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Introduction
Childhood obesity is likely to generate into the adolescent years of a child and is a serious 

public health challenge of the twenty-first century affecting both developing and developed 
countries alike. Obesity which could be described as adiposity above normal levels is not 
exclusive to adults. In children and adolescents, a Body Mass Index (BMI) for age z-score (BAZ) 
between ≥85th and <95th percentile for age and gender is classified as overweight and ≥95th 
percentile is obesity [1]. Globally, an estimated 33.3 million (5.7%) children under five years 
were overweight in 2020 and half of these rising trends in childhood overweight are becoming 
prominent in developing countries [2,3]. Available data shows that up to 80% of children 
affected by obesity will continue to be affected by obesity in adulthood [4]. A 34-country 
comparison showed that rates of childhood and adolescent obesity is increasing in nearly 
every country with developing countries having a greater share of the burden [5]. An analysis 
of 160 nationally representative surveys from 94 developing countries showed an increasing 
prevalence of overweight and obesity from childhood to adulthood [6]. Among School-
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Going Adolescents (SGAs) in seven African countries, overweight 
prevalence ranged from 8.7% in Ghana to 31.4% in Egypt [7]. 
According to a 2022 nationally representative demographic 
and health survey data from 33 sub-Saharan African countries, 
the prevalence of overweight/obesity among children under 5 
years was estimated at 5.1% [8]. Although there is no nationally 
representative data on overweight/obesity among SGAs in Ghana, 
adult overweight and obesity prevalence increased from 25% 
in 2003 to 40% in 2014 [9]. A 2016 meta-analysis also indicated 
43% of Ghanaian adults are overweight/obese [10]. As more 
overweight/obese children and adolescents grow into adulthood, 
the burden of overweight/obesity will increase with numerous non-
communicable diseases. The combined medical costs associated 
with treatment of these obesity-related co-morbidities are 
estimated to increase by $48-66 billion/year in the US and by £1·9-
2 billion/year in the UK by 2030 [11]. Although current estimates 
of the healthcare cost of obesity-related co-morbidities is not 
available for developing countries, it can be projected that this will 
have a significant toll on these developing economies and further 
worsen the flight of its populace. Indeed, this increasing healthcare 
morbidity and cost will potentially shorten disability-adjusted 
life years in the current generation of children and adolescents 
in later life particularly for developing countries. Today, children 
and adolescents in developed and developing countries are less 
physically active and more exposed to unhealthy food choices and 
poor eating practices than were previous generations. Available 
statistics from the US indicates that between 1969 and 2001, the 
number of adolescents walking to school decreased from 41.6% to 
15.2% [12]. Displacing physical activity with sedentary lifestyles 
such as watching television and computer gaming has increased 
over the years among children and adolescents and it has been 
documented that an additional hour of television per day increases 
the prevalence of obesity by 2% in US children [13] and 22-28% in 
Spanish children [14]. Interestingly, the number of hours children 
and adolescents spend watching television correlates with their 
consumption of the most advertised foods, including sweetened 
cereals, sweets, sweetened beverages, fatty foods, and salty 
snacks [15]. Identifying locally specific causes and reinforcement 
of healthy diets, physical activity, and other healthful behaviours 
that tackles the root causes of overweight/obesity are paramount 
during the childhood and adolescent years. The home and school 
are a critical part of the social environment that shape children’s 
eating and physical activity patterns and therefore can play an 
integral role in a long-lasting positive change in attitude. In Ghana, 
a child spends between 25-45% of the 24 hours in a day in school. 
Hence, this study sought to determine the factors in the home and 
school which predisposes SGAs to overweight/obesity in Hohoe, a 
peri-urban settlement in the Volta region, Ghana. Identifying the 
predictors of adolescent overweight/obesity is relevant for health 
promotion and education in Ghanaian schools. To the best of our 
knowledge, we have attempted to describe for the first time the 
use of Fat-Free Mass Index (FFMI) and Fat Mass Index (FMI) in a 
Ghanaian sample of SGAs. This is because BMI which is widely used 
in most epidemiological studies does not account for the actual 

composition of body weight, hence several researchers have called 
for the reappraisal of the concept of FFMI and FMI [16-18]. 

Methods
Design and setting 

This was a cross-sectional study conducted among SGAs aged 
10-19 years in Hohoe, the capital of the Hohoe Municipality in 
the Volta region, Ghana. Hohoe Municipality has previously been 
described [19] and has received considerable attention in the 
scientific literature in the last ten years due to the establishment of 
the Fred N. Binka School of Public Health of the University of Health 
and Allied Sciences in the municipality. There are 76 Junior High 
Schools (JHS) in Hohoe municipality, 55 are government-owned 
(public) and 21 are individually owned (private) schools. Public 
JHS have a population of about 6024 and the private is about 1512 
students. There are about 3303 males and 2721 females in public 
JHS whereas about 754 males and 758 females are in private JHS. 
In Hohoe township there are 16 public and 16 private JHS. The 
public JHS in Hohoe township has a population of 2944 students 
composed of 1575 males and 1369 females. The private JHS in 
Hohoe township have a total student population of about 1189 
composed of about 583 males and 606 females. 

Sample size and sampling 

Assuming a z-statistics of 1.96 at 95% confidence level and 
5% margin of error, a sample size of 384 was calculated using the 
sample size calculation formular by Moore & McCabe [20]. The 
sample size was increased to 400 to annul the possible effect of 
non-response rate. A multi-stage sampling method was used in the 
selection of the participating schools in which the sampling strata 
was public and private JHS. A simple random sampling method 
was used in selection of six schools with equal number of schools 
selected in each stratum. Furthermore, a simple balloting method 
was used to select approximately 25 students per class (JHS form 
1, 2 and 3) in the participating schools. The JHS in Hohoe admit 
adolescents from every part of the municipality and country. The 
characteristics of participants is comparable to students in other 
JHS within the Hohoe Municipality and outside the municipality. 
Consenting students, aged 10-19 years as per the definition of 
World Health Organization (WHO) for adolescents were recruited 
as study participants. Pregnant and sick adolescents or those >19 
years or <10 years old were excluded from the study. Informed 
consent was obtained from adolescents and their parent or class 
teacher. 

Ethical approval 
Ethical approval for the study was sought from the Ghana 

Health Service (GHS) Ethics Review Committee (GHS-ERC: 
34/02/16). Permission was also sought from the Hohoe Municipal 
education directorate and the headmasters of the participating 
schools. Participation was voluntary and adolescents were assured 
confidentiality and anonymity that under no circumstance will 
their names and other details be linked to the data analysis and 
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dissemination of study findings. Data management, storage, 
analysis, and reporting were done in formats that did not expose 
the details of participants by using randomly generated codes.

Data collection 

Information on the socio-demographic characteristics, 
eating behaviour and physical activity were obtained through 
a face-to-face interview using a pretested, semi-structured 
questionnaire. Information on ownership of household items was 
used to determine Socio-Economic Status (SES) of household of 
the adolescent. Questionnaire was administered using trained 
research assistants and all equipment used for anthropometric 
measurements were calibrated before use. Anthropometric data 
on waist and hip circumference, weight and height were measured 
twice following WHO standard procedures [21] and the average 
recorded to the nearest 1 decimal place. To measure percentage 
body fat (%BF), the body composition monitor (Omron, Hoffman 
Estates, IL) was mounted on a level ground, and height, age and 
gender of the participant was keyed in. The participant wearing 
minimal clothing mounted the equipment with cleaned and dried 
feet. The weight, BMI and %BF were measured in duplicate and 
the average recoded to the least count of the equipment. The 
measurement was repeated a third time if the two measurements 
differed by 0.10. Information on Physical Activity (PA) was obtained 
using the Global Physical Activity Questionnaire (GPAQ) [22] with 
slight modifications. Briefly, the type of PA was coded as: 1=walking; 
2=Moderate-Intensity Physical Activity (MPA) and 3=Vigorous-
Intensity Physical Activity (VPA). The number of days and time 
for which PA was performed was categorized based to the GPAQ 
recoding guidelines. Days of the week for which PA was performed 
was categorized as: 1= once per week; 2=2-4 days per week; 
and 3=5-7 days per week. Time spent on activity for a continuous 
duration was rated as: 1=≤30 minutes, 2=31-60 minutes; 3=>60 
minutes. The type of activity, duration and days of PA were 
multiplied to obtain the Total Physical Activity Level (TPAL).

Statistical analysis 

Body mass index for age (BAZ) were generated using WHO 
Anthro+. There were no flag records for BAZ. Overweight/obesity 
was defined as BAZ >+2SD [21]. Waist-To-Hip Ratio (WHR) was 
calculated by dividing waist circumference by hip circumference. 
Fat Mass (FM) was calculated by multiplying the %BF by weight. 
Fat-Free Mass (FFM) was calculated by [Weight (kg)x(1.0-(Body fat 
%/100))]. Fat Mass Index (FMI) and Fat-Free Mass Index (FFMI) 
was calculated as stated by Schutz et al. [18] and classified as 

reported by McManus and Mellecker [23]. Permutations of the 
type of PA, duration and days of PA yielded the following products 
for TPAL: 1, 2, 3, 4, 6, 8, 9, 12, 18 and 27, which were categorized 
based on American Heart Association (AHA) recommendations 
[24]. Data was coded and entered in SPSS version 20.0 (Armonk, 
New York, USA) for analysis. Descriptive statistics was performed 
for the background characteristics. Differences between groups 
were determined using cross tabulation generating chi-square test 
for categorical variables which are reported using frequencies and 
proportions. Independent sample T-test was used to determine 
differences between continuous variables and dichotomous 
variables such as age, sex, and school type. A multiple linear 
regression model was run to predict FMI. A binary logistic regression 
was used to determine the predictors of overweight/obesity. The 
dependent variable was overweight/obesity which was classified 
as either present or absent. The independent variables were the 
background characteristics, dietary habits, and physical activity. 
Significance was set at p<0.05. 

Results
General characteristics and associations between 
variables 

A total of 400 SGAs participated in this study. The mean age 
was 15±2 years, 56.8% were females, 52.0% attended private 
schools (Table 1) and 63% ate 3X daily but breakfast was the most 
skipped meal (26.0%; Figure 1A). Watching television was the 
most common lifestyle practice (Figure 1B). The most frequently 
reported time for any form of physical activity was 30 minutes 
(Table 1). TPAL score indicated that 57% of the adolescents were 
physically inactive (Table 1). The proportion of boys who played at 
school, walked for a longer time, and engaged in vigorous physical 
activity were significantly higher compared to girls and this was 
also higher in adolescents attending public compared to private 
schools (p<0.015; Table 2). More boys than girls played video 
games and SES was higher in private than public schools (p<0.0001; 
Table 2). There were no significant associations between skipping 
breakfast, snacking, MPA and TPAL by sex or school type. The 
mean BAZ, WHR, %BF, FMI and FFMI were -0.04±1.67, 0.82±0.08, 
18.36±8.51%, 3.81±2.30 and 16.10±1.90 respectively and this was 
significantly different by sex and school type except for BAZ (Table 
3). FMI and %BF were significantly higher in girls than boys and in 
private than public schools while FFMI was higher in boys than girls 
and in public than private schools. The proportion of adolescents 
with normal FMI: FFMI was significantly higher in public than 
private schools (Figure 2). 

Table 1: Background characteristics and physical activity profile of school-going adolescents in Hohoe (N=400).

Characteristics Frequency n (%) Characteristics Frequency n (%)

Age (Years) [Mean±SD] 14.62±1.52 Type of Occupation of Parent/ Guardian

10-14 174 (43.5) Trader 149 (37.3)

15-19 226 (56.5) Farmer 142 (35.5)

Sex Teacher 92 (23.0)

Male 173 (43.3) Nurse/Midwife 17 (4.3)



611

Nov Tech Nutri Food Sci       Copyright © Isaac Agbemafle

NTNF.000646. 6(5).2022

Female 227 (56.8) Family Size

School Type 1-5 204 (51.0)

Public 192 (48.0) 6-10 165 (41.3)

Private 208 (52.0) 11-20 31 (7.8)

Ethnicity Socio-Economic Status (SES)

Ewe 299 (74.8) Low SES 38 (9.5)

Akan 40 (10.0) Middles SES 100 (25.0)

#Others 61 (15.2) High SES 262 (65.5)

Type of Religion — —

Christian 369 (92.3) Physical Activity Profile

Muslim 25 (6.3) Walking

Traditionalist 6 (1.5) 30 minutes 213 (53.3)

Lives with 31-60 minutes 109 (27.3)

Both Parents 208 (52.0) >60 minutes 78 (19.5)

Mother 87 (21.8) Moderate Physical Activity (MPA)

Father 27 (6.8) 30 minutes 221 (55.3)

Guardian 78 (19.5) 31-60 minutes 132 (33.0)

Current Class >60 minutes 47 (11.8)

Form 1 115 (28.8) Vigorous Physical Activity (VPA)

Form 2 170 (42.5) 30 minutes 249 (62.3)

Form 3 115 (28.8) 31-60 minutes 104 (26.0)

Educational Level of Parents/ Guardian >60 minutes 47 (11.8)

None 10 (2.5) *Total Physical Activity Level (TPAL)

Primary 27 (6.8) Inactive/Low 228 (57.0)

Junior Secondary School 109 (27.3) Moderately active 102 (25.5)

Senior Secondary School 118 (29.5) Active/ High 70 (17.5)

Tertiary 136 (34.0) — —

#Others= Guan, Ga/Dangbe/Konkomba/Dagaati; *The type of Physicsal Activity (PA) was coded as follows: 1=walking; 2=moderate PA and 3=vigorous 
PA. Duration was grouped into: 1=30 minutes; 2=31-60 minutes; 3=>60 minutes. Days of PA was coded as follows: 1=0-1 day; 2=2-4 days; 3=5-7 

days. Total Physical Activity Level (TPAL) was the product of type of PA, duration and days of PA and the values obtained were classified as follows: 
1-4=inactive; 6-9=moderately active; 12,18 & 27=active.

Figure 1A: Eating habits of school-going adolescents in Hohoe.
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Figure 1B: Lifestyle practices of school-going adolescents in Hohoe.

Figure 2: Comparative analysis of body mass index among school-going adolescents by school type.

Table 2: Association between sex and type of school, background characteristics and physical activity profile of school-
going adolescents in Hohoe (N=400).

Variables
Sex School Type

Male Female p-value Private Public p-value

Socio-Economic Status (SES)

Low 1 (0.6) 2 (1.0) 0.99 17 (8.2) 21 (10.9) <0.0001*

Middle 45 (28.7) 59 (28.1) 23 (11.1) 77 (40.1)

High 111 (70.7) 149 (71.0) 168 (80.8) 94 (49.0)
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Plays at School

Yes 122 (70.9) 129 (56.8) 0.005* 112 (53.8) 139 (72.8) <0.0001*

No 50 (29.1) 98 (43.2) 96 (46.2) 52 (27.2)

School has Playground

Yes 143 (82.7) 190 (83.7) 0.782 150 (72.1) 183 (95.3) <0.0001*

No 30 (17.3) 37 (16.3) 58 (27.9) 9 (4.7)

Watches Television

Yes 143 (82.7) 183 (80.6) 0.602 182 (87.5) 144 (75.0) 0.002*

No 30 (17.3) 44 (19.4) 26 (12.5) 48 (25.0)

Plays Video Games

Yes 108 (62.4) 94 (41.4) <0.0001* 98 (47.1) 104 (54.2) 0.159

No 65 (37.6) 133 (58.6) 110 (52.9) 88 (45.8)

Walking

30 minutes 88 (50.9) 125 (55.1) 0.001* 105 (50.5) 108 (27.0) <0.0001*

31-60 minutes 62 (35.8) 47 (20.7) 67 (32.2) 42 (21.9)

>60 minutes 23 (13.3) 55 (24.2) 36 (17.3) 42 (21.9)

Moderate Physical Activity (MPA)

30 minutes 93 (53.8) 128 (56.4) 0.821 118 (56.7) 103 (53.6) 0.806

31-60 minutes 60 (34.7) 72 (31.7) 67 (32.2) 65 (33.9)

>60 minutes 20 (11.6) 27 (11.9) 23 (11.1) 24 (12.5)

Vigorous Physical Activity (VPA)

30 minutes 92 (53.2) 157 (69.2) 0.004* 143 (68.8) 106 (55.2) 0.015*

31-60 minutes 57 (32.9) 47 (20.7) 47 (22.6) 57 (29.7)

>60 minutes 24 (13.9) 23 (10.1) 18 (8.7) 29 (15.1)

Total Physical Activity Level (TPAL)

Inactive 90 (52.0) 138 (60.8) 0.21 114 (54.8) 114 (59.4) 0.63

Minimally active 49 (28.3) 53 (23.3) 55 (26.4) 47 (24.5)

Active 34 (19.7) 36 (15.9) 39 (18.8) 31 (16.1)

*Significant at p-valve<0.05;

Table 3: Associations between sex, age, school type and anthropometric profile of school-going adolescents in Hohoe.

Variables BAZ (N=396) WHR (N=400) %BF (N=395) FMI [kg/m2] 
(N=395) FFMI [kg/m2] (N=395)

*Sex

Male -0.03±2.17b 0.82±0.09c 15.19±7.25g 3.02±1.80p 16.33±2.12u

Female -0.04±1.16b 0.80±0.06d 20.75±8.62h 4.40±2.56q 15.93±1.69v

†Age (Years)

10-14 0.16±2.21B 0.81±0.07D 19.48±8.61F 3.97±2.47K 15.53±2.13N

15-19 -0.19±1.06C 0.81±0.09D 17.51±8.35G 3.69±2.16K 16.54±1.58P

#School Type

Private -0.03±2.042 0.80±0.093 19.77±9.317 4.13±2.6113 15.84±2.1015

Public -0.05±1.142 0.83±0.064 16.82±7.268 3.46±1.8513 16.39±1.6216

Total -0.04±1.67 0.82±0.08 18.36±8.51 3.81±2.30 16.10±1.90

— — — — — —

Variables BAZ (N=396) WHR (N=400)*# %BF (N=395)*# FMI (N=395)*# FFMI (N=395)*†#

 <-2SD

n (%)

-2 to +2SD

n (%)

≥+2SD

n (%)

Low risk

n (%)

High risk

n (%)

Desirable

n (%)

High

n (%)

Desirable

n (%)

High

n (%)

Desirable

n (%)
High

n (%)
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*Sex

Male
9/171

(5.3)

141/171

(5.3)

21/171

(82.5)

156/173

(12.2)

17/171

(90.2)

141/170

(9.8)

29/170

(82.9)

137/170

(17.1)

33/170

(80.6)

153/170

(19.4)

17/170

(90.0)

Female
 6/225 

(2.7)

180/225

 (80.0)

39/225 

(17.3)

69/227 

(30.4)

158/227 

(69.6)

210/225 

(93.3)

15/225 

(6.7)

210/225 

(93.3)

15/225 

(6.7)

147/225 

(65.3)

78/225 

(34.7)

†Age (Years)

10-14
5/174

 (2.9)

137/174 

(78.7)

32/174

 (18.4)

89/174 

(51.1)

85/174 

(48.9)

146/171 

(85.4)

25/171

 (14.6)

145/171 

(84.8)

26/171 

(15.2)

142/171 

(83.0)

29/171 

(17.0)

15-19
10/222 

(4.5)

184/222 

(82.9)

28/222 

(12.6)

136/226 

(60.2)

90/226 

(39.8)

205/224 

(91.5)

19/224 

(8.5)

202/224 

(90.2)

22/224 

(9.8)

158/224

 (70.5)

66/224

 (29.5)

#School Type

Private

9/207

 (4.3)

172/207 

(83.1)
26/207

(12.6)

137/208

(65.9)

71/208

(34.1)

169/206

 (82.0)

37/206 

(18.0)

167/206

 (81.1)

39/206

 (18.9)

166/206

 (80.6)

40/206

 (19.4)

Public

6/189

 (3.2)

149/189 

(78.8)
34/189 

(18.0)

88/192 

(45.8)

104/192

 (54.2)

182/189 

(96.3)

7/189 

(3.7)

180/189 

(95.2)

9/189

 (4.8)

134/189

 (70.9)

55/189 

(29.1)

Total

 15/396

 (3.8)

321/396

 (81.1)
60/396 

(15.1)

225/400 

(56.3)

175/400 

(43.7)

351/395 

(88.9)

44/395

 (11.1)

347/395

 (87.8)

48/395 

(12.2)

300/395

 (75.9)

95/395

 (24.1)

BAZ= Body Mass Index-For-Age; WHR= Waist-To-Hip Ratio; %BF= Percentage Body Fat; FMI= Fat Mass Index; FFMI= Fat-Free Mass Index; *Variables in 
sex column with different superscript differ by sex; †Variables in age column with different superscript differ by age groups; #Variables in school type 

column with different superscript differ by school type; Significance set at p<0.05.

Predictors of FMI and overweight/obesity among SGAs 

The predictors of FMI were school type, weight, sex 
and FFM [F (8,382)=2395.90, p<0.0001, R2=0.98, Table 
4]. All four variables added statistical significance to 
the prediction and the general form of the equation is 
FMI=1.238+(0.081xSex)+(0.077xSchool)+(0.406xWeight)–
(0.438xFFM). For a unit increase in weight (kg), there is a 0.406kg/
m2 increase in FMI whiles for a unit increase in FFM, there is a 
0.438kg/m2 decrease in FMI (Table 4). Being a girl compared to a 
boy increased an adolescents’ FMI by 0.081kg/m2 and attending a 
private school compared to a public school increased an adolescents’ 

FMI by 0.077kg/m2 (Table 4). SES, MPA, VPA, and playing at 
school predicted an adolescent’s odds of being overweight/
obese. Adolescents who belonged to a low SES were 4.88 times 
more likely to be overweight/obese compared to adolescents in 
high SES household (p=0.04; Table 4). Daily MPA>30 minutes 
decreased an adolescent’s odds of being overweight/obese by 
67% compared to MPA30 minutes (AOR=0.67; 95%CI=0.29, 1.54; 
p=0.02; Table 4). Daily VPA>60 minutes decreased an adolescent’s 
odds of being overweight/obese by 63% compared to VPA 30 
minutes (AOR=0.63; 95%CI=0.14, 2.90; p=0.01; Table 4). Playing 
at school was protective against overweight/obesity (AOR=0.34; 
95%CI=0.12, 0.94; p=0.04; Table 4). 

Table 4: Determinants of overweight/obesity and fat mass index among school-going adolescents in Hohoe.

Variables AOR (95% CI) p-value Variable AOR (95% CI) p-value

Sex Sex

Male 1.00 Female 0.081 (0.009, 0.154) 0.029*

Female 1.30 (0.31, 5.57) 0.72 Male 1.00

School Type School Type

Private 1.00 0.19 Private 0.077 (0.005, 0.149) 0.037*

Public 2.13 (0.69, 6.51) Public 1.00

Socio-Economic Status (SES) Age (years) -0.018 (-0.045, 0.008) 0.170

High 1.00 0.04* Weight (kg) 0.406 (0.400, 0.412) <0.0001*

Middle 1.04 (0.34, 3.19) FFM -0.438 (-0.447, -0.429) <0.0001*

Low 4.88 (1.38, 17.26) WHR 0.024 (-0.401, 0.450) 0.910
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Skips Breakfast BAZ -0.014 (-0.035, 0.007) 0.200

Yes 1.00 0.21

FFM= Fat-Free Mass; WHR= Waist-To-Hip Ratio; BAZ= Body Mass Index-
For-Age Z-Score; The general form of equation to predict Fat Mass Index 

(FMI) is FMI=1.238+(0.081xSex)+(0.077xSchool)+(0.406xWeight)–
(0.438xFFM); Adjusted R2=0.98; *Significant at p<0.05.

No 0.54 (0.20, 1.41)

Plays at School

Yes 0.34 (0.12, 0.94) 0.04*

No 1.00

Plays Video Game — — —

Yes 1.00 0.65 — — —

No 0.81 (0.33, 1.99) — — —

Watches Television — — —

Yes 1.00 0.07 — — —

No 0.31 (0.08, 1.12) — — —

Moderate Physical Activity (MPA) — — —

 minutes 1.00 0.02* — — —

31-60 minutes 0.67 (0.29, 1.54) — — —

>60 minutes 0.03 (0.01, 0.34) — — —

Vigorous Physical Activity (VPA) — — —

 minutes 1.00 0.01* — — —

31-60 minutes 0.94 (1.49, 10.43) — — —

>60 minutes 0.63 (0.14, 2.90) — — —

Total Physical Activity Level (TPAL) — — —

Inactive 1.00 0.09 — — —

Minimally active 2.35 (0.38, 14.67) — — —

Active 3.11 (0.99, 11.19) — — —

*Significant at p<0.05. Adjusted R2=0.37; AOR=Adjusted Odds Ratio; OR’s are adjusted for age, playground in neighbourhoods, plays at home, playing 
video games, parents are obese, sitting time, hours of sleep, snacking, breakfast skipping, walking time, waist-to-hip ratio, percentage body fat.

Discussion
General characteristics and associations between 
variables 

Higher education increases wealth quintile and income levels of 
households; hence the type of school parents/guardians send their 
wards to. In agreement with a previous study in northern Ghana 
[25], the SES of the household that the adolescents belonged to 
correlated with the level of education of the household head and 
which type of school the adolescent attends. This is because, private 
schools in Hohoe municipality pay termly fees that could be ten 
times the amount public schools pay or attend for free. The huge 
disparity in termly fees is a drawback to parents who have little or 
no formal education since their income level is just below or above 
the poverty line and cannot afford to pay these high tuition fees at 
the expense of their meagre erratic household incomes, a greater 
part of which is used for housekeeping. Consistent with a similar 
study in Northern Ghana [25] and Nigeria [26], breakfast was the 
most skipped meal, and this pattern was not different by school 
type. Time between waking up and amount of house chores before 
school may predict the adolescents’ likelihood of skipping breakfast 
compared to other meals of the day. Also, most adolescents are 
likely to skip breakfast if its preparation will interfere with the 
time they must report to school because lateness to school is 
often punished. As reported in this study and among adolescents 

in Nigeria, the skipping of breakfast may be compensated for 
by snacking at school which is likely to increase their risk for 
overweight/obesity and its co-morbidities [27]. In an attempt to 
document PA habits, we obtained self-reports of the adolescents 
on the type, duration and frequency of PA and compared it with 
the AHA recommendation for adolescents [24]. In agreement with 
a previous study in Northern Ghana [25] and Brazil [28], walking 
to school was the most common PA among SGAs in Hohoe. The 
beneficial effects of walking may not be fully harnessed among 
the adolescents who walk shorter distances in reporting to and 
from school compared to their colleagues in northern Ghana who 
cover relatively longer distances to school. Thus, the contribution 
of walking to and from school to TPAL may be low on school days 
and throughout the year, a finding consistent with another study 
among Iran school children aged 7-18 years [29]. Based on the AHA 
recommendation, we posit that walking for these adolescents may 
be beneficial if it is done briskly and for at least 60 minutes. Current 
PA recommendations of at least thirty minutes daily walking in 
Ghana as part of the Ghana Health Service (GHS) regenerative 
health policy can only maintain health-related fitness but does 
not have the propensity to curb the increasing overweight/obesity 
trends among all ages of the Ghanaian population particularly 
adolescents, hence the need for school health education to promote 
longer duration of PA. Adolescents spent most of their waking 
hours in school, hence the availability of regular PA and PA space 
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is crucial in school settings. Adolescents in this study and those 
in a study conducted in Canada [30] showed that they are more 
likely to play at school due to the availability of PA space. Unlike the 
Canadian study which did not examine differences by school type, 
this study showed that adolescents in private schools were more 
sedentary compared to their colleagues in the public schools due to 
little or no PA space availability. Although PA space is an important 
element of the built environment, encouraging PA cannot just 
happen in one place- it needs to happen in or outside the school 
and home. At home, it is possible that PA is been displaced by 
television watching, video gaming and other screen time activities 
as reported by the adolescents in this study and in other studies 
[30]. If these adolescents continue to be physically inactive, then 
they are likely to become physically inactive in adulthood and 
the overweight/obesity prevalence will continue to increase. The 
increasing prevalence of overweight/obesity among children and 
adolescents has led to numerous research in this area due to its 
public health consequences [16-18]. For children and adolescents, 
overweight/obesity is classified using BAZ based on the WHO-2007 
growth standards, but individual children do not grow necessarily 
according to these growth standards [31]. The shortcomings of 
the WHO-2007 classification influenced the inclusion of FMI and 
FFMI in this study as proposed by previous researchers [16-18]. In 
this study, there were no differences in prevalence of overweight/
obesity using the WHO-2007 and FMI or FFMI classification. 
However, using the FMI or FFMI classification can help one judge 
whether the deficit or excess of body weight is selectively due to 
a change in FMI vs FFMI or both [32]. Although BAZ were similar 
for boys and girls, FMI and FFMI differed greatly by sex, a finding 
corroborating previous studies among Caucasians adolescents [16-
18]. In boys, FFMI increased with age whilst both FMI and FFMI 
increased with age in girls and this is in keeping with previous 
studies [16,17] but contrary to another [18]. An explanation for 
this observation is that older boys increase faster in FFM than 
younger boys and experience a decrease in FM compared to girls 
based on differences in physiological make-up. Also, the increase 
in FFMI with age in these adolescents may contribute to “adiposity 
rebound” as suggested by other investigators [17]. Although FMI, 
FFMI and %BF compares well with a similar study among SGAs 
in Brazil, the Brazilian study [33] did not compare private and 
public schools. Some possible explanations for the differences in 
FMI and FFMI between private and public schools are SES, playing 
at school, availability of school playground, lifestyle practices 
(watching television, late night eating, hours of sleep, etc) and level 
of PA as these variables were significantly different by school type. 
The %BF was higher in girls than in the boys and this agrees with 
previous studies [16,17]. These differences reflect physiological 
development, as girls gain more body fat while boys gain more 
muscle mass during puberty because of the drastic hormonal 
changes that induce important modifications in growth, bone 
mass, and body composition [34]. The increase in %BF is true for 
girls who gain and deposit more adipose tissue around the thighs 
and buttocks than boys who deposit adipose tissue around the 
abdomen. Due to this regional fat distribution, we expected WHR to 

show little variation by sex when compared to %BF, FMI and FFMI 
and this is confirmed by a previous study among Caucasian school 
children [16]. 

Predictors of FMI and overweight/obesity among SGAs 

The overweight/obesity prevalence was about twofold the value 
reported from a previous study in the Volta region, Ghana [19]. This 
may be due to differences in inclusion criteria, study site selection 
and year of data collection. Nonetheless, the present overweight/
obesity prevalence collaborated similar research in the Ashanti 
region, Ghana and southern Ethiopia which reported an overweight 
prevalence of 12.2% and 12.9% [35,36]. The overweight/obesity 
prevalence was lower compared to SGAs in US and Canada [13,37] 
and in Egypt, Morocco, and Mauritania [7], and higher compared 
to Benin and Malawi [7]. The difference could be due to the type 
of classification methods used but importantly the SES between 
these countries and Ghana, which is a low-middle income country 
undergoing the nutrition transition. Consistent with previous 
studies [6,23], sex, school type, weight and FFM were significant 
predictors of FMI. Also, SES, playing at school, MPA and VPA 
significantly predicted an adolescents’ odds of being overweight/
obese. VPA was the most protective factor against adolescent 
overweight/obesity, and this is in consonance with a 2015 study 
among university students in northern Ghana in which VPA 
reduced abdominal obesity risk by 30% [38]. To curb the present 
overweight/obesity menace among adolescents and decrease the 
burden of non-communicable diseases in later life, physical activity 
regimes among Ghanaian children and adolescents should go 
beyond just walking to include VPA. Corroborating other authors 
[39], playing at school is protective against being overweight/obese 
and it is an important concept in obesity prevention. Factors that 
may increase the development of effective strategies for obesity 
prevention in these SGAs may be associated with the activation of 
critical genes for fat metabolism [40]. PA has been shown to increase 
the anti-aging gene Sirtuin 1 that may reverse obesity [40]. Thus, 
Sirtuin 1 activators should be considered as effective strategies 
against obesity in developing countries. There is also evidence 
from a review of school-based cross-sectional studies of a modest 
association between PA and lower BMI [39]. This suggest that an 
increase in school-based PA alone may not be sufficient to reverse 
the current obesity trends. Adolescents can increase their PA levels 
in many other ways during school and non-school hours, including 
active walking, unorganized outdoor free play, personal fitness, 
recreational activities, and organized sports. Interestingly, sex 
differences should be considered when encouraging adolescents 
to increase PA as evident in this study and by others [37,38]. 
Available evidence indicates that exposure to television and video 
games might impact body weight by promoting snacking behavior 
and adverse dietary practices that increases energy intake [37]. 
These additional factors make television viewing and video gaming 
potentially more insidious a risk factor for childhood obesity, but 
its effect was not observed in this study probably because energy 
intake may not be significantly altered during these leisure time 
activities among these adolescents. Nonetheless since time is finite, 
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every hour spent watching television or video gaming is a missed 
opportunity to be physically active. Finally, cross-sectional, and 
longitudinal studies have shown that skipping breakfast is linked 
to increased risk of overweight/obesity [41], but this was not 
observed here probably because fewer SGAs skipped breakfast. 

Limitations of the Study 

This was a cross-sectional study, hence does not allow 
examination of casual inference between socio-demographic, 
lifestyle behaviours and overweight/obesity. This study did not 
measure actual dietary intake thus, the reported overweight/obesity 
prevalence cannot be associated with dietary intake. Moreover, the 
findings cannot be generalized to non-schooling adolescents who 
may have different socio-demographic characteristics compared to 
SGAs. There is possibility of recall and social desirability bias on 
sedentary and PA behaviours, and we tried to overcome this by 
probing. We urge other investigators to consider evaluating the 
rapidly changing nutritional and social environment as well as 
dietary patterns and pedometer determined steps in future studies 
of overweight/obesity in Ghana. 

Conclusion
Sex, school type, weight and FFM were significant predictors 

of FMI among SGAs in Ghana. SES, MPA, VPA and playing at school 
decreased an adolescents’ odds of being overweight/obese in 
Ghana. Increasing levels of PA attenuated the possible effect of 
school type on an adolescents’ odds of being overweight/obese. 
Increasing PA time at or outside the school should be encouraged 
to curtail the upsurge of overweight/obesity among SGAs in Ghana. 
Understanding the interrelationship between these factors may 
enhance the development of effective strategies for overweight/
obesity prevention among children and adolescents in Ghana and 
other African countries. 

What is Already Known on this Topic
a. There is higher prevalence of overweight/obesity among 

children and adolescents attending private schools compared to 
those attending public schools. 

b. Physical activity is protective against being overweight/
obese. 

What this Study Adds
a. Increasing levels of physical activity attenuated the 

possible effect of school type on an adolescents’ odds of being 
overweight/obese. 

b. Except for walking, moderate physical activity, vigorous 
physical activity and playing at school decreased an adolescents’ 
odds of being overweight/obese. 
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