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Metabolic syndrome is a growing health problem that affects the whole
population including adolescents due to change in lifestyles. It is strongly
associated with different lifestyle behavioral factors. The objective of
the study was to investigate the magnitude and associated factors of
metabolic syndrome in adolescents. School based cross-sectional study
design was used. The sample size for this study was 844 and 8 high schools
were randomly selected from Addis Ababa city Administration. Simple
random sampling technique was used to select each participant. Data was
analyzed using SPSS version 24 and descriptive summary statistics produced
to present the findings. In this study among the components of metabolic
syndrome, the highest prevalence was observed in high level of fasting blood
glucose level 57.8%, followed by high waist circumference 32.2%.
The overall prevalence of metabolic syndrome from the total study
participants was 12.4%. Smoking, alcohol intake, performing vigorous or
modern physical activity, body mass index and time spent for sedentary
activities were factors which had significant association with individual

metabolic abnormalities. In conclusions the magnitude of metabolic
syndrome is common problem of adolescents in the study area.
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1. INTRODUCTION

Metabolic syndrome is a non-communicable condition, which presents a global public health
and clinical challenge and the disease is attributed to behavioural factors such as smoking, poor dietary
habits, physical inactivity and sedentary lifestyle [1]. According to IDF, metabolic syndrome is diagnosed
based on waist circumference greater than or equal to 90™ percentile in combination with any two clinical
measures of the following elements: Blood pressure (>130/85 MmHg), Glucose (Fasting Plasma Glucose
(FPG) > 100 mg/dL), and Lipids (Serum triglyceride >150 mg/dL or Serum HDL-C <40 mg/dl) [2, 3].

The incidence and prevalence of metabolic syndrome is high among school going adolescents.
In India the incidence of metabolic syndrome among healthy school-going children aged between
16-18 years was 4.79% [4]. The percentage of students affected by metabolic syndrome in Brazil was 10.2%
with 28.6% and 23.1% of the students had one and two metabolic syndrome components respectively.
The most frequent metabolic abnormality was high waist circumference (47.6%) followed by low HDL-C
(24.5%), high triglyceride (23.8%) and 11.6% of the students were hypertensive. The prevalence
of metabolic syndrome is higher among overweight or obese students [5]. According to Mbove, Diaz,
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Wallale, Mazariegos and Jolly, the overall prevalence of metabolic syndrome among primary and secondary
school students is 2% with highest prevalence of high triglyceride level (43.4%) followed by low level
of HDL-C (17.2) and the least prevalence components of metabolic syndrome are high blood glucose level
and high blood pressure. In similar study there is different in the prevalence of overall as well
as the individual components of metabolic syndrome by gender of the students. Except the prevalence
of triglyceride level, the other entire metabolic syndrome and its components are higher among male students
than female students [6].

Researchers reported that more than 20% of school-going adolescents are overweight, with 16%
and 7% of the adolescents being overweight and obese respectively. Overweight or obesity is the major risk
factor for the development of metabolic syndrome and one or more metabolic abnormalities. Among high
school students who had metabolic syndrome 80% of the students had normal weight obesity
(high body fat deposition) and 58% of the adolescents who had high body fat deposition developed one
or more risk factors for metabolic syndrome [7].

Most of the school adolescents have risky lifestyle behaviours that increase their risk to develop
metabolic syndrome or its individual components like sedentary and physical inactivity, unhealthy diet,
heavy drinking, unhealthy and sleeping pattern. For instance in Iceland most of high school students (89%)
consume one or more types of alcohol. Similarly, 21.4% and 20.3% of high school students were current
smokers and had sedentary lifestyle respectively [7-9].

The prevalence rate of metabolic syndrome among adolescents in Ethiopia is not well known.
In Addis Ababa 8.5% of high school students were overweight. Similarly, 47.2% high school students had
sedentary lifestyle (spent more than 2 hours per day on television, video game and computer) and 34.6%
of the adolescents had low physical activity habit. High school students who spent much time for sedentary
lifestyle, who have low physical activity and eat less fruit and vegetable are more likely
to be overweight [10]. In Gambella city, Southwest Ethiopia 13.25% and 18.21% of high school students
were physically inactive and less active respectively and 6.30% of the adolescents had overweight
or obesity [11]. In central Ethiopia (Adama town and rural Adama woreda) the overall prevalence
of overweight in high school students was 10.3% with 8.5% overweight and 2.3% obesity [12].

Metabolic syndrome is strongly associated with different lifestyle behavioural factors.
Several studies indicated that the lifestyle of the adolescents like their dietary habit, smoking habit,
alcohol consumption, physical activity and sedentary habit are the major contributors for the development
of chronic non-communicable diseases including metabolic syndrome. The presence of one unhealthy
lifestyle contributed to the development of another unhealthy lifestyle. For example, smoking contributes
to the development of alcohol drinking, physical inactivity and poor dietary habit [13].
According to Chu et al, metabolic syndrome has significant association with the body mass index (BMI) and
waist circumference of the adolescents. The prevalence of metabolic syndrome was 13.7 times higher in male
adolescents who had BMI greater than 90™ percentile when compared to male adolescents who had normal
body mass index and for every one unit BMI increasing the prevalence of metabolic syndrome increased
by 1.43 times. The male adolescents who had a higher waist circumference were 20.9 times more likely
affected by metabolic syndrome than male adolescents who had normal waist circumference and for every
one centimeter increasing of waist circumference metabolic syndrome increased by 1.16 times.
Similarly female adolescents who had BMI greater than 90™ percentile were 26 times more likely affected
by metabolic syndrome than female adolescents who had normal BMI and for every one unit increasing
in BMI the prevalence of metabolic syndrome increased by 1.50 times. Girls who had higher waist
circumference 23 times were more likely develop metabolic syndrome than girls who had normal waist
circumference and for every one centimeter increasing in waist circumference metabolic syndrome increased
by 1.19 times [14]. Efforts to identify adolescents at risk of developing metabolic syndrome to prevent
or mitigate its associated outcome have been active areas of research within adolescent’s population.

2. RESEARCH METHOD

The study was conducted in Addis Ababa city administration of Governmental high schools.
School based cross-sectional survey was conducted from October 1-15, 2016. The source and study
population- all students who were enrolled in 2016/2017 academic year in high schools found in the study
area of Addis Ababa city administration were taken as source population and students who were enrolled in
2016/2017 academic year in selected schools were taken as study population.

Multistage sampling was used. First 3 sub-cities were selected randomly among 10 sub-cities
of Addis Ababa. In the second stage 8 high schools were selected randomly from the selected 3 sub-cities.
In the third stage the selected schools were further stratified into grade and finally proportional sample size
were allocated to each grade and the grade further stratified in into sections. The sections from each grade
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were randomly selected. The data collectors were provided with a number for each student based
on alphabetical order to prepare a sampling frame. After that, simple random sampling technique was used
to select the required number of adolescents. The sample size was determined using single population
proportion formula by the assumption that 50% of the adolescents had metabolic syndrome with 5% marginal
error and 95% CI and multiplying by design effect 2 due to the multi stage nature of the sampling technique.
Then adding none response rate of 10%. Based on this assumption the final representative sample
size was 844.

The questionnaire for collecting data was developed through reviewing WHO STEP wise approach
for non-communicable diseases surveillance. The questionnaire consisted of four parts.
Part I-socio-demographic variables of the study participants, Part Il behavioural variables of the study
participants (dietary behaviour, physical activity habit, alcohol consumption habit and smoking habit),
part 1l1-physiological measures of the study participants (height, weight, waist circumference and blood
pressure) and part IV - biochemical measures of the study participants (fasting blood glucose level,
serum total cholesterol level, serum triglyceride level, and serum high-density lipoprotein level).
After the study participants had completed part | and part 1, the physiological and biochemical measures
were taken. The height of the adolescent was measured in standing erect position using standometer with
0.1 cm resolution. The weight of the participants was measured using beam balance with barefoot and
wearing light clothes with 0.1 kg resolution. The waist circumference was measured using measuring tape
of 0.1 cm resolution from midpoint between the last rib and iliac crest. The students sat upright with his/her
right upper arm positioned at the level of the heart with both feet flat on the floor. Systolic and diastolic
arterial blood pressure were obtained using a stethoscope and a mercury sphygmomanometer after 5 minutes
rest and repeated measures were taken after 2 minutes additional rest. The mean score was recorded
as the blood pressure of the students. Blood sample was collected by nurses in the schools compound.
The blood glucose level was measured immediately by using sensocard plus blood glucose meter and sensor
card. The collected blood sample to measure lipid profile was stored at 2-8°C in iceboxes and then
transported to the Afenicho ber health center laboratory for analysis within 6 hours of collection. The lipid
profile (total cholesterol, triglyceride, high-density lipoprotein) was analyzed using biosystem
A 25 automotive chemistry machine and human reagent.

The questionnaires were pre-tested on 42 (5% of the sample size) adolescents who were not
involved in the main study. All anthropometric measurement and laboratory measurement equipment were
checked every time before new measurements are taken. The data collectors were trained and supervised
throughout the data collection period and the questionnaire was checked every day for completeness.

The data were checked for completeness and consistency. Data were then coded and captured into
a personal computer using the Statistical Package for Social Sciences software (SPSS) version 24.0 Data was
analyzed and descriptive summary statistics produced to present the findings. The result of the study was
presented in graph, Table and text based on thematic areas. Bivariate analysis was done to identify the factors
associated with metabolic abnormalities.

Ethical clearance was obtained from University of South Africa and Addis Ababa Health Bureau
IRB as well a formal letter was prepared and submitted to the selected high schools to get their permission.
The researcher was provided all the necessary information about the research protocol and procedures for
the study participants and obtained their informed consent from adolescents who were 18 years and above.
For those adolescents whose age was less than18 year’s age, information about the research protocol and
procedure were given for the adolescents and their parent and informed consent was obtained from their
parent and assent from the adolescents. In this research the privacy and confidentiality of the participants
were ensured throughout the process of the research.

3. RESULTS AND DISCUSSION
3.1. Result

A total of 824 adolescents from 8 secondary schools in Addis Ababa City administration
participated with the response rate of 97.6%. More than half (421) (51.1%) of the participants were female,
whereas the remaining were male adolescents. The mean age of the adolescents was 16.59 + 1.36 SD with
the minimum age of 13 years of age and the maximum age of 19 years. The majorities 769 (93.3%)
of the adolescents were in the age group of 15-19 years. Most of the adolescents 789 (95.8%) were single
whereas 10 (1.2%) of them were married in their marital status. Regarding the educational status
of the adolescents was 321 (39.0%) grade 9 216 (26.2%) grade 10, 130 (15.8%) grade 11 and the rest were
grade 12. Three hundred sixty five (44.3%) of the adolescents’ parent were private workers 233 (27.1%)
government workers and 85 (10.3%) were non-governmental organization worker. The median monthly
income of the adolescents’ parent was 2800 Ethiopian birr. Three hundred forty two (41.5%)
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and 227 (27.5%) of the parents of the adolescents had more than 3000 and less than 1500 Ethiopian birr
monthly income respectively Table 1.

Table 1. The pattern of alcohol consumption by sex and education level of secondary school students
Alcohol consumption
Variables Yes No Total
No (%) No (%)

Sex

Male 108 (13.1) 295(35.8) 403 (48.9)
Female 76(9.2)  345(41.9) 421 (51.1)
Total 184 (22.3) 640 (77.7) 824 (100)
Educational status

Grade 9 44(53)  277(33.6) 321 (39.0)
Grade 10 53(6.4) 163(19.8) 216 (26.2)
Grade 11 27(3.3) 103(125) 130(15.8)
Grade 12 60 (7.3) 97 (11.8)  157(19.0)
Total 184 (22.3) 640 (77.7) 824 (100)

3.1.1. Lifestyle behaviour of the adolescents

History of alcohol consumption, history of smoking, physical exercise, vegetable and fruit
consumption of the adolescents were assessed. Alcohol consumption habit of the adolescents had variation
by their gender and educational level. Out of the total number of respondents, 303 (36.8%) of the respondents
consumed alcohol and 184 (22.3%) of them had current alcohol consumption whereas the rest of
the adolescents had not taken any alcoholic drink. Among the current drinkers, more than half 108 (58.3%)
were male adolescents and the rest (41.3%) were female adolescents. The pattern of alcohol consumption
by the educational level of the students, 44 (5.3%), 53 (6.4%) 27 (3.3%) and 60 (7.3%) of current drinkers
were in grade 9, grade 10, grade 11 and grade 12 respectively. Regarding the history of smoking, 68 (8.3%)
was currently smoking. Among the current smokers, more than half 37 (54.4%) were female and 31 (45.6%)
of them were male students. Two hundred eighty-seven (34.8%) and 107 (13.0%) of the adolescents were
exposed to smoking in the school or working environment, and in their home respectively.
Among the current smokers 42 (5.1%) of them smoked 1-5 cigarette sticks per day and the remaining
26 (3.2%) smoked more than 5 cigarette sticks per day. Physical activity habit of the adolescents also had
variation by gender of the adolescents. Male adolescents were slightly physically active than female
adolescents. According to the responses, 365 (44.3%) of them perform vigorous or moderate physical activity
whereas 459 (55.7%) of them were physically inactive (did not perform vigorous or moderate physical
activity). Based on the time spent doing vigorous or moderate physical activity per week 195 (23.7%),
125 (15.2%) and 45 (5.5%) of the adolescents had low physically activity (spent less than
150 minutes/week), medium physically active (spent from 150-300 minutes/week) and highly physically
active (spent more than 300 minutes/week) respectively. The majority (n=739/89.7%) of the adolescents are
used to walking or cycling. The adolescents spend 4.69 + 2.19 SD mean days per week and 82 + 78 SD
of mean minutes per week for walking or cycling activities. Among unhealthy lifestyles of adolescents
widely practiced by school adolescents in the study area was spent much time for sedentary activities.
Most of the adolescents 679 (82.4%) spend more than 2 hours per day for sedentary activities. Two hundred
twenty-six (27.4%) of the adolescents eat vegetable and fruit 1-3 days per week and the rest of
the adolescents eat vegetables and fruits four or more days per week. Majority of the adolescents 497 (60.3)
did not eat food prepared outside their home whereas 192 (23.3%) of them eat food prepared outside their
home 1-3 days in a week Table 2 and Figure 1.

3.1.2. Metabolic syndrome and its individual components

Among the components of metabolic syndrome the highest prevalence was observed in high level of
fasting blood glucose level (FBG) followed by high waist circumference (WC). From the total participants
476 (57.8%) 265 (32.2%) 216 (26.2), 170 (20.6%), 95 (11.5%) and 70 (8.5%) of the adolescents had high
level of fasting blood glucose level, high waist circumference, high triglyceride level, low level of high
density lipoprotein cholesterol, high level of total cholesterol and high blood pressure respectively.
The overall prevalence of metabolic syndrome from the total study participants was 102 (12.4%).
The prevalence of metabolic syndrome had difference by the age of adolescents i.e. the prevalence was
higher in the age group of 15-19 years of adolescents than adolescents in the age group of 10-14 years of age
98 (11.9%) vs 4 (0.5%). Among the total study participants the majority 669 (81.2%) of them had at least one
or more metabolic abnormalities. One abnormality 325 (39.4%), two abnormalities 214 (26.0%),
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three abnormalities 87 (10.6%), four abnormalities 32 (3.9%) and five abnormalities 11 (1.3%) were
developed by the adolescents in the study area. The overall prevalence of overweight/obesity had variation
by sex and age of the adolescents. The mean body mass index was 20.96 kg/m? + 3.46 SD.
The overall prevalence of overweight or obesity was 109 (13.2%). When assessing the prevalence
of overweight and obesity separately, 97 (11.8%) and 12 (1.4%) of the adolescents were overweight and
obese in the study area respectively Table 3 and Figure 2.

Table 2. The pattern of smoking by sex among secondary school students

Sex
History of smokin Total
Istory of smoking Male No (%)  Female No (%) ota

Current smoking

Yes 31(3.8) 37(4.5) 68 (8.3)
No 372 (45.1) 384 (46.6) 756 (91.7)
Total 403 (48.9) 421 (51.1) 824 (100.0)
Exposed to smoking in the house
Yes 50 (6.1) 57 (6.9) 107 (13.0)
No 353 (42.8) 364 (44.2) 717 (87.0)
Total 403 (48.9) 421 (51.1) 824 (100.0)
Exposed to smoking in the school or outside the home
Yes 153 (18.6) 134 (16.3) 287 (34.8)
No 250 (30.3) 287 (34.8) 537 (65.2)
403 (48.9) 421 (51.1) 824 (100.0)

Physical activity habit
Vigorous or moderate physical activity

Yes 199 (24.2) 166 (20.1) 365 (44.3)
No 204 (24.8) 255 (30.9) 459 (55.7)
Total 403 (48.9) 421 (51.1) 824 (100.0)
Time spent for physical activity

Inactive (no physical activity) 204 (24.8) 255 (30.9) 459 (55.9)
Low active (<150 minute/week) 117 (14.2) 78 (6.5) 195 (23.7)
Medium active (150-300 minute/week) 55 (6.7) 70 (8.5) 125 (15.2)
High active (>300 minute/week) 27 (3.3) 18 (2.2) 45 (5.5)
Total 403 (48.9) 421 (51.1) 824 (100.0)
No of days/week for physical activity

No physical activity 204 (24.8) 255 (30.9) 459 (55.9)
1-3 days 113 (13.7) 87 (10.6) 200 (24.3)
>3 days 86 (10.4) 79 (9.6) 165 (20.0)
Total 403 (48.9) 421 (51.1) 824 (100.0)

45

35

25 +

20

smoked per day

15

Number of cigarette sticks

10

1.5 cigarette sticks 5-10cigarette sticks z 10 cigarette sticks

Figure 1. Number of cigarette sticks smoked per day by secondary school students
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Table 3. The pattern of metabolic syndrome components among high school students
Metabolic syndrome Metabolic syndrome

Number % Number %
components components

Fasting blood glucose level >40 mg/dl 654 794
<100 mg/dl 348 42.2 Total cholesterol level
>100 mg/dl 476 57.8 <200 mg/dl 729 88.5
Waist circumference >200 mg/dl 95 115
<90" percentile 559 67.8 Blood pressure
>90™ percentile 265 322 <135/85 mmHg 754 91.5
Triglyceride level >135/85 mmHg 70 8.5
<150 mg/dl 608 73.8 Metabolic syndrome status
>150 mg/dl 216 26.2 Yes 102 12.4
High density lipoprotein level No 722 87.6
<40 mg/dl 170 20.6 Total 824 100

B No metabolic abnormality

B One metabolic abnormality

B Two metabolic abnormalities
B Three metabolic abnormalities
B Four metabolic abnormalities

B Five metabolic abnormalities

Figure 2. Number of metabolic abnormalities developed by high school students

According to bivariate analysis sex, smoking, alcohol intake (both ever intake and current intake),
performing vigorous or modern physical activity, body mass index, time spent for sedentary activities were
factors, which had statistical significant association with metabolic syndrome. The findings of this study
showed that adolescents who were practiced different types of unhealthy lifestyle behaviours were more
subjected to develop metabolic syndrome when compared to their counterparts. Female adolescents were
at high risk of developing metabolic syndrome than male adolescents. In this study, female adolescents were
1.5 times more at risk to develop metabolic syndrome when compared to their counterpart. Adolescents in
the age group of 15-19 years were at high risk to develop metabolic syndrome but age was not statistically
associated with metabolic syndrome. Metabolic syndrome had no significant association of the educational
status of the adolescents Table 4. Metabolic syndrome had statistically significant association with
the lifestyles of adolescents in the study area. Adolescents with smoking experience/habit were at high risk
to develop metabolic syndrome. In this study non-smoker adolescents were at less risk to develop metabolic
syndrome by 54% than smoker adolescents. Similarly, those who do not drink alcoholic beverages were less
likely to develop metabolic syndrome by 36% and 48% respectively than their counterpart. Adolescents who
had a habit of performing vigorous or moderate physical activities were at less risk to develop metabolic
syndrome than adolescents who did not practice physical activity. According to the finding of this research,
adolescents who did not perform vigorous or did moderate physical activity were 1.56 times more at risk
to develop metabolic syndrome than adolescents who performed vigorous or moderate physical activities.
On the other hand, adolescents who spent more time not involved in physical activities were at high risk of
developing metabolic syndrome than their counter parts. For example, adolescents who spent more than
2 hours per day on sedentary activities were 2.12 times more likely to develop metabolic syndrome than
adolescents who spent less than 2 hours per day in sedentary activities. The other factor, which had statistical
significant association with metabolic syndrome, was body mass index of the adolescents. Overweight and
obese adolescents were 10.59 times and 12.75 times more likely to develop metabolic syndrome when
compared to adolescents who had normal body mass index in the study area Table 4.

Table 4. Factors associated with metabolic syndrome among secondary school adolescents
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Metabolic syndrome status

Variables Metabolic syndrome N (%)  Non-metabolic syndrome N (%) OR with 95% Cl
Sex
Male 41 (5.0) 362 (43.9) 1
Female 61(7.4) 360 (43.7) 1.50 (0.981,2.281)*
Educational status
Grade 9 44 (5.3) 277 (33.6) 1
Grade 10 30(3.6) 186 (22.6) 1.02 (0.616, 1.674)
Grade 11 12 (1.5) 118 (14.3) 0.64 (0.326,1.256)
Grade 12 16 91.9) 141 (17.1) 0.71 (0.389,1.311)
Age in year
10-14 4(0.5) 51 (6.2) 1
14-19 98 (11.9) 671 (81.4) 1.86(0.658,5.266)
Smoking
Yes 15 (1.8) 53 (6.4) 1
No 87 (10.6) 669 (81.2) 0.46(0.248,0.850)*
Alcohol drinking (ever )
Yes 47 (5.7) 256 (31.1) 1
No 55 (6.7) 466 (56.6) 0.64(0.423,0.977)*
Current alcohol drinking
Yes 34 (4.1) 150 (18.2) 1
No 68 (8.3) 572 (69.4) 0.52(0.335,0.822)*
Vigorous or modern physical activity
Yes 55 (6.7) 310 (37.6) 1
No 47 (5.7) 412 (50.0) 1.56(1.026,2.358)*
BMI
Normal 52 (6.3) 663 (80.5) 1
Overweight 44 (5.3) 53 (6.4) 10.59(6.489,17.267)*
Obesity 6(0.7) 6 (0.7) 12.75(3.972,40.927)*
Time spent for sedentary activity
<2 hour/day 10 (1.2) 135 (16.4) 1
> 2 hour/day 92 (11.2) 587 (71.2) 2.12(1.073,4.172)*
activity
<2 hour/day 10 (1.2) 135 (16.4) 1
> 2 hour/day 92 (11.2) 587 (71.2) 2.12(1.073,4.172)*

Means P-valve less than 0.05

3.2. Discussion

In this study the researcher assessed the lifestyle behaviours of adolescents and prevalence
of metabolic syndrome. A remarkable proportion of the adolescents had a history of alcohol consumption.
Previous studies in the adolescents’ pattern of alcohol use supported this study. In a study by Ujunwa et al
on use of alcohol by adolescents found that adolescents use alcohol, but the prevalence was slightly higher
than the prevalence of the current study [15]. The prevalence of smoking was comparable with the studies
done in different countries. For example in Malaysia the prevalence of smoking among adolescents ranges
from 7.45% to 8.8% [16, 17]. Similarly in Asian countries from 4.1% to 8.8% of the adolescents had
experience of smoking [14, 18].

Even though a large proportion of adolescents performed vigorous or moderate physical activity,
still more than half of the adolescents were physically inactive. Among those who performed moderate
to vigorous physical activity, the majority of the adolescents spent less than 150 minutes per week and only
few adolescents spent more than 300 minutes per week for moderate to vigorous physical activities.
Male adolescents spent more time engaging in physical activities when compared to female adolescents.
According to Canfield, adolescents spent 51 minutes per day for physical activity in cumulative and similar
to alike the current study male adolescents were spent more time for physical activity than female
adolescents [19]. Most of the adolescents (82.4%) spent more than two hours per day on sedentary activities.
According to Gebreyohannes et al, 47.2% of the adolescents in Addis Ababa spent more than 2 hours per day
for sedentary activities like watching television, playing video game and computer [10]. Thus the prevalence
of sedentary lifestyle (the proportion of adolescents spent more than 2 hours per day for different sedentary
activities) in the current study was higher than the finding of the study conducted [10].

Metabolic syndrome and its individual components were the common health problem of adolescents
in the study area. Based on IDF definition 12.4% of the adolescents were affected by metabolic syndrome.
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According to the findings of different studies conducted indifferent parts of the world the overall prevalence
of metabolic syndrome ranges from 2.1% to 9.8% [20-24]. This indicates that the prevalence of metabolic
syndrome was higher in the current study when compared to the above-mentioned studies.
Therefore, metabolic syndrome is the common public health problem of the adolescents in the study area,
but the prevalence of metabolic syndrome in the current study was lower than the finding of study done
in Tunisia [25]. Even if the overall prevalence of metabolic syndrome was only 12.4%, of the most of
the adolescents (81.2%) had at least one metabolic abnormality. Among those who had metabolic
abnormality, the majority of the adolescents had one abnormality followed by two and three metabolic
abnormalities. According to the research findings in a study [5], metabolic syndrome affected a remarkable
proportion (10.2%) of the adolescents with 28.6% and 23.1% of the adolescents affected by one or two
metabolic abnormalities in Brazil respectively, but the overall prevalence and the proportion of adolescents
affected by one and two metabolic abnormalities were higher in this study when compared with the study
conducted in Brazil. On the other hand, the overall prevalence of metabolic syndrome in the current study
was lower than the study findings done in Morocco (18.6%) and Egypt (20%) of the adolescents had
metabolic syndrome [26, 27]. In this study, the prevalence of individual components of metabolic syndrome
was assessed and the prevalence ranged from 57.8% to 8.5%. More than half of the adolescents (57.8%) had
fasting blood glucose level greater or equal to 100mg/dl of blood. Based on the findings of different studies
conducted in different countries the prevalence of high blood glucose level ranged
from 1.7% to 16.5% [19, 22, 26, 28]. More than 32% of the adolescents in Addis Ababa (this study)
had waist circumference greater or equal to 90" percentile. High waist circumference was the second most
common prevalent metabolic abnormality of the adolescents found in this study. According to Burrows et al,
33.3% of the Chilean adolescents had high waist circumference. The proportion of the adolescents with high
waist circumference in the current study was slightly lower than the proportion of the adolescents with high
wait circumference in Chile [24].

The third most common prevalent metabolic abnormality in the study area was high triglyceride
(greater or equal to 1500mg/dl) level. More than 26 % of the adolescents had triglyceride level greater
or equal to 150mg/dl. According to Carvalho et al and Tope and Rogers, 20.9% and 11.2% of the adolescents
had high triglyceride level. Thus, the proportion of the adolescents who had blood triglyceride level greater
or equal to 150mg/dI in the current research was higher than the findings of the studies done by Carvalho et
al and Tope and Rogers [29, 30].

More than 20% of the adolescents had high-density lipoprotein less than 40mg/dl. This indicates
having low level of high-density lipoprotein also common metabolic abnormality of the adolescents in Addis
Ababa city administration. The prevalence of low HDL-C (high-density lipoprotein) in Chile (69.9%)
was more than three times higher from the prevalence of the current research finding [24]. According to the
study done in Cameron 49.3% of the adolescents had high-density lipoprotein less than 40mg/dl which was
higher than the finding of this study [31]. A similar condition was observed in South Sudan in which 41.4%
of the students had high-density lipoprotein less than 40mg/dl [32].

The mean body mass index of the adolescents was in the normal range, but 13.2% of the adolescents
were either overweight or obese. The prevalence of overweight (11.8%) was higher than the prevalence
of obesity (1.4%). The prevalence of overweight differed by gender. Based on study done by Gebreyohannes
et al in Addis Ababa 8.5% of the adolescents were overweight [10]. Thus the prevalence of overweight
in the current study was higher than the prevalence of overweight from the previous study.
According to Sain et al, the prevalence of overweight (16.73%) and obesity (6.54%) in India was higher than
the prevalence of overweight and obesity in the current study [33]. On the other hand, the trend of overweight
increased in Addis Ababa city administration. The prevalence of overweight and obesity in the current study
was also higher than that of other studies done in Central Ethiopia. In Central Ethiopia 10.8%
of the adolescents were affected by overweight or obesity with 8.5% of the adolescents were overweight
and 2.3% of them were obese [12].

Metabolic syndrome is strongly associated with different lifestyle behavioural factors. Smoking
and alcohol consumption habit were predictors of metabolic syndrome. Smoking and drinking adolescents
were at higher risk to develop metabolic syndrome than their counterparts. Non-smoking adolescents had less
probability of developing metabolic syndrome by 54% when compared with smoking adolescents.
According to Balhara, use of any form of tobacco increase the prevalence of metabolic syndrome and any
of the components of metabolic syndrome [34]. Participating in vigorous or moderate physical activity
decreased the adolescents’ risk to develop metabolic syndrome. Adolescents who did not involve in moderate
or vigorous physical activity were 1.56 times at high risk to develop metabolic syndrome compared
to adolescents involved in moderate or vigorous physical activity. Performing vigorous or moderate physical
activity was significantly associated with triglyceride level but not associated with rest of metabolic
syndrome components. Adolescents who spent more time doing physical activity were at less risk to develop
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metabolic syndrome. For example in a study done in junior high school students in Ho Chi minh city,
adolescents who spent less than 43 minutes for physical activity were five times more likely to develop
metabolic syndrome when compared with adolescents spent more than 103 minutes per day for physical
activity [35]. Spending much time on sedentary activity increased the probability of developing metabolic
syndrome. Adolescents spent more than 2 hours per day on sedentary activity were 2.12 times at higher risk
to develop metabolic syndrome compared to adolescents spent less than or equal to 2 hour per day for
sedentary activity. Adolescents who spent much time on sedentary activities are at a high risk of developing
high waist circumference, high blood pressure high lipid profile [36]. Overweight and obesity were major
predictors of metabolic syndrome. Overweight and obese adolescents were 10.59 times and 12.75 times
at higher risk to develop metabolic syndrome respectively compared to normal weight adolescents.
Body mass index had statistical significant association with total cholesterol level, triglyceride level,
waist circumference, high-density lipoprotein and blood pressure of the adolescents, but BMI was not
associated with fasting blood glucose level of the adolescents. In this study, the prevalence of individual
components of metabolic syndrome was more commonly observed in overweight and obese adolescents.
Thus, overweight and obesity were among the risk factors that increased the development of metabolic
abnormalities in adolescents. This finding was consistence with the study done by Nisanci-Kiling
and Cagdas [37] that revealed overweight or obese adolescents were more affected by individual components
of metabolic syndrome. Based on the study conducted in Bruit body mass index of the adolescent had
statistical significant association with metabolic syndrome, triglyceride, and blood pressure. For instance
BMI was significant predictor of metabolic syndrome with odd ratio of 1.255 at 95% CI = 1.144-1.377 [38].

4.  CONCLUSION

In conclusion, metabolic syndrome and individual metabolic abnormalities were common public
health problems of the adolescents in Addis Ababa. Among the total participants 12.4% of adolescents had
metabolic syndrome. Most (81.2%) of adolescents had at least one metabolic abnormality.
Regarding the prevalence of individual metabolic syndrome, the most prevalent metabolic abnormality was
high fasting blood glucose (57.8%) followed by high waist circumference (32.2%), high triglyceride (26.2%)
and 20.6% low HDL cholesterol level. The overall prevalence of overweight and obesity was 13.2%.
Based on the finding we recommend the school and the health sector should work or strengthen the school
health services that focus on lifestyle behaviors and metabolic syndrome of the adolescents.
We also recommend researchers to conduct community based research on metabolic syndrome.
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