   Newfoundland    Population.    Obesity,

29. Goodman, E., B.R. Hinden and S. Khandelwal, 2000. 17(11): 2094-2099.
Accuracy of Teen and ParentalReports of Obesity 37. Loss, R.J. and C. Bouchard, 200. FTO: The first Gene
and Body Mass Index, Pediatrics, 106: 52-58. Contributing to Common Forms of Human Obesity.

30. Hansen, K.C., Z. Zhang, T. Gromez, A.K. Adams and Obesity Reviews, 9(3): 246-250. 
D.A. Schoeller, 2007. Exercise Increase the Proportion 38. Malik, V.S., M.B. Schulze and F.B. Hu, 2006. Intake of
of Fat Utilization during Short-term Consumption of Sugar-Sweetened    Beverages    and   Weight   Gain.
a High-fat Diet. American Journal of Clinical A Systematic Review. American Journal of Clinical
Nutrition, 85(1): 109 -116. Nutrition, 84(2): 274-288.

31. Hawkins,     J.,     M.     Cifuentes,     N.K.    Plastiko, 39. Manjiang, Y., M.A. McCrory,  G.  Ma,  K.L.  Tucker,
H.    Ambiasobhan   and    S.A.   Shapes,   2010. S. Gao, P. Fuss and S.B. Roberts, 2003. Relative
Energy Restriction is Associated with Lower Bone influence of diet and physical activity on Body
Mineral Obesity in Tibia and Femur in lean but not Composition in Urban Chinese Adults. The American
Obese Female Rat. Journal of Nutrition, 140(1): 31-37. Journal of Clinical Nutrition, 77(6): 1409s.

32. Hyeyoung,     P.     and    L.    Hongmie,   2013. 40. Mei,    Z.,    L.M.    Grummer-shawn,   A.   Pietrobelli,
Wanting Extremely Low Body Mass Index may be A. Goulding, M.I. Goran and W.H. Dietz, 2002.
Associated with Higher Depression and undesirable Validity of Body Mass Index compared with other
Dietary Habit in High School Girls who were not Body-Composition Screening Indexes for the
overweight. Korean Journal of Community Nutrition, Assessment of Body Fatness in Children and
18(4): 344-35. Adolescents. The American Journal of Clinical

33. Jackson,     A.S.,     P.R.   Strentforth,    J.   Gragnon, Nutrition, 75(6): 978-985.
J.   Rankinen,   A.S. Leon,  D.C.   Rao,   J.S.   Skinner, 41. Neimeir, H.M., H.A. Raynor, E.E. Lloyd-Richardson,
C. Bouchard and Y.H. Wilmore, 2002. The Effect of M.L. Roger and R.R. living, 2006. Fast Food
Sex, Age and Race on Estimating Percentage Body Consumption and Breakfast Skipping: Predictors of
Fat from Body Mass Index. The Heritage Family Weight Gain from Adolescent to Adulthood in a
Study. InternationlJournal of Obesity, 26(6): 789-796. Nationally Representative Sample. Journal of

34. Johansson, K., M. Neovius and E. Hermmmingsson, Adolescent Health, 39(6): 842-849.
2014.   Effect   of  Anti-Obesity  Drugs,  Diet  and 42. Wenjie, Y.,   K.   Tainka   and  H.   Jiang,   2007.
Exercise   on   Weight-Loss   Maintenance   after a Genetic Epidemiology of Obesity. Epidemiologic
very-Low-Caloric     Diet    or     Low    Caloric    Diet: Reviews, 29: 49-61.
a Systematic Review and Meta-Analysis of 43. World Health Organization, 1995. Physical status:
Randomized Controlled Trails. The American Journal The use and interpretation of anthropometry WHO
of Clinical Nutrition, 99(1): 14-23. Technical Report Series, No 854 WHO Geneva.


