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Abstract
Background: 
Obesity represents a major global heath challenge because of the established health risks and substantial increase in its prevalence in children and adults worldwide both in developed and developing countries. Paediatric obesity has become a thing of concern in the last few decades in developing nations due to change in lifestyle and food culture from globalization.
[bookmark: _Hlk111216697]Aim and objective: 
The aim of this study was to determine the prevalence and determinants of obesity among secondary school adolescents.
Methods: 
It was a descriptive analytical study carried out from May to July 2019.  A multi-stage sampling technique was used to recruit 224 adolescents aged 10 – 19 years from 6 secondary schools in Port Harcourt Local Government Area, Rivers State. Data were collected using a structured interviewer administered questionnaire. Weight and height were measured using a digital weighing scale and a stadiometer respectively. Body mass index (BMI) was calculated with World Health Organization (WHO) Anthro-Plus software and categorized using WHO BMI Z- score standards. Descriptive and inferential statistics were carried out. The level of significance was set as p ≤ 0.05
Results: 
A total of two hundred and twenty-four (224) secondary school adolescents were recruited for the study. There were 108 (48.2%) males and 116 (51.8%) females. The mean age of the adolescents was 13.73±1.77 year.  Of the 224 adolescents, 140 (62.5%) of them had normal weight while 23 (10.3%) were obese.  Obesity was higher among girls (12.9%; 15 /116) compared to the 8(7.4%) of the 108 males. (this was statistically significant p 0.001) There was a significant relationship between obesity and social class, the type of school the child attends, history of inactivity, eating of junks and family history of obesity.  Obesity prevalence was higher (13.5%) among those from upper socioeconomic classes, compared to those from lower social class (2.9%). The relationship was statistically significant. (p-0.02, OR 5.13, CI 1.17-22.55)
Conclusion: Obesity is a common problem among adolescent, with females more affected. The prevalence is significantly determined by both modifiable and genetic factors. There is need to encourage healthy diets and positive life style modification among adolescents among adolescent.
Keywords: Obesity, Adolescent, Body Mass Index, determinants, Port Harcourt, Rivers State.

Introduction 
Obesity represents a major global heath challenge because of the established health risks and substantial increase in its prevalence in children and adults worldwide both in developed and developing countries.1. The World Health Organization (WHO) defined obesity as an abnormal condition of body fat or excess fat tissue associated with various diseases and conditions;2 and has also recommended the use of BMI Z scores in its evaluation as age and sex related differences in BMI exists.3
About twenty five percent of adult height, and up to fifty percent of adult weight are attained during adolescence.4 Thus, studies have shown obesity to be more common in the paediatric age group than in adults,4,5,6 making childhood obesity a notable issue. Also, another major concern is that obesity in childhood is likely to persist into adulthood.1 
As such, growing attention has been directed towards the potential chronic health consequences which could also persist into adulthood. Again, concerns about obesity is particularly important in adolescents because of their increased interest in physical appearance, self-esteem and an associated poor self-image. Furthermore, obesity has been reported as a risk factor for precocious puberty, irregularities in menstruation among girls, obstructive sleep apnea as well as metabolic and cardiovascular disorders.7 
The risk factors for obesity are complex and multifactorial with a profound negative societal impact. Though driven by an individual’s genetic makeup, the raise in shift from sedentary life style and excess calories dietary coupled with socioeconomic status has increased the prevalence, with change in lifestyle and food culture from globalization being a major contributory factor to increasing prevalence of obesity in developing countries.1 ,8 
In 2016, a global estimated that more than 330 million children and adolescents aged 5-19years were obese, this leads the WHO to endorse the “no increase in childhood overweight by 2025” as one of the six global nutrition targets in the ‘Comprehensive Implementation for Maternal, Infant and Young Child Nutrition’.2 
According to the WHO, more than 390 million persons aged 5-19 years were reportedly overweight in 2022, with a prevalence of overweight including obesity rising from 8% in 1990 to as high as 20% in 2022. They also reported that more males 21% were obsessed compared to 19% of the females in 2022.9
[bookmark: _Hlk62246629]In recent times, childhood obesity has become a thing of concern in low-income and developing countries and its prevalence approaching that of the Western world.2 This is due to gradual adoption of western lifestyle and a shift in food culture. A Global School based Student Health Survey (GSHS) carried out among adolescents in 7 countries in Africa reported a prevalence of obesity range between 0.6% in Benin to 9.3% in Egypt10 among subjects aged 11 to 17yrs.
In Nigeria, there has been varied reports of prevalence of obesity among adolescents ranging from 0.4% to almost as high as those in developed countries.11-15 More notable is the progressive increase in the prevalence of obesity among adolescents over the past years in the study area which were reported by Ene-Obong et al11, Adesina et al12 and Okagua et al.13 This has been attributed to the booming activities of fast-food spots and the increase in the consumption of pastries among schooling adolescents in the study area.16 
Most of the previous works in this area focused on the prevalence of obesity but did not explore how it relates to the type of school the child attends and other possible associated risk factors. By determining the   factors that predispose to obesity in children, parents, teachers’ healthcare workers and policymakers will integrate preventive methods in the adolescent’s lifestyle and enhance school-based activities to curb this disease. This study is aimed determining the prevalence and determinants of obesity in among adolescent students in port Harcourt. 
Materials and Methods
This cross-sectional descriptive study was carried out over a period of two months (May to July 2019) in Port Harcourt City Local Government Area (PHALGA) which is one of the Local Government Areas in the capital city of Rivers state. Rivers State is located in the South-South geo political zone of Nigeria.
Population for study:
Adolescents aged 10 years to 19 years who gave assent and whose parents/guardian gave consent participated in the study.
sample size determination
The minimum sample size was calculated using the formula for descriptive cross-sectional study 17 where N is the minimum sample size, Z is the standard normal deviation at 95% Confidence Interval given as 1.96, p = proportion of adolescents that are obese. A study among adolescent students in Port Harcourt reported an obesity prevalence of 4.6% 13, margin of error given at 0.05% and allowance for a 10% non-response rate. A total of 224 adolescents participated in the study. 
Sample selection:
A Multistage sampling method was used to select 224 adolescent students for the study. A list of secondary schools in PHALGA obtained from the Rivers State Ministry of Education served as the sampling frame. The schools within the 3 districts in the local government were stratified into public and private schools. From each district a public school and a private school was included in the study through simple balloting. A total of 6 schools were selected for the study. A class was randomly selected from each school. Participants were recruited by selecting all odd numbers using the class register, 37-38 students were recruited from the selected class from each school.

Exclusion criteria 
Adolescents with known chronic illnesses such as sickle cell anaemia, renal diseases, endocrine diseases and asthma were excluded, as these conditions could negatively affect their growth status.

Procedure for field study:
At least three visits were made to the selected schools on school days, and a structured investigator administered questionnaire was given to recruited students before anthropometry. It included biodata – gender, age, class; parents’ occupation and education; socio-economic status (stratified using Oyedeji classification15; medical history; family and social history, and review of systems. For confidentiality, student names were coded using abbreviations and all the information collected from the participants was securely kept in a database, and access restricted to authorized persons. The questionnaire was completed before anthropometry. 
Anthropometry Measurement:
Weight was measured on a flat/level platform using a digital weighing scale (Omron HN 289-ESL, Omron HealthCare Co. 617-0002, Japan). The subjects stood on the scale without their shoes and in their minimum clothing (school uniform only). Their pockets were freed of objects that might add to their weights such as mobile phones, wallets, keys, rings etc. Weight was read to the nearest 0.1kilogramme. It was ensured that the scale read 0.00 before the commencement of each measurement to ensure quality control.
Height was measured using a pre-validated stadiometer (Techmel and Techmel ZT 120, Texas, USA) with the subjects standing straight on the stadiometer without their shoes, head-gear or cap. Subjects stood with their head held erect such that the external auditory meatus and the lower border of the orbit are in one horizontal plane (Frankfurt plane). With their knees and legs together, and the back of their head, buttocks, shoulder blades and heels touching against the stadiometer, a pointer was pressed firmly against the crown and the measurement read at maximum inspiration on the scale in meters to the nearest 0.1cm. 
Body mass index (BMI) was calculated as weight (kg)/height2 (m2) using the WHO-anthro-Plus software. Calculated BMI was compared with WHO BMI-for-age Z-score charts for boys and girls 5 to 19yrs. BMI Z scores of less than -2 Z-scores were categorized as thinness, BMI Z-scores that were within -2 to +1 were categorized as normal weight, BMI Z-scores above +1 and up to +2 were categorized as overweight. Obesity was regarded as Z-scores of greater than +2.3
Data analysis: Descriptive statistics using means and standard deviation were used to summarize anthropometric indices (weight, height and BMI). The BMI status was classified as thinness, normal weight, overweight and obese. Categorical variables such as sex of participants were expressed as frequencies and percentages. Fisher’s exact test was used in comparing differences in proportions, where the count is less than 5 (<5). The independent t-test was used to test for a statistically significant difference in two means and Analysis of Variance (ANOVA) for three or more means. The Pearson’s correlational coefficient (r) was used to associate the linear relationship between BMI and age. The chi square test was used to determine the relationship between obesity and other variables. Level of significance was set at p ≤ 0.05 for all analyses.
Ethical clearance:
Ethical clearance was obtained from the Research and Ethics Committee of the University of Port Harcourt Teaching Hospital, Rivers State, Nigeria before commencement of the study. Permission to carry out the study was also obtained from the Rivers State Ministry of Education. Adolescents who gave assent and whose parents gave informed consent were recruited for the study. 


 
Results
A total of two hundred and twenty-four (224) secondary school adolescents were recruited for the study.
Socio-demographic Characteristics of adolescents in the Study Population
The age, sex and other socio-demographic distributions of the study population are shown in Table I. There were 108 (48.21%) males and 116 (51.79%) females. The mean age of the adolescents was 13.73±1.77 years, and more than half of the adolescents, 155 (69.20%) were in the early adolescent age group (10-14 years).   The fathers’ occupations were mostly Professionals, 76 (33.93%), and Businessmen, 56 (25.05%); whereas for mothers’ occupation, it was mostly businesswomen, 155 (69.20%) and civil servants, 41 (18.30%). Both parents had mostly Tertiary levels of education (69.64% vs. 58.93%).  Most of the adolescents, 156 (69.64%) belonged to the upper socio-economic class.











Table I: Socio-Demographic/Socio-Economic Characteristics of Adolescents
	Variables
	Frequency
(n=224)
	Percentage (%)

	Age (Years)
	
	

	Early (10-14)
	155
	69.20

	Mid (15-17)
	66
	29.46

	Late (18-19)
	3
	1.34

	Mean 
	13.73 ± 1.77 years

	Sex
	
	

	Male
	108
	48.21

	Female
	116
	51.79

	M/F ratio
	0.93:1

	Social Class
	
	

	Upper
	156
	69.64

	Middle 
	45
	20.09

	Lower
	23
	10.27

	School type 
	
	

	Public 
	112
	50.0

	Private 
	112
	50.0

	Frequency of fast-food visit 
	
	

	None a week 
	184
	82.1

	1-3
	26
	11.6

	More than 3
	14
	6.3

	Lack of physical activity 
	
	

	Yes 
	96
	42.9

	No 
	128
	56.1

	Family history of obesity
	
	

	Yes 
	98
	43.8

	No 
	126
	56.2
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Table II shows the anthropometric characteristics of the adolescents by age. The mean weight (kg) significantly increased with increasing age (Early adolescent (10-14): 54.06 ± 13.23, Mid adolescent (15-17): 60.97 ± 12.38, Late adolescent (18-19): 72.0 ± 14.80; p=0.0002). Also, the mean height (m) significantly increased with increasing age (Early adolescent (10-14): 1.60 ± 0.096, Mid-adolescent (15-17): 1.68 ± 0.084, Late adolescent (18-19): 1.72 ± 0.14; p=0.001)
Table II: Anthropometric Characteristics of the Adolescents by Age 

	
	Age group (years)
	
	

	
	Early adolescent
(10-14)
	Mid adolescent
(15-17)
	Late adolescent
(18-19)
	
	

	Variable
	Mean±SD
	Mean±SD
	Mean±SD
	F-test
	p-value

	Anthropometric Characteristics
	
	
	
	
	

	Weight (Kg)
	54.06 ± 13.23
	60.97 ± 12.38
	72.0 ± 14.80
	8.75
	0.0002*

	Height (m)
	1.60 ± 0.09
	1.68 ± 0.08
	1.72 ± 0.14
	19.48
	0.001*

	BMI (kg/m2)
	20.96 ± 4.21
	21.56 ± 4.56
	24.16 ± 1.52
	1.18
	0.309

	BMI Z-scores
	0.66 ± 1.25
	0.11 ± 1.54
	0.73 ± 0.56
	3.85
	0.023*


*Statistically significant (p<0.05), F-test=Analysis of variance; SD–Standard deviation, Kg = Kilogram, m = Meters



Table III shows the anthropometric characteristics of the adolescents by gender. The mean height (m) was statistically significantly higher for males compared to females (1.65 ± 0.11 vs. 1.61 ± 0.08; p=0.005), while the BMI (kg/m2) and BMI Z-scores were statistically significantly higher for females compared to males (22.20 ± 4.83 vs. 20.07 ± 3.35 and 0.70 ± 1.51 vs. 0.28 ± 1.13; p<0.05).

Table III: Anthropometric Characteristics of the Adolescents by Gender
	
	Gender
	
	

	
	Male
	Female
	
	

	Variable
	Mean±SD
	Mean±SD
	t-test
	p-value

	Anthropometric Characteristics
	
	
	
	

	Weight (Kg)
	54.86 ± 12.0
	57.70 ± 14.18
	1.59
	0.114

	Height (m)
	1.65 ± 0.11
	1.61 ± 0.08
	2.83
	0.005*

	BMI (kg/m2)
	20.07 ± 3.35
	22.20 ± 4.83
	3.88
	0.001*

	BMI Z-scores
	0.28 ± 1.13
	0.70 ± 1.51
	2.38
	0.018*


*Statistically significant (p<0.05), t-test=student t-test, SD–Standard deviation, Kg = Kilogram, m = Meters



Figure 1 shows that the majority, 140 (62.5%) of the respondents had normal weight while 23 (10.3%) were obese.  

Figure I: BMI-for-Age Status of Adolescents








Table IV shows age category and BMI classification among the adolescents. The prevalence of thinness in early adolescent, mid adolescent and late adolescents was (0.65%, 4.55% and 0%). No significant difference was noted. The prevalence of normal weight in early adolescent, mid adolescent and late adolescents were (60%, 68.18% and 66.67%). No significant difference was also noted.  Similar findings were observed in the other BMI categories, overweight and obese as no statistically significant association was observed. 

Table IV: Age Category and BMI Classification among Adolescents 
	
	Age group (years)
	

	
	Early adolescent
(10-14)
	Mid adolescent
(15-17)
	Late adolescent
(18-19)
	

	Variable
	n (%)
	n (%)
	n (%)
	Fishers Exact p

	BMI Classification
	
	
	
	

	Thinness (≤ -2.00)
	1 (0.65)
	3 (4.55)
	0 (0.0)
	


0.263

	Normal (-2.01 – 1.00)
	93 (60.0)
	45 (68.18)
	2 (66.67)
	

	Over-weight (1.01 – 2.00)
	45 (29.03)
	11 (16.67)
	1 (33.33)
	

	Obese (>2.00)
	16 (10.32)
	7 (10.61)
	0 (0.0)
	


BMI = Body Mass Index



Table V shows the gender and BMI classification among the adolescents. The number of adolescents in the normal weight was statistically significantly higher for males, 82 (75.93%), but overweight and obese categories were statistically significantly observed in females (34.48% and 12.93%) respectively p=0.001. 

Table V: Gender and BMI Classification among Adolescents 
	
	Gender
	

	
	Male
	Female
	

	Variable
	n (%)
	n (%)
	Fishers Exact p

	BMI Classification
	
	
	

	Thinness (≤ -2.00)
	1 (0.93)
	3 (2.59)
	
0.001*


	Normal (-2.01 – 1.00)
	82 (75.93)
	58 (50.0)
	

	Over-weight (1.01 – 2.00)
	17 (15.74)
	40 (34.48)
	

	Obese (>2.00)
	8 (7.41)
	15 (12.93)
	


*Statistically significant (p<0.05), BMI = Body Mass Index









There was no significant linear relationship between age and BMI (r= 0.033, p=0.619, 95%CI= -0.240-0.403) as shown in Table VI.

Table VI: Pearson’s correlation between Age and BMI among Adolescents 
	
	BMI (kg/m2)
	
	

	
	The Pearson correlation coefficient
	R-Square 
	
	

	Variable
	R
	r2
	p-value
	95% CI

	Age
	
	
	
	

	Parameters
	0.033
	0.001
	0.619
	-0.240 – 0.403


*Statistically significant (p<0.05), BMI = Body Mass Index



There was a significant relationship between obesity and social class, the type of school the child attends and other variables. Obesity prevalence was higher (13.5%) among those from upper socioeconomic classes, compared to those from lower social class (2.9%). The relationship was statistically significant. (p-0.02, OR 5.13, CI 1.17-22.55) (Table VII)

	Variables 
	  Obesity 
	Total 
	p-value 
ꭓ2
	OR
CI

	
	Yes 
	No 
	
	
	

	Social Class
	
	
	
	0.02
5.69
	5.13
1.17-22.55

	Upper
	21(13.5)
	135(86.5)
	156(100)
	
	

	Lower 
	2 (2.9)
	66(97.1)
	68(100)
	
	

	
	
	
	
	
	

	School type 
	
	
	
	0.007
7.23
	0.26
0.09-0.73

	Public 
	5(4.46)
	107(95.5)
	112(100)
	
	

	Private 
	17(15.2)
	95(84.8)
	112(100)
	
	

	Do you often eat junks 
	
	
	
	<0.0001
41.93
	15.17
5.64-40.83

	Yes
	15(37.5)
	25(62.5)
	40(100)
	
	

	No 
	7(3.8)
	177(96.2)
	184(100)
	
	

	
	
	
	
	
	

	Physical activity 
	
	
	
	0.002
9.26
	0.17
0.05-0.60

	Yes 
	3(3.1)
	93(96.9)
	96(100)
	
	

	No 
	20(15.6)
	108(84.4)
	128(100)
	
	

	Family history of obesity
	
	
	
	<0.0001
27.9
	36.18
4.78-273.92

	Yes 
	22(22.5)
	76(77.5)
	98(100)
	
	

	No 
	1(0.79)
	125(99.2)
	126(100)
	
	

	Total 
	23(10.3)
	201(89.7)
	224(100)
	
	


Table VII: Relationship between obesity and sociodemographic, life style and family history of obesity 



Discussion
The prevalence of obesity in this study was 10.3%. Similar prevalence of obesity was reported in studies done in Lagos, Nigeria by Ene-Obong et al11 and Oduwole et al14. Lagos city is comparable to the study area as it is also a highly industrialized and commercialized area in the country that attract foreigners from far and near, which has led to westernized feeding life style. Reported prevalence in this study was high when compared to the prevalence reported in previous studies also done in the study area by Ene-obong et al,11 Adesina et al12 and Okagua et al13 This higher prevalence can be attributed to the fact that about 70% of the subjects were from the upper socio-economic class. Ni et al19 has shown that high socio-economic class is a strong determinant of obesity especially in the developing world. They highlighted that children from the upper-class status have more access to fast foods, computer games, and frequent use of cars to facilitate transportation and as such reduced physical activity. The increasing trend in prevalence of obesity observed over the years in the study area is worth noting.11-13 This could be attributed to the epidemics of fast-food joints and eat out habits of families in the cities, reflecting the negative effect of the rapid encroachment of westernized lifestyle. It was also noticed that most schools in the study area lacked adequate land scape that could encourage physical activities. A school health survey done in Egypt also showed similar prevalence of obesity in comparison to the current study among their adolescents.10 On the other hand, much higher prevalence of obesity was reported in the Northern part of Nigeria by Mohammed et al15 among subjects aged 6-11 years. This was due to difference in age group as obesity has been reported to be more common in the younger age group.18 Also, higher prevalence of obesity was reported by Spathopoulous et al20 among Greek adolescents; Etchison et al21 and Odeng et al5 among American adolescents. These studies were done in the developed and highly industrialized region where the standard of living is much better when compared to Nigeria where this study was done. On the contrary, studies done in the Eastern and South-Western part of the country by Ukegbu et al22 and Ijarotimi et al23 reported no obesity among their subjects. Studies were done in older age group and institutionalized secondary schools where feeding was regulated and sports participation was made mandatory; these may have accounted to their outcome. The implication of having a higher prevalence of obesity among secondary school adolescents in the study area compared to previous reports is that there could be increased risk of obesity related co-morbidities.
This study also showed statistical difference between sex and body mass index. Females had higher body mass index than males, which explains why obesity was also commoner in females. This was similar to the findings in the Southern part of Nigeria by, Okagua et al,13 Adesina et al12 and Ene-Obong et al.11 Furthermore, with no significant difference in weight in both sexes and a significantly higher height in the male subjects than the female subjects, the males would basically have lower body mass index than their female counterparts and as such higher body mass index among the female adolescents in this study. These findings also acknowledge the fact that males are generally taller than females.  Similar outcomes were also reported in a survey done by Manyanga et al8 among subjects aged 11-17 years in 7 African countries (Benin, Djibouti, Egypt, Ghana, Mauritania, Malawi and Morocco) On the contrary, Mohammed et al15 and Ukaeghu et al22 reported overweight and obesity commoner in their male counterparts. There was gender similarity for both height and weight in their studies. Ochiai et al24 also reported a higher prevalence of overweight and obesity among their male subjects than their female counterparts. Body Mass Index in their study was classified using the Japanese classification of obesity in childhood in contrast to the WHO classification used in this study. Interestingly, thinness was also commoner in females, but the number of obese females outweighed the thinness group.
There was no significant difference between body mass index and age in this study. This can be explained by the fact that more than half of the subjects were in the same age bracket.  Ochiai et al24 had similar report. Although body mass index increased with age in this study, correlation between age and BMI was not statistically significant. 
The index study showed that the predictors of obesity was similar to finding from previous studies25,26 There was a higher prevalence of obesity among those attending private schools, a finding that is at contrast with Baniissa et al26 but agrees with a study from kenya27 and Pakistan28 that reported much higher prevalence among children from private schools.  The reason for a higher prevalence among adolescents in private schools could be due to their higher socioeconomic status. Studies has shown that there is a significant relationship between obesity and socioeconomic class but there is reversal of the relationship based on the level of the county’s development. For instance, developing countries tend to have higher prevalence of obesity among those from higher SEC largely because they can afford junks from fast foods because of their better purchasing power, 29 in contrast to developed countries, obesity tend to be much higher among the poor due to high cost in accessing diets that are healthier.29
Our finding that adolescents who engage in eating junks were more likely to have obesity agrees with other studies. Consumption of high amount of calorie and low nutrient food from fast food joints is a leading cause of obesity.25 Furthermore, Baniissa et al26 had reported that rapid urbanization and embracing of western life styles including patronizing of fast-food joints where over processed food is likely to be consumed were factors that could lead to obesity. Thus, promotion of consumption of healthier food is advocated.  
Lack of physical exercise was a factor for obesity in this study. Children who do not engage in physical activities had a higher prevalence (15.6%) compared to those who engage in exercise activities (3.1%). Also, those who engage in regular physical activity were less likely to have obesity. This finding aligns with other studies that had reported lack of physical activities as a major factor to childhood obesity.25,30 
The finding of this study indicates that family history of obesity is an important significant factor to childhood obesity. The odds of developing obesity were more than 10 times if there is a family history of obesity. This collaborates with several other studies that has reported that family history of obesity plays an important role in the incidence of obesity among children and adolescents. Studies has shown a genetic predisposition to obesity, with many overweight and obese children having parents and siblings also struggling with obesity.31 A general consensus has it that having a parent with obesity is the most powerful risk factor for children to develop obesity.25 
Conclusion
The prevalence of obesity is considerably high among secondary school adolescents in Port Harcourt, with females more obese than their male counterparts. It is therefore recommended that adolescents be screened routinely in schools and lifestyle changes aimed at healthy eating and regular physical activity be inculcated into their school curriculum.
Limitations 
Dietary nutritional assessments of subjects in the study were not done which include: Diet history, Food record/accounts, Nutrient density check, Photographing and video recordings, Food exchange system/Activity assessment. This is due to cost and short duration of study period.
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