
Global Perspectives on Health Geography

Adolescent Health 
in the Middle East 
and North Africa

Caroline Barakat · Rania Dghaim
Fatme Al Anouti Editors

An Epidemiological Perspective



Global Perspectives on Health Geography

Series Editor

Valorie Crooks, Department of Geography, Simon Fraser University, 
Burnaby, BC, Canada



Global Perspectives on Health Geography showcases cutting-edge health geography 
research that addresses pressing, contemporary aspects of the health-place interface. 
The bi-directional influence between health and place has been acknowledged for 
centuries, and understanding traditional and contemporary aspects of this connection 
is at the core of the discipline of health geography. Health geographers, for example, 
have: shown the complex ways in which places influence and directly impact our 
health; documented how and why we seek specific spaces to improve our wellbeing; 
and revealed how policies and practices across multiple scales affect health care 
delivery and receipt.  

The series publishes a comprehensive portfolio of monographs and edited 
volumes that document the latest research in this important discipline. Proposals are 
accepted across a broad and ever-developing swath of topics as diverse as the 
discipline of health geography itself, including transnational health mobilities, 
experiential accounts of health and wellbeing, global-local health policies and 
practices, mHealth, environmental health (in)equity, theoretical approaches, and 
emerging spatial technologies as they relate to health and health services. Volumes 
in this series draw forth new methods, ways of thinking, and approaches to 
examining spatial and place-based aspects of health and health care across scales. 
They also weave together connections between health geography and other health 
and social science disciplines, and in doing so highlight the importance of spatial 
thinking.

Dr. Valorie Crooks (Simon Fraser University, crooks@sfu.ca) is the Series Editor 
of Global Perspectives on Health Geography. An author/editor questionnaire and 
book proposal form can be obtained from Publishing Editor Zachary Romano 
(zachary.romano@springer.com).

More information about this series at https://link.springer.com/bookseries/15801

https://springerlink.bibliotecabuap.elogim.com/bookseries/15801


Caroline Barakat • Rania Dghaim 
Fatme Al Anouti
Editors

Adolescent Health  
in the Middle East  
and North Africa
An Epidemiological Perspective



ISSN 2522-8005     ISSN 2522-8013 (electronic)
Global Perspectives on Health Geography
ISBN 978-3-030-92106-4    ISBN 978-3-030-92107-1 (eBook)
https://doi.org/10.1007/978-3-030-92107-1

© The Editor(s) (if applicable) and The Author(s), under exclusive license to Springer Nature 
Switzerland AG 2022
This work is subject to copyright. All rights are solely and exclusively licensed by the Publisher, whether 
the whole or part of the material is concerned, specifically the rights of reprinting, reuse of illustrations, 
recitation, broadcasting, reproduction on microfilms or in any other physical way, and transmission or 
information storage and retrieval, electronic adaptation, computer software, or by similar or dissimilar 
methodology now known or hereafter developed.
The use of general descriptive names, registered names, trademarks, service marks, etc. in this publication 
does not imply, even in the absence of a specific statement, that such names are exempt from the relevant 
protective laws and regulations and therefore free for general use.
The publisher, the authors and the editors are safe to assume that the advice and information in this book 
are believed to be true and accurate at the date of publication. Neither the publisher nor the authors or the 
editors give a warranty, expressed or implied, with respect to the material contained herein or for any 
errors or omissions that may have been made. The publisher remains neutral with regard to jurisdictional 
claims in published maps and institutional affiliations.

This Springer imprint is published by the registered company Springer Nature Switzerland AG
The registered company address is: Gewerbestrasse 11, 6330 Cham, Switzerland

Editors
Caroline Barakat
University of Ontario Institute of 
Technology
Oshawa, ON, Canada

Fatme Al Anouti
Zayed University
Abu Dhabi, United Arab Emirates

Rania Dghaim
Zayed University
Dubai, United Arab Emirates

https://doi.org/10.1007/978-3-030-92107-1


v

Acknowledgements

We would like to thank all researchers in the MENA region who continue to 
demonstrate deep enthusiasm and commitment towards adolescent health and 
well- being. We dedicate this book to our children and all adolescents, especially 
those from the Middle East and North Africa. We hope that our research helps 
shed light on your needs and your journey.



vii

Contents

Part I  Introduction

 1   Adolescent Health in the Middle East and North Africa:  
Determinants and Distribution  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .    3
Caroline Barakat, Moatassem Kenaan, Fatme Al Anouti,  
and Rania Dghaim

Part II  Determinants of Adolescent Health in the MENA

 2   Adolescent Nutrition: A Focus on MENA . . . . . . . . . . . . . . . . . . . . . . .   21
Mirna Fawaz

 3   Addressing Social Determinants of Oral Health Among  
Adolescents from MENA . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .   35
Reham Khaled Abou El Fadl and Haneen Raafat Fathi Mousa

 4   Physical Activity and Sport Participation Among Adolescents  
from MENA . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .   51
Caroline Barakat, Susan Yousufzai, Samah Mohammed,  
and Rania Dghaim

 5   Predictive Modeling for Obesity and Overweight in Adolescents,  
Current Status and Application to the MENA Region  . . . . . . . . . . . .   71
Kinda Khalaf, Dhanya Menoth Mohan, Nour El Asswad,  
and Fatme Al Anouti

 6   Determinants of Knowledge in Relation to Sexual and Reproductive 
Health of Adolescents in the Middle East and North Africa Region  .   95
Doaa Oraby

Part III  Epidemiology of Adolescent Health in the MENA

 7   Growth Assessment in Adolescence: Measurement and  
Interpretation for the Middle East and North Africa . . . . . . . . . . . . .  107
Leila Cheikh Ismail and Ayesha Salem Al Dhaheri



viii

  8   Oral Health of Adolescents in the MENA Region  . . . . . . . . . . . . . . . .  123
Reham Khaled Abou El Fadl and Haneen Raafat Fathi Mousa

  9   Demographic and Geographic Variations in Respiratory and  
Allergic Conditions Among Adolescents in the United  
Arab Emirates . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  133
Rania Dghaim, Shatha Muhsineh, Fatma Nasser,  
and Caroline Barakat

 10   The Epidemiology of Diabetes Mellitus Among Adolescents  
from the Middle East and North Africa . . . . . . . . . . . . . . . . . . . . . . . .  157
Susan Yousufzai and Caroline Barakat

 11   HIV and Sexual Health in MENA’s Adolescents . . . . . . . . . . . . . . . . .  181
Ismaël Maatouk and Moubadda Assi

  Index . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  193

Contents



ix

Contributors

Fatme Al Anouti Department of Natural Sciences and Public Health, College of 
Natural and Health Sciences, Zayed University, Abu Dhabi, United Arab Emirates

Ayesha  Salem  Al  Dhaheri Department of Nutrition and Health, College of 
Medicine and Health Sciences, United Arab Emirates University, Al Ain, United 
Arab Emirates

Moubadda  Assi School of Social Psychology, Nottingham Trent University, 
London, UK

National AIDS Program Lebanon, Beirut, Lebanon

Caroline Barakat Faculty of Health Sciences, Ontario Tech University, Oshawa, 
ON, Canada

Rania  Dghaim Department of Natural Sciences and Public Health, College of 
Natural and Health Sciences, Zayed University, Dubai, United Arab Emirates

Nour  El  Asswad Department of Biology, University of Toronto, Toronto, 
ON, Canada

Reham  Khaled  Abou  El  Fadl Faculty of Dentistry, Ain Shams University, 
Cairo, Egypt

MPH Imperial College London, London, UK

Mirna  Fawaz Nursing Department, Faculty of Health Sciences, Beirut Arab 
University, Beirut, Lebanon

Leila Cheikh Ismail Department of Clinical Nutrition and Dietetics, College of 
Health Sciences, University of Sharjah, Sharjah, United Arab Emirates

Moatassem Kenaan Faculty of Health Sciences, Ontario Tech University, Oshawa, 
ON, Canada



x

Kinda  Khalaf Department of Biomedical Engineering, Health Engineering 
Innovation Center, Khalifa University of Science and Technology, Abu Dhabi, 
United Arab Emirates

Ismaël  Maatouk Dermatology Department, Clemenceau Medical Center affili-
ated with Johns Hopkins, Beirut, Lebanon

School of Social Psychology, Nottingham Trent University, London, UK

Samah Mohammed Faculty of Health Sciences, Ontario Tech University, Oshawa, 
ON, Canada

Dhanya  Menoth  Mohan Department of Biomedical Engineering, Health 
Engineering Innovation Center, Khalifa University of Science and Technology, Abu 
Dhabi, United Arab Emirates

Haneen  Raafat  Fathi  Mousa Faculty of Dentistry, Ain Shams University, 
Cairo, Egypt

Shatha Muhsineh Dubai Health Authority, Dubai, United Arab Emirates

Fatma Nasser College of Natural and Health Sciences, Zayed University, Dubai, 
United Arab Emirates

Doaa Oraby Independent Reproductive Health Consultant, Cairo, Egypt

Susan Yousufzai Faculty of Health Sciences, Ontario Tech University, Oshawa, 
ON, Canada

Contributors



Part I
Introduction



3© The Author(s), under exclusive license to Springer Nature Switzerland AG 2022
C. Barakat et al. (eds.), Adolescent Health in the Middle East and North Africa, 
Global Perspectives on Health Geography, 
https://doi.org/10.1007/978-3-030-92107-1_1

Chapter 1
Adolescent Health in the Middle East 
and North Africa: Determinants 
and Distribution

Caroline Barakat, Moatassem Kenaan, Fatme Al Anouti, and Rania Dghaim

Adolescence is an important phase of growth characterized as the transition period 
from childhood into adulthood. The United Nations defines an adolescent as an 
individual between the ages of 10 and 19 years. Adolescents make up 16% of the 
world’s population (1.2 billion) (Bhutta et al. 2019). Adolescents are vulnerable to 
a myriad of factors that influence their growth and development (Patel et al. 2008). 
Changes in hormones, emotions, and behaviors characterize the accelerated devel-
opment that adolescents undergo and influence their health (Currie et al. 2008). In 
addition, rapid development and changes that occur influence how an adolescent 
perceives the world around him or her. Moreover, individual physical and social 
development during adolescence influences one’s future health outcomes (Bhutta 
et al. 2019).

Abstract thinking, development of sexual identity, and the increased ability to 
reason are psychological and psychosocial changes that occur during puberty 
(Currie et al. 2008). An increase in cognitive and intellectual capacity occurs during 
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the neurodevelopmental stages of adolescence (Bhutta et al. 2019). External pres-
sures, such as social media, schools, and peer groups, can profoundly influence 
adolescents’ health. Other factors include social stigma, socioeconomic status, pov-
erty, violence, education, and social support (Currie et al. 2008). Health is a com-
plex topic influenced by an inner web of different factors. Socioeconomic status is 
a major determinant of adolescent health as it influences their education, diet, and 
environment. Healthy dietary behaviors during adolescence play a vital role in 
chronic and acute disease development during later stages in life (Currie et  al. 
2008). The prefrontal cortex, which develops during adolescence, is an area in the 
brain that is responsible for planning for the future and decision-making. Proper 
education can stimulate the full development of the adolescent brain, allowing them 
to reach their maximum potential (Patel et al. 2008). Considering the various bio-
logical and physiological changes during this period, it is essential to assess and 
monitor adolescent health and the related determinants of adolescent health.

While the transition period into adulthood is universal, given that interactions 
within one’s environment shape health and quality of life, experiences among ado-
lescents from various parts of the world are in no way uniform. Adolescent Health 
in the Middle East and North Africa: An Epidemiological Perspective is the first 
edition of an editorial book that examines various aspects of adolescent health in the 
Middle East and North Africa (MENA). The book consists of two sections: adoles-
cent determinants of health and adolescent health status. It examines adolescent 
health outcomes related to oral health, diabetes, nutrition, communicable diseases, 
reproductive health, respiratory health, and physical activity. Although the adoles-
cent population is rapidly increasing in the MENA region, this subpopulation is 
commonly neglected and is often marginalized (AlBuhairan 2015). Thus, Adolescent 
Health in the Middle East and North Africa: An Epidemiological Perspective will 
also touch upon policy changes and programs that if adopted could have the capac-
ity to improve the lives of MENA adolescents.

MENA countries include Palestine, Jordan, Lebanon, Morocco, Libya, Algeria, 
Egypt, Iran, Iraq, Bahrain, Kuwait, the United Arab Emirates (UAE), the Kingdom 
of Saudi Arabia (KSA), Qatar, Syria, Yemen, and Tunisia (Fig. 1.1). The MENA 
region is unique as many nations suffer from war conflicts, which elicit high rates of 
refugees and families living under the poverty line (AlBuhairan 2015). A large pro-
portion of the population are exposed to various physical and environmental risk 
factors that impact their health, such as poor housing, nutrition, and lack of oppor-
tunities for physical activity. Some nations have massive disparities between men 
and women, leading to social inequality between genders through allocating more 
resources to adolescent boys while neglecting girls (AlBuhairan 2015).

The first five chapters of this book focus on select determinants of adolescent 
health. The first chapter will discuss the nutritional habits of adolescents, the differ-
ent factors that influence their eating behaviors, and the various eating disorders that 
adolescents can develop. Information related to the social determinants that affect 
adolescent oral health and tobacco use in relation to MENA adolescents follow. The 
third chapter focuses on physical activity and sedentary behaviors among MENA 
adolescents. The next chapter discusses obesity predictive modelling based on a list 
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of risk factors and highlights multifactorial aspects of adolescent and childhood 
obesity in the MENA region.

The second section of this book focuses on adolescent health outcomes. Cheikh 
Ismail and Al Dhaheri provide an overview of the current literature on the standard-
ized measures of adolescent growth, with a focus on adolescent growth assessment 
in MENA. Abou El Fadl and Fathi Mousa focus on the prevalence of common oral 
problems, such as fluorosis and dental caries among adolescents in the MENA 
region. Dghaim et al. discuss respiratory and allergic disorders among adolescents 
in the UAE, followed by Yousufzai and Barakat’s chapter on diabetes mellitus in the 
MENA region. The final chapter provides an epidemiological overview of HIV and 
adolescent sexual health in MENA.

1.1  Adolescent Health Determinants

Health determinants influence adolescent health and health risks. Health determi-
nants are usually established within the framework of initiating a particular policy, 
such as disease-associated initiatives. This approach has resulted in a large increase 
in the number of determinants, which has challenged worldwide health information 
systems (Murray 2007). Many determinants remain inadequately defined, which 
raises the need to describe a number of fundamental health determinants (Bchir 

Fig. 1.1 Map of MENA. (Source: https://www.worldatlas.com)

1 Adolescent Health in the Middle East and North Africa: Determinants and Distribution
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et al. 2006), particularly in relation to adolescent health risk factors, health service 
coverage, morbidity, and mortality. For example, the Millennium Development 
Goals (MDGs) directed attention to determinants for HIV/AIDS and maternal 
health in adolescents. In addition, several researchers have called for an increase in 
the level of knowledge pertaining to determinants and indicators for sexual and 
reproductive health, taking into consideration the rapid shifts in adolescent health in 
different countries (Boerma and Stansfield 2007). Similarly, the need for compre-
hensive data to encourage efficient solutions to health challenges of adolescents has 
included preventing traffic injury (Shope et al. 2001), decreasing adolescent alcohol 
abuse (Wagenaar 2003), addressing underweight and malnourishment, and promot-
ing the social, neighborhood, and school engagement background for healthy devel-
opment (Hawkins et al. 2009; Patton et al. 2011). However, to this time, there is no 
present worldwide agreed-upon group of determinants. The 2012 Lancet Adolescent 
Health Series is one theoretical concept used to designate determinants related to 
adolescent health. It combines different aspects from earlier national reports, includ-
ing measures of health and well-being (AIHW 2007), social role transitions, risk 
and protective factors (Bronfenbrenner 1979), and health service system responses 
(Rosen and Levine 2010). The concept highlights five aspects of determinants. The 
first aspect focuses on key causes of mortality and disability in ages 10–24 years. 
The second aspect reflects health-related behaviors and conditions that arise in ado-
lescence and increase risks for diseases (both present and future). The third aspect 
emphasizes risk and protective factors related to social circumstances that influence 
health risks. The fourth aspect recognizes indicators of social role shifts related to 
different forms of health risk. Finally, the fifth aspect focuses on health service 
policy interventions that have the capacity to affect present or future health status of 
adolescents. Four types of databases form the basis of this concept, including the 
global mortality database, international household surveys, international school- 
based surveys, and other United Nations (UN) sources (Murray and Lopez 2013).

Recognizing that an array of environmental, social, economic, and personal fac-
tors determine health, the intricate relationships among all factors that determine 
adolescents’ health naturally extend beyond the boundaries of traditional health 
care. Thus, determinants of adolescent health include several structural factors, such 
as access to education, income inequality, and various physical and social environ-
mental factors. The following is an overview of select important determinants of 
health during adolescence.

1.1.1  Income Inequality and Socioeconomic Status (SES)

An individual’s physical and psychological health is correlated to his or her socio-
economic status (SES). In general, people with higher SES have relatively better 
health outcomes and lower mortality and morbidity rates than those with lower SES 
(Cameron and Williams 2009). Research documents positive associations between 
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familial SES and satisfaction with health, resilience, comfort, and avoidance of risks 
among children and adolescents (Starfield et al. 2002). Adolescents in low-income 
families experience problems in reasoning and linguistic abilities (Najman et  al. 
2004). On the other hand, adolescents who have access to cultural, social, and edu-
cational services and support through their families and experience for cultures 
(e.g., family holidays which allow them to experience cultural diversity) have a rela-
tively higher health-related quality of life (Von Rueden et al. 2006). SES can also 
affect access to and quality of education, as families with relatively higher SES are 
able to enroll their children in better schools, while families with low SES may be 
restricted to enrolling their children in public schools.

1.1.2  Obesity and Nutritional Habits

Obesity affects two billion individuals and approximately 340 million children and 
adolescents worldwide (The World Health Organization [WHO] 2020). A high 
BMI score is associated with an increased risk of type 2 diabetes, cardiovascular 
diseases, sleep apnea, and hypertension (Christian and Smith 2018). In the last 
30 years, obesity rates have doubled among adolescents; several factors contribute 
to this increase, such as high caloric intake and a sedentary lifestyle. Countries in 
the MENA region are at great risk of increasing adolescent obesity due to recent 
westernization and socioeconomic advances. In the UAE, obesity places a $6 bil-
lion economic burden associated with disease costs. Emirati children are 1.8 times 
more obese than American children are, and the disparity between the two popula-
tions is on the rise. The WHO (2020) has expressed great concern over the increas-
ing rates of obesity in MENA adolescents. Therefore, prevention programs and 
intervention strategies should be adopted in the MENA region to tackle the obesity 
pandemic.

Several factors like poverty and lower information on healthy food choices hin-
der adolescents from accessing healthy food. This is particularly important for ado-
lescents during their growth phases, as they require adequate body weight to become 
healthy adults (Pal et  al. 2017). According to Christian and Smith (2018), being 
underweight or overweight during adolescence can lead to several health complica-
tions. Underweight adolescents likely have poor nutritional intake and micronutri-
ent deficiencies, which in turn raises the risk for negative educational, behavioral, 
and cognitive outcomes (Galler et al. 2017). Therefore, the global burden of micro-
nutrient deficiencies in adolescents is high in countries with relatively lower Social 
Development Index (SDI) (Akseer et al. 2017). The most common nutritional defi-
ciencies among adolescents are iron and vitamin A (Christian and Smith 2018). Iron 
deficiency is highly prevalent among adolescent girls living in low-middle SDI 
countries, while vitamin A deficiency is highly prevalent among adolescent boys 
living in low SDI countries (Christian and Smith 2018).

1 Adolescent Health in the Middle East and North Africa: Determinants and Distribution
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1.1.3  Access to Education

One of the Millennium Development Goals requires all children to complete their 
primary school worldwide in order to secure better future and health (Viner et al. 
2012). Not only does education contribute to improving health, education also 
empowers adolescents by allowing them to have more responsibility and control of 
their own lives (Gakidou et al. 2010; Kravdal 2002). Access to adolescent education 
differs in countries according to income. In this regard, an estimate of more than 
33% of adolescents do not have access to schools in low-income countries as com-
pared to 4% in high-income countries (Bruneforth and Wallet 2010). Furthermore, 
education can protect adolescents against a full range of health risk behaviors, par-
ticularly for those who reside in middle-income and low-income countries 
(Anteghini et al. 2001; Blum et al. 2003). For adolescents, education affects their 
lives and their communities in many aspects, such as enhanced economic develop-
ment, increased productivity, lower mortality, and social stability (Little and 
Green 2009).

1.1.4  Behavioral Factors: Physical Activity, Substance Use, 
and Sexual Practice

Physical activity is associated with improving overall health and lowering risks for 
chronic health outcomes. Physical activity can improve cognitive function, confi-
dence, and self-esteem. Despite these benefits, lack of sufficient physical activity is 
one of the main risk factors for death around the world (Byrne et al. 2019). Physical 
activity is one of the crucial behavioral factors that affect adolescents’ health. 
According to Von Rueden et al. (2006), physical well-being is strongly associated 
with increased risk of low health-related quality of life. Good physical activity 
could promote numerous health benefits for children, adolescents, and adults. 
According to the Centers for Disease Control and Prevention (2020), the benefits of 
physical activity for adolescents include building strong muscles and bones, reduc-
tion of symptoms of depression and anxiety, weight control, cardiorespiratory 
improvements, and reduction in risks of developing heart disease, type 2 diabetes, 
cancer, high blood pressure, obesity, and osteoporosis. Guidelines state that adoles-
cents have an excess of 60  min of moderate-to-vigorous intensity exercise daily 
(Ridley et  al. 2008). Adolescents residing in the MENA region are at risk of an 
increasingly sedentary lifestyle, which leads to a rise in the rates of obesity and 
other non-communicable diseases.

Substance abuse is a relatively common determinant of adolescent health world-
wide. Alcohol, tobacco, and drug abuse and addiction are factors that detrimentally 
affect adolescent health. Some studies show that young people with relatively higher 
socioeconomic status are more likely to take up smoking (Hanson and Chen 2007). 
However, country laws and cultural norms influence access to substances, and thus 
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effective programs and policies are important relevant factors (Viner et al. 2012). 
Underage drinking is a common worldwide problem and is a dangerous behavior 
for adolescent health and entire communities. A study conducted in the United 
States among high school students showed that 29% of students drank alcohol 
within a period of 30 days and 5% drove after drinking (CDC 2020). Some of the 
adverse effects of alcohol consumption for youth are disruption of normal growth, 
alcohol poisoning, memory problems, injuries, and death (CDC 2020; WHO 2020).

The onset of adolescence brings hormonal changes, which influence sexual 
activity. The ability to remain free from sexually transmitted infections, unwanted 
pregnancy, and unsafe abortions are all aspects that underline the importance of 
adolescent sexual and reproductive health (ASRH) (Bearinger et al. 2007). In devel-
oped countries, adolescents are educated in the school system about safe sex prac-
tices, consent, and sexually transmitted infections (STIs). However, there is a lack 
of sexual reproductive health education in the MENA region as sexual practices 
outside of marriage are unconventional and considered a taboo (Bearinger et  al. 
2007). Adolescents who become sexually active without access to essential health 
information may risk contracting STIs (Bearinger et al. 2007). Therefore, countries 
in the MENA region should be encouraged to adopt a Western approach to adoles-
cent sexual and reproductive health.

1.2  Adolescent Health and Health-Related Measures

Measuring the health status and health determinants of an individual provide insight 
into an individual’s quality of life. Several instruments provide a quantitative value 
of health and health risks, which reflect an overall judgment on an individual’s 
health. For example, a public health issue that affects youth worldwide is obesity, as 
it likely extends into adolescence and adulthood. The body mass index (BMI) is the 
primary tool used worldwide to assess obesity (Byrne et al. 2019). BMI is the ratio 
of an individual’s weight (kg) divided by their height squared (m2); a BMI ratio of 
more than 25 indicates overweight, while exceeding 30 defines obesity (CDC 2020). 
BMI is a good indicator for the measurement of over-nutrition and malnutrition, as 
well as physical inactivity (Byrne et al. 2019). Physical inactivity is an important 
risk factor for chronic diseases and obesity (Wolfe 2015). The main objective of 
measuring physical activity is to estimate energy expenditure, using information on 
exercise intensity, duration, and frequency. For children and adolescents between 
the ages of 5 and 18 years, an excess of 60 min daily of moderate-to-vigorous inten-
sity physical activity (MVPA) is recommended (Ridley et al. 2008). Aerobic fitness 
can be measured by an endurance test (AIHW 2007). Owing to convenience, ques-
tionnaires are the dominant method of assessing physical activity despite the limita-
tions, such as recall bias and social desirability bias (Wolfe 2015). Some studies in 
the MENA region assign a metabolic equivalent value (MET), which allows for 
accurate measurement of an individual’s energy intake (EI) and total energy expen-
diture (EE) (Ridley et al. 2008). This system allows for accurate measurement of the 

1 Adolescent Health in the Middle East and North Africa: Determinants and Distribution
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energy cost associated with distinct physical activities. For example, jogging, run-
ning, weight training, and cycling are all examples of vigorous-intensity physical 
activities (Ridley et al. 2008). Other modifiable and non-modifiable factors influ-
ence the health status of adolescents, such as family income, social segregation, and 
environmental factors (Wagenaar 2003). For example, some families can only afford 
to purchase calorie-dense unhealthy foods; therefore, they are more susceptible to 
being overweight and having a relatively high BMI (AIHW 2007).

Another indicator of an individual’s health status is oral health as it reflects sev-
eral factors, including diet, substance use, good hygiene habits, and smoking. The 
burden of dental caries is on the rise globally, with middle-income countries expe-
riencing the highest prevalence among their adolescent population (Lattanzi et al. 
2020). The dental needs of adolescents are overlooked in the MENA region with 
three out of ten adolescents experiencing dental pain at some point. Most countries 
in the MENA region lack data on the trends of dental caries; therefore, it is difficult 
to assess the burden in the region as a whole. Kuwait reported a 14% prevalence of 
dental caries among their adolescent population, while Riyadh (KSA) reported a 
prevalence rate of 64.98% (Al-Rafee et al. 2019). Countries in the MENA region 
need to develop a surveillance program to track the oral health of adolescents. Given 
that the prevalence of chronic respiratory diseases (CRDs) is on the rise globally, 
respiratory health is another important measure of adolescent health. Pulmonary 
disorders that may become prevalent in adolescence include respiratory allergies, 
asthma, pulmonary hypertension, chronic obstructive pulmonary disease (COPD), 
and hay fever. While the prevalence of asthma has risen globally, there are variations 
in the severity and mortality rates between developed and developing nations.

1.3  Overview of Upcoming Chapters

Nutrition plays a significant role in adolescents’ present and potential well-being as 
emphasized in this chapter. Fawaz presents information and establishes data using 
evidence on adolescent nutrition in the MENA region. The author discusses the 
prevalence of malnutrition and over-nutrition and their link to socioeconomic con-
ditions and highlights the health issues that could result from overweight and obe-
sity, such as hypertension, diabetes, cardiovascular illness, and musculoskeletal 
conditions. Fawaz points out that the rates of obesity or overweight in teenagers 
reach 50% in Gulf countries, while countries such as Morocco, Sudan, and Yemen 
have lower rates (under 16%).

In the following chapter, Abou El Fadl and Fathi Mousa describe the challenges 
of adolescents’ access to oral care and the key determinants that influence their oral 
health outcomes. The authors point that related social and economic determinants 
are modifiable by laws and policies and include socioeconomic status, tobacco 
usage, alcohol consumption, and substance abuse. Adolescents’ oral care-seeking 
behavior and the quality of service they receive are impacted by household income 
and parental perceptions of the importance of oral health. Those whose mothers 
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have a low level of education are particularly prone to have tooth decay, as they are 
less likely to adhere to routine oral hygiene practices. The authors report that about 
4.6 million (3.8 million are males; 790 thousand are females) adolescents in the 
MENA region smoke. In Lebanon, 72% of adolescents between the ages of 13 and 
17 reported exposure to secondhand smoking; the rates were lower in other nations 
such as Kuwait (64.3%), the UAE (39.6), Morocco (39.6), and Oman (25.8). The 
authors also discuss the importance of an oral health surveillance plan since it 
allows for the assessment of the oral health needs of adolescents. The authors rec-
ommend regular surveillance plans in order to capture information on adolescents’ 
pattern of oral care.

A literature review on physical activity among adolescents in the MENA found 
a high prevalence of physical inactivity (Barakat et al.). Specifically, the authors 
report that Lebanon and Egypt represent the lowest (65%) and highest prevalence 
(91%) of physical inactivity in the region, while only 16% of children in the UAE 
achieved the recommended moderate-to-vigorous physical activity level. Studies 
from the UAE, Palestine, Morocco, Lebanon, Israel, Kuwait, and KSA suggest sig-
nificant gender differences. Girls consistently demonstrate lower physical activity 
levels than boys. The authors report that a common trend that has been normalized 
among girls across the MENA is adopting a sedentary lifestyle, which may deprive 
adolescent girls of the opportunities associated with leisure activity and exposure to 
different forms of outdoor exercise with their cohort counterparts. A study from the 
UAE suggested that for adolescent girls (11–16 years), low levels of physical activ-
ity might relate to various factors, including cultural and weather restrictions and 
social change of the community in the UAE. The authors recommend outdoor activ-
ities to help meet the recommended physical activity levels. Social support has an 
important influence on adolescent participation in physical activity. Adolescents 
were more likely to be active when they had the support of their friends and peers.

Literature highlights high rates of overweight among adolescents (15–18 years) 
in Algeria, Jordan, Kuwait, Libya, Palestine, Syria, and the UAE. These rates range 
from 9.3% in Algeria to 25.6% in Kuwait. Due to recent urbanization and socioeco-
nomic development, the rates of obesity are on the rise in the MENA region (Khalaf 
et  al.). The Gulf Cooperation Council (GCC) countries (Bahrain, Qatar, Kuwait, 
Oman, KSA, UAE) have some of the highest prevalence rates or (levels) of over-
weight and obesity in the world among adolescents. The authors report that the 
UAE ranks fifth in the world in the obesity prevalence rate of 36%, with an eco-
nomic burden of $6 billion per year in associated disease cost. Emirati children are 
almost two times more obese than their American counterparts. The authors report 
that risk factors for adolescent obesity include ethnicity, genetics, hormonal and 
metabolic disorders, sleeping disorders, as well as environment. Furthermore, the 
authors highlight the importance of an effective predictive model that utilizes sev-
eral algorithms, which aim to predict the prevalence of overweight and obesity rates 
among adolescents. The classification tree approach can predict overweight or obe-
sity at the age of 14 from BMI calculated at 6 years, as well as the education level 
and obesity of the mother. The authors state that the BMI value at the age of 6 years 
was an important predictor in this model.
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In the following chapter, Oraby discusses the methods in which adolescents learn 
about sexual and reproductive health (SRH), patterns and potential consequences of 
adolescent sexual behavior in the MENA region, and how Islam can help tackle 
these shortcomings. Parents, schools, and the Internet are the primary channels 
through which adolescents learn about SRH. Oraby elaborates on a national survey 
of young people and their parents in Egypt, which revealed that only 7% of boys 
reported learning about puberty from their fathers, even though 42% of fathers 
reported talking to their adolescent sons about pubertal changes. An updated survey 
from 2010 with a sample of 15,000 participants between the ages of 10 and 29 years 
reported a lack of discussion on sexual and reproductive health from parents. Family 
members are the primary source of information on puberty for only 5.8% of males. 
The author states that cultural values, primarily Muslim culture, clash with Western 
social norms about sex and gender. Many individuals and policy-makers fear that 
Western social norms could lead to corruption and premature sexualization. 
Egyptian classrooms were reported as a source of information about puberty for 
4.1% of females and 11.5% of males. Oraby states that SRH is often not covered 
adequately because teachers consider it a taboo topic. The Internet often provides 
inaccurate information about SRH, with high exposure to online pornography. The 
author reports that 74% of Egyptian youth between the age of 13 and 24 have 
watched pornography. Providing adolescents with relevant SRH information is 
likely to be a difficult process due to the perceived encroachment of Western values. 
The author recommends a modified Western approach to ASRH that is tailored to 
the different cultures in the MENA region.

Assessing the growth of adolescents provides an accurate indication of their 
nutritional status and general health, as highlighted by Cheikh Ismail and Al 
Dhaheri. The use of anthropometry allows for accurate monitoring of adolescent 
physical growth while evaluating potential deviations from normal growth such as 
stunting, underweight, overweight, and wasting. Anthropometric measurements 
include weight, height, and an individual’s BMI. According to the authors, little 
data is available on adolescent anthropometry and growth in MENA, even though a 
large body of studies on childhood and adulthood exists. A study in KSA found an 
increase in the prevalence of stunting among adolescents (5–17 years). A similar 
study found a low prevalence of stunting in Libyan children (9–11 years). Another 
study found that one in five children (6–16 years) in Yemen is overweight and obese. 
In Lebanon, lifestyle and socioeconomic status correlate to obesity and overweight 
in children and adolescents (6–19 years). The authors report that one of the most 
challenging health issues of the century is the increased prevalence of overweight 
and obesity; therefore, it is essential to implement a comprehensive monitoring 
strategy. It is also important to encourage better dietary habits to reduce the preva-
lence of wasting and stunting in the MENA region.

In chapter “Oral Health of Adolescents in the MENA Region”, Abou El Fadl and 
Fathi Mousa discuss the distribution and prevalence of common oral issues such as 
fluorosis, dental caries, periodontal diseases, dental traumatic injuries, and soft tis-
sue lesions among adolescents in the MENA. The authors report that the prevalence 
of unmet dental needs among adolescents is 84.2% in the Eastern Mediterranean 
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region and 78% in Africa. One in three individuals between the ages of 13 and 18 in 
MENA experiences dental pain at some point. Although data on dental caries is 
limited in the MENA, a few researchers have investigated this important topic. A 
study in Kuwait reported that 14% of 12-year-old children have caries, while a 
national survey in Egypt reported that around 70% of children between the ages of 
4 and 18 experienced some form of tooth decay. The rates of dental caries among 
adolescents can sometimes vary from province to province; for example, in Jazan 
(KSA), the prevalence was over 90%, while Riyadh had a prevalence of 64.98%. 
According to the authors, data on periodontal diseases is limited to a few nations in 
the MENA region. They report that in Kuwait, 42.5% of 12-year-old children had 
gingivitis, while the prevalence of the disease reached 65% among high schoolers in 
KSA. Data on orofacial traumatic injuries is extremely limited; however, one study 
in Jordan revealed that 14.6% of 12-year-old children suffered from some form of 
dental trauma. Some countries in the MENA region have excessive fluoride content 
in water, which is a major cause of dental fluorosis. The authors report that 30.8% 
of 14-year-old children in Yemen suffered from dental fluorosis due to high levels of 
fluoride in drinking water (exceeding 10 mg/L). The authors recommend that all 
nations in the MENA region should develop a surveillance tool for common health 
determinants that influence oral health.

Chapter 9 describes a cross-sectional study that examines the distribution and 
prevalence of respiratory and allergic conditions among youths residing in the 
UAE. The study collected data on the allergy and respiratory profile of 6363 partici-
pants between the ages of 13 and 20 attending private and public schools. The prev-
alence of asthma was 12%, with 6% of participants reporting hospitalization due to 
asthma. Results demonstrated that the prevalence of rhinitis was 33.2%, rhinitis in 
the last 12 months was 26%, itchy rash in the last 6 months was 8.4%, and itchy rash 
in the past 12 months was 7.4%, respectively. The authors state that the increased 
incidence of allergic disorders and asthma might contribute to a high risk of morbid-
ity and mortality and a decrease in quality of life. Genetics play a role, but the 
environmental conditions in the region significantly increase the risk of respiratory 
conditions. Risk factors of respiratory conditions include environmental exposures 
from crude oil and natural gas production, which is common in the UAE.  The 
authors conclude that self-reported asthma symptoms, wheezing, and other allergy- 
related diseases are common among adolescents in the UAE mainly due to indoor 
and outdoor air quality and behavioral practices.

In chapter “The Epidemiology of Diabetes Mellitus Among in Adolescents and 
Their Determinants in from the Middle East and North Africa Region”, Yousufzai 
and Barakat discuss the prevalence, characteristics, and predictors of type 1 diabetes 
(T1D) and type 2 diabetes (T2D) among adolescents in the MENA region. T1D 
occurs due to an autoimmune response that destroys an individual’s insulin- secreting 
β-cells. T2D is more preventable as the progressive resistance to insulin produced 
within the body characterizes it. The authors point that T2D relates to physical inac-
tivity and nutritional habits. Kuwait’s prevalence of T2D among adolescents is 34.9 
per 100,000, which exceeds the prevalence reported in Canada and the United 
States. Among individuals between the ages of 0 and 14 years, KSA, Kuwait, and 
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Qatar rank among the top ten countries in the world for incidence rates of T1D. Each 
year 20,800 children and adolescents are diagnosed with T1D in the MENA region, 
with 150,000 currently diagnosed. The authors report that the prevalence of T1D in 
KSA is 109.5 per 100,000 for individuals between the ages of 5 and 18. One study 
estimates that the incidence rate of T1D in Qatar is 23.15 per 100,000 (between 
2006 and 2011), while the overall incidence of T2D is 2.9 per 100,000 per year. A 
study conducted in Egypt estimates the prevalence of T2D among adolescents to be 
13.3%. The authors point that risk factors for T1D and T2D include obesity, family 
history of diabetes, sex, pubertal onset, and vitamin D deficiency. Yousufzai and 
Barakat conclude that the development of prevention strategies that target modifi-
able risk factors of diabetes is essential to reduce the mortality and morbidity related 
to diabetes.

In the last chapter, Maatouk and Assi discuss the challenges that governments 
face when tackling the rise of HIV and other STIs among key and vulnerable popu-
lations in the MENA region. The authors report that of the 240,000 individuals liv-
ing with HIV in the MENA region, there are approximately 6300 (2.6%) adolescents. 
The authors recommend the utilization of an HIV self-test (HIVST), which is an 
intervention strategy that allows patients to manage their health through self- 
medication or providing care to dependent persons. Vulnerable populations in the 
MENA region, such as men who have sex with men (MSM) and refugees, often 
avoid the healthcare system due to stigma. Therefore, HIVST focuses on providing 
a safe environment for HIV testing. Other programs such as partner notification 
(PN) services are essential and should be integrated with a multidimensional sup-
port system from religious, health, psychological, and legal perspectives.

1.4  Putting It in Perspective and Moving Forward

While this book examines adolescent determinants of health and adolescent health 
status in MENA, topics were limited and failed to encompass the wide range of 
adolescent health issues that are prevalent in MENA. For example, topics related to 
the epidemiology of adolescent intentional and unintentional injuries across MENA 
are missing. There are various reasons these topics are not addressed. In the case of 
injuries, suicide or intentional injuries are considered taboos due to cultural, reli-
gious, and social beliefs. Other reasons that prevent pertinent adolescent health 
issues from being brought forward to the forefront include limited research and 
resources, as well as a focus on immediate health-related issues such as the provi-
sion of general health assessments, healthcare needs, clean water, and housing for 
displaced populations, many of whom are adolescents in the MENA region. For 
example, intentional injuries, violence, and motor vehicle crashes are major con-
tributors to adolescent morbidity and mortality in MENA; however, these issues are 
not addressed comprehensively with targeted monitoring and surveillance.

Research and policy need to target many areas related to adolescent health in 
MENA. The 2012 Lancet Adolescent Health Series can assist in framing the research 
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needs by focusing on key causes of mortality and disability in ages 10–24 years, 
health-related behaviors and conditions that arise in adolescence, risk and protective 
environmental factors, indicators of social role shifts related to different forms of 
health risk, and health policy interventions. Continuous data collection, analysis, 
and interpretation of major health-related events that affect adolescents, as well as 
determinants and causes of health-related events, can help policy-makers and public 
health professionals take action to reduce morbidity and mortality.

The health impacts of physical environments are significant in MENA given that 
many countries face political unrest and conflicts, which are marked by devastating 
destructions to housing and water infrastructure systems, as well as major impacts 
to air quality. One needs to only think back to the 2020 Beirut explosion caused by 
over 2500 tons of ammonium nitrate, which led to severe destruction of neighbor-
hoods and devastating pollution levels in the surrounding air, soil, and water 
(Rehman et al. 2021). While similar events have been chronic for decades and have 
surely impacted the health of adolescents, they are compounded by factors related 
to social environments, which play significant roles in adolescent health in 
MENA.  For example, low economic prosperity accompanied with high rates of 
unemployment negatively reflects on employment or skill development opportuni-
ties that are open to MENA adolescents. In fact, most MENA societies are built 
around cultural norms that emphasize education for adolescents and underestimate 
the importance of summer or part-time jobs or societal volunteer opportunities. 
Adolescent employment or skill development opportunities are essential in the 
growth of adolescents and enhance their potential to become productive members of 
society. In fact, these opportunities are beneficial in allowing adolescents to have 
alternative role models, occupational values, motivation, and a future career path. 
Future research into societal determinants of health is an area that has not seen 
much development in MENA and is crucial in advancing the health of MENA 
adolescents.
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Chapter 2
Adolescent Nutrition: A Focus on MENA

Mirna Fawaz

2.1  Introduction

While adolescence is generally deemed a healthier age, it is projected that more 
than 1.4 million adolescents die annually (97% of such fatalities take place in low- 
and middle-income states), and a much larger amount are suffering from diseases. 
Adolescence correlates with dramatic shifts that influence adult health outcomes. 
Such changes originate from factors that evolve through adolescent years 
(Obermeyer 2015).

Adolescence is a period of freshly found individuality and freedom of expres-
sion. This places adolescents in a category that is vulnerable to extrinsic pressures, 
especially from the media, school, and their contemporaries Adolescents undergo 
cycles of accelerated development correlated with shifts in hormones, behaviors, 
and emotions. Healthy eating behaviors throughout adolescence are an expansion of 
eating patterns that arise during early development, and thus nutrition could have a 
vital role in acute or chronic disease incidence, development, and even prognosis. 
For instance, malnutrition affects the prevalence of both communicable and non- 
communicable disorders and death rates and influences the growth of individuals 
and communities (Szabo et al. 2019).

Obesity and overweight are increasingly becoming serious concerns among ado-
lescents in several regions of the Arab world, arising at times in the very same state 
parallel to under-nutrition within various economic classes. The Middle East and 
North Africa (MENA) region comprises of low- and middle-income states that face 

M. Fawaz (*) 
Nursing Department, Faculty of Health Sciences, Beirut Arab University, Beirut, Lebanon
e-mail: mirna.fawaz@bau.edu.lb

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-92107-1_2&domain=pdf
https://doi.org/10.1007/978-3-030-92107-1_2#DOI
mailto:mirna.fawaz@bau.edu.lb


22

a combined pressure of malnutrition (i.e., stunting, excess, and micronutrient inad-
equacies) and over-nutrition (i.e., overweight and obesity) and related chronic dis-
eases. The nutritional condition of adolescents around MENA demonstrates 
inequities in the nutritional status of adolescents between and within nations. It is 
notable that the greatest rise in obesity prevalence was found in low- and medium- 
income states, with the MENA being one of the areas with the largest occurrence of 
overweight among adolescents. It should be recognized that while part of the grow-
ing rate of adolescent obesity in more deprived than richer societies may be due to 
globalization and epidemiological change, it might also be due to the issue of stunt-
ing among adolescents in the developing states. Disparities in the incidence of obe-
sity in states of the Middle East and North Africa (MENA) region represent the 
various stages of the dietary transition – the mechanism by which economic reality, 
such as labor industrialization and improved food supply, contributes to the aboli-
tion of conventional diets, elevated sugar and fat intake, diminished cereal and fruit 
intake, and physical engagement (Farrag et al. 2017). In addition, the Middle East 
and North Africa (MENA) has been inundated with unresolved wars for several 
years, further influencing the nutritional status of the most marginalized popula-
tions. On the other hand, the combined pressure of nutritional disorders and the 
chronic issue of micronutrient deficiency should be recognized as factors for 
increased body mass index (BMI) in adolescents in developed countries of the 
MENA region (UNICEF 2020). Therefore, nutrition has a significant influence on 
adolescents’ present and potential well-being. A good nutritious lifestyle with bal-
anced eating habits throughout adolescent years has the ability to reduce any nutri-
ent deficiencies and linear growth deterioration created within the first years of 
adulthood, thus restricting unhealthy activities that lead to the incidence of conse-
quential chronic illnesses. Prioritizing youth well-being is an economic investment: 
enhancing the health security for adolescents today, enhancing well-being and pros-
perity in their potential adult years, and diminishing health threats to their off-
springs. Yet, various factors might influence the nutritional intake and therefore 
overall health of adolescents. This chapter presents information and establishes data 
from evidence on adolescent nutrition in the MENA region. In doing so, an intro-
duction into the general topic of nutrition and adolescence is initially presented, 
followed by our research methodology and findings.

2.2  Nutrition and Adolescence

2.2.1  Factors Influencing Eating Behaviors of Adolescents

Eating patterns and dietary choices that affect the caloric intake and the consump-
tion of nutrients are normally determined over a span of years and especially during 
adolescence. There are several influences that affect food preferences and dietary 
consumption in this age category, like general awareness of nutritional intake, social 
class, urban or rural dwelling, family structure, ethnic and traditional activities, and 

M. Fawaz



23

engagement in recreation. Living environments during adolescence is recognized to 
have a major impact on nutritional preference, where families act as role models, 
which enhances and promotes healthy eating behavior development. Adolescent 
food preferences are also influenced by peer pressure and heightened social interac-
tion. Anorexia or refusal to eat meals, bingeing, eating anything accessible, and 
consuming comfort or junk foods are among the food-related reactions to adoles-
cent lifestyle stresses. However, adolescents are generally in command of their food 
patterns relative to younger individuals, as they explore more in food preferences 
and detract from the norm of consuming three meals a day. Thus, food patterns 
impair the consumption of nutrients because the source of food differs; thus, nutri-
tional requirements shall be safeguarded (Ferris et al. 2017).

2.2.2  Adolescent Nutritional Requirements

During adolescence, the developmental peak involves accelerated growth of tissue 
with specific nutritional requirements. The consumption of energy must adhere to 
the requirements of adolescents especially whether they participate in physical 
activity or regular exercise. In general, adolescent males have a higher calorie intake 
than adolescent females, leading to greater changes in height, weight, and lean body 
mass. The US Departments of Agriculture/Health and Human Services (USDA/
HHS) Dietary Guidelines of 2010 find that 50% or more of the overall dietary calo-
ries must originate from carbohydrates, with no more than 10–25% of the energy 
extracted from sugars, such as sucrose and high-fructose corn syrup. Protein 
demands per unit of height are maximum for females in the age bracket of 
11–14 years and for males in the age group of 15–18 years, which leads to the nor-
mal peak height velocity. Population-sensitive diets, such as dietary reference diets 
(DRIs) in the Americas, do not identify clear specifications for overall fat consump-
tion but provide guidelines for the consumption of linoleic (n-6) and-linolenic (n-3) 
polyunsaturated fatty acids (López-Sobaler et al. 2019). The US DRI for calcium is 
1300 mg/day for 9–18-year-olds, and the recommended dietary allowance (RDA) 
for iron is 8 mg/day for 9–13-year-olds, 11 mg/day for 14–18-year-old males, and 
15  mg/day for 14–18-year-old females, because the advent of menstrual cycle 
places increased iron requirements on women. The US zinc RDA for males and 
females aged 9–13 years is approximately 8 mg/day, whereas the RDAs are 11 and 
9 mg/day for males and females aged 14–18 years, respectively. Males and females 
aged 9–13 years must obtain 600 g/day to maintain optimal body uses of vitamin A, 
females aged 14–18 must obtain 700  g/day, and males aged 14–18 must absorb 
900 g/day. The recommended daily allowance for vitamin E for 9–13-year-olds is 
11 mg/day for the United States and 15 mg/day for 14–18-year-olds. US RDA for 
vitamin C is 45 mg/day for 9–13-year-olds, 75 mg/day for 14–18-year-old males, 
and 65 mg/day for 14–18-year-old females. The US folate RDA is 300 g/day for 
ages 9–13 and 400 g/day for ages 14–18. All macro- and micronutrients are essen-
tial to maintain the normal functions of the body as well as promote proper growth 
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rates, where any imbalances can lead to aliments, some of which might develop into 
chronic concerns (Kathleen and Raymond 2016).

 Macronutrients

Carbohydrates

Carbohydrates comprise the primary fuel supply for adolescents and typically rep-
resent 55% of the total consumption of calories. The glucose and fructose monosac-
charides, found in fruits and vegetables, are sources of “healthy” carbohydrates. 
Their biochemical impact is distinct: while they emit approximately the same level 
of energy, glucose generates more insulin and is digested in both tissues, whereas 
the liver metabolizes fructose. Fructose intake, used in soft beverages, is blamed for 
adolescent obesity. In most healthy diets, which contain fruits, cereals, and dairy, 
disaccharides, sucrose, lactose, and maltose are present. The most prevalent poly-
saccharide is starch, which constructs complex carbs alongside fibers. Carbohydrates 
function primarily at the core of hypothalamic satiety and influence other food 
intake afterward (Das et al. 2017).

Protein

Proteins are important to every individual as they are the basic components of the 
body’s tissues and cells. These comprise essential muscle and other tissue constitu-
ents of critical body fluids, such as blood. Protein requirements are significantly 
correlated with the growth rate during adolescence than with actual age. When the 
consumption of energy is inadequate for some cause (e.g., nutritional shortages, 
medical illness, or efforts to reduce weight), nutritional proteins can be needed to 
satisfy the energy requirements and will not be necessary to synthesize new tissues 
or to restore tissues. This will result in lower rate of growth and reduction in lean 
muscle mass given an evident sufficient consumption of proteins. Protein digestion 
is responsive to calorie reduction in rapidly growing adolescents; for example, dur-
ing a deficient intake of energy, protein is utilized for energy needs leading to under-
nutrition. The primary forms of animal and vegetable protein, such as beef, poultry, 
seafood, dairy, corn, grains and nuts, beans, and cereals, produce 20–25% of the 
overall energy and should be eaten two to three times daily (Ozdemir 2016).

Fat and Lipids

Fat is an essential dietary element which performs a variety of body processes. Fat 
is a condensed energy supply, so it offers more than double the energy provided by 
either protein or carbohydrate per unit mass. Only a tiny quantity of fat (9 kcal/g of 
fat), if obtained in a physically fit adolescent’s diet, will fulfill the required energy. 
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Lipids have an important caloric feature performed in oils, soybean oil, butter, mar-
garine, bacon, lard, sausages, creams, sauces, burgers, and mayonnaise by saturated 
and non-saturated fats (Ozdemir 2016).

 Micronutrients

Minerals

Throughout puberty, all mineral requirements increase. During the years of growth 
peak, adolescents were shown to ingest higher amounts of calcium, iron, zinc, mag-
nesium, and sodium in comparison with that during other ages. In adolescence, 
calcium and iron are especially required. Calcium is required for bone production. 
With a further rise of 2 g/dl in hemoglobin in the male and 1 g/dl in the female, the 
corresponding growth need alone is 0.7  mg/day for males and 0.45  mg/day for 
females, although mandatory liabilities rise with age as well. Throughout the phe-
notype manifestation of the genetic capacity of bone tissue development and calci-
fication, sufficient consumption of these nutrients during the adolescent cycle is 
important (Gupta et al. 2018).

Vitamins

In adolescence, the vitamin demands are all boosted due to enhanced anabolism and 
caloric burn. Many causes, such as physical exercise, gestation, oral contraceptives, 
and serious illnesses, often lead to this rise. Throughout the pubertal peak, vitamin 
A, B, C, and D demands are high, with cellular differentiation and bone develop-
ment. Consumption of folic acid is regularly recommended for pregnant adoles-
cents. Thiamine, riboflavin, and niacin are necessary to extract energy from 
carbohydrates in a growing amount. Folacin and B12 are vital in the synthesis of 
DNA and RNA. Premenstrual syndrome (PMS) could be minimized if adolescent 
girls take 100 mg of vitamin B per day. Bone development demands vitamin D, 
while newly established cells’ morphological and chemical integrity is dependent 
on the supply of vitamins A, C, and E. Such vitamins will, in most instances, be 
given by a deliberate diet without vitamin supplementation being needed. Vegetables, 
whole cereals, milk, nuts, poultry, eggs, and grains are primary sources. Water, 
juices, coconut milk, and other fluid sources should be supplied, averaging 4–6 
glasses per day (Hans and Jana 2018).

2.3  Nutrition Screening

The Society for Adolescent Health and Medicine suggests regular reviews of well-
ness screening for all adolescents. Initial checks must involve height, weight, and 
body mass index measures focused on profiles of population-dependent growth. 
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Information on portion sizes, weight management habits, and excessive feeding can 
be elicited using a culturally aware, caring, and non-judgmental method. Daily meal 
schedules, food preparation techniques, consumer habits, and the dietary impact of 
society and faith shall be considered focusing on trends such as the use of sweeten-
ers, beverages, and alcohol. Thus, comprehensive assessments can detect certain 
nutritional defects and chronic disorders among adolescents needing intervention 
(Kumar et al. 2018).

2.4  Nutrition and Eating Disorders in Adolescents

Adequate nutrition is important throughout adolescence, as development and growth 
perform vital roles in maintaining average adult weight and reproductive capacity 
during this time. The emergence of an eating disorder, such as anorexia nervosa or 
bulimia nervosa, is a significant impediment to healthy eating among adolescents. 
Anorexia nervosa entails extreme underweight, apprehension of weight growth, and 
poor self-esteem. Likewise, bulimia nervosa involves binge consumption accompa-
nied by inappropriate compensation. Both are best tackled to resolve the medical, 
psychological, and dietary aspects by an interdisciplinary team of experts. 
Predispositions for developing adolescent eating disorder include gender, excessive 
dieting, early puberty, personality, obsessiveness, bullying, poor self-confidence, 
psychological traumas, and discord in the household (Leme et  al. 2018). Other 
nutritional concerns are prevalent among adolescents and mainly are represented by 
obesity and undernutrition (Table 2.1).

While family therapy is widely used medically for adolescents with anorexia 
nervosa, only one type of family therapy has been routinely studied in cohort stud-
ies  – originally designed by the Maudsley team at the Institute of Psychiatry in 
London and manually administered as family-based treatment (FBT) (Lock 2015). 

Table 2.1 Difference between anorexia nervosa and bulimia nervosa

Anorexia nervosa Bulimia nervosa

Lower weight Normal weight
Early presentation Late presentation
Never asks for help May ask for help
Early onset Late onset
Can be premenarchal
Can afflict males Generally afflict girls
Acute or chronic Varying course
No prior ailment Previous anorexia nervosa
Linked with stress, obsessive compulsive disorder, 
depression

Linked with depression, self-harm, 
substance misuse

Prognosis poor without early treatment Up to 60% respond to specific treatment

Nagl et al. (2016)
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The purpose of the therapy is to recognize and enable the family to change condi-
tions that might have precipitated the problem. The findings of the strategy indicate 
that 80–90% of patients with decent to outstanding improvement are successful for 
adolescents in the short term and that therapy outcomes are sustained on the long 
run (Jewell et al. 2016). On the other hand, cognitive behavioral therapy (CBT) is 
proposed to be of value to adolescents who suffer from anorexia nervosa (AN) 
(Agras 2019). The reason for the method is that the AN patient has skewed percep-
tion of form and weight and overestimation of slenderness (Dalle et al. 2020). That, 
in fact, contributes to excessive dieting and weight loss due to overexercising. CBT 
for AN tackles these mental and skewed thoughts by standardizing dietary habits, 
tracking food consumption through food logs, collective problem-solving, behav-
ioral tests, and cognitive transformation. CBT modifications for adolescents include 
the participation of caregivers, the use of real-time tracking, and exposure to behav-
ioral dilemmas within the extended CBT paradigm. Medication trials for adoles-
cents with AN are minimal, and the findings have not been positive to date (Linardon 
et al. 2017). While drugs in most psychoactive groups have been tested in small case 
series or in adult studies, none of them reliably show systemic efficacy. There was 
optimism for the prospects for SSRIs (e.g., fluoxetine) to be as effective as possible 
in avoiding weight loss following acute weight maintenance, although a major 
review now shows that this is unrealistic (Sysko et al. 2019).

As for bulimia nervosa (BN), CBT was also adjusted for adolescents and then 
manually employed in a case series of adolescents with BN who find abstinence 
rates (30–40%) close to those in adult trials. Just one RCT evaluated directed self- 
help CBT to FBT for BN in adolescents and observed comparable end-of-treatment 
and follow-up effects for both classes, but CBT was more cost-efficient. Overall 
progress was comparable to that recorded in adults treated with CBT with absti-
nence at 6-month follow-up to about 30% (Hail and Le Grange 2018). Medications 
are also prescribed for the treatment of BN. In specific, antidepressants have been 
studied in a number of BN trials. Antidepressants are beneficial and effective for 
BN, while doses were typically higher than those commonly recommended for 
depression, and the result seems to be linked to preventing binge incidents rather 
than modifying mental state. Just one minor case series illustrated the appropriate-
ness and potential value of antidepressants (fluoxetine) for adolescent BN, although 
this was in the form of an inpatient interdisciplinary recovery facility (Gorrell and 
Le Grange 2019).

Obesity is described as an anomalous or disproportionate buildup of fat, which 
poses a health hazard. The body mass index (BMI) is a significant obesity screening 
tool. Obesity is a dynamic physical condition that has hereditary and environmental 
determinants. An elevated calorie consumption (e.g., diets rich in saturated fat and 
sugar) and inactive lifestyle are extrinsic variables that lead to childhood and ado-
lescent obesity (Farrag et al. 2017).

Undernutrition signifies inadequate energy and food consumption to fulfill the 
requirements of a person to preserve healthy nutrition. Undernutrition is inter-
changeably used for malnutrition. Variables correlated with adolescent undernour-
ishment in developed countries are poor socioeconomic circumstances in the family, 
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intermittent food scarcity, child labor (family income-poverty marker), chronic dis-
eases, insufficient understanding of the long-term effects of adolescent undernour-
ishment, the availability and quality of food, and exposure to health and nutrition 
facilities (Leme et al. 2018).

2.4.1  Management of Nutritional Disorders

These nutritional disorders require collaboration from interdisciplinary team mem-
bers to provide holistic care. Optimally, adolescents with dietary problems should 
be assigned to an interdisciplinary team specialized in adolescent health, compris-
ing a physician or nurse specialist, a dietician, and a psychiatrist. It is necessary to 
educate adolescents that there are no “healthy foods” or “poor foods” but rather 
evaluate their choices beforehand. Providers must recognize that adolescents suffer-
ing from food deprivation may not be able to reliably adopt instructions for daily 
eating habits with all food classes being included. Nevertheless, irregular eating 
habits attributable to food scarcity can contribute to dysfunctional feeding, either by 
perpetuating dietary restraint or by promoting binge when there is food. Adolescents 
and parents should be informed that it is the combination of all food types that 
includes all the nutritional requirements for well-being and that restrictive diets can 
lead to micronutrient, macronutrient, or energy deficiencies that can be particularly 
harmful in development cycles. Therefore, adolescents who obtain deficient amounts 
by food alone, or who have biological or medical proof of micronutrient insuffi-
ciency, should be given micronutrient supplements (Golden et  al. 2016; Das 
et al. 2017).

2.5  Methodology

In order to meet our research objectives of presenting information and established 
data from evidence on adolescent health nutrition in the Middle East and North 
Africa (MENA) region, a review of the current MENA-based research has been 
undertaken through accessing PubMed, Google Scholar, and EBSCO using the key-
words “nutrition,” “teens,” “teenagers,” “adolescents,” and “MENA” and country 
names and technical terms for conditions such as bulimia and anorexia, where the 
relevant researches were filtered to turn up in the past 10 years. The research strat-
egy yielded 3780 publications, of which 10 were based in the MENA. Our rather 
narrow aim was to recognize concerns of specific interest to the MENA region and 
to demonstrate important topics for prospective study. We also looked for global and 
international analyses, hand-searched journal articles of key regional studies, and 
collected data from comparable recent surveys.
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2.6  Findings and Discussion

Upon review of the relevant literature, this paper has resulted in the acknowledg-
ment of diverse nutritional problems among adolescents in the Middle East and 
North Africa (MENA) region that have been precipitated by the current socioeco-
nomic conditions and political unrest in the region as well as recent changes in the 
dietary pattern that have been produced by the globalization in the past decades. 
This notion calls for various national and regional actions to be taken.

2.6.1  Nutrition in the MENA

According to evidence from the 2010 Global Burden of Disease, transportation 
deaths, other accidental fatalities, and cardiac/circulatory disorders are the main 
three reasons of mortality among male adolescents aged 15–19 years in the MENA 
region (Arthur 2014). Among female adolescents aged 15–19 years, infectious dis-
eases (diarrhea, respiratory diseases, and meningitis) are the major cause of death – 
part of the unresolved problem of communicable diseases that persist in the area. 
The second and third factors of mortality are coronary and circulatory disorders and 
accidental accidents. The proportion of deaths from cardiovascular and circulatory 
disorders among MENA adolescents (both male and female) is almost three times 
greater than the worldwide levels. Diabetes and cancer also lead at higher propor-
tions than the world average. Malnutrition and over-nutrition are significant predis-
positions for cancer, death, good growth, and development (Black et  al. 2013). 
Malnutrition and over-nutrition are popular in the MENA area, even within the 
same states, and often within the same family. Adolescent malnutrition is common 
in low-income states; in countries suffering humanitarian disasters such as Iraq, 
Somalia, and Sudan; and among poor communities in prosperous countries. Obesity 
and overweight have been major community health issues for MENA adolescents 
(Mirmiran et al. 2010), leading to elevated levels of early metabolism disorders and 
elevated blood pressure. As a main reason for cardiovascular/circulatory illnesses, 
diabetes, and musculoskeletal conditions, the ratio of DALYs among adolescents in 
these circumstances may be significantly higher and in line with evidence among 
adults in the area (Mokdad et al. 2014). Global school-based student health surveys 
(GSHS) have found rates of overweight/obesity among adolescents of almost 50% 
in Gulf countries; low rates (<16%) in nations such as Morocco, Sudan, and Yemen; 
and between one-fourth and one-third in others, aligned with research from Bahrain, 
Jordan, the United Arab Emirates (UAE), and Saudi Arabia. A comprehensive anal-
ysis found that the levels of overweight or obesity between children and adolescents 
in MENA were only surpassed by North America and South Latin America (Fleming 
et  al. 2013). The World Health Organization (WHO) indicated that obesity rates 
must be treated very seriously in East Mediterranean states, where 18 nations form 
the vast bulk of the Middle East and North Africa region (MENA) have undergone 
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a dietary change. Various research have been established in the field. For instance, 
the research by Boodai and Reilly (2013) is the first experiment in Kuwait on obe-
sity management. The therapy was meant to eliminate sedentary habits, raise physi-
cal exercise levels, and boost health, where the controls sought attention from 
primary health care while the experiments engaged in focus groups with an interdis-
ciplinary team. The analysis found that intervention had no major control-related 
impact on the body mass index (BMI) Z-score, and did not lead to any substantial 
increases in waist girth and blood pressure. The research emphasized the need for 
inclusion of obese adolescents and their parents in the programs being tested and the 
necessity for longitudinal research on obesity. In addition, Kuwait has launched a 
collaboration among its Medicare system, education institutions, industry, and pub-
lic sector called the Kuwait-Scotland eHealth Innovation Network (KSeHIN), 
which aims to provide a bundle of healthcare resources, awareness, and clinical 
trials, which includes around 300 children annually (Conway et al. 2014). Moreover, 
Habib-Mourad et al. (2014) performed a clinical experiment in Lebanon to deter-
mine the efficacy and usefulness of the Health-E-PALS initiative to encourage bal-
anced food and physical exercise focusing on the principle of social cognition 
among adolescent students. Participants in the treatment group reported consuming 
less chips and sugar-sweetened drinks bought and eaten. The procedure had little 
impact on physical exercise and screen time, and there were no records of any dif-
ferences in body mass index (BMI) among post-intervention classes (Habib-Mourad 
et al. 2014). A 3-year action research was carried out in schools of Sousse, Tunisia. 
The treatment strategy contained both training activities and behavioral improve-
ments. Students were motivated to engage in physical exercise by coordinated 
games of afterschool football. Nutritious eating patterns have been promoted by 
providing alternate healthy products in school cafeterias. Post-intervention survey 
found that the consumption of fruits and vegetables in the treatment group improved 
substantially, whereas the control group was flat (Maatoug et al. 2015). Likewise, a 
study in urban sites in seven Arab countries found that the percentages of male ado-
lescents who were overweight or obese were lowest in Algiers City, Algeria (13.4%), 
and highest in Kuwait City, Kuwait (60.4%), whereas the number of overweight or 
obese female adolescents varied from 16% in Al-Khalil, Palestine, to 41.4% in 
Kuwait City, Kuwait (Rey-López et al. 2019).

2.6.2  Future Research Areas

Adolescents now are more vulnerable than in the past years due to nutritional prob-
lems, excessive alcohol usage, communicable diseases, and other threats. There are 
broad disparities in the incidence of predispositions to chronic ailments in adult-
hood, alcohol misuse, obesity, and sedentary habits within areas of adolescent 
health profiles. Future work is needed to better understand the adolescent nutrition 
needs in varying contexts. Investing in this generation can yield dividends for gen-
erations to come. Future studies should identify regionally and culturally relevant 
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interventions for all nutritional disorders in every nation. Researchers should inves-
tigate strategies for avoiding pitfalls of weight-based nutritional counseling, which 
may inadvertently encourage disordered eating. Studies are required to investigate 
how often social factors of health lead to metabolic problems in adolescence, such 
as traumatic experiences in the childhood or oxidative stress from socioeconomic 
injustice. Experts must explore methods to prevent weight-based dietary consulta-
tion drawbacks that can unintentionally promote maladaptive feeding.

2.6.3  Challenges

The nutritional condition of adolescence around the Middle East and North Africa 
(MENA) shows disparities within and inside countries in the nutritional health of 
children under 5. Action reports across 13 countries (Algeria, Djibouti, Egypt, Iran, 
Iraq, Jordan, Lebanon, Libya, Morocco, Syria, Tunisia, the State of Palestine, 
Yemen) show that the biggest success has been in eradicating severe deprivation and 
ensuring access to better hygiene. For several years, the area has been overwhelmed 
by persistent wars, thus impacting the nutritional condition of the most troubled 
area. The implications of chronic MENA conflict are not restricted to death and dis-
ability but have indirect secondary repercussions. Nutrition systems disperse from 
conflict and non-conflict states, while the former tend to have initiatives based on 
urgent hunger care and preserving lives. In addition, these states are subjected to 
broader subnational disparities, particularly within quartile of wealth and residence 
area (UNICEF 2020).

2.6.4  Recommendations for MENA Adolescent 
Nutrition Programming

 1. Ideally, adolescents must be provided with dietary monitoring by a professional 
healthcare practitioner annually.

 2. Exclusive diets which are not appropriate from a medical, religious, or cultural 
point of view should be avoided.

 3. Schools, public service agencies, legislatures, and NGOs have a vital part in the 
detection and care of juvenile dietary problems.

 4. Healthcare professionals must support increasing exposure to, and coverage of, 
adolescent nutritional programs in high-income countries (HIC) and low- and 
middle-income countries (LMIC).

 5. Education exercises should be simple and enjoyable and should prove that nutri-
tious meals are inexpensive and simple to cook and can be flavorful.

There is an ample proof of initiatives in the Middle East and North Africa 
(MENA) area to tackle vigorously the child obesity issue. A clear indication of this 
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initiative is the Kuwait-Scotland e-Health Innovation Network (KSeHIN). A signifi-
cant public health hurdle, authors say, is how to create positive dietary habits among 
adolescents. Peer participation, self-assessment, and encouragement as well as 
environmental strategies complementing behavioral change and community engage-
ment are essential to the effectiveness of adolescent nutrition education. Continued 
attempts to decrease the incidence of childhood obesity are significant. In order to 
achieve that, recommendations would include making instructional resources useful 
but still enjoyable, engaging, and important to the public.

2.7  Conclusion

Over the past decade, the MENA area experienced a startling and well-reported 
increase in the levels of overweight and obese adolescents. Although statistics are 
not comprehensive, the rate of growth tends to be quicker than that observed among 
adults in the same area and is relatively fast in certain states, notably in the Gulf 
area, particularly in Kuwait, Qatar, and Saudi Arabia. The rate of childhood obesity 
in many MENA nations is observably greater than in Western nations. Economic 
influences and shifts in nutrition and activity, as well as how children and adoles-
cents expend their time in sedentary habits versus active exercises, seem to be key 
drivers of this dramatic, recent rise in overweight and obesity levels.

 Reflection Questions

 1. What characterizes adolescence as a developmental stage?
 2. What is the difference between macro- and micronutrients needed during 

adolescence?
 3. How are eating disorders precipitated during adolescence?
 4. How do the cultural and sociopolitical contexts affect nutrition in the 

MENA region?
 5. How can nutrition be inducted on the policymaking table and what actions could 

be taken?
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Chapter 3
Addressing Social Determinants of Oral 
Health Among Adolescents from MENA

Reham Khaled Abou El Fadl  and Haneen Raafat Fathi Mousa 

3.1  Introduction

Broadly, people’s lifestyle is a reflection of the sociocultural circumstances which 
configure their behaviors and personal decisions (Green and Kreuter 1990). In the 
same manner, adolescents’ behaviors are shaped by the various environmental con-
texts in which they live, including family households, neighborhood, and school 
which, in the long run, impact their health outcomes and quality of life (Institute of 
Medicine and National Research Council 2011). Some of those determinants such 
as adequate housing, economic stability, food security, and strong social relation-
ships are defined as positive health factors as they significantly contribute to main-
tenance of good health status (Szaflarski 2005). Risk factors, on the other hand, are 
potentially preventable exposures with specific environmental- or lifestyle-related 
health hazards such as smoking, which are associated with a broad array of health 
risks. Those factors may have different impacts at different ages during adoles-
cence. Though adolescence is a critical transitional period in an individual’s life 
course, in general, research on broader determinants of health during this decade of 
life is quite limited (Viner et al. 2012).
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In the same manner, oral diseases are commonly an outcome of a myriad of an 
interplaying set of determinants including psychosocial, economic, cultural, and 
political factors, which substantially impact individuals’ care-seeking behaviors 
and level of commitment to preventive oral hygiene practices. However, in general, 
conceptions and observations on social determinants of oral health are not ade-
quately explored.

3.2  Methodology

A comprehensive literature review was conducted on the following concepts: (i) 
potential risk factors associated with oral diseases among adolescence and (ii) 
health policies and approaches for the prevention of oral diseases in this age group. 
Two electronic databases, i.e., Web of Science and Embase, were searched, and only 
English articles were included. The search was not limited by country; however, 
literature from MENA countries was prioritized. Editorials and commentaries were 
excluded.

The search strategy utilized both controlled vocabulary and keywords: 
[Adolescen*OR teen*OR preteen* OR “high school students” OR Underage] AND 
[“Oral health” OR “dental health” OR “dental disease” OR “oral disease” OR “den-
tal fear” OR “dental avoidance” OR “dental anxiety” OR “dental checkups” OR 
“dental appointments” OR “dental treatment” OR “dental care” OR “dental ser-
vices” OR “oral examinations” OR “oral screenings” OR “dental prevention” OR 
“atraumatic restorative treatment” OR “dental sealants” OR “dental education” OR 
“dental awareness” OR “dental neglect” OR “dental needs” OR “dental pain” OR 
“oral pain” OR “sugary diet” OR “cariogenic diet” OR “sugary drinks” OR “car-
bonated drinks”].

All the references were imported to EndNote, where duplicates were identified 
and subsequently removed. Titles and abstracts of all entries were analyzed by two 
reviewers, and only full texts of relevant references were retrieved and reevaluated.

Additionally, the Global Burden of Disease (GBD) 2017 dataset was used to 
generate epidemiologic data related to smoking among adolescents and youth in the 
MENA region, using the online tool Tobacco Visualization (Tobacco Viz). In order 
to acquire data relevant to adolescence and teenage, only the 10–14 and 15–19 age 
groups were selected.

3.3  Findings

Since decades, the Dahlgren-Whitehead “rainbow model” has been used for con-
ceptualization and visual presentation of the relationship between individuals, the 
surrounding environment, and their health status (Dahlgren and Whitehead 1991). 
In Fig. 3.1, we adopted this model to envisage the potential determinants of oral 
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health outcomes in youth and adolescence. At the center lie the 10–19-year-olds and 
the fixed non-modifiable characteristics which influence their health and well-being, 
such as gender and genetic makeup.

Within the other layers of the model are broader social and economic determi-
nants, which are theoretically modifiable by laws and policies. Given that various 
family-related factors are strong predictors of adolescents’ health outcomes includ-
ing oral health, the “rainbow model” was modified to include an additional layer 
representing relevant parental factors, such as family size and structure, parental 
health beliefs and practices, level of health literacy, and strength of parents-youth 
relationships. Social media, relationships with school staff, and peer influence were 
included in the third layer as integral components of social and community net-
works influencing adolescents’ health status and healthcare-seeking behaviors. The 
fourth layer of the model illustrates different living and working conditions which 
can directly or indirectly affect access to protective factors such as fluoridated water, 
healthy and nutritious foods, as well as access to oral health services either in school 
premises or health facilities. Enforcing high taxation on tobacco products, alcohols, 
sugar-rich foods, and sweetened beverages; restricting advertisements on those 
products; enacting laws pertinent to the mandatory use of seatbelts, helmets, or 
mouth guards; as well as community and school water fluoridation are among the 
national policies and laws that should be reinforced to promote adolescents’ oral 
health at community rather than individual level.

Fig. 3.1 Social determinants of oral health among adolescents. (Adapted from Dahlgren and 
Whitehead’s model )
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3.3.1  Unpacking Determinants

 Socioeconomic Status

There is strong evidence that parental socioeconomic position is viewed as the ini-
tial indicator of children and adolescents’ risk to suffer from dental diseases. 
Household income, maternal level of education, and parental perceptions of the 
importance of oral health play a major role in determining adolescents’ oral care- 
seeking behavior and the quality of service they receive (Jacob et  al. 2017). 
Adolescents from households with low income, large family size, or those whose 
mothers have low level of education are particularly prone to have tooth decay as 
they are less likely to adhere to routine oral hygiene practices or seek dental care 
than those from affluent households (Nóbrega et al. 2017). Based on Safiri et al.’s 
study, on a nationally representative sample of 13,486 school students aged 
6–18 years, it was found that socioeconomic inequalities exist in relation to oral 
hygiene practices of Iranian children and adolescents (Safiri et al. 2016).

It has also been reported that avoidance of dental care is more prevalent among 
adolescents who were forced to work early in life and those who have a single par-
ent (Gustafsson et al. 2010). Moreover, some health risk behaviors, such as tobacco 
and substance use, are known to be more common among people of low socioeco-
nomic level (Petersen 2003).

 Tobacco and Substance Use

Smoking, alcohol drinking, and substance abuse are harmful behaviors that are pri-
marily initiated during adolescence and up until the late 20s (Johnson et al. 2004). 
It is strongly established that tobacco consumption has various negative effects on 
oral health. Tobacco is a strong risk factor for precancerous lesions and oropharyn-
geal cancers and causes staining of teeth and restorations by nicotine, oral candidia-
sis due to reduced salivary flow, and periodontal problems (Petersen 2003). Among 
youth, there are various determinants of tobacco consumption, including access to 
tobacco products, national tobacco control policies, as well as cultural and societal 
norms. Cigarette advertising and marketing efforts of the tobacco industry highly 
encourage youth and adolescents to initiate this behavior (Hanewinkel et al. 2010).

It is also worth mentioning that exposure to secondhand smoke whether in 
households or schools can increase adolescents’ risk for defective enamel formation 
and accordingly caries experience (González-Valero et al. 2018). As per the GBD 
dataset, in the MENA region, up to 2015, about 4.6 million adolescents aged 10–19 
smoke daily, of which 3.8 million are males and 790 thousand are females 
(Table 3.1). Based on the datasets from the global school-based student health sur-
vey (GSHS) in five countries in the MENA region, Fig. 3.2 shows the percentage of 
13–17-year- olds who reported exposure to secondhand smoking for one or more 
days 1 week before the survey (WHO and CDC. GSHS.).
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Added to that, lately, the use of smokeless tobacco (ST) has been notably increas-
ing among youth and adolescents. This has been strongly linked to widely spread 
misconceptions that chewing tobacco or using moist snuff is far less harmful than 
cigarette smoking (Chaffee et al. 2019). However, ST contains 20-fold more nico-
tine than a cigarette, which renders users highly prone to oral mucosal lesions, peri-
odontal problems, oral cancers, and premalignant lesions (Percy 2008). Different 
forms of ST, such as Toombak, Shammah, Qat (also known as Khat), and Nashooq, 
are commonly used in the Middle East, especially in the Kingdom of Saudi Arabia, 
Yemen, and Sudan (Alrashidi et  al. 2018).  Recently, Othman M. et  al. con-
ducted  the Global Youth Tobacco survey among a representative sample of school- 
attending adolescents in Khartoum state of Sudan  to study the prevalence of 
smokeless tobacco use. 7.6% of participants reported using smokeless tobacco at 
least once in their  lifetime where male gender, peer influence,  exposure to 

Table 3.1 MENA countries with highest smoking rates among adolescents

MENA countries with highest no. of 
daily smokersa

Males Females
10–14 years 15–19 years 10–14 years 11–15 years

#1 Turkey
(130k)

Turkey
(800k)

Turkey
(60k)

Turkey
(350k)

#2 Afghanistan
(41k)

Egypt
(390k)

Afghanistan 
(27k)

Afghanistan
(95k)

#3 Egypt
(35k)

Afghanistan
(160k)

Sudan
(11k)

Yemen
(33k)

aData was generated from the GBD dataset using Tobacco Visualization (Tobacco Viz) up to 2015 
available at https://vizhub.healthdata.org/tobacco/

Fig. 3.2 Exposure to secondhand smoking among adolescents aged 13–17 years. (Source: Global 
school-based student health survey, (GSHS), WHO in collaboration with CDC https://www.who.
int/ncds/surveillance/gshs/en/)

3 Addressing Social Determinants of Oral Health Among Adolescents from MENA

https://vizhub.healthdata.org/tobacco/
https://www.who.int/ncds/surveillance/gshs/en/
https://www.who.int/ncds/surveillance/gshs/en/


40

second- hand smoke at home, having single parent and low self-efficacy were 
strongly associated with this harmful practice. (Othman 2021)

On the other hand, data on substance use was available from the GSHS of only 
two countries in the MENA region, where 76.7% and 70% of 13–17-year-old drug 
users in Lebanon and Morocco reported starting before the age of 14. On the other 
hand, in Lebanon, 13.4% of adolescents in the same age group admitted being fully 
drunk one or more times in their life.

 Psychosocial Factors

It has been well recognized, from the outset, that psychosocial factors largely affect 
adolescents’ oral health status. During this period, due to various psychological 
changes, the emerging sense of independence, and peer influence, adolescents are 
highly vulnerable to harmful behaviors including oral health-related behaviors 
(Baker et al. 2010). Health-compromising behaviors in adolescence such as smok-
ing, drug abuse, and eating an unhealthy diet are strongly linked to social influence 
per se, and in various adolescent and adult populations, the combined effects of lack 
of social support and low numbers of social networks on oral health outcomes, such 
as dental caries and traumatic oral injuries, have been well-reported (Baxevanos 
et al. 2017; Fontanini et al. 2015).

On the other hand, social connectedness through listening, appreciating, and 
expressing love has been proposed as an efficient protective factor for health and 
well-being. According to (Viner et al. 2012), having safe and supportive families, 
connectedness with schools, and positive peer influence are among the strongest 
determinants for the development of adolescents and attainment of best health out-
comes in the transition to adulthood. In the same manner, strong social ties and fam-
ily cohesion can yield significant oral health benefits among adolescents by favoring 
engagement in health-promoting lifestyle behaviors and regular dental attendance 
(Camara et al. 2017; Sisson 2007). One study revealed that children from poorly 
functioning families are more likely to experience dental caries being less likely to 
engage in oral health-related behaviors or seek dental care (Duijster et al. 2014).

In one study in Saudi Arabia, oral health-related practices, including smoking, 
tooth brushing, and snacking on sugary foods and drinks, were found to be strongly 
associated with close friends’ rather than parents’ or distant peers’ practices (El 
Tantawi et al. 2017). According to the GSHS dataset, a varying percentage of ado-
lescents (ranging from 3.4% to 11.2%) in different MENA countries reported not 
having any close friends (Fig. 3.3), a finding which according to (Gomes et al. 2020) 
might adversely affect their oral health-related quality of life due to low self-esteem, 
lack of sense of belonging and care, as well as erroneous oral health beliefs.
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3.4  Discussion

Most research, in the MENA region, is still focused on studying the association 
between adolescents’ lifestyle behaviors and their oral health status and related 
quality of life. On the other hand, the complex relationships between demographic 
characteristics, socioeconomic level, and the possible role of social ties and living 
conditions on the distribution of oral diseases among adolescents have not been 
well-elucidated.

Adolescence offers a unique opportunity for prevention acknowledging that indi-
viduals’ risks to suffer from oral disease and other common chronic conditions later 
in life are heightened if specific risky behaviors start in early adolescence (Gore 
et al. 2011). In line, the World Health Organization (WHO) has recommended three 
age groups (12, 15, and 15–19) during this period for conducting oral health sur-
veys. At the age of 12, almost all permanent teeth, except the third molars, would 
have erupted, and thus a reliable sample could be easily obtained for surveillance of 
disease trends before children leave primary schools. Measuring caries prevalence 
at 15 years is also warranted since, by this age, permanent teeth would have been 
exposed to the oral environment for 3–9 years, while the 15–19 years age group 
provides a chance for reliable assessment of periodontal health status among ado-
lescents (World Health Organization 2013). Despite that, to date, only few youth-
focused oral health programs targeting both salient common risk and protective 
factors are being implemented in the MENA countries.

Fig. 3.3 Absence of close friends among 13–17-year-olds. (Source: Global school-based student 
health survey, (GSHS), WHO in collaboration with CDC https://www.who.int/ncds/surveillance/
gshs/en/)
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3.4.1  Tackling Social Determinants

 Modifying School Environments

It is well known that the living environment is a fundamental factor in shaping ado-
lescents’ development and schools are the ideal setting for tackling most common 
health issues including oral diseases. Schools provide excellent outreach opportuni-
ties where an unprecedented number of adolescents could benefit from health inter-
ventions delivered on its premises. According to the Lancet Commission on 
Adolescent Health and Wellbeing (Patton et al. 2016), health interventions could be 
delivered across six interdependent platforms including health services, schools, 
communities, m-health, media and social marketing, as well as structural actions. 
Though schools cannot replace health facilities for the delivery of health services, 
clinical care including both preventive and curative oral health services can be 
delivered in either school-based or mobile dental clinics (Patton et al. 2016). On the 
other side, there is strong evidence that m-health, which comprises the use of mobile 
and wireless devices such as mobile phones for tracking and promoting people’s 
health (World Health Organization 2011), can adjunctively improve oral health- 
related knowledge and practices among people in different age groups (Toniazzo 
et al. 2019).

For decades, it has been estimated that, annually, over 51 million school hours 
are lost due to some dental problem (Gift et al. 1993), and thus good oral health 
status has been viewed as an essential input required for adequate learning. In con-
sideration of the strong link between health and education, in 2002, the FRESH 
(Focusing Resources on Effective School Health) framework was developed by 
experts in the United Nations Educational, Scientific and Cultural Organization 
(UNESCO), United Nations Children’s Fund (UNICEF), WHO, World Bank, and 
Education International to assist governments worldwide and implement school- 
based health programs in efficient, effective, and results-oriented manners at the 
national level. The program includes four main components: health-related school 
policies, provision of safe water and sanitation, skills-based health education, and 
school-based health and nutrition services, which can be used collectively to iden-
tify common health issues in school students and suggest potentially effective 
interventions for addressing those issues. In addition, the framework proposes 
other supporting activities that can substantially contribute to successful imple-
mentation and sustainability of school-based programs, such as effective partner-
ships between health and education sectors and community and youth participation 
(Joerger et  al. 2002). Table  3.2 illustrates essential strategies and activities that 
could be adopted for setting up oral health programs in schools using the FRESH 
framework.
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Table 3.2 Adopting the FRESH framework for promoting adolescent oral health in schools

FRESH core components Action

Core component # 1: 
Health-related school 
policies

Enforce policies banning tobacco/alcohol consumption on school 
premises
Enforce policies banning sugary foods and drinks on school 
premises
Safe playgrounds and sports fields
Enforce effective disciplinary measures against abuse and 
bullying
Affordable fluoride toothpaste

Core component #2: 
Provision of safe water

Regular access to drinking-water fountains throughout the school
School water fluoridation

Core component #3: 
Skills-based health 
education

Compulsory cooking classes for both genders
Daily supervised tooth brushing
Training on sanitation-related behaviors such as hand-washing, 
and food washing
Mandated physical education
Peer modeling
Role playing

Core component #4: 
School-based health and 
nutrition services

Nutrition services Oral health services
Healthy school meals
Frequent diet history 
analysis and height and 
weight screening
Healthy food choices in 
canteens and vending 
machines

Oral health education integration in 
school curricula
Regular oral screening
Technology application in oral health 
promotion (e.g. using Mobile apps to 
address unhealthy diets and tobacco 
and alcohol use)
Topical fluoride administration, e.g., 
school-based fluoride rinsing/varnish 
program
School-based sealant program for 
permanent molars and premolars
Curative care, e.g., restorative 
treatment using atraumatic restorative 
treatment (ART) approach

Supporting activities Counseling on
  STIs; HIV/AIDS;
  Pregnancy;
  Tobacco, alcohol, and drug use;
  Bullying and physical and sexual abuse
Psychosocial support
Involvement of parents in health education
Training for school staff
Youth-friendly services

Source: Authors
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 Examples of Youth-Focused Oral Health-Related Initiatives 
in the MENA Countries

Intervention 1: Telegram – Online Social Media Platform Program, Iran 
(Scheerman et al. 2020)

Program Overview A theory-based program using an online social media platform 
(Telegram); an open-access platform available for smartphones which allows users 
to send messages and receive photographs, videos, and audios. The program con-
sisted of two components: oral health education + behavioral coaching component 
comprising sending text messages about the potential positive outcomes of dental 
cleaning and disseminating volitional sheets on oral health behaviors. Mothers were 
instructed on Telegram channel to coach and monitor their child’s oral hygiene 
practices on daily basis.

Target Population and Setting: Adolescents aged 12–17 years recruited from 30 
out of 73 high schools in Qazvin City, Iran, and their mothers who had access to 
Telegram via a smartphone.

Outcome(s)
• Significant increase in adolescents’ tooth-brushing practices at the 1- and 

6-month follow-ups.
• Involving mothers in an intervention conferred additional benefits for adolescent 

oral health.

Intervention 2: School Oral Health Program (SOHP) – A National Program, 
Kuwait (Alsumait et al. 2019; Ariga et al. 2014)

Program Overview: SOHP is a nationwide program which started in 1983 as a 
joint venture between the Ministry of Health in Kuwait and Forsyth Institute, 
Cambridge, Mass., USA.  The multicomponent intervention consisted of the 
following:

At least two oral health education sessions with supervised tooth brushing during 
every school year; + oral health education session to parents and expectant mothers 
+ twice-a-year application of fluoride varnish + (if eligible) fissure sealants in newly 
erupted permanent molars and premolars + restorative treatment of permanent 
molars when indicated. Delivery of care was performed by almost 207 dentists, 335 
nurses, and 25 dental hygienists.

Target Population and Setting: Children and adolescents aged 6–16 years in 
school-based centers in all six governorates in Kuwait.
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Outcome(s)
• Overall, children and adolescents enrolled in SOHP had better dental health and 

lower caries experience.
• There has been a significant reduction in the number of composite fillings per-

formed as part of the SOHP.
• Significant increase in the number of preventive procedures; sealants placement 

and fluoride applications performed.

3.5  Key Recommendations and Future Implications

• Development of adolescent-specific Oral Health Surveillance plan including the 
following:

 (i) Conducting oral health needs assessment for adolescents, at regular basis, 
to capture information about their health status, unmet dental needs, and 
patterns of oral care-seeking behavior using standardized survey tools

 (ii) Conducting longitudinal studies to understand the unique causal factors of 
oral diseases among adolescents and explore the synergetic effects of differ-
ent oral health determinants with particular emphasis on the social environ-
ment in which adolescents are embedded

 (iii) Developing locally driven, culturally appropriate interventions addressing 
broader health determinants with particular emphasis on factors that are 
protective across various health outcomes

• Controlling oral diseases in adolescence by adopting “the life course approach” 
to health through the following:

 (i) Reorienting oral health services with a focus on preventive interventions 
early in childhood is a key strategy for halting processes that increase the 
risk of poor oral health in adolescence and later on.

 (ii) Incorporating adolescents’ oral health into pregnancy, neonatal, and chil-
dren health issues and interventions.

 (iii) Pregnant adolescent girls should, also, be entitled to receive all medically 
necessary dental services as part of basic package of essential services 
acknowledging that “pregnancy-related” oral care comprises also services 
for “other conditions which might complicate the pregnancy.”

 (iv) Advocating for using a “whole-school approach” to oral health promotion 
and adapting the FRESH framework to fit the local context to ensure appro-
priateness of delivered school health services.

• Integrating youth-specific interventions at school, family, as well as community 
levels to avoid exclusion of out-of-school adolescents

• Building capacities of dental practitioners to deliver oral care to individuals with 
special health care needs aided by interprofessional teams including nutrition-
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ists, social workers, and other non-dental health professionals to optimize the 
quality of care

• Adopting the “Health in All Policies” approach to advocate for the inclusion of 
oral health within the mandate of other sectors, such as educational, social, and 
industrial sectors

• Building strong partnerships with key stakeholders such as civil society, local 
authorities, community leaders, school districts, academic institutions, and local 
dental health practitioners to plan for policy priorities pertinent to adolescents’ 
oral health

• Researching the role of non-dental health professionals such as school nurses, 
midwives, and community health workers in delivering educational and preven-
tive oral health services to adolescents inside and beyond educational settings

• Developing a set of reliable and age-appropriate oral health indicators and 
including them in regular disease surveillance for rigorously monitoring and 
evaluating the impact of various social and behavioral interventions on oral 
health outcomes in this age group (Table 3.3).

3.6  Conclusions

National health policies of MENA countries should be reoriented to integrate oral 
health research into general health research programs and adopt the common risk 
factor approach for implementing holistic interventions that promote the oral and 
general health of adolescents as well as other population groups. To achieve that, 
health interventions should be directed toward disease prevention and should be 
culturally relevant and match adolescents’ unique health needs.

Table 3.3 Suggested oral health indicators in adolescence and teenage

1 Number of school hours lost among adolescents due to oral diseases/year
2 Number of working hours lost to seek oral care for adolescents/year
3 Proportion of 10–14-year-old school students with dental sealants on at least one permanent 

molar tooth
4 Proportion of adolescents aged 10–14 years with untreated dental decay in their permanent 

teeth
5 Proportion of adolescents aged 15–19 years with untreated dental decay in their permanent 

teeth
6 Proportion of adolescents aged 10–19 who received dental treatment in the past year
7 Proportion of adolescents with special health care needs who sought dental care in the past 

year
8 Proportion of adolescents who have regular access to a toothbrush and fluoridated toothpaste
9 Proportion of adolescents who never visited a dentist
10 Number of adolescents with access to school water fluoridation programs

Source: Authors
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 Reflection Questions

• Among youth and adolescents, what are the key sources of tobacco? And how 
can we prevent or delay the onset of their tobacco and substance use?

• In what way(s) can peers and families influence oral health of adolescents?
• How can social media impact adolescents’ oral health practices?
• Why are schools excellent venue for promoting oral health of school-aged chil-

dren and adolescents?
• How are governments entitled to ensure equitable access to oral care among 

adolescents living in disadvantaged communities?
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Physical Activity and Sport Participation 
Among Adolescents from MENA
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4.1  Introduction

Physical activity (PA) is defined as any bodily movement produced by muscles that 
requires energy expenditure above the resting metabolic rate (RMR). PA includes 
non-structured or structured activities, organized sports, or active play. Examples of 
non-structured activities are leisure walking, cycling, and dancing (WHO 2020). 
Organized sport is defined as “a subset of PA that is structured, goal-oriented, com-
petitive and contest-based” (Paulo et al. 2018). Active play may involve “symbolic 
activity or games with or without clearly defined rules; the activity may be unstruc-
tured or unorganized, social or solitary, but the distinguishing features are a playful 
context, combined with activity that is significantly above resting metabolic rate” 
(Paulo et al. 2018). PA is associated with various health benefits, such as lowering 
the risk of developing chronic conditions, improving mental health, and increasing 
overall well-being (Craggs et al. 2011; Eime et al. 2013). Despite the various ben-
efits, many individuals are not physically active; in fact, low levels of PA are main 
risk factors for deaths around the world and key risk factors for non-communicable 
diseases, such as cancer, diabetes, and obesity (WHO 2020).

Among young people, regular PA relates to improved self-esteem, academic 
achievement, and cognitive performance (Chaabane et al. 2020). In addition to these 
relatively short-term benefits, regular youth participation in PA and sport relates to 
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long-term benefits across the life course. In particular, adolescence is a key period 
of transition between childhood and adulthood, when the formation and establish-
ment of many lifestyle patterns and behaviors begins and evolves across the life 
course. The World Health Organization defines an adolescent as an individual 
between the ages of 10 and 19. Regular PA and sport participation during adoles-
cence can have implications on one’s health in later life by increasing confidence, 
self-efficacy, the sense of belonging, and improved health (Allafi et al. 2014; Sarsour 
et al. 2019; Tesler et al. 2019), all of which can promote continuous PA and/or sport 
participation across the life course.

Metabolic equivalent (MET) values are measures that indicate whether the PA is 
light intensity, moderate intensity, or vigorous intensity. MET allows for precise 
measurement of both total energy expenditure (EE) and energy intake (EI) based on 
time spent in various intensities of activity (Ridley et al. 2008). The MET intensity 
values have been developed as part of an instrument known as “The Compendium 
of Physical Activity” for adults and its equivalent for youth (Al-Hazzaa et al. 2011; 
Hamrani et al. 2015). For example, vigorous-intensity PA include activities such as, 
stair-climbing, jogging, running, cycling, self-defense, weight training, and vigor-
ous sports, such as soccer, basketball, handball, and singles tennis (8 METs), while 
low-intensity activities may include household chores (3 METs) (Al-Hazzaa et al. 
2011). The global consensus for the recommended amount of moderate-to-vigorous- 
intensity PA(MVPA) for health in children and adolescents aged 5–18 years is a 
minimum of 60  min daily (Paulo et  al. 2018; Tremblay et  al. 2011). For adults 
between the ages of 18 and 64 years, the recommended guidelines are a minimum 
of 150 min of moderate aerobic PA or at least 75 min of vigorous intensity of aero-
bic throughout the week (Chaabane et al. 2020; Tremblay et al. 2011). Undertaking 
more than the minimum daily amount of PA incurs additional health benefits, and 
incorporating aerobic vigorous-intensity activities sustains and increases muscle 
strength (WHO 2020).

The importance of PA promotion is more salient in geographical regions that 
exhibit environmental factors that pose challenges to adopting recommended PA 
guidelines, particularly if these factors are modifiable. For example, some places 
may promote behavioral and societal practices for younger generations (particularly 
girls), which are mostly based on sedentary activities rather than on moderate-to- 
vigorous PA (Tesler et al. 2019). Other places may hinder PA due to physical envi-
ronmental features, such as loss of green space and open fields due to urbanization 
or low access to sport facilities. For many countries in the Middle East and North 
Africa (MENA), research findings consistently suggest that low levels of adolescent 
PA are public health concerns (Chaabane et al. 2020; Yammine 2017). Political and 
economic landscapes across MENA countries appear to hinder adolescent participa-
tion in sport and physical activity, due to a number of geographically based factors, 
such as low access to resources and opportunities, particularly in less affluent coun-
tries (Tesler et al. 2019). For example, in the Gaza Strip, social and environmental 
determinants interact to hinder PA levels in various communities; these determi-
nants include insufficient public areas for practicing physical activity, the negative 
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effects of the unstable political situation on the behavior of the community, and low 
awareness on the importance and benefits of PA (Sarsour et al. 2019).

In addition to the influence of place-specific socioeconomic and physical fea-
tures on PA and sport participation levels, individual factors play a big role in influ-
encing adolescent participation in sport and physical activity. Indeed, a multitude of 
individual, communal, social, physical, and cultural factors interact to influence 
adolescent sport and PA levels. These include specific gender roles, cultural beliefs, 
environmental features, and individual experiences (Sharara et al. 2018; Tesler et al. 
2019). In particular, research findings have long documented the influence of gen-
der factors on adolescent sport and PA participation. Girls are more likely to have 
negative experiences in relation to sport and PA than boys, which hinders their inter-
est in sport and PA and leads to less involvement in subsequent leisure time PA 
(Tesler et al. 2019). Specifically, girls may experience negative effects due to their 
perceived competence in relation to sport and physical activity, which often stems 
from being negatively assessed by their coaches, teachers, or peers (Klicnik et al. 
2020; Mohammed et al. 2021).

4.1.1  Physical Activity and Sport Participation in the MENA

A recent study that explored PA in the MENA region highlighted that only approxi-
mately 25% of youth were sufficiently active (Chaabane et al. 2020). Majority of 
adolescents fail to meet the recommended PA guidelines of 60 min of PA per day 
(Musaiger et  al. 2013; Sharara et  al. 2018; Yammine 2017). For example, UAE- 
based research has found that the prevalence of adolescents who meet the recom-
mended medium-vigorous PA has fallen from 20% to 16% over a 13-year time 
period (Paulo et al. 2018; Zaabi et al. 2016).

Low levels of PA are positively associated with heart disease morbidities, child-
hood obesity, and other chronic diseases in the MENA (Benajiba et  al. 2020). 
Factors that contribute to low levels of adolescent PA include heavy reliance on 
modern transportation rather than active transport options and spending long peri-
ods of screen time including watching television or surfing the Internet (Benajiba 
et al. 2020; Musaiger et al. 2013; Sharara et al. 2018). Indeed, research findings 
highlight high levels of sedentary behavior (less than 1.5 metabolic equivalents), 
where adolescents’ behaviors exceed the recommended screen time per day guide-
lines (Henry et al. 2004; Paulo et al. 2018). Given the short- and long-term benefits 
of PA during adolescence, it is crucial to investigate factors that influence PA levels 
and sport participation among adolescents from the MENA. Barriers or constraints 
to PA or sport participation are factors that hinder PA levels. This chapter will refer 
to these factors as constraints to emphasize that factors can be mitigated or negoti-
ated rather than act as conclusive barriers to PA and sport participation. 
Comprehensive knowledge on constraints to PA and sport participation can facili-
tate culturally appropriate interventions and has the capacity to inform 
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programming and policy that promote healthier behaviors among young people 
(Obermeyer et al. 2015; Chaabane et al. 2020).

This chapter synthesizes evidence on the prevalence and constraints to PA and 
sport participation among adolescents from the MENA. The chapter uses a case 
study approach to examine results of a brief study on the prevalence of sport partici-
pation among adolescents from the UAE. The chapter objectives are to present evi-
dence related to the prevalence of PA among adolescents from the MENA, to 
identify constraints to PA for these adolescents, and to examine the prevalence of 
PA and sport participation among adolescents from the UAE.

4.2  Methodology

4.2.1  Literature Review

A literature search used four main databases: CINAHL, PubMed, Google Scholar, 
and Ovid. The following terms were used in each database: (1) “physical activity” 
or “exercise” or “fitness” or “sport,” (2) “adolescent*” or “teen” or “youth” or 
“young adults,” and (3) “Middle East,” “MENA,” “Arab,” or “UAE.” The searches 
were limited to articles published in English between 2000 and 2020. Two research-
ers (SY and SM) screened the retrieved articles using a multistep process, first using 
the article titles followed by the abstracts. Articles were included in this review if 
they addressed PA among adolescents in the MENA. Studies that did not focus on 
adolescents or occurred outside the MENA were excluded. Researchers examined 
articles that passed the title and abstract screening and extracted data related to 
prevalence of PA and related constraints, using a self-developed data extrac-
tion sheet.

4.2.2  Case Study UAE

 Setting and Study Design

Case study data were obtained from the National Study of Population Health in the 
UAE (NSPHUAE) research program, conducted between 2007 and 2009 (Barakat- 
Haddad 2013). This program was carried out in collaboration with the UAE Ministry 
of Education (MOE) and was based on cross-sectional data from 147 private and 
public schools in the 7 emirates, distributed across 9 educational zones. A survey 
was developed and administered to 6363 adolescents aged 13–20, who attended the 
selected schools.
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 Analysis

Data analysis related to select survey items that focused on PA and sport participa-
tion. Analyses focused on the prevalence of ever participating in PA or sport in the 
last 12 months, as well as responses to the following items: “I do physical exercise” 
(to maintain my health) (yes or no) and “which of the following physical activities 
have you practiced in the past year during your leisure time?” Two follow-up ques-
tions asked whether these activities occurred indoors or outdoors and the duration 
of these activities. Response options included walking for exercise, swimming, 
bicycling, popular or social dance, home exercises, skating or rollerblading, jogging 
or running, golfing, exercise class or aerobics, bowling, tennis, weight training, fish-
ing, volleyball, basketball, soccer, and an open-ended option for other sports or 
forms of physical activity. IBM SPSS 27 generated univariate frequency analysis. 
Types of PA were categorized as either organized (structured) sport or unstructured 
or active play; the latter included walking, swimming, bicycling, home exercise, 
skating or rollerblading, jogging or running, exercise class, bowling, weight train-
ing, and fishing. Organized or structured sport included tennis, volleyball, basket-
ball, soccer, dancing, and golfing. In order to calculate the proportion of participants 
who report being outdoors for several hours a day, the number of hours per weeks 
for participants who reported participating in activities outdoors was aggregated. A 
total that exceeded 7 h a week approximated whether participants reported being 
outdoors for several hours a day. Chi-square analysis determined potential gender 
differences in PA and sport participation.

4.3  Results

4.3.1  Literature Review

The search strategy led to the retrieval of 17 research articles that focused on PA 
levels among adolescents from the MENA. One article reported on a systematic 
review (Sharara et al. 2018), one was a meta-analysis on five UAE-based studies 
(Yammine 2017), and one was cross-cultural (Musaiger et al. 2013). Two original 
studies took place in Palestine (Al Sabbah et al. 2007; Sarsour et al. 2019), and three 
studies were based in Israel (Kaluski et al. 2009; Tesler et al. 2019; Yaffe 2018). 
Four studies were UAE-based (Bani-Issa et al. 2020; Henry et al. 2004; Paulo et al. 
2018; Wasfi et al. 2008); two studies were based in the Kingdom of Saudi Arabia 
(Al-Hazza et  al. 2011; Alsubaie and Omer 2015), and one study was in each of 
Morocco (Hamrani et al. 2015), Lebanon (Fazah et al. 2010), and Kuwait (Allafi 
et  al. 2014). For most studies, recruitment consisted of school-aged adolescents 
with sample sizes varying from 58 to over 16,000 participants. Most studies were 
cross-sectional and employed quantitative analyses. Extracted themes focused on 
gender and demographic differences in relation to PA levels and diverse constraints 
to PA and sport participation.
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 Gender and Demographic Differences in Relation to Physical Activity

A systematic review based on 172 studies reported on physical inactivity levels for 
adolescents from the MENA (Sharara et al. 2018). Physical inactivity among chil-
dren or adolescents was based on nationally representative samples from the global 
school-based student health surveys (GSHS) (n = 46,426) and was defined as par-
ticipation in PA for less than 60 min per day on 5 or more days during the past 
7 days. Results from the GSHS suggested that physical inactivity is relatively high 
for MENA adolescents, ranging from 65% in Lebanon to 91% in Egypt. Synthesis 
from original research studies (n = 20) confirmed high levels of physical inactivity 
and low levels of PA and sport participation. Overall, the prevalence of inactivity 
was higher among women or girls for 161 of the 172 studies that were included in 
the review.

Similarly, a systematic review and meta-analysis of five prospective studies 
(n = 12,782) that focused on mild, moderate, and vigorous PA among adolescents 
from the UAE found that girls were more likely to engage in mild physical activity, 
while moderate and vigorous PA were significantly higher among boys (Yammine 
2017). In addition, approximately 19% of Emirati students compared to 22% of 
expatriate students never participated in physical activity. Results from the United 
Arab Emirates’ 2018 Report Card on PA reported that while overall 16% of UAE 
children met the recommended guidelines for moderate-vigorous physical activity, 
expatriate children and boys had higher levels of PA compared to Emirati children 
and girls (Paulo et al. 2018). Expatriate children were more physically active (total 
17%; M 22%; F 12%) compared to Emirati children (total 14%; M 18%; F 10%) 
across the examined age groups and gender. Furthermore, the study reported that PA 
declined from ages 13–15 years (total 17%; M 22%; F 12%) to ages 16–17 years 
(total 14%; M 19%; F 10%). An earlier UAE-based study reported that the preva-
lence of PA was higher (33.9%) among Emirati private secondary school adoles-
cents compared to expatriates (34% versus 19%) in relation to vigorous exercise for 
more than three times per week for 20 min. Significant gender differences also were 
seen for boys (26%) compared to girls (15%) (Wasfi et al. 2008). In addition, regular 
sport participation was significantly higher among Emirati students (51%) com-
pared to their expatriate adolescents (40%). A cross-sectional study (n = 58) that 
examined physical activity levels (PAL) and the activity-related energy expenditure 
among adolescent girls from Abu Dhabi, UAE (using a 3-day activity diary), 
reported relatively low PAL compared to other countries (e.g., PAL of 1.26 versus 
1.73–1.80 for Sweden).

Gender differences in PAL were also reported among adolescents who reside in 
the West Bank, Gaza Strip, and Israel. A large cross-sectional study (n = 8885) that 
examined PAL for adolescent students from the West Bank (53%) and the Gaza 
Strip (47%) found that boys were significantly more physically active for more than 
5 days per week than girls (p < 0.01), while girls reported doing more homework 
(p < 0.001) (Al Sabbah et al. 2007). Physical activity levels declined with increasing 
age for both boys and girls (p < 0.001). In addition, PAL were higher among adoles-
cents who reside in the West Bank compared to those who reside in the Gaza Strip 
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(25% versus 13%, p < 0.001). In a more recent study, Sarsour et al. (2019) examined 
levels of PA and sedentary behavior among 205 adolescent boys and 173 adolescent 
girls who reside in Palestine. The study found that 30% of adolescents were classi-
fied as active, with significant gender differences (6.4% of girls versus 50% of 
boys). In addition, 86% of girls had a significantly higher frequency of sedentary 
behavior than boys (34.1%, p < 0.001). The study also reported significant gender 
differences in the mean number of minutes per day of PA, with 58 min for boys 
versus 68  min for girls. A WHO-based study (n  =  16,145) reported significant 
sociodemographic differences in leisure physical activity levels among Arab adoles-
cents (87%) and those from Jewish decent (73%, p < 0.01) (Tesler et  al. 2019). 
Among boys, lack of PAL was 17% for Arab adolescents compared to 13% for 
adolescents of Jewish decent, while 25% of adolescent Arab girls did not engage in 
PA compared to 23% of their counterparts.

Gender differences in PAL were also shown among adolescents from the 
Kingdom of Saudi Arabia. Al-Hazzaa et al. (2011) examined PA levels using MET 
values for 2908 secondary school students from three major cities in Saudi Arabia 
(Riyadh, Jeddah, and Al-Khobar). Vigorous-intensity sports were assigned an aver-
age MET value of 8, while moderate and household activities were assigned an 
average of 4 and 3 or lower, respectively. Results suggested that 56% of adolescent 
boys and 22% of girls met the current recommendations of 1 h daily of moderate- 
intensity PA. Compared with boys, girls on average were significantly (p < 0.05) 
more sedentary (6.6 versus 5.3 h/week for combined TV time and computer use) 
and less active (1211.1 versus 3051.4 METs-min/week), especially with vigorous- 
intensity physical activities (554.4 versus 2149.9 METs-min/week). In terms of 
minutes per week, the total physical activity time for adolescent boys was 
503.3  ±  475.4 and 265.9  ±  313.0  min for girls, which equates to about 72 and 
38 min of daily PA for adolescent boys compared to girls.

A study based in Lebanon (n = 1000) examined PA levels using the MET system 
by means of the compendium of PA (Fazah et al. 2010). Results were expressed in 
MET/week for PA in school, health clubs, and leisure time and at home. The study 
found significant gender differences in PA levels with adolescent boys reporting 
higher total scores than girls for the normal-weight, overweight, and obese groups 
(p = 0.0001, p = 0.004, and p = 0.0024, respectively). For example, scores for PA at 
health clubs were higher for adolescent boys compared to girls in the normal-weight 
group (16.33 ± 31.9 versus 4.39 ± 12.3); for school PA was 7.17 ± 8.7 for boys 
compared to 5.45  ±  3.6 for girls; the same was seen for PA at home with boys 
reporting 24.00 ± 29.7 compared to 21.12 ± 29.0 for girls.

Similarly, a Kuwait-based study (n = 463 boys and 443 girls) reported that 45% 
of adolescent boys and 76% of adolescent girls get the recommended daily PA level 
of more than 2520 MET-min per week (Allafi et al. 2014). Boys were significantly 
more physically active as determined by the total MET-min score per week 
(p = 0.001). Moreover, 96.3% of adolescent boys and 96.7% of girls reported sed-
entary behaviors, with girls significantly spending more time per day watching tele-
vision (p = 0.02) and using a computer (p < 0.001).
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A similar study examined PA behaviors for 669 randomly recruited adolescents 
from secondary schools in Kenitra, Morocco (Hamrani et  al. 2015). Participants 
were categorized into physically active or inactive based on total PA cutoff scores of 
1680 MET-min/week (60 min/d × 7 d/week×4 MET), corresponding to 1 h of daily 
moderate-intensity PA (Hamrani et al. 2015). Overall, one in five adolescents were 
inactive, with almost 45% reporting television viewing for more than 2 h per day, 
and 38% engaged in computer use for a similar period. The study found that adoles-
cent boys were more active than girls across a typical week and engaged in more 
vigorous-intensity PA (such as jogging, running, soccer, basketball) than adolescent 
girls, who instead spent more time undertaking moderate-intensity PA (e.g., normal- 
pace walking, brisk walking, recreational swimming, household activities, and 
sports such as volleyball, badminton and table tennis). The study also reported that 
most adolescent girls (67%) engaged in PA at school with classmates.

 Constraints to Physical Activity in the MENA

A recent systematic review examined evidence from 23 studies in the MENA that 
focused on constraints to PA among adolescents (Sharara et  al. 2018). Reported 
constraints included gender (F); increasing age; low socioeconomic status; lack of 
support and encouragement from parents, peers, and teachers (reported in 16 stud-
ies); hot climate (9 studies); attitudes in relation to PA such as insufficient motiva-
tion or interest (8 studies); lack of knowledge on the benefits of physical activity; 
and insufficient time (17 studies). In addition, 23 studies highlighted the built envi-
ronment as a constraint to physical activity, and 8 studies reported constraints 
related to gender norms, such as the norms of dressing conservatively not being 
suitable for physical activity, the need for girls to be chaperoned in public spaces, 
and the scarcity of gender-segregated fitness facilities.

A cross-cultural study (n  =  4698) across seven countries from the MENA 
reported similar constraints related to gender (F), lack of motivation, low support 
from teachers, time, culture, religion, and lack of opportunities for girls (Musaiger 
et  al. 2013). Overall, across all countries included in the study (Algeria, Jordan, 
Kuwait, Libya, Palestine, Syria, and the United Arab Emirates), girls faced more 
barriers to PA than boys (Musaiger et al. 2013). Importantly, significant gender dif-
ferences existed for lack of motivation (ranging from 13% to 19% for girls com-
pared to 6–20% for boys across the seven countries), not having teacher support in 
relation to participation in PA (ranging from 21% to 36% for girls compared to 
16–39% for boys), and time (range of 39–68% for girls compared to 29–45% 
for boys).

Studies based in the UAE also highlighted diverse and similar constraints to PA 
and sport participation, including age, gender (F), smoking status, father’s educa-
tion level, socioeconomic status, school workload, unavailability of places for sport 
participation, high costs of sport clubs, climate, transportation, school and parental 
support, culture, and low self-efficacy (Henry et  al. 2004; Bani-Issa et  al. 2020; 
Wasfi et  al. 2008; Yammine 2017). According to results from the United Arab 
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Emirates’ 2018 report on PA for children and youth, PA levels declined from early 
to late adolescence (aged 13–17 years) among both Emirati and expatriate boys and 
girls (Paulo et al. 2018). Particularly for adolescent girls, poor levels of PA were 
related to factors including cultural and weather restrictions and social change of the 
community (Henry et al. 2004). Wasfi et al. (2008) found significant positive asso-
ciations between low levels of adolescent sport practice and each of obesity and 
tobacco smoking, the latter only significant for adolescent boys. Furthermore, 
22.3% of average-weight students undertook vigorous exercise for more than three 
times per week for about 20 min per session and also more than 30 min of moderate 
PA most days of the week, compared to 18% of students who classified as obese. 
Among adolescent smokers, 62% of boys had no or a poor level of sport practice 
compared to 70% of girls. Perceived exercise self-efficacy, defined by the belief in 
one’s ability to maintain an exercise routine, was significantly higher among adoles-
cent boys than girls (t (608) = 5.31, p < 0.001) (Bani-Issa et al. 2020). However, 
UAE adolescents had lower perceived self-efficacy compared to adolescents from 
Western countries. Significant predictors of exercise self-efficacy for UAE adoles-
cents were age, city location, eating breakfast regularly at home, school support in 
exercising regularly, and how often schools offered physical exercise classes, with 
frequency of weekly exercise classes emerging as the strongest predictor of per-
ceived exercise self-efficacy (β = 0.183, p = 0.001) (Bani-Issa et al. 2020).

Consistently, increasing age emerges as a constraint to PA for studies conducted 
in Palestine and Israel, particularly for girls (Al Sabbah et al. 2007; Kaluski et al. 
2009; Sharara et al. 2018; Tesler et al. 2019). Earlier studies also reported that PA 
levels were related to gender norms, location, overcrowding, lack of sport centers, 
maternal education, smoking, parental education, socioeconomic status, school 
workload, high costs, weather, transportation, and urban changes (Al Sabbah et al. 
2007; Kaluski et el. 2009). Al Sabbah et al. (2007) found that boys were signifi-
cantly more physically active than girls but that PA levels significantly decrease 
with increasing age for both boys and girls. Participation in PA for Palestinian ado-
lescents was positively associated with maternal level of education (OR: 1.26, CI 
1.09–1.46, P < 0.01). The same study concluded that decreasing levels of PA with 
increasing age for boys may be linked to social responsibility to secure a future and 
income, particularly given the overcrowded living conditions and low standards of 
living in some places (Al Sabbah et al. 2007). The study found that girls reported 
doing more homework than boys (p < 0.001) in Palestine and watching more TV 
than boys in the West Bank (p < 0.001). Kaluski et al. (2009) found that levels of 
sport practice were associated with both maternal and paternal education (OR = 0.69, 
0.58–0.84, 95% CI). Age also emerged as a constraint to sport practice, with 53% 
more girls from middle school classified as optimally physically active compared to 
girls from high school (p = 0.001). The study concluded that PA levels decline with 
increasing responsibilities in relation to higher education. For boys, PA levels were 
negatively related with sleep time for 6 h per night (OR = 0.56, 0.43–0.73 95% CI), 
smoking hookah, and socioeconomic status. Specifically, boys from lower social 
status schools were 1.29 (95% CI 1.06, 1.56) times more likely to be optimally 
active than boys from higher SES schools (OR = 1.30; 95% CI 1.02, 1.65). The type 
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of involvement in sport was related to gender, with more boys reporting involve-
ment in ball games, such as tennis, football, basketball, and volleyball, while girls 
reported participating more commonly in walking or aerobic activities.

More recent studies reaffirmed PA constraints related to gender, culture, age, 
parenting style, exercise self-efficacy, peer influence, costs, and parental and school 
support (Yaffe 2018; Sarsour et al. 2019; Tesler et al. 2019). Findings suggest that 
boys are given less constrictions and more opportunities to freely practice PA out-
side their homes in the Gaza Strip (Sarsour et al. 2019). Parents who participated in 
focus group sessions highlighted that boys are more interested in PA than girls. 
Quantitative analyses confirmed these results as 86% of girls were involved in sed-
entary behavior compared to 34% among boys. Gender differences in relation to 
interest in PA was reported in other regional studies, often due to girls’ negative 
experiences, low motivation, and low perceived self-efficacy (Sharara et al. 2018; 
Tesler et al. 2019). In addition to age and gender, Tesler et al. (2019) reported that 
parental engagement in PA was positively related to PA among girls (OR = 0.79; 
p < 0.05). Family affluence was also closely related to parental education and fur-
ther influences PA levels. Tesler et al. (2019) reported positive associations between 
PA and family wealth for both girls and boys (OR  =  0.92, p  <  0.1; OR  =  0.93, 
p < 0.01, respectively). Significant effects for parenting styles on PA levels were 
also observed, such that Arab adolescent boys who perceived their parents as 
authoritative reported doing more PA than their counterparts who perceived their 
parents as either permissive or authoritarian (Yaffe 2018). Tesler et al. (2019) found 
that having friends engaged in PA was associated with greater lower likelihood of 
physical inactivity (OR = 0.64, p < 0.05). Additionally, the existence of an in-school 
physical exercise break was associated with a lower chance of lack of PA (OR = 0.76, 
p < 0.01), and a positive attitude toward physical exercise was inversely related to 
lack of PA (OR = 0.77, p < 0.01).

Consistently, across different countries from the MENA, studies reported diverse 
constraints to PA. For example, studies based in the Kingdom of Saudi Arabia found 
evidence of constraints related to gender, age, perceived body weight, absence of 
sport facilities, lack of peer support, and lack of suitable sport club in the commu-
nity (Alsubaie and Omer 2015; Al-Hazzaa et al. 2011). Studies based in Morocco, 
Lebanon, and Kuwait reaffirmed PA constraints related to gender, body weight, and 
types of PA.

4.3.2  Case Study on Physical Activity and Sport Participation 
in the UAE

Results of the National Study on Population Health in the United Arab Emirates 
(n = 6363) (NSPHUAE) found that UAE adolescents participate in various forms of 
PA and organized sport (Figs. 4.1 and 4.2). Table 4.1 presents results of data analy-
sis related to PA and sport participation of UAE adolescents. Overall, 73% of 
females compared to 44% of males reported practicing physical exercise to 
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maintain health (p < 0.001). Forms of PA that were most reported included walking 
for exercise (74%), home exercise (41%), and jogging or running (39%) (Fig. 1). In 
addition to those reported in Figs. 1 and 2, participants reported participation in 
other organized sport activities (karate, n = 13; hockey, n = 7; gymnastics, n = 4; 
boxing, n = 1; football, n = 6; badminton, n = 26, and cricket, n = 39), as well as 
other physical activities (skipping, n = 13; handball, n = 2; yoga, n = 7; horseback 
riding, n = 25; treadmill, n = 2; wrestling, n = 1, and ping pong, n = 5). Participation 
in leisure PA including dancing and walking was significantly higher among girls 
compared to boys (p < 0.001). Interestingly, a higher proportion of girls reported 
playing basketball than boys (26% versus 22%, p < 0.01), while significantly more 
boys played volleyball, soccer, and golf (Table 4.1). Significant gender differences 
were found in relation to participation in physical activity, with a higher proportion 
of boys participating in swimming, bicycling, jogging or running, bowling, weigh 
training, or fishing, while more girls undertook walking, home exercise, and danc-
ing. Participating in outdoor PA or sport for 7 h or more per week was significantly 
higher among boys than girls (23% versus 18%, p < 0.001). Overall, 3.6% of par-
ticipants did not participate in any organized sport or PA (n = 234). Overall, 56% of 
participants participated in both organized sport and PA (n = 3648). Overall, 11% of 
adolescents reported less than 2 h of television and computers/video games per day 
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Fig. 4.1 Prevalence of physical activity among male and female adolescents living in the UAE
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and thus met the Canadian Sedentary Behavior Guidelines and Global Matrix 3.0 
(Aubert et al. 2018).

4.4  Discussion

Despite unequivocal evidence on the diverse benefits of PA during adolescence, 
research highlights high levels of sedentary behavior among adolescents from the 
MENA, ranging between 65% and 91% (Sarsour et al. 2019; Sharara et al. 2018; 
Yammine 2017). In addition, studies point to the lack of PA and sport participation 
among adolescents from MENA. For example, 11–49% of UAE adolescents never 
participate in PA (Yammine 2017). Gender-specific differences in relation to par-
ticipation in types of PA or sports and the location (outdoors versus indoors) are 
apparent among adolescents from MENA.  This highlights the importance of PA 
research that specifically focuses on these factors when assessing the prevalence of 
physical activity. For instance, research that focuses on aerobic exercises or dance 
is scarce, although it tends to be quite popular among girls from MENA. In fact, to 
date, MENA-based studies often examined overall PA without specific attention to 
different types of physical activity and focused on MET values, which falls short of 
addressing cultural and social sensitivities (Al-Hazzaa and AlMarzooqi 2018) and 
may have underestimated the levels of PA among MENA adolescent girls.
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In relation to constraints to PA and sport participation, studies have identified 
unique circumstances specific to the region. A number of studies have attributed low 
levels of PA to rapid economic development and urbanization that characterizes 
many countries in this region (Allafi et al. 2014; Henry et al. 2004; Sharara et al. 
2018; Wasfi et al. 2008). For example, within the past few decades, rapid economic 
development in the UAE led to lifestyle changes, such as changes in community 
design, more passive leisure and entertainment pursuits, and reductions in active 
transportation, all of which contribute to sedentary lifestyles (Henry et  al. 2004; 
Paulo et al. 2018; Wasfi et al. 2008). Locations or facilities conducive to adolescent 
physical activity, as well as related opportunities, are noted constraints to PA and 
sport participation due to these economic and developmental changes. For instance, 
Wasfi et al. (2008) reported limited indoor spaces available for girls’ participation in 
PA and sport, which is very important given the climate restrictions in the UAE and 
other MENA countries (Henry et al. 2004). Other studies also identified constraints 
to PA and sport participation related to limited sport centers and facilities and lack 
of access to safe parks and playgrounds (Al Sabbah et al. 2007; Fazah et al. 2010). 
Particularly for girls, accessibility to both indoor and safe outdoor facilities for PA 
and sport participation has the capacity to increase PA levels and sport participation 

Table 4.1 Prevalence of physical activity and sport participation among male and female 
adolescents from the UAE (n = 6356)

Classification Overall Male Female
n % n % n %

Sex 2826 45 3530 56
Practice physical exercise to maintain 
health***

Yes 3595 57 2000 73 1540 44

Physical activity Walking***
Swimming***
Bicycling***
Home exercise**
Skating or 
rollerblading
Jogging or 
running***
Exercise class
Bowling***
Weight training***
Fishing***
Dancing***
Other

4783
2118
1959
2677
1008
2509
489
974
939
522
1633
47

74
33
30
41
16
39
8
15
15
8
25
<1

1997
1196
1100
1089
405
1289
205
677
793
407
531
17

72
44
40
40
15
47
8
25
29
15
20
<1

2722
885
821
1548
586
1188
274
280
131
100
1074
30

78
25
24
44
17
34
8
8
4
3
31
<1

Organized sport Tennis
Volleyball*
Basketball**
Soccer***
Golfing***
Other

530
1120
1518
2742
151
114

8
17
24
42
2
2

244
517
593
1991
106
59

9
19
22
72
4
2

280
581
899
688
36
55

8
17
26
20
1
2

Outside for 7 or more hours/week*** Yes 2678 41 1509 23 1132 18

*p < 0.05, **p < 0.01, ***p < 0.001
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(Sharara et al. 2018; Allafi et al. 2014). The availability of outdoor safe space for PA 
is particularly important and essential, particularly during global crises such as the 
ongoing COVID-19 pandemic, given that adolescents may not be able to achieve 
optimal PA levels within the home and equally may not be able to access facilities 
and sport clubs due to public restrictions. In addition, rapid economic development 
in many MENA counties led to changes in the occupational interests of the popula-
tion, as well as changes related to day-to-day house chores. Occupations that require 
physical exertion generally rely on expatriate labor, as do personal and household 
duties, such as house cleaning and gardening, which discourage PA and promote 
sedentary lifestyles (Sharara et al. 2018). Furthermore, economic development led 
to a heavy reliance on motor vehicles and a general absence of active transport 
options (Al-Hazzaa et al. 2011).

Social support is another noted constraint to PA and sport participation for ado-
lescents in the MENA. Several studies highlighted the link between adolescent PA 
and support from friends, parents, and teachers (Bani-Issa et  al. 2020; Musaiger 
et al. 2013; Sharara et al. 2018; Yaffe 2018). Recent studies highlighted that adoles-
cents were more likely to be active when they had the support of their friends and 
peers (Tesler et  al. 2019). Alongside, evidence highlighted parental preferences 
toward spiritual and educational activities rather than PA and sport participation and 
focused on how this resulted in low adolescent PA levels and sedentary behaviors 
(Sharara et al. 2018). Parental education positively related to adolescent PA levels 
(Al Sabbah et al. 2007; Wasfi et al. 2008). Although evidence of the influence of 
parental and peer support on adolescent PA level is consistent, some studies have 
linked this relationship to local geopolitical regional factors. For example, adoles-
cents from the Gaza Strip, particularly boys, may be encouraged and more inclined 
to give up on PA and sport participation in favor of securing an income and improv-
ing their socioeconomic status (Al Sabbah et al. 2007).

While the previously discussed constraints to PA focused on physical and social 
environmental factors, literature evidence suggests that individual factors play an 
important role in enhancing adolescent PA levels and sport participation. Literature 
notes self-efficacy beliefs and self-regulatory skills, which begin to form during 
adolescence, as constraints to adolescent PA and sport participation (Muturi et al. 
2016; Pajares and Urdan 2006). Constraints to PA and sport participation that are 
above noted, including age, gender, and those related to rapid economic develop-
ment and social support, interact to contribute to high levels of adolescent sedentary 
behavior and low levels of physical activity, which in turn influence one’s self- 
efficacy and self-regulatory skills. Thus, the perceived ability of an adolescent to 
maintain a healthy level of PA may be indirectly correlated to increasing age, gender 
(F), lack of facilities, and lack of support among friends, peers, and teachers 
(Al-Hazzaa et al. 2011; Alsubaie and Omer 2015; Musaiger et al. 2013; Sharara 
et  al. 2018). Although findings suggest that self-efficacy in relation to physical 
activity relates to parental, peer, and teacher influences, and especially opportunities 
for different forms of exercise during school hours, researchers note that there is 
limited extant research on the exercise self-efficacy of adolescents in the MENA 
(Bani-Issa et al. 2020). Furthermore, other individual constraints include hindered 
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individual motivation and interest in PA and sport participation and prioritization of 
other activities that improve education and social status, largely due to increasing 
social responsibilities. On the other hand, outcomes of reduced PA and sport partici-
pation, such as overweight or obesity, may be elements of a positive feedback loop 
for decreased levels of PA and sport participation. Fazah et  al. (2010) reported 
normal- weight boys and girls demonstrate higher levels of PA than their obese peers 
and equally reap the benefits of higher physical functioning and quality of life 
(Fazah et al. 2010).

The UAE case study suggests that the prevalence of not participating in neither 
sport nor PA in the last year among adolescents is relatively low (3.6%). While 
results suggested that over 60% of adolescents regularly participated in some form 
of PA or sport, study limitations prevented assessments on whether participants met 
the recommended levels of moderate-vigorous PA levels. In parallel with other 
MENA-based study findings, results support that practicing PA or exercise to main-
tain health is significantly higher among boys compared to girls. The type of sport 
or PA was gender-related, interestingly with girls more likely to play basketball. 
Indeed, basketball in the MENA has been growing in popularity, making it one of 
the five top most-participated sports in the region, with women’s basketball gaining 
popularity particularly in Saudi Arabia (Jamali 2014). In addition, girls may be 
more inclined to play basketball, as it is often an indoor sport and has less physical 
contact than other competitive sports. As soccer is a traditionally recognized sport 
in the MENA, the high prevalence of participation in soccer among boys is not sur-
prising. Soccer is often an outdoor sport, and thus its relative unpopularity among 
girls from the MENA may be due to the cultural and normative construction imposed 
throughout the MENA for a long period, that only boys practice soccer or “football” 
in schools. In regard to adolescent preferences to the different type of sports and 
physical activity, the changes that many MENA countries are experiencing, result-
ing from globalization, modernization, and educational reform, have provided 
greater knowledge and awareness of the benefits of PA and sport (Harkness and 
Hongsermeier 2015).

It is interesting that the sport commercial industry has recently taken note of the 
gender-related constraints to PA and sport participation. Sporting brands have cre-
ated sporting attire that appeals to the Muslim girl, as inspired by various Muslim 
girl athletes around the world, including Fatima Al-Nabhani (Omani tennis player) 
and Bahraini sprinter Al-Ghasara, as well as more recently Ibtihaj Muhammad, all 
of whom competed in athletics wearing a hijab (Harkness and Islam 2011; Alvarez 
2017). Marketing of sports clothing that is culturally sensitive to MENA popula-
tions through big brands such as Nike, estimated to be worth five trillion dollars by 
2020 (Alvarez 2017), may further increase influence and encourage the breaking of 
sociocultural norms, in relation to gender-related and cultural factors attached to 
practicing sport in the MENA. Role model female athletes and culturally sensitive 
sport attire are key to addressing gender-specific sport constraints. Concurrently, 
these factors have the capacity to increase girl participation in the MENA, by 
accounting for hot climate, safety and religious concerns, and cultural trends. All 
these constraints have been attributed to low levels of PA and sport participation 
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among adolescent girls from the MENA, particularly in relation to outdoor activities 
and once they reach the age of 12 (Sharara et  al. 2018; Musaiger et  al. 2013; 
Obermeyer et al. 2015; Sarsour et al. 2019).

Given the clear social and health benefits associated with being physically active 
during adolescence, many organizations have emphasized the importance of meet-
ing PA guidelines for adolescents (Tesler et al. 2019). In the MENA, regional con-
straints to PA and sport participation require appropriately tailored interventions 
and recommendations. First, there appears to be a need to ensure that physical envi-
ronments within the MENA region promote adolescent PA and sport participation. 
This can be achieved through urban design that accounts for sidewalk space, 
improved walkability, green and park space, as well as outdoor and indoor sport 
facilities to combat challenges related to climate conditions. An emphasis on the 
development of active transport systems, walkable environments, and safe spaces 
may aid in encouraging PA (Paulo et al. 2018). Special attention should focus on 
opportunities and facilities tailored for adolescent girls’ participation in PA and 
sport. Second, interventions should focus on educating adolescents and their fami-
lies on the benefits of PA and sport, in order to target related social and cultural 
perceptions and to emphasize the importance of being physically active (Mohammed 
et al. 2020). These interventions may be more effective during early years, given 
evidence that forming early beliefs and perceptions of PA in childhood can develop 
positive self-efficacy toward an adolescents’ perceived ability to maintain exercise 
self-efficacy and build their skills (Bani-Issa et al. 2020). Lastly, it is essential for 
future research to further examine constraints to PA among adolescents in the 
MENA, in order to inform culturally appropriate interventions (Paulo et al. 2018). 
Studies conducted at various local and regional scales have the capacity to uncover 
geographically based modifiable constraints. In addition, further research should 
explore the challenges that girls from the MENA face as these are environmental, 
cultural, and individual unique constraints that have the capacity to interact and 
compound the effects of decreased PA and sport participation (Klicnik et al. 2020; 
Mohammed et  al. 2020). By exploring constraints to PA among adolescents, 
research can inform appropriate interventions to promote PA in the MENA.

 Reflection Questions

• Discuss the benefits of physical activity during adolescence.
• Discuss the role of gender in relation to constraints to physical activity within the 

MENA region. In your opinion, would this apply to regions outside of MENA?
• How may constraints interact to impact physical activity or sport participation 

among adolescents in the MENA region?
• Reflecting on sociocultural environments, how can we tackle social disparities to 

ensure equal opportunities for physical activity among adolescents from 
the MENA?
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 – To propose a suitable predictive tool for estimating overweight/obesity among 
adolescents specifically within the MENA.

• Methodology

 – Several databases were used to retrieve literature about adolescent obesity and 
predictive algorithms/models between the years 2015 and 2020  in MENA 
adolescent populations.

 – A list of potential predictors and risk factors for suitable future implementa-
tion and validation were identified and used to propose a predictive model.

• Key Findings

 – There is a lack of an accurate population-based predictive algorithms for obe-
sity for this target group.

 – Based on literature review, it has been identified that sociodemographic fac-
tors, physical activity, diet, screen time, parental obesity, family history of 
obesity, and duration of sleep are the important risk factors applicable to the 
MENA population.

• Conclusion and Implications

 – Based on a holistic approach of integrating relevant main risk factors, we 
proposed an obesity predictive model that could be valuable for informing 
policy-makers in the region and helping them set up effective national and 
regional surveillance systems.

 – Future work includes exploring machine learning-based powerful prediction 
algorithms for adolescent obesity and overweight by acquiring and incorpo-
rating a population-specific vast amount of clinical data.

 – The need to examine the various predictive algorithms in the context of differ-
ent obesity indicators, in addition to BMI, remains an important aspect for 
establishing a valid predictive model for adolescent obesity.

5.1  Introduction

5.1.1  Prevalence of Overweight and Obesity

With more than two billion people (30% of the world’s population) overweight or 
obese and an annual cost of $2.1 trillion, obesity poses severe global health and 
economic (World Health Organization 2020a). Comprising the fifth leading risk 
factor for mortality in the world (around 3.4 million annual deaths), obesity signifi-
cantly increases the risk for developing numerous chronic diseases, including coro-
nary heart disease (by over 50%), ischemic stroke (by 44%), type 2 diabetes (by 
23%), as well as many cancers (up to 41%) (World Health Organization 2020a). 
According to the McKinsey Global Institute (MGI), a devastating $2.1 trillion, or 
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2.8% of global GDP, is spent on obesity-related health problems annually but less 
than 1% on prevention (McKinsey Global Report 2015). The problem is expected to 
worsen, where almost half of the world’s adult population is expected to be over-
weight or obese by 2030 (McKinsey Global Report 2015). The global trend of sus-
tained growth in obesity prevalence indicates that the current measures in the 
prevention, treatment, and management of the condition are largely ineffective.

The World Health Organization (WHO) 2020 data reveals that the UAE currently 
ranks fifth in the world in obesity at a prevalence rate of 36% (33% males and 39% 
females). Three in every ten Emirati males and almost four out of every ten females 
are obese, with an economic burden amounting to $6 billion/year in associated dis-
ease cost (McKinsey Global Report 2015). If we also include the percentage of 
overweight individuals, based on the most recent Global Burden of Disease report 
(World Health Organization 2020a), more than 60% of men and 66% of women in 
the UAE are currently overweight or obese (average of 63% or more than double the 
global average of 30%). Furthermore, while the UAE slightly fares better than the 
USA in adult obesity prevalence (US current rate is 38%), Emirati children are 1.8 
times more obese than their American counterparts. This reveals a dangerous future 
trend and prognosis, particularly considering the very young median age of the 
population (30.3 years), since obesity is an independent risk factor for both T2D and 
CVD, the major culprits for mortality and morbidity in the UAE (Health Authority 
Abu Dhabi 2016).

5.1.2  Overweight and Obesity Among Adolescents

In the last couple of decades, the prevalence of obesity has substantially increased 
during adolescence, a unique stage of human development and a critical time for 
maintaining good health while experiencing rapid physical, cognitive, and mental 
growth (World Health Organization 2020a). In 2016, over one in six adolescents 
aged 10–19 years, worldwide, were overweight (World Health Organization 2018). 
The WHO defines adolescence as the phase of life between childhood and adult-
hood, from ages 10 to 19 years old. According to the WHO global data, the preva-
lence of overweight and obesity among children and adolescents has dramatically 
risen from 4% in 1975 to approximately 18%, with a total of 340 million obese 
adolescents in 2016 (World Health Organization 2020a). Importantly, obesity- 
related diseases are also increasing sharply among adolescents, where three- quarters 
of all deaths by the year 2020 are expected to be due to non-communicable diseases 
(World Health Organization 2020a).

In the Middle East region, especially the Gulf Cooperation Council (GCC) coun-
tries (UAE, Saudi Arabia, Kuwait, Bahrain, Oman, Qatar), the prevalence of over-
weight and obesity among adolescents is considered among the highest in the world 
(Farrag et al. 2017). Musaiger et al. (2012) reported a relatively high percentage of 
overweight among adolescents (15–18  years) in all studied countries (Algeria, 
Jordan, Kuwait, Libya, Palestine, Syria, and the United Arab Emirates), ranging 
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from 9.3% in Algeria to 25.6% in Kuwait. Furthermore, several studies indicate that 
while the prevalence of childhood obesity in the Middle East and GCC is higher 
among males (Farrag et al. 2017; Musaiger et al. 2013), obesity prevalence among 
females is quite high when compared to other countries (Al Hammadi and Reilly 
2019). The high prevalence of adolescence obesity in the Middle East and GCC has 
been mostly attributed to the rapid urbanization, which has led to sudden transition 
in nutrition and lifestyle (Musaiger et al. 2013). A relevant example is the United 
Arab Emirates (UAE), where the prevalence of obesity and overweight in adoles-
cence has increased by two- to threefold from 1975 to 2017 (Baniissa et al. 2020; 
AlBlooshi et al. 2016). Al Hammadi and Reilly (2019) used the WHO definition of 
obesity and identified more than one-third of the sample in the secondary school- 
age participants as obese or overweight, indicating an increase in prevalence associ-
ated with increasing age. According to AlBlooshi et  al. (2016), obesity was 
investigated in the UAE using different methods for BMI interpretation with differ-
ent outcomes for the same population (6–17 years old), and hence obesity trends in 
the UAE among adolescents remain unclear.

5.1.3  BMI-Based Obesity Assessment: Implications 
and Its Limitations

The main tool currently used worldwide for the assessment of obesity is the body 
mass index or BMI. Defined as the ratio of the weight of an individual (kg) divided 
by the square of their height (m2), a BMI ratio of >25 indicates overweight, while 
that of >30 defines obesity (Centers for Disease Control 2020). Developed in the 
mid-1800s, there are some issues regarding BMI’s validity for obesity assessment 
and associated chronic disease prediction (Centers for Disease Control 2020; 
National Institute of Health). For example, BMI does not take age, sex, bone struc-
ture, fat distribution, or muscle mass into consideration, all potentially important 
factors in obesity disease prediction. In general, there are three main sources of 
error when using BMI: (1) BMI is an indirect measure of obesity, (2) errors in self-
reported data, and (3) the poor sensitivity and specificity of BMI. Moreover, there is 
now strong evidence that the cutoffs of BMI, provided by the WHO, do not ade-
quately reflect the overweight or obesity status of all ethnic populations (ACOG 
committee opinion 2017). For example, a higher body fat percentage is correlated 
with lower BMIs among Asians, while among Pacific Islanders, higher BMIs are 
associated with more muscle mass and less body fat (Wang et  al. 2006). Most 
importantly, BMI has been shown as an unreliable predictor of the risk of chronic 
diseases associated with obesity, such as cardiovascular and type 2 diabetes (T2D) 
(ACOG committee opinion 2017). Disagreement on the optimal cutoffs linking 
BMI to disease risk is cited as one of the main reasons behind ineffective early dis-
ease prediction and subsequent intervention (Akhabue et al. 2018).

Based on BMI, obesity is divided into three classes: class 1, BMI ranges from 30 
to <35; class 2, BMI ranges from 35 to <40; whereas, class 3 is considered as 
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extreme or severe obesity with BMI at 40 or higher (Centers for Disease Control 
2020; National Institute of Health). However, adopting one standard universal con-
cept for obesity is not sufficient.

5.1.4  Risk Factors of Adolescent Obesity

A multifactorial condition, obesity is the result of an intricate interplay between 
genetic, environmental, and inflammation factors with severe functional implica-
tions on the neuromusculoskeletal system. Indeed, the literature is rich with many 
of these factors, including genetics, ethnicity, hormonal and metabolic disorders, 
adipose tissue distribution imbalances and inflammation, pathogens including 
viruses and microbiomes, mental stress, sleeping disorders, the effects of high 
income and urbanization, as well as built environment characteristics including fast 
food restaurants, available transportation, and lack of walkability (Hruby and Hu 
2015). Additional risk factors, which can be detected as early as infancy and early 
childhood, include high birth weight, rapid weight gain, little or no breastfeeding, 
early introduction of solid food, maternal and paternal obesity, and maternal smok-
ing during pregnancy (Redsell et al. 2016).

5.1.5  Obesity Prediction Models: Relevance and Application

Despite the work on many aspects of obesity, remarkably few studies have addressed 
its multifactorial nature, while fewer devised quantitative predictive measures. 
Predictive measures of obesity are key to prevention, which is a good approach to 
tackle the burden of obesity since it is difficult to reverse once established. Predictive 
models for adolescents are used to calculate an adolescent’s risk of becoming over-
weight or obese in the future (Butler et al. 2018). Models that have good sensitivity 
and specificity should differentiate between high-risk individuals and low-risk indi-
viduals. Sensitivity is defined as a model’s ability to correctly predict (within an 
acceptable error) individuals who have or may develop obesity. On the other hand, 
specificity refers to a model’s ability to correctly predict the individuals who do not 
have or will not develop the condition (Butler et al. 2018). Rautiainen and Äyrämö 
(2019) analyzed studies which used different types of predictive models of over-
weight/obesity between the ages of 2 and 33 years, including logistic regression, 
decision trees, Bayesian, and neural networks and support vector machines. A num-
ber of features were used to predict obesity at a certain age, such as gender, height, 
weight, maternal pre-pregnancy weight status, paternal BMI, maternal smoking 
during pregnancy, breastfeeding during the first year, number of household mem-
bers, etc. (Rautiainen and Äyrämö 2019). Several predictive models are available for 
different populations. However, to the best of the authors’ knowledge, there are no 
published work to date that address overweight/obesity predictive algorithms for the 
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MENA region, including the GCC in spite of the high prevalence and early onset of 
obesity and associated non-communicable disease in the region. The main objective 
of this chapter is to review the available obesity models and algorithms toward pro-
posing a suitable predictive tool for estimating overweight/obesity among adoles-
cents, specifically within the MENA.  In particular, this chapter highlights the 
following:

 1. A review of various predictive modeling algorithms applicable for overweight/
obesity prediction among adolescents

 2. Obesity risk factors relevant to the MENA region
 3. A list of potential predictive modeling approaches for future implementation and 

validation for the MENA region

5.2  Methodology

5.2.1  Search Strategy

A literature search was conducted within the databases of Google Scholar, Scopus, 
Web of Science, and PubMed using the following terms: (1) “obesity” OR “over-
weight” OR “excess weight” OR “BMI” OR “body mass index,” (2) “childhood” 
OR “adolescent” OR “child,” (3) “risk factors” OR “lifestyle” OR “socioeconomic” 
OR “diet” OR “predictors” OR “nutrition” OR “sociodemographic” OR “physical 
activity” OR “health,” (3) “Region” (“Algeria” OR “Bahrain” OR “Egypt” OR 
“Iran” OR “Kuwait” OR “Lebanon” OR “Morocco” OR “Oman” OR “Palestine” 
OR “Qatar” OR “Saudi Arabia” OR “Syria” OR “Tunisia” OR “Turkey” OR “United 
Arab Emirates” OR “Yemen” OR “Middle East and North Africa” OR “MENA” 
OR “gulf”), and (4) “prediction model” OR “data mining” OR “predictive” OR 
“algorithm” OR “machine learning” OR “big data.” The articles were first screened 
for title, followed by abstract when it was difficult to include/exclude the same 
based on the title. All articles published in English within the last 20  years 
(2000–2020) which met the inclusion criteria were selected. The full text of the 
published articles was retrieved and further studied.

5.2.2  Inclusion and Exclusion Criteria

Papers were included if they addressed (1) the design and implementation of predic-
tive algorithms or prediction tools aimed at predicting adolescent overweight/obe-
sity, (2) the risk factors associated with overweight/obesity among adolescents in 
the MENA region, and (3) sample population of adolescents aged 10–19  years. 
Studies involving subjects outside the age limit, as well as those investigating the 
outcome of subjects receiving special medication, were outside the scope of 
this review.
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5.2.3  Data Extraction

The articles were reviewed to understand the different algorithms available for pre-
dicting adolescent obesity and/or overweight. Tools that have been implemented for 
different cohorts, including the MENA were hand-searched. The characteristics of 
the articles, including author, year, country, study population characteristics in 
terms of age, BMI, and outcome measures, are tabulated (Table 5.1).

For a particular model, identification of a set of predictors, for example, in this 
context, the risk factors associated with overweight/obesity, is key to its success. 
With the aim to propose a suitable prediction model for the MENA, an additional 
search was conducted to identify articles that estimated various risk factors associ-
ated with overweight and obesity among adolescents in the MENA region (see 
Table 5.2). Sixteen countries/territories which constitute the vast majority of this 
region were considered in this review. These regional studies have identified a num-
ber of independent variables, including anthropometric, sociodemographic, socio-
economic, as well as clinical factors as well as association with the dependent 
variable, i.e., obesity.

In summary, the purpose of the search was to identify the most relevant predic-
tive algorithms for adolescent overweight/obesity, as well as to propose a list of 
potential predictors/risk factors particular to the MENA region for proper future 
implementation and validation.

Fig. 5.1 Flow diagram of the search strategy
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Table 5.2 A summary of literature addressing risk factors of adolescent overweight/obesity in MENA

Country Study Criteria Age Risk factors

Algeria Allioua 
et al. (2015)

IOTF 10–17 High calories and unbalanced diets, 
reduced physical activity

Bahrain Musaiger 
et al. (2014)

Percentiles of 
National Health 
and Nutrition 
Examination Survey-
1 (NHANES-1) 
growth standard

15–18 Significant factors include:
  Mother’s education (higher 

education with obese children) for 
both male and female

  Father’s education, rank among 
siblings, burger size and French 
fries portion, watching TV >3 h/
day (males).

Protective factors:
  1. Eating during school breaks, 

bringing food from home (for 
female obesity)

  2. Eating breakfast at home, eating 
in-between breakfast and lunch, 
eating between lunch and dinner 
(for male obesity).

Not significant:
  Intake of vegetables, dairy 

products, meat, fish, chicken, 
legumes, canned juices, and 
chocolates

  Fast food intake and soft drink size 
(both male and female)

  Frequency of consumption of soft 
drinks and sweets was negatively 
associated with obesity in males

  Fruit intake more than thrice a 
week reduced the risk in males.

Egypt El-Gilany 
and 
El-Masry 
(2011)

CDC 14–19 Risk factors include eating starchy 
food thrice or more per week
  1. Physical inactivity
  2. Fast food/snacking/sweets 

intake ≥3 times/week
  3. Television viewing ≥ 2 h/day
  4. Positive family history of 

obesity
Consumption of vegetables/fruits, 
plant protein, and dairy
products ≥3 time/week was 
protective factor

Talat and El 
Shahat 
(2016)

n/a 12–15 Low parent education level, skipping 
breakfast, eating snacks as a 
substitute, fast food intake, physical 
activity decline, TV viewing duration 
>2 h/day, snacking during TV 
watching

(continued)
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Table 5.2 (continued)

Country Study Criteria Age Risk factors

Iran Abiri et al. 
(2019)

CDC 14–17 Physical activity, computer use, 
duration of breastfeeding, total sleep 
time, parental education, economic 
status

Kuwait Al-Haifi 
et al. (2013)

IOTF (for 
14–17)
WHO(for ≥18)

14–19 Associated factors are:
  Physical activity
  Eating habit: consumption of 

breakfast (both boys and girls), 
vegetables (only boys), and fast 
foods (boys and girls) and 
potatoes, cakes and doughnuts, and 
sweets (girls only)

No association with:
  1. Sedentary behaviors, TV 

viewing, computer usage
Lebanon Nasreddine 

et al. (2014)
BMI z-score 
according to the 
WHO new 
growth standard.
IOTF, CDC

6–19
(12–19 
adolescents)

Positive correlation with male gender, 
mother’s employment status, 
residence in Beirut, sedentary time, 
eating fast food, and sugar-sweetened 
beverages
Negative association:
  1. Borderline significant 

association between higher 
physical activity and lower odds of 
overweight

  2. Increased intakes of milk/dairy 
products

  3. Regular breakfast consumption
Morocco 
(Fez)

El Kabbaoui 
et al. (2018)

WHO 2007 12–18 Higher education of father or mother, 
higher family income, motorized 
transport to school, computer usage 
>4 h/day, frequent intake of soda and 
soft drinks
  No association between 

overweight/obesity and sleep, TV 
screen time, physical activity

Nouayti 
et al. (2020)

IOTF Urban residence, father’s income (≥ 
5000 MAD), and overweight/ 
obesity, female sex

Oman Waly et al. 
(2017)

– 17.2 ± 1.4 Sedentary lifestyle, unhealthy 
nutritional habits

Palestine Jildeh et al. 
(2011)

CDC, IOTF 11–16 Less physical activity, lower/
inadequate energy intake

Mikki et al. 
(2009)

CDC, IOTF 13–15 High standard of living among boys, 
onset of puberty among girls

(continued)
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Table 5.2 (continued)

Country Study Criteria Age Risk factors

Qatar Kerkadi 
et al. (2019)

IOTF 14–18 Significant factors included being 
male and skipping breakfast.
  No association between obesity 

(general and abdominal) and 
screen time, physical activity

  Negative association between 
obesity and intake of unhealthy 
foods.

Bener et al. 
(2011)

Qatari growth 
pattern curves

6–18 Watching television for more than 
4 h, lack of sleep (5–7 h or less)

Saudi 
Arabia

Al-Hazzaa 
et al. (2012)

IOTF 14–19 Less frequency of vigorous physical 
activity (in both male and female), 
skipping breakfast or infrequent 
consumption of vegetables, frequent 
consumption of sugar-sweetened 
beverages

Amin et al. 
(2008)

According to 
Cole et al. 
(2000)

10–14 males Urban residence, older age of 
children, mother’s low education 
status, mother’s occupational status, 
and family size ≤6, consumption of 
food away from home, infrequent 
breakfast intake at home, frequent 
consumption of sweets/candy and 
carbonated drinks, low servings of 
vegetables, fruits, and dairy products

Syria Nasreddine 
et al. (2010)

WHO 2007
WHO 1995 and 
IOTF for 
comparison

15–18 Male gender, positive family history 
of obesity, increased educational 
attainment for both parents, lower 
crowding index than their 
counterparts, energy consumption 
from carbohydrate

Tunisia Aounallah- 
Skhiri et al. 
(2008)

WHO
IOTF for 
comparison 
purpose

15–19 Males: (Rural area) – working 
mother, low physical activity
(Urban area) – irregular snacking
Female: (Rural) – mother’s education 
level
(Urban) – not attending school, 
skipping daily meals

Zarrouk 
et al. (2009)

Cole et al. 
(2000)

8–11 Physical activity, sedentary time

Turkey Pirinçci 
et al. (2010)

IOTF 6–11 Snacking during television watching, 
fast food intake

Discigil 
et al. (2009)

CDC 2000 6–16 High socioeconomic status, preschool 
care source other than mother
  No association with gender, 

adolescence, parental education 
level, and occupational status of 
father

(continued)
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5.3  Results/Findings

5.3.1  Predictive Modeling/Algorithm: An Overview

With the advent of faster computers, artificial intelligence, and big data tools and 
methodologies, the concept of predictive modeling has made great strides in health-
care over the past few years. Sophisticated models with accepted levels of accuracy 
enable healthcare practitioners to devise personalized treatment strategies, as well 
as early preventive measures in a cost-effective manner. These models use machine 
learning-based techniques and/or statistical approaches to infer trends in data and 
predict a future event in real time.

In general, the design and implementation of predictive modeling include four 
important phases: (i) problem definition and data collection, (ii) model development 
and internal validation, (iii) model testing in a real-world setting, and (iv) broader 
dissemination (Cohen et al. 2014). During the initial phase, the problem is defined, 
and patient data are acquired through electronic health records or other means. A 
model is then generated using various mathematical relationships, ranging from 
simple regression methods to complex artificial intelligence-based approaches, such 
as support vector machines and neural networks. A combination of clinical data is 
used as input predictors. Further, the model with the highest prediction accuracy is 
tested and validated on the internal dataset and subsequently on real-world settings. 
Model validation is considered to be an important phase as it helps the research 
community to quantify the predictive validity of a model. It explains the applicabil-
ity of a model derived using one dataset on a completely new dataset (Ivanescu 
et al. 2016).

Table 5.2 (continued)

Country Study Criteria Age Risk factors

United 
Arab 
Emirates

Al Junaibi 
et al. (2013)

CDC 6–19 Risk factors include older age, male 
gender, lack of dairy consumption, 
higher parental BMI
  No association with physical 

activity or family income
Kerkadi 
et al. (2005)

CDC 5–14 Daily intake of breakfast, television 
watching time more than 2 h/day, 
parental obesity, physical activity

Yemen Raja’a and 
Mohanna 
(2005)

10–18 Private schooling, higher in females, 
sedentary life style, family history of 
obesity, education level of father, 
consumption of unhealthy foods
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5.3.2  Predictive Modeling Approaches for Adolescent 
Overweight or Obesity

The literature search conducted here identified several prediction tools/algorithms 
aimed at predicting the occurrence of overweight/obesity in adolescents, consider-
ing birth, parental, and/or early childhood data as input features (Table 1). To the 
best of the authors’ knowledge, there are no published works to date that address 
overweight/obesity predictive algorithms for the MENA region.

Morandi et al. applied stepwise logistic regression analysis on a Northern Finland 
Birth Cohort and claimed that adolescent obesity could be predicted at birth, with 
maternal BMI as the strongest predictive candidate and the genetic score as the most 
modest with regard to the prediction accuracy. This study reported an AUC of 0.75 
and 0.71 for adolescent obesity and adolescent overweight/obesity, respectively. In 
a similar study cohort, Graversen et al. (2015) designed a logistic regression model 
based on birth weight, maternal BMI, and childhood BMI to predict adolescent 
overweight and adult overweight/obesity. Internal validation was conducted using 
the Northern Finland Birth Cohort born in 1966, and external validation was per-
formed on the Northern Finland Birth Cohort born 20 years later, where the preva-
lence of overweight was high, resulting in satisfactory to good prediction outcomes. 
Another study developed a similar model using a set of risk factors, including birth 
weight, standardized BMI at the age of 5 years (60–64 months), parental education, 
family income, and maternal gestational smoking (Pei et al. 2013). High BMI/over-
weight at 5 years was found to be a strong predictor of being overweight at 10 years. 
Although the sensitivity (37.1% for the combined sample) of this model was low, 
the specificity reached up to 96.5% for the combined data.

Riedel et al. (2014) adopted a classification tree approach to predict overweight/
obesity at the age of 14 from BMI calculated at 6 years of age, as well as the educa-
tion level and obesity of the mother. The BMI value at age 6 was an important pre-
dictor in agreement with (Pei et al. 2013).

A modified logistic regression model was used in (Jator 2014) to measure obe-
sity distribution among different races, considering age, gender, race, and family 
income as input predictors. This study revealed a negative association of family 
income with adolescent obesity. On the other hand, Hudda et al. developed a multi-
variate model to predict fat mass levels in children aged 4–15 years (external valida-
tion in children aged 11–12  years), where input predictors included simple 
anthropometric and demographic variables (height, weight, age, gender, and ethnic-
ity) (Hudda et al. 2019). This model showed excellent predictive performance (opti-
mism adjusted R2: 94.8%) on the internal validation promising generalizability. 
Kim et  al. utilized a general Bayesian network embedded with Markov blanket 
combined with a what-if analysis used for adolescent obesity prediction (Kim et al. 
2019). Several parameters as reported in Table 5.1 are considered.

K. Khalaf et al.



85

5.3.3  Predictive Variables/Predictors Applicable 
for the MENA Region

Identifying a set of significant predictive variables or predictors that are strongly 
correlated to the prediction outcome is crucial during model development. Table 2 
highlights research articles that report various risk factors associated with adoles-
cent overweight/obesity in the MENA region.

In general, the risk factors of obesity can broadly be categorized as sociodemo-
graphic, dietary, and lifestyle factors. A vast amount of literature is available 
addressing the association between various risk factors and overweight/obesity.

 Sociodemographic Factors

The association between overweight/obesity and sociodemographic factors was 
highlighted by several research studies (Talat and El Shahat 2016; Musaiger et al. 
2014; Amin et al. 2008). For example, it has been identified that the mother’s higher 
educational level is linked to obesity in both male and female adolescents in Bahrain, 
whereas the father’s educational level and rank among siblings were significant only 
among males (Musaiger et  al. 2014). These findings contradict the research out-
come from Egypt (Talat and El Shahat 2016) and Saudi Arabia (Amin et al. 2008), 
where low parental education was positively associated with obesity. The effect of 
parental education was also reported from Iran (Abiri et  al. 2019), Tunisia 
(Aounallah-Skhiri et al. 2008), and Yemen (Raja’a and Mohanna 2005). Besides, no 
association was found between obesity and parent’s education in a study conducted 
in Turkey (Discigil et al. 2009).

In Morocco, based on logistic regression analysis, a study (El Kabbaoui et al. 
2018) found that higher education of parents, higher family income, and motorized 
transport to school were significant risk factors of excess weight. In line with this 
study, most recently, Nouayti et al. (2020) reported that father’s income higher than 
5000 Moroccan Dirhams and urban residence were risk factors among Moroccan 
adolescents. The higher standard of living index was associated with obesity among 
adolescent males in Palestine (Mikki et  al. 2009). Another study suggested that 
socioeconomic factors, including the educational attainment of parents as well as 
lower crowding index (the number of members in a household divided by the total 
number of rooms, excluding kitchen and bathrooms), were strong predictors 
(Nasreddine et al. 2010). In Lebanon, urban residence and maternal employment 
contribute to higher risk of obesity. This corroborates the findings from Saudi that 
revealed the significance of urban residence and mother’s occupational status, in 
addition to family size (less than 6) (Amin et al. 2008). However, Al Junaibi et al. 
(2013) found no association between obesity and family income in the UAE popula-
tion (Al Junaibi et al. 2013).

Nasreddine et al. highlighted that prevalence is higher among male adolescents 
in Lebanon (Nasreddine et al. 2014) and Syria (Nasreddine et al. 2010). Similar 
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findings were reported by Kerkadi et al. (2019) and Al Junaibi et al. (2013) based on 
multivariate analyses. However, it was found that female adolescents in Morocco 
(Nouayti et al. 2020) and Yemen (Raja’a and Mohanna 2005) were at increased risk 
of developing obesity.

 Dietary Factors

The dietary habits of overweight/obese adolescents in the MENA region, as docu-
mented by research studies, reveal incompatible results. For example, in Algeria, 
Allioua et al. conducted a study among adolescents aged 10–17 years and found that 
higher consumption of fatty food and the resulting unbalanced diet lead to higher 
BMI in both genders, as well as increased obesity and abdominal obesity among 
adolescent girls. This result is in line with another study (El-Gilany and El-Masry 
2011) which reported that starchy food, fast food, snacks, and sweets thrice or more 
per week are among the main factors associated with increased risk. On the other 
hand, consumptions of vegetables, fruits, plant protein, and dairy products thrice or 
more per week reduced the risk. A study that examined Egyptian adolescents 
(12–15 years) showed that skipping breakfast, frequently eating snacks as a substi-
tute, higher intake of fast food, as well as frequently snacking while watching televi-
sion all lead to increased BMI. In Kuwait, adolescent males and females exhibited 
mixed dietary behavior, where consumptions of breakfast and fast food (in boys and 
girls), vegetables (in boys), potatoes, cakes and doughnuts, and sweets (in girls) 
were found significant predictors of overweight and obesity. Other studies in the 
MENA region found a significant positive correlation of the frequent consumption 
of unhealthy food, including fast food, sugar-sweetened beverages, carbonated/soft 
drinks, and sweets/candy (Amin et al. 2008; Raja’a and Mohanna 2005; Nasreddine 
et al. 2014; Pirinçci et al. 2010; Al-Hazzaa et al. 2012; El Kabbaoui et al. 2018), 
lack of dairy intake (Amin et al. 2008; Al Junaibi et al. 2013), infrequent consump-
tion of breakfast and vegetables (Al-Hazzaa et al. 2012; Amin et al. 2008), inade-
quate energy intake (Jildeh et al. 2011), and energy consumption from carbohydrates 
(Nasreddine et  al. 2010) and irregular snacking (Aounallah-Skhiri et  al. 2008; 
Pirinçci et al. 2010) with excess weight.

Eating during school breaks and bringing food from home were protective fac-
tors against overweight/obesity among Bahraini female adolescents, whereas eating 
breakfast at home, eating in-between breakfast and lunch, as well as lunch and din-
ner reduced the risk among males (Musaiger et al. 2014). Also, consuming fruits 
thrice or more per week lessened the risk among males.

In contrast, the same study (Musaiger et al. 2014) reported no association of fast 
food intake and soft drink size (in both males and females) and consumption of 
vegetables, meat, seafood, legumes, dairy products, canned juices, and chocolates 
with overweight/obesity. Furthermore, the study by Nasreddine et al. (2014) found 
a negative association of obesity with higher dairy intake and regular breakfast con-
sumption in Lebanon. In Qatar, Kerkadi et al. (2019) documented a negative asso-
ciation between obesity and the consumption of unhealthy food.
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 Lifestyle Factor

An association between obesity and reduced physical activity was documented by 
studies conducted in Algeria (Allioua et al. 2015), Egypt (El-Gilany and El-Masry 
2011; Talat and El Shahat 2016), Iran (Abiri et al. 2019), Kuwait (Al-Haifi et al. 
2013), Palestine (Jildeh et  al. 2011), Saudi Arabia (Al-Hazzaa et  al. 2012), and 
Tunisia (Zarrouk et al. 2009). However, Nasreddine et al. reported higher physical 
activity as moderately associated with lower odds of overweight on a sample ado-
lescent population in Lebanon (Nasreddine et al. 2014). Also, the logistic regression 
analysis revealed no statistically significant relationship between overweight/obe-
sity prevalence and physical activity (El Kabbaoui et  al. 2018). Similar findings 
were detected by Kerkadi et al. (2019) and Al Junaibi et al. (2013).

Overweight/obesity prevalence was also found higher among adolescents who 
spent more time watching television (El-Gilany and El-Masry 2011; Talat and El 
Shahat 2016; Bener et al. 2011; Kerkadi et al. 2005) and using a computer (Abiri 
et al. 2019; El Kabbaoui et al. 2018), as compared to those who did not. In contrast, 
however, other studies have also identified no association between overweight/obe-
sity and screen (Kerkadi et al. 2019; Al-Haifi et al. 2013).

Few studies reported that reduced sleep duration could contribute to weight gain 
in adolescents (Bener et al. 2011).

 Other Risk Factors

El-Gilany et al. found that a history of obesity in one or both parents was an inde-
pendent predictor of obesity among adolescents in Egypt (El-Gilany and El-Masry 
2011). Similarly, the study by Nasreddine et al. (2010) and Raja’a and Mohanna 
(2005) documented that children of obese parents were at a higher risk of develop-
ing obesity. Furthermore, the onset of puberty among girls (Mikki et al. 2009) and 
duration of breastfeeding (Abiri et al. 2019) were also identified as significant obe-
sity risk factors for adolescents in the region.

5.4  Discussion and Implications

The CDC designates overweight for children and adolescents as a body mass index 
(BMI) cutoff point at 85th percentile or above, whereas a cutoff point at 95th per-
centile or above defines obesity (Centers for Disease Control 2019; Maiti et  al. 
2013). Extreme obesity is defined at a BMI higher than or equivalent to the 99th 
percentile for age (ACOG committee opinion 2017). The International Obesity Task 
Force (IOTF) uses an international BMI cutoff point for specific age and sex to 
identify overweight and obesity for children and adolescents from age 2 to 18, while 
the cutoff thresholds for adults are BMI of 25 or above for “overweight” and 30 or 
above “obesity” (Cole et al. 2000; Maiti et al. 2013). These three most commonly 
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adopted references have several drawbacks. First, these BMI benchmarks or refer-
ences may not describe optimal growth given the extent of the positive skewness in 
body weight, which, as a result, may underestimate obesity among adolescents 
(Butte et al. 2007). Wang et al. (2006) also argue that the current reference data does 
not accurately reflect populations worldwide. Ethnic variations and the proportion 
of body fat correlated with adverse health effects have not been considered, as these 
references were developed on the basis of data collected in one or few developed 
countries.

There are various contributors to racial or ethnic differences in obesity metabolic 
comorbidities that might impact fat distribution, resting metabolic rate, insulin 
secretion and response, and lipids and lipoproteins (Akhabue et al. 2018). For exam-
ple, adults and children in African American populations have lower visceral and 
hepatic fat as compared to White and Hispanic populations (Akhabue et al. 2018). 
Furthermore, White children have higher insulin sensitivity as compared with 
African American and Hispanic children, while higher rates of basal lipolysis are 
detected in White cohorts as compared to African American cohorts. These factors 
play an important role in the development and onset of obesity and its associated 
comorbidities and should be considered in quantitative assessment and predictive 
models (Akhabue et  al. 2018). In addition, children and adolescent African 
Americans often have lower rates of adiponectin as compared to white Americans, 
which may help to better understand their elevated incidence of diabetes and cardio-
vascular disease despite the lower visceral adiposity (Akhabue et al. 2018).

While the literature indicates that there are several biological differences in the 
progression of obesity and the development of comorbidities across different races/
ethnic groups, the correlations up to date remain far from conclusive. Researchers 
reviewed the growth data of healthy children in five major geographic regions of 
Africa, East Asia, South Asia, West Asia, and Europe in comparison with the  NCHS/
WHO reference. The studied children in most of these regions did not achieve 
heights similar to the NCHS/WHO reference medians (Butte et al. 2007).

On the other hand, according to Wang et al. (2019), even though obesity could be 
determined by genetic predisposition and ethnicity, most adolescent obesity results 
from the lack of physical activity and the consumption of more calories than needed 
for activity level. Several studies also remarked that the mean height of children 
differed slightly across ethnic groups relative to the socioeconomic variations within 
a specific ethnic community for prosperous populations. Furthermore, child devel-
opment was largely determined by socioeconomic status and not by ethnicity or 
race in developed countries (Wang et al. 2019).

Although BMI remains the most common assessment tool for obesity, there are 
various other approaches available for assessing childhood and adolescent obesity, 
such as skinfold measurement of the visceral skinfold or that of the triceps muscles. 
Moreover, there are other methods that could be implemented in specific settings 
and are more accurate than BMI, including bioelectrical impedance, underwater 
weighing, dual-energy X-ray absorptiometry, and nuclear magnetic resonance 
(Centers for Disease Control and Prevention; Serra-Majem et al. 2007). Although 
these techniques can provide more accurate results of body fat and inform better on 
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the likelihood of obesity-related health issues, they are costly, intrusive, not readily 
accessible, or challenging to standardize through observers or machines (Centers 
for Disease Control and Prevention).

The main cause for obesity at any age group, including adolescents, is positive 
energy balance, where the calories consumed are higher than those expended, 
resulting in fat accumulation and excess body weight (Narciso et al. 2019; Kadouh 
and Acosta 2017; Hruby and Hu 2015; Palou et  al. 2000). As suggested by the 
(World Health Organization 2020b), a poor diet that is high in “empty” calories, 
including fast food and sugar-sweetened beverages, along with sedentary behaviors 
is a significant contributor to adolescent obesity. Multiple studies in fact concur that 
dietary energy density (Abdul-Rasoul 2012), and low levels of physical activity (Li 
et al. 2019; Han et al. 2010) are strongly associated with increased body fat in chil-
dren and adolescents. However, attributing obesity and excess weight to a single or 
two factors, such as diet and physical activity for adolescent obesity, can be inac-
curate and misleading (Ang et al. 2013).

5.5  Conclusive Remarks and Future Direction: Toward 
a Population-Specific Predictive Model

The concept of predictive modeling is well explored by researchers within a health-
care context. For example, Boukenze et al. developed a decision tree (C4.5)-based 
learning algorithm to predict chronic kidney disease (Boukenze et al. 2016), Kara 
et al. used artificial neural networks for diagnosing optic nerve disease (Kara et al. 
2006), and Maclin et al. adopted a similar approach for cancer diagnosis (Maclin 
et al. 1991).

The high prevalence of overweight/obesity among adolescents in developed as 
well as developing countries, including the MENA region, and the resulting grow-
ing health and socioeconomic burdens urgently call for early intervention programs 
and effective prevention strategies. It is thus important to identify children at high 
risk of developing obesity later in life so that targeted intervention plans can be 
devised and implemented. Predictive algorithms have seen remarkable advance-
ments in projecting adolescent obesity, utilizing both parental and childhood clini-
cal data. Although obesity is associated with genetic and familial determinants, 
other elements, including social and environmental factors, contribute predomi-
nantly to the current pandemic as illustrated by various studies (Farrag et al. 2017).

Although predictive modeling has been partially implemented in the healthcare 
sector of some developed countries, specifically for predicting childhood/adoles-
cent/adult overweight/obesity as illustrated in Table 1, there remains a significant 
scarcity of research that addresses the applicability of such models for the MENA 
region, where the higher prevalence and earlier onset of obesity are alarming.

The details of the available predictive algorithms for obesity prediction and the 
respective predictors are provided in Table  1. It can be emphasized that several 
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models have reached good to excellent predictive performance, up to the level of 
clinical acceptance, when validated with different study cohorts (Pei et al. 2013; 
Graversen et al. 2015). These models have incorporated both modifiable and non- 
modifiable risk factors, including birth weight and childhood BMI (preschool BMI 
and current BMI) as strong predictors, along with other features including maternal 
data (BMI and smoking habits), sociodemographic factors, dietary, and environ-
mental factors (Table 1). Although these factors yielded better performance, they 
cannot be directly adopted for the MENA region due to the potential impact of 
social, cultural, and religious factors. As such, Table 2 summarizes the particular 
risk factors as documented by the studies specific to the MENA.

Choosing the right set of input predictors or risk factors is critical as it helps to 
determine the predictive capability of a model. As highlighted in Table 2, sociode-
mographic factors (age, gender, family income, and parent’s educational level and 
employment), physical activity, diet, screen time, parental obesity, family history of 
obesity, and duration of sleep are the most important risk factors applicable to the 
MENA population as revealed by various studies. By combining the findings from 
Table 1 and Table 2, we propose to consider physical activity, gender, parents’ edu-
cation/occupation, family income, parental obesity, diet, screen time, birth weight, 
current and childhood BMI, and maternal BMI as the potential predictors in 
our model.

Machine learning-based prediction techniques have emerged as effective tools to 
decipher and model big data, in recent years; however, scarcity of clinical data pres-
ents a major challenge to its successful implementation. It is thus imperative to 
initially propose logistic regression-based techniques for the MENA region, for 
which the performance has already been assessed and proved successful through 
validation on various cohorts (Rautiainen and Äyrämö 2019). Also, it is to be noted 
that, prior to any implementation, proper validation of the model considering a set 
of significant risk factors should be performed.

In conclusion, addressing adolescent obesity is critical toward minimizing its 
numerous associated chronic health risks. Since childhood and adolescent obesity 
are predictive of obesity in adults, special attention should be given to predictive 
models that could be invaluable for early intervention strategies aiming at combat-
ing this major public health burden. In this chapter, a predictive model specifically 
for adolescents in the MENA region had been proposed based on several main risk 
factors. Future work includes exploring machine learning-based powerful predic-
tion algorithms for adolescent obesity and overweight by acquiring and incorporat-
ing a population-specific vast amount of clinical data. Unlike many other countries, 
adolescents in some countries in the MENA region, including the UAE, come from 
diverse ethnic backgrounds. It is, therefore, very important to investigate the possi-
ble contributions of social risk factor determinants to adolescent obesity. Future 
research also needs to examine the various predictive algorithms in the context of 
different obesity indicators, in addition to BMI (e.g., abdominal obesity and percent 
body fat), to provide more integrative comprehensive and valid predictive models 
for adolescent obesity.
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 Reflection Questions

 1. What are the multifactorial aspects and risk factors of obesity/overweight among 
adolescents within the MENA region?

 2. Can previously developed population-based predictive models be suitable for 
estimating overweight/obesity among adolescents specifically within the 
MENA region?

 3. What are the contributors to racial or ethnic differences in the progression of 
adolescent obesity and the development of comorbidities?

 4. Can obesity predictive models address health and socioeconomic burdens in the 
future through early intervention programs and effective prevention strategies?

 5. Can machine learning improve the applicability of predictive models for adoles-
cent obesity through utilizing vast amount of clinical data and projecting analy-
sis for a larger sample?
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Chapter 6
Determinants of Knowledge in Relation 
to Sexual and Reproductive Health 
of Adolescents in the Middle East 
and North Africa Region

Doaa Oraby

6.1  Introduction

The World Health Organization (WHO) defines an adolescent as an individual in the 
10–19  years age group. Adolescence is a period of transition from childhood to 
adulthood and one of life’s most complex stages, during which adolescents develop 
biologically and psychologically and move toward independence (WHO 2011). 
Adolescent sexual and reproductive health (ASRH) refers to the physical and emo-
tional well-being of adolescents and includes their ability to remain free from 
unwanted pregnancy, unsafe abortion, sexually transmitted infections (STIs) includ-
ing HIV/AIDS, and all forms of sexual violence and coercion. The 1994 International 
Conference on Population and Development established the basis for the advance-
ment of ASRH (Plesons et al. 2019). Following this, ASRH has come to the fore-
front of the current global health agenda by its emphasis in two major global 
strategies: the 2030 Agenda for Sustainable Development (United Nations 2015a) 
and the United Nations Global Strategy for Women’s, Children’s, and Adolescents’ 
Health (United Nations 2015b). Additionally, the Sustainable Development Goals 
(SDGs) provided the natural foundation for the vision of ASRH (United 
Nations 2016).

Despite the underscore of ASRH, much of the world refuses to acknowledge and 
accept adolescent sexuality, which is often discussed as a risk or problem to be 
avoided (Page and Shipley 2016). ASRH is still a low priority, and there are often 
restrictive laws and policies in addition to various societal, cultural, and religious 
factors that create an inhibitive environment for discussion of ASRH (Morris and 
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Rushwan 2015). Adolescents become sexually active without accurate information 
on reproductive health, increasing the risk of having unintended pregnancies, unsafe 
abortions, and acquiring STIs including HIV (DeJong et al. 2007).

In the Middle East and North Africa (MENA) region, one in five people is an 
adolescent (WHO 2011). The region also hosts the largest number of refugees and 
displaced people in the world due to the prolonged emergencies in Libya, the Syrian 
Arab Republic, Yemen, and elsewhere, and more than one third of youth 
(15–24  years) live in fragile and conflict-affected countries (UNICEF 2019). In 
areas of conflict, many refugees and individuals live below the poverty line with 
limited opportunities that have negatively impacted their quality of life, and some of 
these resorted to health risk behaviors for survival (Al Buhairan 2015). Furthermore, 
young people caught in humanitarian crises face circumstances that can heighten 
their HIV vulnerability and other health threats due to generalized instability, vio-
lence, fractured communities, and collapsed health systems (ILO 2017). These 
demographic and socioeconomic transformations led to concerns about the rise of 
STIs, HIV, and unplanned pregnancies.

As adolescent SRH is becoming more prominent on the health agendas of many 
Arab countries of the MENA region, the current study aimed to identify the deter-
minants of adolescents’ knowledge of SRH. The literature search focused on fol-
lowing search terms “adolescents SRH in MENA OR adolescents SRH in Arab 
States OR young adults SRH in MENA OR young adults SRH in Arab States OR 
youth SRH in MENA OR youth SRH in Arab States,” “sexual behavior of adoles-
cents in MENA OR sexual behavior of adolescents in Arab States OR sexual behav-
ior of young adults in MENA OR sexual behavior of young adults in Arab States OR 
sexual behavior of youth in MENA OR sexual behavior of youth in Arab States,” 
and “Islam and adolescents SRH OR Islam and young adults SRH OR Islam and 
adolescents youth SRH.” The author looked for background information related to 
the aforementioned search terms online by searching the Google Scholar and 
PubMed in addition to the websites of organizations involved in the delivery, fund-
ing, or evaluation of ASRH in resource-limited countries. These organizations 
included Family Health International, Guttmacher Institute, Interagency Youth 
Working Group, International Center for Research on Women, International Planned 
Parenthood Federation, Joint United Nations Programme on HIV and AIDS, Marie 
Stopes International, Pathfinder International, Population Council, United Nations 
Population Fund, United Nations Children’s Fund, and World Health Organization 
(WHO). As to the search term of “Islam and adolescents SRH OR young adults 
SRH OR youth SRH,” the author performed the online search in Arabic after failing 
to find adequate number of studies related to the topic in English. The results of the 
search displayed some Arabic textbooks that were available at the websites of social 
and religious universities and/or research institutions in MENA.
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6.2  Results

6.2.1  How Do Adolescents in MENA Learn About Sexual 
and Reproductive Health?

Parents: In MENA conservative culture, issues relating to SRH are considered 
taboos, and perceived stigma and embarrassment led to reluctance to discuss sexual 
health issues between parents and young people. The prevalent “culture of silence” 
related to SRH prevents parents and other adults from providing adolescents with 
the information that can help them with their emerging sexuality (Oraby and Hafez 
2009). A nationally representative survey of young people and their parents in Egypt 
in the late 1990s reported that, although 42% of fathers reported talking to their 
adolescent sons about pubertal changes, only 7% of boys reported learning about 
puberty from their fathers (El-Tawila et al. 1999). Twenty years later, the situation 
did not differ; the 2010 Survey of Young People in Egypt (SYPE) – conducted with 
a nationally representative sample of about 15,000 young people between the age of 
10 and 29 – demonstrated that parents do not discuss reproductive health and sexu-
ality issues with their children, especially their sons. Family was reported as the 
source of information about puberty for 60.4% of females and only 5.8% of males. 
Among the male respondents, only 3.3% of the 10–14  years old, 6.5% of the 
15–17 years old, and 9.1% of the 18–24 years old had talked with a parent about 
puberty. About a fourth (24.2%) of females aged 10–14, half (49.5%) of females 
aged 15–17, and 50.8% of those aged 18–24 had talked with a parent about 
puberty (Population Council 2010).

School: In the MENA region, SRH education is generally perceived as a manifes-
tation of the pervasive influence of the Western social norms that clash with Muslim 
or cultural values and norms about sex and gender, which could lead to premature 
sexualization and corruption through awakening sexual awareness (Farrag and 
Hayter 2014). In Oman, a study among a nationally representative sample of sec-
ondary school students of both sexes revealed that only half of the sample knew the 
changes at puberty of their own sex, while even fewer knew the changes in the 
opposite sex and knowledge of fertility period was poor (Jaffer et al. 2006). In most 
Egyptian classrooms, if SRH topics are covered, they are done so in biology and not 
covered in any detail. Other times, SRH sections are skipped or covered inade-
quately because teachers are unprepared or embarrassed (Geel 2012). School was 
cited as the source of information about puberty for 11.5% of male and 4.1% of 
female SYPE respondents (Population Council 2010).

Internet: One in three Internet users around the world are children and adolescents 
aged younger than 18 years who independently seek SRH information on their own 
terms (UNICEF 2017). Unfortunately, adolescents who count on information from 
the Internet to fulfill their unmet need for SRH knowledge are often provided with 
inaccurate information. One study referred to an Arabic website mentioning that 
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HIV could be transmitted through saliva or a toothbrush (Benikrane 2013). 
Concurrently, the Internet comes with easy accessibility to online pornography with 
its impact on adolescent SRH. Exposure to online pornography is further aggra-
vated by youth-limited capacity for self-control and susceptibility to peer pressure 
with subsequent potential compulsive patterns of online use (Griffiths 2001). A 
study among Egyptian youth, aged from 13 to 24, revealed that 74% of the partici-
pants have watched porn clips before, with a significant gender-based difference 
(males 92% vs. females 48.4%) (Menshawy et al. 2020). Another study conducted 
among pre-university young Saudi men (15–20 years) revealed that 61% reported 
watching pornographic movies and most of them (71%) viewed these movies 
through the Internet. Premarital sexual activity was associated with viewing of por-
nographic movies with 6.79 odds ratio (i.e., six times more than those who do not 
watch pornographic materials) (Raheel et al. 2013). Furthermore, studies revealed 
that young people who use sexual material online are more likely to engage in at- 
risk sexual behavior for HIV/AIDS (Benavides et al. 2012).

6.2.2  Patterns and Consequences of Sexual Behavior 
of Adolescents in MENA

Premarital Sex: Several studies around the MENA region highlighted that quite a 
large proportion of young men are engaged in premarital sex, which goes against 
the assumption that youth might be reluctant to engage in such behaviors in a region 
with strong religious and moral objection to premarital and extramarital sex (Raheel 
et al. 2013). However, what is promoted religiously is not necessarily what is prac-
ticed, and counting only on the protective effect of religious and traditional values 
is not enough (Ridanovic 1997). Yet, the prevalence of premarital sexual relations is 
difficult to determine as many reports and studies often conflict one another, and the 
accuracy of related surveys may be difficult to determine due to the taboo nature of 
the subject. Furthermore, statistics for indicators such as hymen reconstruction sur-
gery and backstreet abortions reflecting the existence of premarital sexual behavior 
are largely based on observations and anecdotal evidence (Bahgat and Afifi 2004).

A study conducted among youth (15–24 years) in Jordan showed that 7% of col-
lege students and 4% of youth among the general population reported to non-marital 
sex (Johns Hopkins University 2001). Another study among Lebanese university 
students revealed that the majority of males (73.3%) and one fifth of females 
(21.8%) declared previous sexual relations (Barbour and Salameh 2009). In Egypt, 
a survey of 10,000 respondents aged 13–35 revealed that 11.3% of young men and 
women knew “other” young people who were in a relationship with the opposite 
sex. Out of those who answered yes, 18.9% also indicated that these relationships 
were intimate. Authors noted that those figures may be an underreporting as inter-
views took place in respondents’ homes; thus, some young people may have been 
afraid of being overheard by family members (Sieverding and Ragab 2015).
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Although marriage substitutes have always existed, their expansion has aligned 
with the changing terrain of sexual behavior (Nagi 2017). Urfi marriage is an unreg-
istered form of marriage that some young people resort to aiming to give sexual 
relationships religious legitimacy. It consists of two people writing down on a piece 
of paper that they are married and is signed by two witnesses, usually friends of the 
couple, but it is otherwise kept a secret from their families and peers (Wynn 2016). 
In Egypt, a study involving 4566 young males and females aged 18–30 years showed 
that the prevalence of Urfi marriage was 4% among the total population of youth 
and 6% among university students, despite social stigmatization of the practice 
(El-Tawila and Khadr 2004).

HIV/AIDS: The MENA region has the lowest HIV prevalence in the world (less 
than 0.1%). Limited HIV transmissions in the MENA region relative to other regions 
had been attributed to several protective factors, namely, male circumcision and 
Islamic cultural traditions. Male circumcision, which is associated with a 60% effi-
cacy against HIV infection for men, is universally practiced in MENA (Bailey et al. 
2007), and Islamic cultural traditions have been cited as a protective factor even 
after adjustment for male circumcision (Hargrove 2008). However, what is pro-
moted religiously is not necessarily what is practiced, and counting only on the 
protective effect of religious and traditional values is not enough to prevent the 
progression of the HIV epidemic (Ridanovic 1997).

Since 2010, the annual number of new HIV infections (all ages) has declined by 
16%, and AIDS-related mortality (all ages) has declined by 33% globally. However, 
the epidemic in MENA continues to grow, with a 10% increase in new infections 
and a 9% increase in the annual number of AIDS-related deaths between 2010 and 
2018 (UNAIDS data 2019). The HIV vulnerability of young people in MENA has 
increased due to the economic decline, war, and civil unrest in the region in recent 
years. The vulnerability is further heightened by the low levels of knowledge of 
HIV modes of transmission and the preventive role of condom (Abdel-Tawab et al. 
2016). A study conducted among pre-university young Saudi men (15–20 years) 
revealed that only 51% knew that condom use could prevent STIs, and 20% were 
not aware that HIV could be transmitted through both homosexual and heterosexual 
contacts (Raheel et al. 2013). The 2015 Egypt Health Issues Survey revealed that 
knowledge of AIDS is lowest among women and men aged 15–19 (50% and 57%), 
respectively, and that comprehensive knowledge about HIV1 is extremely low 
among young women and men aged 15–24 (4.1% and 6.6%), respectively (MOHP 
et al. 2015).

1 Comprehensive knowledge of HIV means knowing that consistent use of condoms during sexual 
intercourse and having just one uninfected faithful partner can reduce the chance of getting the 
AIDS virus, knowing that a healthy-looking person can have the AIDS virus, and rejecting two 
common local misconceptions about transmission or prevention of the AIDS virus.
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6.2.3  How Can Islam Tackle the Shortcomings of Adolescents’ 
SRH in MENA?

Islam, the prevalent religion in the region, is explicit about many aspects of human 
sexuality, and numerous hadith2 show the Prophet’s willingness to discuss these 
matters openly. Quran3 has placed emphasis on acquiring knowledge, and in the 
days of Prophet Muhammad, Muslim men and women were never too shy to ask 
him questions related to sexual life. Islam encourages education about matters 
related to sex in a way that informs young people about sexuality in scientific and 
moral terms (Bouhdiba 2008; Khan et al. 2020). However, the culture of silence in 
the MENA countries considers sex a taboo to be addressed only before marriage. 
This could explain the controversial nature of educating young people about SRH 
being not a result of Islamic doctrine but rather the result of cultural sexual taboos 
misinterpreted as grounded in Islam (Tabatabaie 2015).

Islam prohibits premarital sex and what leads to it (anything which breaks down 
sexual inhibition and loss of self-control, i.e., alcohol, drugs, watching pornogra-
phy). Islam promotes behavior conforming to several themes of STIs and HIV pre-
vention, including prohibitions against premarital and extramarital sex (Lenton 
1997; Bouhdiba 2008) and prohibitions against alcohol consumption, which is 
strongly associated with higher-risk behavior (Kaljee et al. 2005).

6.3  Conclusion and Recommendations

In the MENA region, adolescents constitute almost one fifth of the population, and 
more than one third of youth live in fragile and conflict-affected countries, which 
led to concerns about ASRH. There is lack of SRH education at schools, and par-
ents/adults often have difficulty talking with adolescents about SRH owing to 
embarrassment or ignorance. Adolescents become sexually active without accurate 
information on SRH, which is a serious concern especially in light of the changing 
sexual terrain among young people. Adolescents’ limited SRH information com-
bined with easy accessibility of online pornography and their curiosity and immatu-
rity heighten their odds of vulnerability to risky sexual behaviors and subsequent 
sexual ailments, including HIV/AIDS.

Sexual and reproductive health education programs are critical to provide ado-
lescents accessibility to reliable sources of information. However, providing adoles-
cents with SRH education is likely to be a difficult process due to the perceived 
encroachment of Western values. For example, the topics of premarital sex and 
homosexuality are pillars of ASRH programs implemented in Western countries but 

2 Record of the traditions or sayings of the Prophet Muhammad, revered and received as a major 
source of religious law and moral guidance.
3 Holy book of Islam.
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are frowned upon by MENA conservative communities, not only Muslims, and both 
topics are considered sinful in Islam. Hence, the Western approach to ASRH educa-
tion should be tailored and culturally adapted to the MENA region because of the 
differences in history, religion, and culture. We can build on the experience of intro-
ducing HIV harm reduction interventions in Egypt in 2008, where the package of 
interventions was not implemented in full. The provision of opioid substitution 
therapy was not approved, yet the concept of harm reduction was not rejected but 
rather tailored to encompass (provision of HIV testing, condoms, and syringes). 
Harm reduction is supported by the two key tenets of Islam, namely, doing no harm 
to oneself or others, and the worst harm is eliminated by a lesser harm (Oraby 2013).

Islam recognized the power of sexual need and how it should be addressed, yet 
parents/adults are not familiarized with that. Hence, religious institutions should 
encourage pursuing valid scientific knowledge during Friday congregational prayers 
and via different media platforms. Concurrently, schools have potential to provide 
adolescents with credible information and have advantages in terms of access, 
equity, and responsiveness to adolescents’ needs. School nurses, supervisors, and 
teachers’ education should be tackled with special focus on communicating with 
adolescents on the core issues of risk-taking and sexual development.

Adolescent SRH education programs should also benefit from the popularity of 
social media. Facebook and Twitter can play an important role in the outreach of 
adolescents with reliable information and preventive messages and provide them 
with the opportunity of asking anonymous questions that they would be embar-
rassed to ask face to face. Mobile phone technology can also provide an opportunity 
to reach adolescents with SRH messages and lists of nearby places where they can 
access friendly ASRH services. Simultaneously, adolescents should be informed 
and empowered for wise use of social media, and parents should be informed, not 
shy away, from the topic of adolescents watching online pornography and alterna-
tively acknowledge and resort to professional support. Accordingly, professional 
cadre of counselors who are competent to tackle the possible influences of pornog-
raphy on sexual behavior, attitudes about sex, and relationships is needed.

Country-specific research is encouraged to study (1) adolescents’ sexual knowl-
edge, attitudes, and behaviors and their association with socioeconomic standards 
and other behaviors such as watching pornography, delinquencies, and drug use, (2) 
individual and contextual factors associated with watching online pornography, (3) 
the acceptance and uptake of social media for adolescents’ SRH education, (4) 
extent and association of premarital sexual relations with rising levels of STIs and 
HIV among youth, and (5) exploring the reasons why parents/adults are not famil-
iarized that Islam recognized the power of sexual need and how it should be 
addressed and testing the feasibility of potential interventions to address this 
shortcoming.
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 Reflection Questions

• Is adolescent reproductive and sexual health still a low priority in MENA despite 
the heightened vulnerability of adolescents caused by economic decline, civil 
war, lack of accurate knowledge, and easy accessibility to online pornography?

• How will the HIV epidemic in MENA region progress given the economic 
decline, war, and civil unrest? (The region hosts the largest number of refugees 
and displaced people, many of whom live below the poverty line and resort to 
risky behaviors.)

• Do we have to adopt the Western approach to adolescent sexual and reproductive 
health as is? (The HIV harm reduction interventions were tailored and culturally 
adapted to the MENA region.)

• How does Islam perceive education of adolescents about matters related to sex?
• How can we tackle the controversial nature of educating young people about 

SRH being not a result of Islamic doctrine but rather the result of cultural sex-
ual taboos?
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Key Highlights

• Context

 – Adolescence is a critical phase characterized by rapid physical growth along-
side various psychosocial, emotional, and cognitive aspects.

 – Proper assessment and monitoring of adolescence growth are keys toward 
healthy growth patterns and early identification of any abnormalities.

• Objectives

 – To provide an overview on the 2007 WHO growth charts as an assessment tool.
 – To discuss interpretations of growth parameters and their implications within 

the MENA region.

• Methodology

 – Basic growth parameters and proper standardized measurement techniques.
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 – Interpretation and proper use of growth charts as an assessment tool.

• Key Findings

 – The 2007 WHO growth references are the most reliable representative tools 
available to assess adolescent growth.

 – Many countries in the MENA region adopted the WHO Child Growth 
Standards. However, the use of the 2007 WHO adolescent’s growth charts 
was not assessed.

• Conclusion and Implications

 – Limited data is available on adolescence growth assessment in the 
MENA region.

 – Standardized growth assessment methods and tools should be adopted in the 
MENA region to allow proper evaluation and comparison.

7.1  Introduction

Adolescence is one of the most challenging phases of human life, representing a 
transition from childhood to adulthood. The World Health Organization (WHO) 
defines adolescence between ages 10 and 19. They comprise about one sixth of the 
global population totaling 1.2 billion in 2019. While growth occurs at a gradual pace 
in early childhood, a more rapid pattern of growth characterizes adolescence and is 
accompanied by changes in various developmental aspects, including physical, psy-
chosocial, cognitive, and emotional growth.

Adolescence is thought to be a healthy phase of life by means of low prevalence 
of infectious diseases compared to infants and less chronic diseases compared to 
adults, resulting in less attention put toward this age group. Contrary to the large 
body of studies on childhood and adulthood, little data is available on adolescent 
growth and anthropometry. However, it requires more consideration as it manifests 
higher risks for unhealthy harmful behavior and irrational decisions associated with 
substance abuse, pregnancy, sexually transmitted disease, and injuries whether 
intentional or accidental (WHO 1995). Hence, due to the uniqueness of this phase, 
it is essential to assess and monitor nutritional status as it lays out the foundation of 
healthy growth and lifestyle behaviors toward adulthood.

Growth velocity in adolescence exceeds that of early childhood especially during 
the growth spurt that characterizes this phase, demanding higher nutrient requirements. 
It is the period where the highest percentage of height is achieved and starts between 8 
and 13 years of age on average and reaches a maximum growth rate referred to as peak 
height velocity two years after its onset. Adolescents averagely gain 20% of their adult 
height accompanied by an increase of about 40–50% of their adult weight during 
puberty (Mahan and Raymond 2016). Puberty starts with a phase of rapid growth, fol-
lowed by a phase of deceleration and eventually reaching cessation of growth by adult-
hood (WHO 1995). Patterns of growth such as maturation timing or tempo vary 
significantly among different settings. Differences are attributed to different factors 
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such as discrepancy of maturation timing, sexual and skeletal maturation, genetics, 
nutritional status, environment, and socioeconomic level (Azzopardi et al. 2017).

7.1.1  Measurements of Growth

As adolescence is a period of hormone-mediated change and maturation, anthro-
pometry provides the best means of monitoring physical growth and evaluating 
deviations, such as underweight, overweight, stunting, and wasting. Moreover, it 
provides an easy, noninvasive, and cost-effective means of assessment, which in 
turn contributes to early intervention strategies. Linear growth can be assessed using 
basic anthropometric measurements, including weight, height, and a derived value 
of body mass index (BMI).

In order to be able to interpret measurements, certain indices must be defined, for 
example, a weight measurement has to be compared to another, such as age or 
height, in order to have a meaning. Therefore, a derived value of weight over height 
squared also known as BMI is appropriate for data interpretation. Contrary to adults, 
no simple cutoff values exist for adolescents, thus age-adjusted parameters are used; 
including weight-for age, height-for-age and BMI for age (De Onis et al. 2007). 
These indices can be expressed as z-scores or percentiles to facilitate interpretation 
and comparison and serve as sensitive indicators to health, growth, and develop-
ment. In line with the WHO recommendations, z-score will be adopted for interpre-
tation and discussion (WHO 1995).

Anthropometric data should be discussed separately for each sex in the case of 
adolescence, considering the differences in maturation and growth spurt timing. 
Moreover, maturational status based on age should be taken into consideration 
when interpreting anthropometry reference data in order to obtain a clearer indica-
tion of physical growth and nutritional status (WHO 1995).

Assessment of nutritional status necessitates the use of appropriate measurement 
techniques and reliable tools. In 2007, the WHO merged data from the 1977 National 
Center for Health Statistics (NCHS)/WHO growth reference (1–24 years) with data 
from the under-fives growth standards’ cross-sectional sample (18–71 months) to 
smooth the transition between the two samples. It developed the 2007 WHO growth 
references for school-aged children and adolescents (De Onis et  al. 2007). The 
growth references allow measurements to be plotted accurately and periodically. 
They also provide insights into monitoring growth and nutritional health for adoles-
cents, as well as provide accurate estimates of malnutrition in this critical develop-
mental phase.
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7.1.2  Standardization of Measurements

Ensuring highest quality of measurement and minimizing data error requires ade-
quate training, continuous standardization, and adherence to measurement proce-
dures in data collection, which in turn allows proper interpretation of growth and 
nutritional status. It is critical to follow measurement techniques and guidelines 
from reliable anthropometry manuals, protocols, and literature (De Onis et  al. 
2004). The WHO applied standardization protocols in the process of producing 
growth references, primarily by performing standardization training sessions. 
Frequent standardization sessions are crucial to assess adherence to protocol, moni-
tor accuracy and precision and quality control, and take corrective actions in case of 
deviation (WHO 2008). Moreover, instruments need to be accurate, precise, and 
calibrated on a regular basis (Cheikh Ismail et al. 2013).

Youth population aging 10–24 years makes up approximately a third of the total 
population according to the World Bank, Global Burden of Disease Study in 2015 
(Sawyer et al. 2018). The fact that adolescents encompass a relatively large propor-
tion of society dictates the urgent need to focus on this group and address their 
health needs. Unfortunately, inadequate research addressed the health risk and prob-
lems of this age group within the MENA region. This forms a significant barrier to 
formulate a comprehensive understanding of their overall health and nutritional sta-
tus and impede the development of appropriate policies and strategies to address 
and improve their physical and mental health.

In this chapter, an overview of the 2007 WHO growth charts as an assessment 
tool will be provided with a discussion of the interpretation of growth patterns in 
health and disease among adolescents and implications of adolescent growth assess-
ment using the new WHO references within the MENA region.

7.2  Methodology and Interpretation

7.2.1  Measurements

 Measuring Weight

Weight is an essential measurement and variable used in energy calculations and 
body composition indices. A platform electronic scale calibrated to 0.1 kg is appro-
priate to use for adolescents. Minimal clothing is advised, and any footwear should 
be removed. The subject should stand on the center of the scale with weight distrib-
uted equally on both feet. Weight is recorded to the nearest 0.1 kg. Multiple readings 
are required for verification and to avoid error. Measurements are then plotted on 
the growth charts for interpretation and comparison.
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 Measuring Height

Height is best measured using a Harpenden stadiometer. The subject should be bare-
foot, and any headwear or hair ornament should be removed for appropriate 

Fig. 7.2 Standardized position of body segments to measure height. (Source: Gibson 2005)

Fig. 7.1 Horizontal Frankfurt plane: the line between the auditory canal and the corner of the eye 
should be horizontal to the floor, i.e., in a Frankfurt horizontal plane. (Source: Gibson 2005)
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positioning. The heels should be slightly apart and flat on the platform, arms on the 
sides, legs straight, shoulders relaxed, and head in Frankfort horizontal plane as 
depicted in Fig. 7.1 (Gibson 2005).

The body should be in contact with the vertical backboard of the stadiometer in 
multiple points as shown in Fig. 7.2. To ensure best measurement, the subject should 
take a deep breath and stand erectly before reading. Measurements are recorded to 
the nearest 0.1 cm.

 Body Mass Index

Body mass index (BMI) refers to the ratio of the body mass divided by squared 
height and is derived using the following equation:
 

BMI =
( )

( )∗ ( )( )
weight kg

height m height m

 

The weight must be measured in kilograms (kg) and the height in meters (m).

7.2.2  Assessment Tools

Growth curves are a product of data from a large number of adolescents from vari-
ous ages. Previously, the 1977 National Center for Health Statistics (NCHS)/WHO 
international growth reference was recommended by the WHO for children above 
5 years; however, it had some shortcomings. In order to fill the gap in growth charts 
and provide references for the 5–19  years age group, the WHO developed new 
growth references for adolescents aligned with the WHO Child Growth Standards 
at 5 years and the recommended adult cutoffs for overweight and obesity at 19 years 
(De Onis et al. 2007). Figure 7.3 shows an example of the 2007 WHO growth charts. 
Separate reference charts and tables are available for boys and girls. The WHO 
growth reference (5–19 years) is as follows:

• Height for age (5–19 years)
• Weight for age (5–10 years)
• BMI for age (5–19 years)

It should be noted that the height-for-age and BMI-for-age charts are available for 
the ages 5–19 years, whereas weight-for-age charts extend to only 10 years due to 
the limitation of not being able to differentiate between height and body mass, 
where height is sensitive and rapidly changing during puberty growth spurt (i.e., a 
reading may be interpreted as being overweight although the individual may be just 

Example A person weighing 45 kg and who is 150 cm tall has the BMI 
of 20 kg/m2. Firstly, the height should be converted to meters (1.5 m), 
and then follow the equation to obtain the BMI value.
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tall). For that reason, BMI-for-age charts are used to complement height for age for 
assessment and monitoring of thinness (low BMI for age), overweight and obesity 
(high BMI for age), and stunting (low height for age) in adolescents (WHO 1995; 
De Onis et al. 2007).

7.2.3  Interpretation

Once standardized methods and techniques have been applied and data recorded 
using appropriate tools, measurements are plotted on sex-specific growth charts 
(WHO 1995). In order to draw accurate interpretation, it is imperative to understand 
how to properly plot measurements and read data (Rogol et al. 2000; WHO 2008).

 Plotting the Data

Figure 7.4 shows an example of a growth chart referring to important terms to 
understand before plotting. The horizontal line at the bottom of the graph is referred 
to as the x-axis. It shows either age (completed months and years) as in the figure or 
height (centimeters). The vertical line represents the y-axis. It shows either height 

Fig. 7.3 Example of WHO growth curves: BMI for age for boys. (Source: De Onis et al. 2007)
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(cm) as in the figure, weight (kg), or BMI (kg/m2). The point where the two axes 
meet is referred to as the plotted point. It is important to note that a single point is 
insufficient to make a diagnosis. Instead, multiple points are plotted over time to 
depict trends and determine if an adolescent’s growth is normal or a deviation from 
the reference population (Rogol et al. 2000; WHO 2008).

 Interpreting Plotted Data

Curved lines on the chart represent results as either percentiles or z-scores (also 
known as standard deviation (SD) scores). They are different in terms of calculation 
but both appropriate for interpretation; however, the WHO recommends the use of 
z-scores (WHO 1995; De Onis et al. 1997; WHO 2008). Figure 7.5 demonstrates 
the systems’ similarity. In the z-score system, the middle line labeled (0) is consid-
ered the median, as well as the line labeled (50th) in the percentile system. The 
median or 50th percentile designates the mean age of adolescents having the mea-
sured height, weight, or BMI in the reference population. The other lines represent 
deviation from average, and the further the plotted point is from the average in 

Fig. 7.4 Example of height-for-age growth chart for boys. (Source: WHO 2008)
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either direction (above or below), the greater the risk of growth problems (De Onis 
et al. 1997). Following the WHO recommendation, z-score system will be used in 
this chapter for interpretation.

 Cutoff Points

Cutoff points refer to the level or point which presents a limit to what is being stud-
ied. Thus, they are used for the purpose of expressing growth by means of z-scores 
(De Onis et al. 1997). For example, a plotted point between (−1, +1) SD or z-score 
line indicates normal growth. Moreover, a point that is <−1 SD and ≥−2 SD or >+1 
SD and ≤+2 indicates risk (AKA preclinical level), and a point that is <−2 and ≥+2 
SD indicates higher risk (AKA clinical level) (De Onis et al. 1997; WHO 2008).

Fig. 7.5 Z-score and percentile system equivalence. (Source: WHO 2008)

Table 7.1 Cutoff points for height for age, weight for age, and BMI for age

Z-score Height-for-age indicators Weight-for-age indicators BMI-for-age indicators

Above 3 Tallness Better to use BMI for age Obese
Above 2 Normal Better to use BMI for age Obese
Above 1 Normal Better to use BMI for age Overweight
0 (median) Normal Normal Normal
Below − 1 Normal Normal Normal
Below − 2 Stunted Underweight Wasting
Below − 3 Severely stunted Severely underweight Severe wasting

Source: (WHO 2008)

7 Growth Assessment in Adolescence: Measurement and Interpretation for the Middle…



116

The values presented in Table 7.1 shows cutoff points for height-for-age indica-
tor. Stunting is indicated by low height for age with a cutoff value of <−2 SD. Weight 
should be closely monitored for adolescents with severe pathological stunting (>−3 
SD) as it is associated with higher risk of overweight (Popkin et al. 1996). A z-score 
of >3 indicates tallness, which is less likely but if extreme may be related to an 
endocrine disorder and needs further investigation. With respect to weight-for-age 
indicator, a z-score of zero (median) to <-1 indicates normal weight, whereas a 
z-score of <-2 and <-3 indicates underweight and severely underweight, respec-
tively. Cutoff points for BMI for age are also indicated in Table 7.1 (WHO 2008).

7.3  Results

Recent studies on adolescent health emphasize the significance of growth assess-
ment for its integral role in monitoring health and nutritional status at individual and 
population levels (Christian and Smith 2018; Pimenta et al. 2011). Physical growth 
is widely recognized as a basic indicator to adolescent health. In the past, adoles-
cence growth assessment was challenging due to the limited ability to differentiate 
between normal variations in growth from ones related to health risks (Christian and 
Smith 2018).

The 2007 WHO growth references for adolescents can be used to properly assess 
growth and address issues of malnutrition and growth problems based on indicators 
and cutoff points as mentioned beforehand. Normally growing adolescents usually 
follow the curves on the growth charts whether exactly on the line or in between 
lines. Alert is raised indicating an increased risk or a growth problem when the 
growth line crosses a z-score line or shows a sharp incline or decline or a flat line. 
Deviation from normal growth in adolescents translates into stunting, wasting, 
underweight, and overweight and obesity (De Onis et al. 1997).

7.3.1  Stunting

Height for age is used as an indicator for stunting (short for age, <−2 SD), which 
may reflect undernutrition or illness. In adolescence, it reflects long-term underly-
ing poor health, illness, and poor nutritional status that results in suboptimal linear 
growth. Moreover, environmental stress and poor socioeconomic conditions with 
higher risk for infection is associated with stunted growth (WHO 1995; Christian 
and Smith 2018). Non-pathological reasons for short stature include familial short 
stature, which is genetic in nature. The adolescent will present normal overall 
growth but may become short as an adult, given the growth history of the parents 
(Zeferino et  al. 2003). Weight should be closely monitored for adolescents with 
severe pathological stunting (>−3 SD) as it is associated with higher risk of over-
weight (Popkin et al. 1996).
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Limited studies in the MENA region investigated the prevalence of stunting 
among adolescents. In the Arabian Gulf, a study in Saudi Arabia measured the prev-
alence of stunting in adolescents (5–17 years) and compared results among three 
different references: the 2007 WHO charts, the 2000 Centers for Disease Control 
(CDC), and the 1978 National Center for Health Statistics (NCHS)/WHO refer-
ences (El Mouzan Mohammad et al. 2011). Results indicated an increasing preva-
lence of stunting with age. Moreover, it concluded that the difference in the 
prevalence of short stature was not significant between any of the pairs of the three 
references (El Mouzan Mohammad et al. 2011).

As for Northern Africa, stunting was measured among a sample of Libyan school 
children (9–11 years) and assessed using the 2007 WHO charts. Results revealed a 
low prevalence of stunting compared to other countries in the region; however, the 
prevalence was higher in girls compared to boys (Elhisadi et al. 2013). The preva-
lence of thinness, stunting, and anemia using the 2007 WHO charts was investigated 
in a study among Sudanese children (6–14 years) and indicated acute undernutrition 
in about a quarter of the sample. Moreover, stunting was found to be more signifi-
cantly common in children less than 10 years old (Mohamed and Hussein 2015). 
Similarly, another cross-sectional study in Sudan assessed the nutritional status 
among adolescent schoolgirls (11–18  years) and revealed a high prevalence of 
stunting and anemia among the study sample (Mahgoub et al. 2017). In Iraq, a study 
was conducted on schoolchildren aged 7–12 years in Baghdad to address stunting 
and measure its extent. Height for age was used to assess stunting in accordance 
with the WHO references. The study revealed stunting in one out of five of the chil-
dren being slightly higher in girls and indicated an increasing height deficit with age 
(Al Saffar 2009).

7.3.2  Overweight and Obesity

Evidence indicates an alarming increase in overweight and obesity prevalence glob-
ally occurring in about one in four adolescents (WHO 2016). Several studies have 
associated obesity with higher risk for morbidity and mortality (Katanoda et  al. 
2019; Allcock et al. 2009). A study in Spain found that childhood obesity as well as 
underweight increases the risk for developing adult metabolic syndrome (Pimenta 
et al. 2011). Similarly, a study in Japan concluded that both underweight at adoles-
cence and overweight are associated with higher risk of adult-onset diabetes 
(Katanoda et al. 2019).

In Yemen, obesity and overweight prevalence in primary school children aging 
6–16 years was assessed. Standardized techniques were used to measure weight, 
height, and blood pressure, and cutoff values were used to identify nutritional status 
based on the WHO Expert Committee in Overweight and the 2007 WHO growth 
reference standards. The study revealed that one in five of the children was over-
weight and obese. Also, it found a significant association between blood pressure 
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and excess body weight showing higher rates of pre-hypertensive children who are 
overweight than wasted or normal weight (Badi et al. 2012).

In Lebanon, a study investigated dietary, lifestyle, and socioeconomic correlates 
of overweight and obesity in children and adolescents 6–19 years. Overweight and 
obesity were classified according to the 2007 WHO growth references. Findings 
indicated a high prevalence of overweight and obesity in about one third of age 
group. The study concluded that results were comparable to rates in other countries 
in the region such as Bahrain and Syria, higher than rates in Qatar, and lower than 
those in the United Arab Emirates, and higher obesity rates were observed in boys 
than in girls (Nasreddine et al. 2014). In Jordan, the prevalence of obesity among 
schoolgirl adolescents was assessed. Anthropometric data was measured and com-
pared to the 2007 WHO references. The study revealed that about a half of the 
subject were overweight and obese and addressed an alarming need for nutritional 
evaluation for this age group (Hamad et al. 2016).

Furthermore, a study in Lebanon compared trends in overweight and obesity in 
two national cross-sectional surveys (1997 and 2009). Overweight and obesity were 
defined using the new 2007 WHO references for adolescents. It highlighted a sig-
nificant surge in obesity prevalence over a 12-year difference between the two stud-
ies (Nasreddine et al. 2012).

7.3.3  Wasting and Underweight

Wasting or thinness is defined by a z-score of <−2 and is generally a result of recent 
and severe weight loss associated with undernutrition or protein-energy malnutri-
tion due to starvation or chronic disease (De Onis et al. 1997). It provides a short- 
term indicator of poor nutritional status and increased risk of morbidity and mortality 
(Katanoda et al. 2019).

Undernutrition is one of the most common reasons of growth problems in ado-
lescents, resulting either from starvation and poverty or from self-induced restric-
tions in dietary intake. Additionally, nutritional status affects sexual development; 
delayed onset age of menstruation is usually accompanied by undernutrition, 
whereas obesity is associated with early maturation (Rogol et al. 2000).

A concurrent existence of under- and over-nutrition was reported regarding the 
nutritional status of adolescents as moderate to high prevalence rates of stunting and 
overweight/obesity (Nasreddine et  al. 2014). A high prevalence of thinness was 
observed in Sudan in over a third of the study group, and a less prevalence of under-
weight adolescents (10%) was found in Yemen (Badi et  al. 2012; Mahgoub 
et al. 2017).

Nutritional demands increase in adolescence accompanying rapid growth. Thus, 
providing adequate energy and distribution of micro- and macronutrients play a role 
in proper growth. Malnutrition refers to the state of imbalance between what nutri-
ents the body needs and the actual intake, leading to either undernutrition or over- 
nutrition. This grants the term “double burden” of malnutrition (FAO 2006).
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7.4  Discussion

Considering the fact that the highest linear growth characterizes the first 2–3 years 
of life and a similar high rate is observed during puberty, monitoring and evaluating 
growth is of utmost importance (Tanner and Whitehouse 1976). Nonetheless, very 
limited data are available on adolescents’ growth within the Middle East and North 
Africa region. This highlights the need to focus on this age group due to a wide 
range of physiological and psychosocial changes they experience among a variety 
of factors playing a role in their overall growth and development.

Evidence suggests that due to this rapid growth, adolescence could provide a 
second opportunity for height catch-up growth in stunted children as height-for-age 
scores have been found to show improvement and possible recovery (Prentice et al. 
2013). However, despite the fact that some catch-up growth with regard to height is 
possible, persisting issues in the MENA region, such as poor economic status and 
deprivation, should be taken into consideration as barriers to achieving optimal 
growth and development (Al Saffar 2009).

Increasing prevalence of overweight and obesity among adolescents character-
izes it as one of the most challenging health issues of the century. Excess body 
weight during this phase is a risk factor for adulthood overweight and obesity. 
Moreover, it is associated with increased risk of hypertension, insulin resistance, 
and fatty liver disease among others that if left untreated persists through adulthood 
(Katanoda et al. 2019). Therefore, it is crucial to monitor body mass in the popula-
tion on a regular basis using proper tools and cutoffs as excess body weight and 
increased BMI values can predict an inevitable rise in various health problems.

Assessing the nutritional status of adolescents and providing prevalence data for 
monitoring growth problems is of utmost importance on condition that cutoff values 
and reference charts are used in a consistent manner among healthcare establish-
ments and researchers on local as well as international level. Nonetheless, no agree-
ment on which cutoffs or reference data to use exists, making it challenging to 
compare prevalence studies, and in case of comparison interpretation, it should be 
dealt with caution (El Mouzan Mohammad et al. 2010).

The new 2007 WHO growth charts and references were developed stemming 
from the need to obtain a reliable screening tool for schoolchildren and adolescents 
worldwide. The WHO constructed the growth references by reconstructing the 1977 
NCHS/WHO existing references from 5 to 19 years alongside data from the WHO 
Child Growth Standards to ensure a smooth transition between age groups. One 
emphasized advantage of these charts is that they allow further international refer-
ence among countries and populations (De Onis et al. 2007).

Very scarce research on growth assessment and prevalence of growth problems 
using the 2007 WHO exist. Despite it being a worldwide applicable tool, many 
healthcare establishments and researchers are still using the 2000 CDC reference. El 
Mouzan et al. investigated the prevalence of overweight and obesity in Saudi ado-
lescents using the 2007 WHO references and compared the results to the 2000 CDC 
references. They observed that the prevalence of overweight and obesity in their 
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sample using the 2007 WHO reference surpassed the one using the 2000 CDC refer-
ence. They clarified how this difference may be due to the different characteristics 
of the two references and the reference population. Moreover, the 2000 CDC charts 
underestimated the prevalence of overweight and obesity (El Mouzan Mohammad 
et al. 2010).

In accordance with the importance of growth assessment and proper standardiza-
tion, the WHO has established the Global Action for Measurement of Adolescent 
health (GAMA) in collaboration with worldwide organizations including UNAIDS, 
UNESCO, UNFPA, UNICEF, UN Women, the World Bank Group, and the World 
Food Programme (WFP). It aims to improve and achieve consistent, standardized 
adolescent health measurement worldwide. Furthermore, it provides progress track-
ing toward better adolescent health (WHO 2018).

Investing in adolescent health is vital to a prospering future, and it all starts with 
proper assessment and interpretation of their growth as it is the building block for 
monitoring and identifying abnormalities. Growth monitoring is crucial as it pro-
vides information on adolescents’ growth and development using simple tools and 
techniques, which should facilitate reinforcing global efforts that pour into overall 
adolescent health and well-being (Abul Fadl et al. 2010).

In conclusion, there is a clear need for more research into adolescent-specific 
growth parameters and assessment. Key issues to research include filling anthro-
pometry data gaps and developing more health and growth indicators and shedding 
light on underrecognized growth problems such as stunting. Moreover, there has to 
be a consensus among healthcare institutions globally on which references to use. 
As discussed within the chapter, the 2007 WHO reference provides the most up-to- 
date and informed reference to monitor growth in adolescents and school-aged chil-
dren and consequently is recommended for international use. Evidently, drawing 
inferences and comparing data from the literature is indeed challenging due to dif-
ferences in sample selection, study age groups, and the type of references used.

If the countries were to use similar charts, it is imperative to provide frequent 
sufficient training sessions and monitoring to ensure standardized methods and 
techniques. Lastly, implementing intervention strategies toward healthy growth and 
decreasing risk of preventable growth problems have the potential to improve dis-
ease outcomes, reproductive health, and economic productivity in the population.

 Reflection Questions

 1. If countries were to use standardized growth charts for assessment and monitor-
ing, what other gaps need to be filled with regard to adolescent growth 
assessment?

 2. The WHO growth charts represent standards for global population growth glob-
ally. Should countries develop local cutoff points based on local uses, growth 
patterns, and resources?
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 3. Proper measurement and interpretation require standardization of methods and 
techniques. In what ways can this be improved in the context of the MENA region?

 4. For obtaining accurate interpretation, it is important to comprehend the plotting 
and reading of measurements. How important is it to educate mothers on this and 
how can that be achieved?

 5. Nutritional problems are prevalent during adolescence due to rapid growth and 
increasing nutrient needs. What intervention strategies can be applied on the 
community level to prevent and reduce their occurrence?
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Chapter 8
Oral Health of Adolescents in the MENA 
Region

Reham Khaled Abou El Fadl  and Haneen Raafat Fathi Mousa 

8.1  Introduction

Globally, around 1.2 billion people are aged 10–19 years, totaling 16% of the world 
population of which 75 million live in the Middle East and North Africa (MENA) 
(UNICEF 2019). According to the life course approach to health—which advocates 
for starting disease prevention at early-life stages through to adulthood (Jacob et al. 
2017)—adolescence is considered a sensitive period of rapid development, experi-
mentation, and choice-making during which adolescents establish certain behav-
ioral patterns. Adopting unhealthy behaviors such as poor diet and high sugar intake, 
alcohol consumption, substance use, smoking, and the use of smokeless tobacco 
during this phase might contribute to lifetime detrimental health consequences in 
adulthood and even jeopardize the health of the next generations (WHO 2018). 
Most of those health-comprising behaviors are common risk factors between oral 

The world’s Middle-Income Countries (MICs) are a diverse group by size, population, and income 
level. They are defined as lower middle-income economies (such as Egypt Arab Republic, Morocco 
& Tunisia those with a gross national income (GNI) per capita between $1036 and $4045; and 
upper middle-income economies (such as Jordan, Iraq, and Libya) – those with a GNI per capita 
between $4046 and $12,535 (World Bank Country and Lending Groups: https://datahelpdesk.
worldbank.org/knowledgebase/articles/906519- world- bank- country- and- lending- groups).
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diseases and other chronic conditions such as obesity, diabetes, cardiac problems, 
and some cancers (Sheiham and Watt 2000). Though, in general, oral health is con-
sidered a reliable indicator of an individual’s overall health and well-being, minimal 
attention is paid to promoting adolescents’ oral health in both practice and policy 
(Percy 2008). As a consequence, globally, the prevalence of unmet dental needs is 
quite high in this age group, with highest rates in the Eastern Mediterranean region 
(84.2%) and Africa (78.0%) (Ghafari et al. 2019). At least three out of every ten 
adolescents between 13 and 18 years experience dental pain at some point in life.
(Pentapati et al. 2020). Moreover, of all health services, oral care is usually the most 
commonly unmet health need among children and adolescents with special health-
care needs (SHCN) (Lewis 2009). Access to dental care usually poses a challenge 
for people with SHCN due to the inability to afford treatment costs or difficulty 
finding a dental practitioner who is willing and capable to treat this population 
(Norwood and Slayton 2013).

8.2  Methodology

A comprehensive literature review was conducted to explore the common oral 
health problems in adolescence and their prevalence in the MENA region. Two elec-
tronic databases—Web of Science and Embase—were searched, and only English 
articles were assessed. The review included research studies based in countries in 
the MENA region, particularly in the last 5 years (2015–2020). Editorials and com-
mentaries were excluded.

The search strategy included the following combination of controlled vocabulary 
and keywords: [Adolescen* OR teen* OR preteen* OR “high school students” OR 
Underage] AND [“Oral health” OR “dental health” OR “dental disease” OR “oral 
disease” OR dental caries OR “DMFS” OR “DMFT” OR “defs” OR “deft” OR 
“Cast index” OR“ICDAS” OR “periodontitis” OR “periodontal index” OR “peri-
odontal pockets” OR gingivitis OR “gingival index” OR “dental plaque” OR “oral 
hygiene” OR “dental hygiene” OR flossing OR toothbrushing OR “orthodontic 
needs” OR “oral lesions” OR “Oral cancer” OR “dental trauma” OR “oro-facial 
trauma” OR “oral habits” OR “dental fluorosis” OR “dental neglect” OR “dental 
needs” OR “dental pain” OR “oral pain”].

All the references were imported to EndNote, and duplicates were identified by 
EndNote and subsequently removed. Titles and abstracts of all entries were ana-
lyzed by two reviewers, and only full texts of relevant references were retrieved and 
reevaluated. Additionally, the Global Burden of Disease (GBD) 2017 dataset was 
used to generate epidemiologic data on oral conditions among adolescents and 
youth in the MENA region. In order to acquire data relevant to adolescence and 
teenage, only the 10–14 and 15–19 age groups were selected. Graphs depicting 
disease frequencies were developed using the GBD Results Tool.
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8.3  Findings

8.3.1  Common Oral Health Risks in Adolescents

 Dental Caries

Adolescence marks a period of increased activity of dental caries (tooth decay) due 
to the immaturity of the recently erupted permanent teeth, increased intake of sug-
ary diet and beverages, and lack of attention to oral hygiene practices in this age 
group (“Adolescent Oral Health Care” 2017). When left untreated, carious lesions 
lead to pain and infection, which could impair the child/adolescent’s ability to eat 
and sleep, thus resulting in poor growth and development. Tooth decay has been 
strongly associated with school absenteeism and low academic performance in ado-
lescents, and parents have reported experiencing distress and sense of guilt, work 
absenteeism, and financial hardships due to their children’s poor oral health condi-
tions. In some instances, owing to the increased esthetic desire and awareness in this 
age group, when multiple front teeth are involved, adolescents might refrain from 
smiling or interacting with others due to compromised esthetics, which in turn 
reduce their self-esteem and impair their social relationships (“Adolescent Oral 
Health Care” 2017).

Though preventable, globally, the burden of dental caries is still high and varies 
considerably both between and within countries. Middle-income countries (MICs)* 
have the highest burden of dental caries among 12-year-old adolescents, two thirds 
of which are left untreated. Even in high-income countries, more than half of tooth 
decay, in this age group, is not managed (FDI World Dental  Federation 2015), 
which unveils the high rates of unmet dental needs in adolescence worldwide.

In the MENA region, however, data sources on trends in dental caries in adoles-
cence per se are limited in most countries. One national study in Kuwait reported a 
14% prevalence of caries among 12-year-olds (Alqaderi et al. 2016), while accord-
ing to Egypt’s 2013–2014 national oral health survey, around 70% of both children 
and adolescents aged 4–18 years experienced some form of tooth decay (WHO.
EMRO 2014). In Saudi Arabia, the prevalence rates of dental caries in adolescents 
were determined at the province level and varied from over 90% in Jazan to 64.98% 
in the Riyadh region. (Al-Rafee et al. 2019; Aljanakh 2017; Alshahrani et al. 2018; 
Alzahrani 2018; Quadri et  al. 2015). Figure  8.1 presents the prevalence rates of 
dental caries among adolescents aged 10–14 and 15–19 years in the MENA region 
in comparison with global statistics based on findings from the GBD study of 2017.

Noticeably, in the MENA countries, there has been a decline in the prevalence of 
dental caries among 10–14- and 15–19-year-olds. As revealed in Fig. 8.1, gender 
differences seem to be consistent at both global and regional levels, where female 
adolescents tend to be at higher risk to develop tooth decay than males in both age 
groups. On the other hand, unlike global data estimates, in the MENA countries, 
younger adolescents (10–14 years) in both genders had higher caries prevalence 
rates than those aged 15–19 years (Fig. 8.1).
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 Periodontal Diseases

Periodontal diseases refer collectively to a myriad of conditions that affect the 
gums, the supporting dental tissues, and/or the alveolar bone. Gingivitis (which is a 
chronic reversible inflammation of the gums) is a very common condition in adoles-
cents. The prevalence of gingivitis in adolescents is higher than in adults and 
younger children (“Adolescent Oral Health Care” 2017), mostly due to hormonal 
fluctuations during puberty. Sex hormones might cause gingivitis through altering 
the composition of oral microflora, affecting fluid accumulation in the gingival tis-
sues, or modifying the inflammatory response of the gingival tissues (“Adolescent 
Oral Health Care” 2017; Armitage 1986). Gingivitis in adolescents could also be 
secondary to mouth breathing, orthodontic therapy, pregnancy, smoking, or intake 
of certain drugs (“Adolescent Oral Health Care” 2017; Al-Ghutaimel et al. 2014).

Another advanced form of gum disease is periodontitis, a serious condition that 
affects the tooth-supporting tissues and the alveolar bone (FDI World Dental 
Federation 2015). All forms of periodontitis can occur during adolescence; how-
ever, aggressive (juvenile) periodontitis is more common during the circumpubertal 
period, while chronic periodontitis is only seen occasionally (Al-Ghutaimel et al. 
2014; Armitage 1986).

Estimates of the frequency of gingival and periodontal problems among adoles-
cents are available from very few countries in the MENA region. A nationally rep-
resentative study of Kuwait, in 2016, revealed that 42.5% of 12-year-old Kuwaiti 
adolescents had gingivitis (Alqaderi et al. 2016), while in Saudi Arabia, the preva-
lence was as high as 65% in a nationally representative sample of high school- 
attending adolescents (AlGhamdi et  al. 2020b). On the other hand, according to 

Fig. 8.1 (a) Global prevalence of dental caries among adolescents aged 10–14 and 15–19 years 
(Source: Institute for Health Metrics Evaluation. Used with permission. All rights reserved). (b) 
Prevalence of dental caries among adolescents aged 10–14 and 15–19  years from the 
MENA. (Source: Institute for Health Metrics Evaluation. Used with permission. All rights 
reserved)
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(AlGhamdi et al. 2020a), the prevalence of periodontitis among 15–19-year-olds in 
Saudi Arabia was 8.6%, while in one study in Benslimane Province in Morocco, it 
was found that 3.7% and 2.6% of adolescents aged 12–15 and 4.9% and 7% of ado-
lescents aged 16–18 had aggressive and chronic periodontitis, respectively (Kissa 
et al. 2016).

Findings from the GBD data (up to 2017) have shown that significant variations 
exist between global and regional frequencies of periodontal diseases among ado-
lescents (Fig.  8.2). This could be attributed to the paucity of up-to-date reliable 
evidence on disease burden in adolescence at the population level in most of the 
MENA countries. Another conspicuous difference between the MENA countries 
and the global data is the distinct gap in gender prevalence at the regional level.

As noticed in Fig.  8.2 male adolescents in the MENA countries have signifi-
cantly higher burden of periodontal diseases which might possibly indicate com-
mon unhealthy practices such as smoking, khat chewing, or substance abuse.

 Malocclusion

Malocclusion refers to any abnormal position of the teeth or jaws, which leads to 
impaired orofacial functions and in severe cases facial asymmetry. The condition is 
usually associated with a combination of genetic and environmental factors and 
requires orthodontic and/or surgical intervention. Though not considered a patho-
logical disease, malocclusion is a common problem in adolescent populations, 
which when overlooked could lead to serious consequences.

Fig. 8.2 (a) Global prevalence of periodontal diseases among 15–19-year-olds (Source: Institute 
for Health Metrics Evaluation. Used with permission. All rights reserved). (b) Prevalence of peri-
odontal diseases among 15–19-year-olds in the MENA countries. (Source: Institute for Health 
Metrics Evaluation. Used with permission. All rights reserved)
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Among adolescents from different cultural backgrounds, malocclusion is known 
to adversely affect their psychological well-being and lower their self-esteem due to 
compromised facial esthetics (Dimberg et al. 2015).

Aside from the speech difficulties, malalignment of teeth could also increase the 
risk of sustaining dental trauma, particularly when upper anterior (front) teeth are 
protruded (“Adolescent Oral Health Care” 2017). Owing to pain, loss of function, 
and poor esthetics, traumatic injuries could be distressing at the physical, psycho-
logical, and emotional levels (Lee and Divaris 2009). An abnormal teeth arrange-
ment or relation could also be associated with temporomandibular joint affection 
(“Adolescent Oral Health Care” 2017).

Furthermore, crowded teeth, being more difficult to cleanse, are more prone to 
food accumulation and plaque retention, which in turn increases the risk of dental 
caries and gingivitis (Kolawole and Folayan 2019). Based on one recent systematic 
review, it was found that the prevalence of unmet orthodontic treatment needs 
among adolescents in the MENA countries is as high as 40.8% (Ghafari et al. 2019), 
which highlights the necessity of directing more attention toward ensuring equitable 
access to orthodontic care in this age group.

 Orofacial Traumatic Injuries

Trauma to oral tissues could result in fracture, loss, or dislocation of teeth, bruises 
or laceration of the soft tissues, or fractures of the facial bones. Craniofacial trauma 
causes more than four million deaths worldwide, which is half of all the trauma- 
related deaths (FDI World Dental Federation 2015). Several risk factors for trau-
matic dental injuries among adolescents were identified including protrusion of 
anterior teeth, peer relationships, exposure to violence or abuse, as well as the socio-
economic level (Glendor 2009). Another prominent cause of oral injuries among 
adolescents is sports activities, during which they get exposed to facial injuries due 
to falls or collisions with other players or surfaces (“Adolescent Oral Health Care” 
2017). Such injuries could have serious physical, psychosocial, and economic 
impacts on adolescents and their families.

Though teen years are a high-risk time for traumatic orofacial injuries, in the 
MENA region, only data on exposure of adolescents to serious injuries in general 
without reference to dental injuries is available. One study, however, in Jordan 
revealed that the prevalence of traumatic dental injuries was 14.6% among 12-year- 
old schoolchildren of Amman, indicating that one out of every seven adolescents 
has suffered from some form of dental trauma by the age of 12 (Rajab and Abu Al 
Huda 2019).

 Dental Fluorosis

Fluoride is considered among the most commonly studied protective factors of den-
tal decay, despite that excess amounts of fluoride (above 1.5 mg/L) uptake can be 
destructive to permanent dentition. Dental fluorosis usually manifests as whitish or 
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brownish discoloration or (in its severe form) pitting of teeth surface(s). Such 
defects start to be visible as soon as the permanent teeth erupt during childhood and 
early adolescence. It is also noteworthy that dental fluorosis is not only an esthetic 
problem, but it also increases teeth liability to decay.

Excessive fluoride content in drinking water is one of the major causes of dental 
fluorosis in some countries of the MENA region. Fluoride concentrations exceeding 
10 mg/L were reported in countries such as Oman and Yemen (Aldeghaither 2018). 
One study in Yemen reported that 30.8% of 14-year-old Yemeni adolescents suf-
fered from dental fluorosis (Kadir and Al-Maqtari 2010), and according to a national 
oral health survey in the UAE, up to 61% of 12-year-olds and 53% of 15-year-olds, 
in some areas in the country, had some form of clinical dental fluorosis (El-Nadeef 
et al. 2009).

8.4  Discussion and Future Implications

Adolescents should be regarded as a separate, unique population with special oral 
healthcare needs that differ substantially from those of adults or younger children, 
taking into consideration the following factors: (i) the potentially higher liability 
during this age group to various oral diseases like tooth decay, gingivitis, and oral 
trauma; (ii) the suboptimal dietary habits of adolescents that are affected by many 
social and environmental factors; (iii) the likelihood of adolescents to engage in 
risky behaviors like smoking, drug abuse, or alcohol consumption, which reflects on 
their oral and general health; (iv) some conditions like orthodontic problems or 
congenitally missing teeth start to be discernable in this age; (v) adolescents have 
special psychological needs that can affect dental health both directly and indi-
rectly; (vi) the higher demand for esthetics particularly among adolescent girls; (vii) 
tendency to seek dental treatment might be hindered by dental anxiety in this age 
group; and (viii) some adolescents are also commonly affected by some other coex-
isting conditions that might further affect their oral health such as pregnancy, eating 
disorders, or systemic diseases (“Adolescent Oral Health Care” 2017).

Despite that, in most countries of the MENA region, the oral health of adoles-
cents is a neglected area of research and reliable, up-to-date data on frequency and 
severity of different oral conditions, the psychosocial attributes of oral diseases, and 
the prevalence of unmet dental care needs in this age group are still lacking. 
Furthermore, oral health needs among adolescents and youth with special health-
care needs such as Down’s syndrome, cerebral palsy, autistic disorder, and other 
genetic and hereditary disorders are not adequately studied in any of the region’s 
countries. The absence of a comprehensive data collection system and the inade-
quacy of local research on oral health outcomes in adolescence and teenage hinder 
policy-making and limit the development of effective public health responses to 
promote adolescents’ oral health at the country level.

Given the complex nature of oral health issues arising during adolescence, all 
regional countries need to develop a research agenda for surveillance of oral health 
outcomes and common health determinants influencing oral health-related quality 
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of life in both early and late phases of adolescence. Addressing knowledge gaps in 
the identification of causal factors and management of oral diseases among adoles-
cents at the country level and establishing national quality standards for the provi-
sion of oral health services in this age group are warranted. There is also a pressing 
need to engage the youth of diverse ages and social backgrounds, especially those 
who are most vulnerable such as youth with SHCNs, in advocacy programs, com-
munity assessment activities, and decision-making to secure the success of the 
policy- making process. Furthermore, non-dental healthcare providers should 
encourage and assist in the referral of adolescents for routine dental checkups and 
risk assessment.

 Reflection Questions

• How do adolescents’ oral health needs differ from those of younger children?
• Why are oro-dental problems such as dental caries, gingival problems, and mal-

occlusion highly prevalent among adolescents in the MENA region?
• How can oral diseases impact social and psychological development of 

adolescents?
• What actions need to be undertaken, at both national and regional levels, to pro-

mote adolescents’ oral health in the MENA countries?
• How can promotion of adolescents’ oral health be an effective tool in reducing 

global burden of oral diseases?
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USA United States of America
WHO World Health Organization

9.1  Introduction

Chronic respiratory diseases (CRDs) comprise a range of pulmonary disorders. The 
most prevalent CRDs include asthma and respiratory allergies, chronic obstructive 
pulmonary disease (COPD), allergic rhinitis or “hay fever,” sleep apnea, and pulmo-
nary hypertension (WHO 2007). These affect millions worldwide (WHO 2019). 
The WHO Global Burden of Disease (2016) estimates that 239 million individuals 
suffer from asthma globally (GBD 2016 Disease and Injury Incidence and Prevalence 
Collaborators 2017; Razzak et al. 2020). Asthma is the most prevalent CRD, affect-
ing all ages, genders, and ethnicities. While the prevalence of asthma and other 
respiratory allergies has increased steadily in recent decades, there are wide regional 
and geographical variations in prevalence, severity, and mortality between and 
within countries (Hussain et al. 2018).

For Western countries, a wealth of information is available on time trends and 
regional variations in asthma prevalence, whereas only scare and fragmented data is 
available on the Arab Gulf in general and the United Arab Emirates (UAE) in par-
ticular (Alsowaidi et  al. 2010). The UAE is a federation of seven emirates (Abu 

Fig. 9.1 Official map of the UAE (https://u.ae/- /media/)
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Dhabi, Dubai, Sharjah, Ajman, Al Fujairah, Ras al Khaimah, and Umm Al Quwain 
(UAQ)). They all overlook the Arabian Gulf except for Al Fujairah, which overlooks 
the Gulf of Oman (Fig. 9.1). The UAE’s population has recently increased dramati-
cally, from 4.1 million in 2005 to 9.5 million in 2018 (Worldometers.info. 2019). 
This was caused by the significant growth in the UAE’s economic and service sec-
tors, which led to an influx of migrant workers and their families from various cul-
tural and heritage backgrounds. UAE citizens comprise only about 11.5% of the 
population. The UAE’s population is young, with the majority falling in the working 
age group of 25–54  years old (65.9%). Only 28% of the UAE’s population are 
female, mainly due to the high proportion of male migrant workers. Children 
(younger than 14 years old) comprise 14.2% of the population, while adolescents 
and young adults (15–24 years) comprise 12.7% (GMI Blogger 2019).

Non-communicable diseases (NCDs) are a major public health challenge in the 
UAE as a prominent cause of death and disability, accounting for nearly 77% of all 
deaths and 17% probability of premature deaths (before the age of 70) in 2016 
(Fadhil et  al. 2019). Among the four major NCDs, chronic respiratory diseases 
account for 5% of all deaths in the UAE (WHO 2018).

9.1.1  Epidemiology of Respiratory Conditions and Allergies

Asthma is a chronic inflammatory disease characterized by bronchial hyperrespon-
siveness, recurrent attacks of wheeze, shortness of breath, chest tightness and pain, 
and nocturnal cough (Alzaabi et al. 2018; Al Ghobain et al. 2012; ISAAC 1993). 
Asthma is a major public health challenge for countries of all income levels. While 
asthma prevalence is higher in high-income countries, most asthma-related mortal-
ity occurs in low- to middle-income countries (WHO 2017). Asthma morbidity 
imposes a substantial burden on healthcare systems while reducing the quality of 
life of affected individuals and their families (Mahboub et al. 2010).

Although asthma affects all age groups, its incidence and prevalence are higher in 
children (ISAAC 1993). The International Study of Asthma and Allergies in Childhood 
(ISAAC) (ISAAC 1993) has provided information regarding the prevalence of asthma 
in children worldwide. Phase III of the ISAAC (conducted between 2000 and 2003) 
showed a global prevalence of 11.6% for wheeze (a good indicator of asthma diagno-
sis) for the age group of 6 and 7 years old and 13.7% for the age group of 13 and 
14 years old. The highest childhood prevalence is in English- speaking and Western 
countries and Latin America. Rates are lower in Africa, the Indian Subcontinent, and 
the Eastern Mediterranean (Pearce et al. 2007; Bonamonte et al. 2019).

A 1992–1993 cross-sectional study of 850 school children living in both urban 
and rural areas in the UAE reported a relatively high prevalence of diagnosed asthma 
(13.6%), breathlessness, or chest tightness (9.7%) and nocturnal cough (8.9%) 
(Benner et al. 1994). In 2000, a study using the ISAAC questionnaire administered 
to 2300 children aged 6–13 years across the UAE’s seven emirates reported similar 
rates of physician-diagnosed asthma (13%) and wheeze (15.6%) (al-Maskari et al. 
2000). In a 2012 population study that assessed the prevalence of asthma in UAE 
adults (20–44 years) using the Standard European Community Respiratory Health 
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Survey (ECRHS), asthma prevalence of 9.8% was reported, with 10.1% of partici-
pants under the age of 20 reported a wheeze without cold and 13.5% were woken up 
by cough attacks (Mahboub et al. 2012).

Allergic rhinitis (AR), also known as hay fever, is a common allergic disorder 
caused by inflammation of the nasal mucosa by inhaled allergens. Common symp-
toms include sneezing, runny nose (rhinorrhea), and/or nasal congestion, in con-
junction with conjunctivitis (Mahboub et al. 2014). According to the WHO (2007), 
over 400 million people suffer from AR worldwide. The average incidence among 
school-aged children ranges from 0.5% to 28% across countries. The prevalence of 
AR and other allergic respiratory diseases is increasing, especially in children, to 
reach 40% in some developed countries, although AR remains largely underdiag-
nosed and undertreated (Ann et al. 2015).

In 1993, AR was the most frequently seen respiratory illness among UAE school- 
aged children (6–14 years) at 22.9% (Bener et al. 1994), while a 2009 study con-
ducted in Al-Ain City (Abu Dhabi Emirate) reported a prevalence of 36% for AR, 
using a modified form of the ISAAC questionnaire (Mahboub et al. 2014). A more 
recent study used the ECRHS-II to report a prevalence of 7% for AR among a UAE 
adult sample across the seven emirates (Mahboub et  al. 2014). According to the 
WHO Allergic Rhinitis and its Impact on Asthma (ARIA) program, patients with 
persistent and severe rhinitis are more likely to have comorbidity with asthma. 
Several other epidemiological studies have also suggested a strong association 
between asthma and rhinitis (Pawankar et al. 2008; Vujnovic and Domuz 2018). Up 
to 70% of people surveyed with ECRHS who reported asthma also recorded hay 
fever (Mahboub et al. 2014).

Atopic dermatitis (AD), also known as atopic eczema, is a chronic skin condition 
that makes the skin red, dry, itchy, and cracked. Globally, around 2–5% of children 
and 10% of adults suffer from AD (World Allergy Organization 2014). Generally, 
AD first appears in childhood and flares throughout life (National Eczema 
Association 2020). The epidemiology of eczema or AD is less recognized, although 
geographic variations in prevalence are closely related to variations in AR 
(ISAAC 1993).

9.1.2  Impacts of Respiratory Conditions and Allergies

Increased incidence of asthma and allergic disorders contributes to increased risk of 
morbidity and mortality and reduced quality of life (WHO 2019). According to 
WHO estimates, 417,918 deaths and 24.8 million disability-adjusted life years 
(DALYs) were attributed to asthma in 2016 (GBD 2016 Disease and Injury Incidence 
and Prevalence Collaborators 2017; Razzak et al. 2020). Asthma accounts for up to 
0.7 deaths in children per 100,000 people and ranks among the top 20 conditions 
worldwide for DALYs in children of all ages. In older children (10–19  years), 
asthma has become a more common cause of DALYs over the last decade (Serebrisky 
and Wiznia 2019).
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The financial burden of asthma and other related allergies is relatively high, par-
ticularly since asthma often requires hospitalization. Morbidity and comorbidity of 
respiratory allergies result in frequent emergency visits, exacerbation of symptoms 
and related hospitalizations, and higher allergy-related medical costs. In general, 
asthma-related morbidity accounts for 1–2% of healthcare expenditure in developed 
countries. The direct yearly cost of asthma in Europe reached up to 7.9 billion euros 
and $37.2 billion in the USA (Mahboub et al. 2013).

The UAE spends substantially more on asthma management and treatment than 
Europe. For example, the annual cost of asthma in Dubai has been estimated at 88 
million dirhams ($24 million), primarily due to outpatient visits and asthma-related 
hospitalization (Mahboub et al. 2013). The indirect costs include loss of days of 
work or school and poor quality of life. Asthmatic children have poorer school per-
formance than non-asthmatic children, with nearly half of asthmatic children hav-
ing learning disabilities (Bener 2011). ECRHS data shows that asthma symptoms 
led to 52.8% of asthmatic children in the UAE missing school in 2012 and 17.1% of 
asthmatic adults missing work. Similarly, among asthmatics in Dubai, 14% of adults 
and 50% of children reported missing a day at work and school, respectively 
(Mahboub et al. 2013).

9.1.3  Risk Factors and Triggers Linked to Respiratory 
Conditions and Allergies

Epidemiological research indicates that allergic disorders are much more prevalent 
in more developed world regions, partly due to modernization and industrialization 
and adaptation to sedentary lifestyles. Environmental exposure, genetics, and atopy 
seem to contribute to the globally increasing prevalence of respiratory and allergic 
diseases (Dharmage et al. 2019; Bonamonte et al. 2019). Historically, the UAE’s 
economy mainly relied on crude oil exports and natural gas production, although 
more recently it has invested heavily in tourism, manufacturing, and services 
through massive port facilities and free trade zones. Rapid economic and income 
growth has resulted in marked changes in lifestyle and the physical and social envi-
ronment. This in turn has changed the patterns of health and diseases in the different 
geographical regions of the UAE. Each emirate has a unique environment, demo-
graphic composition, and resources, which influence the health of its population. In 
general, the UAE has a desert climate, with very mild winters and very hot and 
humid summers with frequent sandstorms (Agency C.I. 2010). These conditions, in 
combination with exposure to air pollutants from indoor and outdoor sources, may 
exacerbate chronic respiratory conditions and allergies.

While the specific contribution of genetics to respiratory diseases and allergies is 
still under investigation, differences in the prevalence of respiratory allergies among 
various ethnic groups may be due to genetic susceptibility and atopy. Although 
environmental and genetic vulnerability to allergic diseases exists, these factors do 
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not completely explain major geographic differences in disease prevalence among 
people with a similar genetic heritage, nor do they account for the global increase in 
allergic diseases. Other risk factors may include premature birth, age, residential 
exposure, exposure to diverse chemicals and allergens, and indoor and outdoor air 
pollutants (WHO 2019).

While there is global data on the prevalence of asthma and other allergic disor-
ders, many countries still lack essential epidemiological data on the specific burden 
of these diseases. Given the UAE population’s heterogeneous demographics and 
geographic influences, more research needs to focus on the distribution of respira-
tory diseases and allergies and longitudinal trends across the UAE. In particular, the 
respiratory health of children and youth remains underexplored. Accordingly, the 
main aim of this study is to provide an overview on the burden of respiratory condi-
tions and related allergies and to assess any differences in the spatial distribution of 
these conditions across the UAE.  In this chapter, we summarize the results of a 
study that examined the prevalence and geographic distribution of asthma and other 
allergies among adolescents residing in the UAE. This chapter has the following 
main objectives:

 I. To examine spatial differences in the prevalence of respiratory conditions and 
symptoms, symptoms of AR, and symptoms of AD among the UAE adolescent 
population.

 II. To examine differences in the prevalence of respiratory conditions and symp-
toms, symptoms of AR, and symptoms of AD in the local Emirati versus expatri-
ate subpopulations.

The chapter contributes to the general understanding of the prevalence of asthma 
and other allergic conditions and risk factors for young adults in the UAE. This is 
particularly important for developing effective control guidelines to reduce the bur-
den of these disorders and their negative impact on the society and economy.

9.2  Method

9.2.1  Setting and Study Design

Respiratory health data were obtained from the National Study of Population Health 
in the UAE (NSPHUAE) research program, conducted between 2007 and 2009. This 
program was carried out in collaboration with the UAE Ministry of Education 
(MOE). A total of 147 private and public schools in the 7 emirates, distributed 
across 9 educational zones, were selected using a stratified sampling strategy based 
on the UAE MOE’s school enrolment data. Schools were randomly chosen by lot-
tery from the 2005–2006 MOE list of schools. A fishbowl lottery method was then 
used to select one class from each grade (10–12) in the selected schools with more 
than one class per grade (Barakat-Haddad 2013).
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A cross-sectional survey was developed and administered to 6363 adolescents 
aged 13–20 who attended the selected schools. The survey was divided into two 
components: the first component was conducted during a 1-h class period by the 
students and gathered data on lifestyle and physical activity, self-reported medical 
diagnoses, respiratory health symptoms, injuries, functional capacity and quality of 
life measures, healthcare access, and demographic and socioeconomic information. 
The second component of the survey was sent home for parental assistance to col-
lect data related to residential history, characteristics, and environmental exposure 
(Barakat-Haddad et al. 2015).

9.2.2  Ethical Approval

Official revision and evaluation of the survey were conducted by the MOE’s Office 
of Research. Approval and ethical clearance were obtained from both the MOE and 
the Ministry of Health (MOH) prior to the study. To maintain a uniform survey 
procedure across the emirates, several workshops were conducted to train social 
workers employed by the MOE on the administration of the survey, emphasizing the 
importance of accurate and consistent reporting. Detailed letters of information 
were sent to the adolescent participants’ parents or guardians 2 days prior to admin-
istering the survey. These letters highlighted the aims and methodology of the 
research and required the participants’ consent (Siddiqua et al. 2018).

9.3  Study Instrument

9.3.1  Outcome Variables

Information on the respiratory health of the UAE adolescents was collected using 
core questions from the standardized International Study of Asthma and Allergy in 
Childhood (ISAAC) phase I. The following eight questions from ISAAC question-
naire were used to assess the prevalence of asthma in this population: ever having 
asthma, ever wheezing, current wheezing or whistling in the chest, current number 
of wheeze attacks, current sleep disturbance due to wheezing, and current wheezing 
during or after exercise. The term “current” symptoms refer to symptoms in the past 
12 months. To assess the severity of wheezing, adolescent participants were asked 
if wheezing has ever been severe to limit speech to only one or two words at a time 
between breaths. Participants were also asked about current nocturnal dry cough 
apart from cold or chest infection as another presentation of severe asthma. One 
question addressed hospitalization due to asthma or any other respiratory problem.

Five items assessed the presence of AR or hay fever through responses on 
whether participants experience certain symptoms when they do not have cold or 
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flu. These symptoms include ever having a problem with sneezing or a runny or 
blocked nose, current problems with runny or blocked nose, presence of itchy- 
watery eyes with nose problems, seasonal variation in nose problems, and level of 
interference of nose problems with daily activities.

Prevalence of atopic eczema and related symptoms was addressed through 
responses to five items. Participants responded to whether they ever had an itchy 
rash coming and going for at least 6 months or whether they had an itchy rash at any 
time in the last 12 months; had an itchy rash that affects the folds of the elbows, 
behind the knees, in front of the ankles, under the buttocks, or around the neck, ears, 
or eyes; and a rash clearing completely in the past 12 months. Severity of eczema 
symptoms was assessed by asking if they had stayed awake at night due to itchy rash 
in the past 12 months.

9.3.1.1  Independent Variables

Information related to the adolescent participants’ demographic profile was based 
on responses to nine items regarding age, sex, school type, residency, ethnicity (cat-
egorized into UAE national versus expatriate from GCC (Gulf Cooperation Council) 
countries or Greater Arab Free Trade Area, Arab/Middle East, Arab/Africa, 
Southeast Asia, Western, no nationality, or others). Participants’ socioeconomic 
profile was assessed based on maternal and paternal highest level of education, 
monthly household income, residential tenure, and residential overcrowding.

9.3.2  Statistical Analysis

The survey data were entered and analyzed using the Statistical Package for the 
Social Sciences version 20 (SPSS Inc., Chicago IL). Frequency analyses were run 
for all variables for the entire sample and aggregated by ethnicity (Emirati versus 
expatriate) and educational zones. Bivariate analyses were performed to identify 
significant differences between aggregates. Chi-square values were used to measure 
associations, with p-value <0.05 considered significant.

9.4  Results

A total sample of 6363 adolescents aged 13–20 years residing in the UAE were 
included in this study. The overall response rate was 65%. Detailed information on 
recruitment and response rate can be found in a previous publication (Barakat- 
Haddad 2013). Overall, half of the study sample were UAE nationals, and 55% of 
adolescent participants were females. The mean age was 16  years with 30% of 
participants being at that age. This suggests that the study sample is representative 
of the UAE population for that age group. Table 9.1 provides a summary of the main 
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Table 1 Sociodemographic and residential profile of adolescent study participants by citizenship 
status (n = 6363)

Variable Classification
Overall

UAE national 
(local)

Non-UAE 
national (expat)

n % n % n %

Citizenship status 3066 49.3 3157 50.7
Sex Male

Female
2791
3458
***

44.7
55.4

1216
1798

40.3
59.7

1515
1620

48.3
51.7

School Public
Private

3820
2429
***

61.1
38.9

2773
293

90.4
9.6

1043
2114

33.0
67.0

Emirate/educational 
zone

Abu Dhabi/Abu 
Dhabi City
Abu Dhabi/Al Ain
Abu Dhabi/Western 
region
Ajman
Dubai
Fujairah
Ras Al Khaimah
Sharjah
Um Al Quwain

1451
1175
377
264
589
521
671
1168
147

22.8
18.5
5.9
4.1
9.3
8.2
10.5
18.4
2.3

595
575
139
101
280
346
406
535
88

19.4
18.8
4.5
3.3
9.1
11.3
13.2
17.4
2.9

835
567
224
155
302
164
243
605
58

26.4
18.0
7.1
5.0
9.6
5.2
7.7
19.2
1.8

Ethnicitya UAE
GCC
Arab/Middle East
Arab/Africa
Southeast Asia
Western
None/other

3066
359
976
620
1043
82
76

48.2
5.6
15.3
9.7
16.4
1.3
1.2

3066
–
–
–
–
–
–

– –
359
976
620
1043
82
76

-
11.4
30.9
19.6
33.0
2.6
2.4

Father is a high school 
graduate

Yes 2908
***

57.8 841 34.9 2067 79.0

Mother is a high school 
graduate

Yes 2478
***

49.0 665 27.3 1806 68.9

Monthly household 
income (AED)

<2 K
2–5 K
5–8 K
8–10 K
10–12 K
12–15 K
15–20 K
>20 K

161
886
672
469
348
313
285
701

4.2
23.1
17.5
12.2
9.1
8.2
7.4
18.3

53
257
236
231
178
158
159
434

3.1
15.1
13.8
13.5
10.4
9.3
9.3
25.4

107
618
434
236
169
159
125
270

4.9
28.2
19.8
10.8
7.7
7.3
5.7
12.3

Residential property 
tenure

Owned
Rented

2687
2578

51.0
49.0

2230
283

88.7
11.3

416
2259

15.6
84.4

Residential crowding Yes 2052
***

60.4 845 50.3 1207 70.3

aUAE, local; GCC, Kuwait, Kingdom of Saudi Arabia, Oman, Qatar, Bahrain, and Yemen; Arab/
Middle East, Lebanon, Syria, Jordan, Palestine, and Iraq; Arab/Africa, Egypt, Tunisia, Morocco, 
Algeria, Libya, Sudan, and Somalia; Southeast Asia, India, Pakistan, Bangladesh, Sri Lanka, 
Philippines, and Indonesia; Western, Europe, USA, Australia, and Canada; no nationality and oth-
ers, all other nationalities
*p < 0.05, **p < 0.01, ***p < 0.001
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sociodemographic and residential characteristics of the adolescent participants. Of 
the surveyed sample, the majority attended public schools and lived in Abu Dhabi 
(61.1% and 22.8%, respectively). Of the expatriates, over half were citizens of 
Middle Eastern Arab countries (30.9%) or Southeast Asian countries (33%). 
Parental education was higher among non-UAE nationals (68.9% and 79%), while 
overall monthly household income was higher among UAE nationals, with 25.4% 
of UAE nationals reporting a monthly household income of more than 20,000 AED 
compared to only 12.3% of expatriates. 84.4% of expatriate participants lived in a 
rented house, and 70.3% shared it with more than two people.

9.4.1  Prevalence and Spatial Distribution of Respiratory 
Conditions and Symptoms

Tables 9.2 and 9.3 present the respiratory profile of the participants. Overall, self- 
reported prevalence of asthma ever was 12%, while 6% reported having spent a 
night in hospital for asthma or other respiratory illness. The self-reported prevalence 
of wheezing ever was 15%, while 11.6% experienced wheeze in the past 12 months, 
8.4% reported experiencing one to three attacks, and 2.7% reported four or more 
attacks in the past 12 months. Overall, 2.3% of adolescents reported experiencing 
sleep disturbances for one or more nights per week due to wheeze, and 2.8% expe-
rienced wheeze that limited speech in the past 12  months. 15.7% experienced 
wheeze during or after exercise, and 33.4% reported experiencing dry cough at 
night in the past 12 months.

Overall, the self-reported prevalence of asthma ever was significantly higher 
among Emiratis (14.1%) than expatriates (10.8%, p < 0.001); significant differences 
were found for the residents of Abu Dhabi City (17.3%), Western region (12.7%, 
p = 0.007), Al Ain (11.5%, p = 0.012), and Dubai (12.3%, p = 0.021). Hospitalization 
due to asthma or other respiratory illnesses was also significantly higher among 
Emirati adolescents (7.2%) than expatriates (4.8%, p < 0.001), especially in those 
residing in Abu Dhabi City, Sharjah, Al Ain, and Dubai (6.9%, p = 0.002; 6.9%, 
p = 0.11; 6.4%, p = 0.004; 5.7%, p = 0.001). Conversely, self-reported ever wheeze 
and wheeze in the past 12 months were more frequent in expatriates (15.9% and 
12.4%, respectively) than Emiratis (14.8% and 11.7%, respectively). UAQ partici-
pants reported the highest rates of ever wheeze (23.6%) and wheeze in the past 
12  months (14.8%), followed by residents of Abu Dhabi City and Sharjah. 
Expatriates reported significantly higher prevalence of wheeze that limited speech 
(18.5%) than Emiratis (13.5%, p = 0.028).

Significant geographic differences were found for severe wheeze that limited 
speech (p = 0.001) and dry cough at night (p = 0.001) in the past 12 months, with 
UAQ adolescents reporting the highest prevalence in both indicators (33.3% and 
48.2%, respectively).
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9.4.2  Prevalence of Allergic Rhinitis or Hay Fever Symptoms

Overall, 33.2% of adolescents reported ever experiencing problems with sneezing, 
or runny or blocked nose, 26% reported experiencing these symptoms in the past 
12 months, and 13.4% reported having nose problem with itchy and watery eyes in 
the past 12 months (Table 9.4). Nasal problems were most frequently reported in 
January (9.1%) (Fig. 9.2). Perceived interference of nose problems with daily activ-
ities was reported to be mostly minor (16.8%), with 6.8% reporting moderate to 
major interference.

No significant differences were found between Emirati and expatriate adoles-
cents in self-reported AR/rhino-conjunctivitis symptoms (sneezing, runny or 
blocked nose symptoms). Significant associations were found between all reported 

Table 9.2 Health profile of adolescent study participants in relation to respiratory conditions and 
symptoms (n = 6363)

Respiratory indicator

Overall
n = 6363 Local Expat

Test of 
independence

n % n % n % p-value
Test 
value

Spent night at hospital 
for asthma or other 
respiratory illness

Yes 380 6.0 221 7.2 152 4.8 0.000*** 31.910

Asthma ever Yes 763 12.0 416 14.1 332 10.8 0.000*** 15.105
Ever wheeze Yes 953 15.0 438 14.8 486 15.9 – –
Wheeze in past 
12 months

Yes 741 11.6 341 11.7 379 12.4 – –

Number of attacks of 
wheeze in the last 
12 months

1–3 532 8.4 260 76.0 257 74.5 – –
4–12 124 1.9 51 14.9 68 19.7
More 
than 12

51 0.8 31 9.1 20 5.8

Sleep disturbed due to 
wheeze in the past 
12 months

Never or 
<1 night/
week

788 12.4 403 84.1 385 85.0 – –

1+ nights/
week

147 2.3 76 15.9 68 15.0

Wheeze severe enough 
to limit speech in the 
past 12 months

Yes 176 2.8 76 13.5 94 18.5 0.028* 4.835

Exercise-induced chest 
wheeze in the past 
12 months

Yes 999 15.7 481 16.6 500 16.5 – –

Dry night cough in the 
past 12 months

Yes 2125 33.4 1045 35.4 1042 34.2 – –

<1 night/
week

214 3.4 115 21.6 94 19.6

Never 658 10.3 330 61.9 312 65.0

*p < 0.05, **p < 0.01, ***p < 0.001
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AR/rhino-conjunctivitis symptoms and emirate of residence (Table 9.5). Specifically, 
UAQ residents reported significantly higher prevalence than other emirates of ever 
sneeze or runny or blocked nose (43.3%, p  =  0.001), mostly among Emiratis 
(p = 0.017). UAQ residents also reported significantly higher prevalence of sneeze 
or runny or blocked nose in the past 12 months (66.7%, p < 0.001), nose problem 
with itchy-watery eyes (55.4%, p = 0.003), and nose problems that moderately to 
severely interfered with daily activities in the past 12 months (26.5%, p = 0.009).

RAK residents reported significantly lower prevalence than other emirates of 
ever having nose problems with sneezing or runny or blocked nose (26.9%, 
p = 0.001), sneeze or runny or blocked nose in the past 12 months (44%, p < 0.001), 
and nose problem with itchy-watery eyes (28.4%, p = 0.003) and nose problems that 
moderately to severely interfered with daily activities in the past 12 months (16.2%, 
p = 0.009).

9.4.3  Prevalence of Atopic Dermatitis/Eczema Symptoms

Overall, 8.4% of adolescents reported having an itchy rash in the past 6 months, 
while 7.4% reported experiencing it in the past 12 months, and 5.8% reported that 
the rash affected the folds of the elbows, behind the knees, ankles, neck, ears, eyes, 
and buttocks (Table 9.4). Overall, 6.7% of adolescents reported the rash clearing 
completely in the past 12 months. Of all participants, 3.4% had experienced an itchy 
rash that kept them awake for one or more nights per week in the past 12 months.
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Fig. 9.2 Temporal profile of nose problem with itchy-watery eyes among UAE adolescents
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Table 9.4 Health profile of local and expat adolescents in relation to symptoms of rhinitis or hay 
fever, atopic dermatitis, and eczema (n = 6363)

Respiratory indicator

Total 
(n = 6363) Local Expat

Test of 
independence

n % n % n % p-value
Test 
value

Ever problem with 
sneezing/runny/blocked 
nose

Yes 2112 33.2 1052 35.4 1019 33.3 – –

Sneeze/runny/blocked 
nose in the past 
12 months

Yes 1655 26.0 808 54.4 814 56.1 – –

Nose problem with 
itchy-watery eyes in the 
past 12 months

Yes 854 13.4 424 35.2 411 36.3 – –

Month-nose problem in 
the past 12 months

Jan 580 9.1 255 38.5 314 43.9 – –
Feb 122 1.9 75 11.3 44 6.1
Mar 73 1.1 35 5.3 35 4.9
Apr 34 0.5 16 2.4 18 2.5
May 56 0.9 23 3.5 32 4.5
June 67 1.1 31 4.7 34 4.7
July 64 1 35 5.3 29 4.1
Aug 45 0.7 18 2.7 27 3.8
Sep 57 0.9 26 3.9 29 4.1
Oct 74 1.2 36 5.4 37 5.2
Nov 79 1.2 39 5.9 37 5.2
Dec 153 2.4 72 10.9 80 11.2

Nose problem with 
daily activities in the 
past 12 months

Moderate 
to a lot

433 6.8 224 19.6 209 19.9 – –

Little 1067 16.8 522 45.8 520 49.6
Not at all 733 11.5 394 34.6 320 30.5

Ever itchy rash in the 
last 6 months

Yes 532 8.4 236 8.1 289 9.5 0.047* 3.949

Itchy rash in the last 
12 months

Yes 474 7.4 209 24.7 257 31.2 0.003** 8.907

Itchy rash affected 
folds, elbows, or other 
areas

Yes 370 5.8 171 26.8 194 32.6 0.025* 5.053

Rash cleared 
completely in the past 
12 months

Yes 426 6.7 195 36.1 219 44.7 0.005** 7.872

Stay awake at night due 
to itchy rash in the past 
12 months

1+ nights/
week

166 2.6 88 16.5 74 15.4 – –

<1 night/
week

214 3.4 115 21.6 94 19.6

Never 658 10.3 330 61.9 312 65.0

*p < 0.05, **p < 0.01, ***p < 0.001
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Expatriates reported a significantly higher prevalence of itchy rash in both the 
past 6  months (9.5%) and 12  months (31.2%) than Emiratis (8.1%, p  =  0.047; 
24.7%, p = 0.003, respectively), with the highest prevalence in the Western regions 
(9.4% and 45.2%). Expatriates reported rashes that affected folds, elbows, and other 
areas significantly more frequently (32.6%) than their Emirati peers (26.8%, 
p = 0.025), with the highest prevalence in UAQ (45.8%, p = 0.043). Significantly, 
more expatriates (44.7%) reported that rashes cleared completely in the past 
12 months than Emiratis (36.1%, p = 0.005).

Location of residence was significantly correlated with experiencing itchy rash 
in the past 12 months (p < 0.001). Residents of the Western Emirates and Dubai 
reported the highest prevalence of itchy rash in the past 12 months (45.2%, 38.9%, 
respectively), whereas residents of Ajman reported the lowest prevalence (18.2%, 
p < 0.001). 45.8% of UAQ residents who experienced itchy rash reported that it 
affected folds, elbows, and other areas in the past 12 months (p < 0.001). Dubai and 
Western Emirates residents reported the second and third highest prevalence of 
itchy rash that affected folds, elbows, and other areas (44% and 42.2%) and also 
most frequently reported a severe itchy rash that kept them awake for one or more 
nights per week (21.5% and 22%, respectively).

9.5  Discussion and Conclusions

This national UAE-based study was carried out using core questions from ISAAC 
(International Study of Asthma and Allergies in Childhood). This is one of the few 
studies to explore the respiratory health of the adolescent population in the 
UAE.  Overall, prevalence rates in adolescents for asthma, allergic rhinitis, and 
atopic eczema symptoms varied across the UAE’s nine educational zones.

The prevalence rate reported here is comparable to previous physician-diagnosed 
asthma rates of 13% and 13.6% reported, respectively, for 2300 children (6–13 years 
old) across the UAE in 2000 and 850 school children living in urban and rural areas 
in the UAE between 1992 and 1993 (al-Maskari et al. 2000). Similarly, previous 
studies reported high prevalence rates of AR, from 22.9% to 36% in different areas 
of the UAE (Corbo et al. 1989; Mahboub et al. 2014).

According to ISAAC (2000–2003), conducted in centers worldwide, the preva-
lence of asthma ever and current asthma varies substantially between centers and 
countries, with the highest prevalence (≥20%) in Australia, Europe, North America, 
and parts of Latin America. The current study found more moderate rates of asthma 
ever, wheeze ever, and current wheeze (12%, 15%, and 11.6%, respectively), which 
were lower than the global prevalence of current asthma symptoms (14.1%) reported 
by ISAAC phase III for the 13–14 year age group (Pearce et al. 2007; Mallol et al. 
2013). Symptoms of severe asthma, including four or more attacks of wheeze 
(2.7%), sleep disturbance (2.3%), and limited speech (2.8%), were also lower in the 
UAE population than the ≥7% prevalence found in many centers worldwide.

9 Demographic and Geographic Variations in Respiratory and Allergic Conditions…
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Hospitalization due to asthma or other related respiratory symptoms is a key 
indicator of the burden of severe asthma and improved asthma care systems. Asthma 
contributes to an estimated 500,000 hospitalization per year, and it is the third- 
ranking cause of hospitalization among children under the age of 15 (AlBehandy 
et al. 2015). Results of this study suggest that the prevalence of hospitalization due 
to asthma and/or other respiratory symptoms was approximately 6%, which may 
relate to the relatively lower prevalence of severe asthma symptoms in the UAE.

A significantly higher proportion of Emirati adolescents than expatriates were 
hospitalized due to asthma and other respiratory symptoms (7.2% versus 4.8%) and 
ever experienced asthma (14.1% versus 10.8%). On the other hand, a significantly 
higher proportion of expatriate adolescents than Emiratis reported a current severe 
wheeze that limited speech (18.5% versus 13.5%). These contradictory trends in 
hospitalization rates and severe wheeze symptom rates may be attributed to differ-
ences in access and affordability of the healthcare services among the two popula-
tions and across the different emirates. Despite major advances in the UAE’s 
healthcare system, health inequities remain between various income and ethnic 
groups. After the policy of free healthcare for all residents in the UAE was termi-
nated in 2001, healthcare services continued to be free for Emirati citizens, whereas 
expatriates were covered by employer-paid health insurance. However, these insur-
ance schemes range widely between basic coverage, mainly for semi-skilled labor-
ers and lower-paid employees, and enhanced coverage, mainly for higher-skilled 
expatriate workers (Koornneef et al. 2012; Barakat and Siddiqua 2015).

The total cost of asthma in Dubai was estimated at 88 million dirhams ($24 mil-
lion), with outpatient visits and hospital stays accounting for the largest share of 
spending, at 37% and 23%, respectively, followed by emergency room (ER) visits 
and medication costs, at 16% and 20%, respectively. Data from the ECRHS show a 
high percentage of ER visits (44% of adults and 38% of children) and overnight 
hospitalizations (28% adults and 38% children) by asthmatics in Dubai, at consider-
ably higher levels than in Europe (Mahboub et al. 2013).

Reported AR symptoms among the UAE’s adolescent population reveal high 
prevalence rates for AR ever (33.2%) and current AR (26%). The prevalence of 
rhino-conjunctivitis (13.4%) was also higher than the global average (8.5%) for the 
13–14 age group reported by ISAAC phase III. Conversely, minor interference of 
allergic rhinitis symptoms in daily activities (16.8%) was reported by this popula-
tion. AR symptoms varied seasonally, with peaks in January across all emirates. 
Eczema prevalence was comparable to the world average of 7.9%, with moderate 
prevalence (7.4%) for current eczema (Mallol et al. 2013).

We previously found that indoor and outdoor air quality and behavioral practices 
were significant predictors of respiratory symptoms among this population (Barakat- 
Haddad et al. 2015; Barakat-Haddad and Zhang 2015). More specifically, data from 
the NSPHUAE program revealed that several respiratory symptoms are more likely 
in people living near industrial plants, gas stations, dumpsite, or construction sites; 
residing near overhead power line/plant; exposed to tobacco and arts, crafts, ceram-
ics, and stains; inhaling fumes of gasoline, glue, correctors/car exhaust, burning 
ants, and residential exposure. Income was a predictor of spending a night at the 
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hospital for respiratory conditions among Emiratis (p < 0.05). In addition, age was 
found to be a predictor of wheeze among both Emiratis and expatriates, while hav-
ing asthma ever was a predictor of the intensity of wheeze (number of wheeze 
attacks) (p  <  0.05). Residential crowding, experiencing sleep disturbance due to 
wheeze, and increased number of wheeze attacks were predictors of wheeze that 
limited speech among expatriates (p < 0.001). Barakat-Haddad and Zhang (2015) 
showed that being Emirati was a predictor of having asthma ever in Dubai and Al 
Ain; gender predicted asthma in Abu Dhabi; type of school attended was a predictor 
of asthma in Ras Al Khaimah and Sharjah; being a female Emirati was a predictor 
of dry nocturnal cough in Al Ain.

In conclusion, this study explored several aspects of the respiratory profiles of 
UAE adolescents. The prevalence rates of various respiratory symptoms varied 
across the seven UAE emirates and nine educational zones. Interestingly, adoles-
cents residing in UAQ reported significantly higher prevalence rates of asthma and 
AR symptoms. UAQ is among the smallest emirate and characterized by its desert 
land. Over the past two decades, UAQ has witnessed development in the construc-
tion sector across the emirate. Exposure to environmental pollution associated with 
constructions may have contributed to exacerbation of respiratory symptoms among 
this population.

While the use of the ISAAC-validated questionnaire and the recruitment of a 
large sample size are strengths of this study, several limitations need to be noted. 
First, it relied on self-reported symptoms that may be subject to response bias. 
Second, the sample underrepresented adolescents attending private schools in Dubai 
and male adolescents in UAQ, which may have influenced the reported prevalence. 
Third, the survey was distributed with the assistance of social workers in schools, 
which may have influenced the reporting of some symptoms and behaviors, such as 
tobacco use. Overall, however, this study provided a detailed understanding of ado-
lescents’ current respiratory health in the UAE and demonstrated variations in 
symptoms across ethnicities and education zones.

 Reflection Questions

 1. Discuss the potential risk factors and triggers of respiratory allergies and dis-
eases in the United Arab Emirates.

 2. ISAAC is an epidemiological survey used to evaluate the prevalence of atopic 
diseases in various populations. Discuss the strengths and limitations of ISAAC- 
derived data for evidence-informed public health measures.

 3. Why is it useful to assess geographic variations in health and disease?
 4. Using data from developed and developing countries, discuss the economic bur-

den of respiratory condition and allergies.
 5. “The COVID-19 pandemic is likely to deepen inequities in respiratory health 

directly through effects of the disease and indirectly through lockdown measures 
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exacerbating risk factors and social determinants for respiratory disease” (The 
Lancet Respiratory Medicine (2020), 8, 8, PP743).

Discuss the effects of COVID-19 pandemic on the respiratory health of disadvan-
taged groups with reference to risk factors and social determinants of respira-
tory health.
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Abbreviations

DKA Diabetic keto-acidosis
FPG Fasting plasma glucose
GCC Gulf Cooperation Council
IDF International Diabetes Federation
IFG Impaired fasting glucose
NSPHUAE National Study of Population Health in the United Arab Emirates
Pre-DM Prediabetes mellitus
T1D Type 1 diabetes
T2D Type 2 diabetes
UAE United Arab Emirates
WHO World Health Organization

10.1  Introduction

The growing global burden of diabetes mellitus (commonly known as diabetes) has 
been illustrated repeatedly over the past two decades as one of the greatest health- 
care problems and challenges to human health in the twenty-first century (Zimmet 
et al. 2014). Over the course of the past decade, the estimated number of people 
(20–79 years) living with diabetes has increased by 62% (Saeedi et al. 2019; IDF 
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2019). In fact, diabetes affects just under half a billion people worldwide (463 mil-
lion), representing 9.3% of the population. This prevalence has significantly 
exceeded the predicted estimate for 2025 (300 million adults), (King et al. 1998), 
and is projected to increase by 25% in 2030 and 51% in 2045 (Saeedi et al. 2019). 
The changing behavioral dynamics of our society has played a contributory etio-
logical role in the expression of this chronic disease, interactively with genetic and 
environmental risk factors, in both developed and developing countries (Saeedi 
et al. 2019; Zimmet et al. 2014). Particularly concerning is the increasing preva-
lence of juvenile diabetes (i.e., type 1 diabetes; T1D) and early-onset of type 2 dia-
betes (T2D), which has steadily contributed to this burgeoning epidemic across 
adolescents (10–19 years) (Guariguata and Jeyaseelan 2019).

Diabetes is a complex chronic disease influenced by a multitude of modifiable 
and nonmodifiable risk factors that can translate into a range of metabolic disorders 
characterized by high blood glucose levels affecting individuals as young as 
6 months of age to individuals 65 years and older (Saraswathi et al. 2019; WHO 
2016). T1D has been considered as one of the most common noncommunicable 
diseases diagnosed during the stages of childhood and adolescence (<19 years of 
age), with a peak incidence around puberty, and accounts for 5–10% of diabetes 
cases worldwide (Robert et al. 2018; Tuomilehto 2013). However, T2D, once con-
sidered an adult-onset disease, is also prevailing in many areas of the world among 
adolescents (Farsani et al. 2013), resulting in a shift in the epidemiological patterns 
of this disease once separated by its historical etiological tendencies. For example, 
recent national epidemiological studies suggest that the mean age of T2D diagnosis 
among adolescents is 13.7 years (Panagiotopoulos et al. 2018). According to the 
Global Burden Report (2019), diabetes affects more than 8.8. million children and 
adolescents (<20  years) worldwide. Recent prevalence estimates of T1D among 
adolescents from the International Diabetes Federation (2019) show that the world-
wide annual incidence estimates were 98,200 and 128,900 new cases in the under 
15-year and under 20-year age-groups, respectively (Patterson et al. 2019). Globally, 
1.1 million children and adolescents are affected by T1D (IDF 2019). On the other 
hand, due to the recent recognition of T2D among adolescents, there is substantial 
variances and limited data available worldwide (Abuyassin and Laher 2016; Farsani 
et al. 2013).

Moreover, while the precise etiology and risk factors associated with T1D are not 
substantially characterized, nor presentably known, the progression from normality 
to T2D is more preventable. Specifically, T1D is a genetically induced auto-immune 
condition resulting in the slow destruction of insulin-secreting β cells that regulate 
glucose in the blood (Rasoul et al. 2016), while T2D is characterized by a progres-
sive decline in insulin production and subsequent inefficiency of the body to utilize 
produced insulin due to developed resistance. T2D is considered a heterogenous 
disease, predominantly attributed to recent changes in behavioral and environmen-
tal conditions (e.g., urbanization and obesity) (Saeedi et al. 2019). Major risk fac-
tors such as reduced physical activity, poor nutritional practices, and in consequence, 
obesity, have been linked to T2D development in adolescents, as well as early 
expression in genetically susceptible individuals (Panagiotopoulos et  al. 2018). 
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Certain populations, such as the Arab population, have been considered high risk for 
T2D. This may increase the risk of early-onset diabetes, given that T2D develop-
ment is often correlated with a family history of T2D in a first-or second-degree 
relative (Panagiotopoulos et al. 2018; Zabetian et al. 2013).

10.1.1  A Regional Overview of the MENA

The Middle East and North Africa (MENA) region, widely considered as the “Arab 
World” has witnessed an increase in diabetes prevalence, aligned with the rapid 
growth of the region both economically and demographically (Al Makadma 2017; 
Zabetian et al. 2013). Specifically, the public health concern associated with the ris-
ing diabetes prevalence in the MENA region was brought to attention following the 
appearance of related risk factors associated with the demographic and geopolitical 
establishment of the region, which translated into changes in societal behaviors in 
lifestyle (e.g., nutritional practices and physical inactivity), and more positive asso-
ciations, such as the decrease in perinatal mortality (Zabetian et al. 2013). According 
to the International Diabetes Federation (2019), the MENA currently has the high-
est world-age standardized diabetes prevalence (ages 20–79 years), accounting for 
12.2% (CI 8.3–16.1) of the population (54.8 million people; CI 30.7–75.1) (Saeedi 
et al. 2019), a number that is quickly approaching the estimated prevalence expected 
for 2030 (59.9 million) (Whiting et al. 2011). Correspondingly, this projection may 
be accelerated due to the increasing prevalence of adolescent diabetes, and further 
exceed the prevalence in other regions worldwide.

In fact, high-income countries of the MENA region considered a part of the Gulf 
Cooperation Countries (GCC), such as, Kuwait have witnessed a prevalence much 
higher than that of Canada and the United States, of 34.9 per 100,000 among ado-
lescents 6–18 years old for T2D (Moussa et al. 2008). Comparatively, in Canada, 
the national surveillance study demonstrated a minimum incidence of 1.54 per 
100,000 in children and adolescents <18 years of age of T2D, while the states dem-
onstrated an incidence of 8.1 per 100,000 person-years in the 10- to 14-year age 
group and 11.8 per 100,000 person-years in the 15- to 19-year age group 
(Panagiotopoulos et al. 2018). Moreover, the MENA region holds countries that are 
ranked among the top 10 for incidence rates of T1D in the 0- to 14-year age group. 
This includes Kuwait, Saudi Arabia, and Qatar, which also represent the highest 
prevalence for diabetes cases for individuals 0–19  years in the MENA region 
(Fig.10.1). Overall, the number of newly diagnosed cases for children and adoles-
cents with T1D each year in the MENA region is 20,800, with currently 149,400 
diagnosed (0–19  years) (IDF 2019). Correspondingly, the MENA is also repre-
sented as having the third largest estimated deaths in those with T1D (Patterson 
et al. 2019), indicating a dire neglect associated with diabetes management. This 
may be a consequence of limited health resources in some developing countries of 
the MENA such as Jordan, resulting in deterioration of metabolic control (Alassaf 
et  al. 2019). In fact, acute complications, such as diabetic ketoacidosis (DKA) 
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associated with T1D among adolescents due to lack of parental awareness, and 
delayed medical seeking, are common throughout the MENA, and may increase the 
risk of mortality (Cherian et al. 2010; Robert et al. 2018; Zayed 2016).

10.1.2  Living with Diabetes in Adolescence

Adolescence is recognized as a transitional period of life involving multifactorial 
changes that are controlled by biological and environmental (i.e., the social, cul-
tural, and built environment) factors (Al Makadma 2017). These excessive and fun-
damental changes make this cohort vulnerable to the determinants of their social 
and physical environment, and act as predictors of positive development. Within 
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Fig. 10.1 Country-wise statistics for the prevalence of T1D in the Middle East and North Africa 
Region, represented as members of the International Diabetes Federation from IDF Diabetes Atlas: 
MENA 9th edition 2019

S. Yousufzai and C. Barakat



161

this transitional phase, adolescents also experience the need for social success 
through acceptance and require a supportive family and social network to promote 
effective growth and health (Barakat and Yousufzai 2020). The success of these 
interactions and fulfilment of this desire may be dependent upon the health-related 
status of individuals.

Health conditions may negatively impact aspects of this period consisting of 
physical, emotional, and mental changes which coincide with hormonal shifts dur-
ing puberty. Specifically, diabetes can have disrupting effects on young individuals 
during their most productive years, as their time becomes replaced by a rigorous 
regimen, and the possible emotional burden of coping with discrimination and stig-
matization, and increase risk of decline in self-care (Elissa et  al. 2017). Certain 
social and cultural contexts may also extenuate the burden and management of this 
condition for adolescents and lead to poor health outcomes, especially for those 
from the Arab culture.

Although feelings of alienation and stigmatization are common among adoles-
cents living with diabetes from Western countries (e.g., the United States) 
(Buchbinder et al. 2005; Elissa et al. 2017), the experience of adolescents living 
with diabetes in the MENA region may be further magnified by traditional gender 
roles, societal norms, and misconceptions. For example, a study conducted in the 
West Bank of Palestine found that parent’s concerns about their female children 
stemmed from lack of acceptance as a “suitable” wife and perceived inability to 
uphold traditional roles of Arabic women (e.g., taking care of children and house-
hold duties) as a result of their condition. In fact, lack of knowledge and misunder-
standings about T1D in society have led to negative consequences like poorer 
adherence to management of diabetes, especially for females from trying to hide the 
condition from peers (Elissa et al. 2017). In addition, in some more religiously con-
servative areas throughout the MENA, social constraints related to physical activity 
may further restrict females from being able to control their diabetes and lead to 
increased health complications (Elissa et al. 2017). This may further facilitate dif-
ferences in gender health outcomes and signifies the need for monitoring of this 
disease among vulnerable populations, as well as warranting the widespread knowl-
edge of this disease for both parents and adolescents living in the MENA region, in 
order to mitigate misconceptions influenced by cultural perspectives.

Accordingly, due to the complexity of diabetes and its increasingly prevalent 
forms (i.e., T1D and T2D) among adolescents, and the lack of understanding on the 
etiological expression of this condition, more research is required to identify vari-
ous risk factors that may contribute differently to the geographic variation in preva-
lence. While literature suggests a range of risk factors that may be correlated to the 
incidence of diabetes in adolescents, there are limited reviews examining the varia-
tion of these factors and related studies in relation to all countries of the MENA 
region (Saraswathi et al. 2019). Overview of trends in the incidence and prevalence 
of diabetes forms that may peak in adolescents in the MENA region is essential, 
given its large youth population and the region’s dependence on this “youth bulge” 
for future development and prosperity. Furthermore, the increasing prevalence of 
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associated modifiable risk factors for early-onset diabetes reinforces the need to 
create awareness about the formation of poor habits during this critical period.

10.2  Methods

This chapter focuses on the prevalence and predictors of diabetes by synthesizing 
evidence on literature published to date on adolescents (10–19 years) in the MENA 
region. The following countries identified as members of the International Diabetes 
Federation within the MENA region were inputted in the search: Afghanistan, 
Algeria, Bahrain, Egypt, Iran, Iraq, Jordan, Kuwait, Lebanon, Libya, Morocco, 
Oman, Qatar, Sudan, Saudi Arabia, Syria, Tunisia, the United Arab Emirates, 
Pakistan, Palestine, and Yemen. A comprehensive search strategy was applied to 
search for all publications in five databases (OVID Medline, CINAHL, Google 
Scholar, Web of Science, and Scopus), from the year 2000 to 2020 of each database 
up to September 2020 limited to the English language. Boolean/phrase search was 
conducted using the following relevant search terms: “diabetes mellitus” OR 
“impaired glucose tolerance” OR “type 1 diabetes” OR “type 2 diabetes” AND 
Adolescen* OR Child* OR Youth AND “prevalence” OR “incidence” AND <coun-
try name> OR <region/continent> (e.g., “MENA” OR “Middle East” OR “North 
Africa” OR “GCC”).

The search of the five electronic databases in total yielded 572 results. Article 
titles and abstracts were downloaded in EndNote. A two-phase screening methodol-
ogy to identify relevant articles was employed. In phase 1, the reference list was 
screened for duplicates and each article’s title and abstract for eligibility using the 
criteria described above was screened, resulting in 72 articles. Articles that were 
possibly relevant (not enough detail was provided to determine eligibility in the title 
and abstract) were further reviewed in phase 2. In phase 2, the full text of articles 
was reviewed to determine eligibility. Additional articles were identified based on 
references from other sources. Identified articles were iteratively screened for rele-
vance regarding adolescents in relation to prevalence, incidence, predictors, and risk 
factors of diabetes among this population in the MENA region by article title, 
abstract, and full review of article.

In this chapter, adolescents are defined as the age group from 10 to 19 years old, 
in accordance with definitions from WHO (2020). However, multiple studies in this 
review include a wide age spectrum and population samples coinciding with the 
period of adolescence, which encompassed individuals from 0 to 19  years old 
(Table 1). Exclusion was based on studies that reported only on pediatric/child pop-
ulations (<10 years of age), adult populations (>19 years), articles that were not 
written in English, and review articles. Although only one systematic review was 
found that specifically focused on childhood (ages 0 and 18 years) diabetes in the 
Middle East (Saraswathi et al. 2019). In total, 21 studies were eligible for inclusion.
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10.3  Results

The results section includes the prevalence and incidence rates for T1D and T2D 
from countries identified in Table 1. The most predominant risk factors and charac-
teristics identified in studies for T1D and T2D development are also discussed, 
which include, pubertal onset, vitamin D deficiency, sex, obesity, and family history 
of diabetes.

10.3.1  Prevalence and Incidence Rates

 T1D

Studies specifically reporting on the incidence and prevalence rates of T1D were 
conducted in Saudi Arabia (5), Kuwait (2), the United Arab Emirates (UAE) (2), 
Iran, and Qatar.

Saudi Arabia The incidence and prevalence of T1D was illustrated in five studies 
from Saudi Arabia and it shows an increasing trend over the years in prevalence and 
incidence rates for adolescents with T1D. Two observational case studies with a 
large study range period from 1990 to 2007 and 2004 to 2009 were conducted in 
Eastern Saudi Arabia and North-west Saudi Arabia, respectively. In the study con-
ducted over a period of 18 years (1990 and 2007), a noticeable increase was found 
for incidence rate at an average increase of 27.52/100,000/year. The incidence rate 
was 36.99 per year compared to 18.05, in the first 9 years of study (100,000/year) 
(Abduljabbar et al. 2010). The second study, conducted over 5 years in Al-Madinah 
on children below 12 years of age, found a mean annual age-standardized incidence 
rate of 29 per 100, 000 (95% CI 26.0–32.0), although a significant annual increase 
in incidence rates was not found (Habeb et al. 2011). Prevalence rates were much 
higher for two other studies. A larger nationwide Saudi Arabian project conducted 
between 2001 and 2007 found that the overall prevalence rate was 109.5/100,000 
and ranged between 48 and 162 (per 100,000) for individuals 5–18 years (Al-Herbish 
et  al. 2008). The highest prevalence rate was reported for the most recent study 
conducted in the Al-Baha region in Saudi Arabia. This study found that over 10 years 
(2007–2016), the prevalence rate of T1D was 355/100,000 population of adoles-
cents (0–19 years) (Al-Ghamdi and Fureeh 2018).

A large cross-sectional study (n = 23,532) reported on the prevalence of various 
diabetes diagnosis among adolescents (≤18  years), including T1D, T2D, and 
impaired fasting glucose (IFG). The age-adjusted prevalence of T2D in this study 
was 1/1000. Specifically, out of 105 adolescents diagnosed with diabetes, 0.07% 
were T2D and 0.38% were T1D (Al-Rubeaan 2015). However, in this study, more 
than 90% of the children and adolescents with diabetes were unaware of their dis-
ease, of which the known patients with T1D and T2D accounted for only 0.45%, 
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while the newly identified cases with diabetes and IFG accounted for 10.39% 
(Al-Rubeaan 2015).

Kuwait In Kuwait, an increase in the incidence of T1D among children (<15 years) 
has been reported when comparing reports from 1980–1981 to 1992–1993, in which 
the incidence rate grew four times higher, from 3.96/100,000 person-years to 
15.4/100,000 (Taha et al. 1983; Shaltout et al. 1995). Two studies reporting incident 
rates for Kuwait included in this review were conducted between 1992–1997 
(Shaltout et al. 2002) and 2011–2013 (Shaltout et al. 2017). These studies reported 
data on newly diagnosed patients that were registered through the Childhood-Onset 
Diabetes e-Registry. The most recent study found that the incidence rate found in 
individuals (aged 0–14 years) was 40.9/100,000 per year from 2011 to 2013, which 
was 2.3 times higher (95% CI 1.9–2.7) than the incidence rate reported during 
1992–1997 (17.7).

Iran A recent study from Iran also found that the annual incidence of T1D for 
children under 15 years of age, between the years 2000 and 2015, was 13.35/100,000 
(Aminzadeh et al. 2019).

UAE One of the first studies to report on the patterns of diabetes incidence in ado-
lescents from the UAE found that over 9  years (1990–1998), 40 adolescents 
(0–18 years) were diagnosed (Punnose et al. 2002). In this cohort, 35 individuals 
were diagnosed with T1D. A recent secondary analysis of data from the National 
Study of Population Health in the UAE, conducted between 2007 and 2009 
(NSPHUAE 07–09), found that the prevalence of diabetes (not specified) based on 
self-reported diagnosis on a randomly selected stratified sample of 6329 school ado-
lescents (15–18 years old) from 9 regions of the UAE was 0.9% (95% CI 0.7–1.2) 
(Barakat et al. 2021).

Qatar In a study conducted in Qatar, 440 youth with T1D (0.5–14  years) were 
identified from the registry of the National Pediatric Diabetes Centre. This study 
was a prospective cohort study which estimated the incidence and trend of T1D dur-
ing the period between 2012 and 2016 and compared it to the incidence previously 
reported from 2006 to 2011. Results indicated that the inclusive unadjusted esti-
mated incidence rates in this population was 28.39/100,000, which was significantly 
higher compared to the estimated incidence registered between 2006 and 2011 
(23.15/100,000) (Alyafei et al. 2018). Equally, this study reported on the incidence 
of T2D, which also increased between 2012 and 2016 from 1.82 to 2.7 per 100,000.

 T2D

The study from Qatar found that the overall incidence of T2D equated to 2.9/100,000 
per year (Alyafei et  al. 2018). The prevalence and characteristics of adolescents 
with T2D was also reported in Egypt (Ali et al. 2013), Sudan (Osman et al. 2013), 
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Kuwait (Moussa et al. 2008), the UAE (Punnose et al. 2005), and Iran (Moadab 
et al. 2010). In a large cross-sectional study conducted in Kuwait, including 128,918 
adolescents (6–18 years old) from 182 schools, the overall prevalence was 34.9/100, 
000 (Moussa et al. 2008). A retrospective study from the Al-Ain hospital from the 
UAE characterized the features of T2D among 96 newly diagnosed children with 
diabetes, of which 11 were reported to have T2D (Punnose et al. 2005). In Egypt, a 
comparative cohort study found the prevalence of T2D to be 13.3% among adoles-
cents diagnosed with diabetes (210) (Ali et al. 2013). In Sudan, the prevalence was 
lower, at 4%, based on the clinical records of 985 children attending a diabetic clinic 
for children and adolescents between 2006 and 2009. The lowest prevalence of T2D 
was reported by Moadab et al. (2010) in Iran, where the prevalence of T2D was 
0.1% in a large cross-sectional study.

10.3.2  Risk Factors and Characteristics for T1D and T2D 
Among Adolescents

 Pubertal Onset

The stage of adolescence is also known to coincide with the presentation of predia-
betes symptoms, specifically, insulin resistance which is characterized by a lack of 
glucose uptake. Temporary insulin resistance is suggested to occur as a result of 
secretion of specific hormones (e.g., growth hormone) associated with development 
during puberty (Habeb et al. 2011). While decreased insulin sensitivity is normally 
compensated by an increase in insulin secretion, this period can make adolescents 
vulnerable to T2D development, which may be extenuated by the adverse effects of 
obesity (Kelly et al. 2011). Interestingly, one study from the UAE indicated that 
adolescents required an increase in insulin at the onset of puberty, and a peak inci-
dence of T1D was in the 10–14 years age group (Punnose et al. 2002). These find-
ings suggest that a critical factor to examine in relation to the incidence of T1D and 
T2D is the age of onset, and that adolescence may be a particularly vulnerable stage. 
Indeed, studies report a peak incidence of T2D representation during mid-puberty 
among adolescents (Arslanian 2000; Reinehr 2013). Similarly, many epidemiologi-
cal studies have witnessed the disease onset of T1D to occur after the age of 15 years, 
coinciding with the years of adolescence rather than childhood (Tuomilehto 2013).

Pubertal onset was identified in a number of studies in relation to diagnosis of 
T2D. Two studies in particular indicated the association between T2D and pubertal 
onset (Punnose et al. 2005; Osman et al. 2013). In Sudanese adolescents, 92.1% had 
onset between 11 and 18 years of age and were all considered “pubertal” (Osman 
et al. 2013). In the study from the UAE, out of the identified adolescents with T2D, 
the mean age of diagnosis was 14.6 (SD 3.0) years, and 10/11 adolescents were 
considered to be portraying signs of puberty (Punnose et al. 2005). Similarly, a ret-
rospective study in Saudi Arabia among adolescents with T2D indicated that the 
mean (SD) age of diagnosis was 13.1 ± 2.02, and 60% were considered pubertal 
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(Al-Agha et al. 2012). A study conducted in Kuwait indicated that a key pattern of 
prevalence of T2D in this study was the high percentage of children in the age group 
14–18 years (57.8%), as the prevalence rate in this group was the highest (46.8 per 
100,000) (Moussa et al. 2008). Conversely, two studies indicated that the highest 
T1D prevalence was for adolescents in the higher age groups; 13–18  years old 
(Al-Herbish et al. 2008), and 10–12 years old (Habeb et al. 2011) (Table 2).

 Vitamin D Deficiency

Recent increase in vitamin D deficiency has been linked to a potential influence on 
several chronic diseases (Al-Daghri et al. 2015). The incidence and association with 
vitamin D deficiency and diabetes in particular has been a risk factor found among 
children and adolescents diagnosed with diabetes in Middle Eastern countries, 
despite the abundancy of seasonal exposure to sunlight (Al-Daghri et  al. 2015; 
Robert et al. 2018). Vitamin D3 supplementation during the intrauterine period and 
early life may have a protective effect against autoimmune diseases (Cherian et al. 
2010). For example, lack of sunlight in countries outside the MENA region, such as 
Finland, has suggested the relationship between lack of endogenous vitamin D pro-
duction and exposure in pregnancy to the incidence of diabetes in offspring 
(Chakhtoura and Azar 2013). In one study from this review, in a sample of 2225 
adolescents (13–17 years) from Riyadh with T2D, the difference between females 
and males with vitamin D deficiency (<25  nmol/L) was statistically significant 
(females: 47%; males:19.4%). However, vitamin D deficiency was significantly 
associated with T2D and prediabetes only in males. This indicates a sex-related 
disadvantage for males with low vitamin D status, and possible etiological differ-
ences associated with the incidence of T2D based on sex- and gender-related risk 
factors (Al-Daghri et al. 2015).

 Sex-Related Prevalence

Studies show variability in the prevalence of diabetes diagnosis in females and 
males. The prevalence of diabetes diagnosis, specifically T2D, was significantly 
higher among males (47.3, 95% CI 28.7–65.8) than females (26.3, 95% CI 
14.8–37.8) from a study in Kuwait of a randomly selected sample of school-going 
adolescents (Moussa et al. 2008). Similarly, results from the NSPHUAE show that 
1.5% (95% CI 1.0–2.1) of males compared to 0.5% (95% CI 0.3–0.8) of females 
reported a self-diagnosis of diabetes (p < 0.001) (Barakat et al. 2021).

Conversely, a strong female preponderance among adolescents with a diabetes 
diagnosis has been found in five studies in this review. Two studies were from Saudi 
Arabia (Al-Ghamdi and Fureeh 2018; Habeb et al. 2011), and the rest were from the 
UAE (Punnose et  al. 2005), Kuwait (Shaltout et  al. 2017) and Egypt (Ali et  al. 
2013). Two studies found the prevalence of T2D to be higher among females. 
Specifically, Punnose et al. (2005) found that among adolescents from the UAE, the 
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Table 10.2 Association of risk factors and characteristics for T1D and T2D among adolescents 
residing in the MENA region

Author/year Risk factors and characteristics

Al Amiri 
et al. (2015)

Adiposity, family history of T2D, employment and high levels of triglycerides 
were risk factors associated with abnormal glycemic testing
Abnormal glycemic testing was 1.9 times more common among adolescents with 
a first-degree relative and 2.28 times more common among those with high levels 
of triglycerides

Al-Daghri 
et al. (2015)

Vitamin D deficiency was significantly associated with T2D [OR 3.47 (CI 
1.26–5.55); p < 0.05] and pre-DM [OR 2.47 (CI 1.48–4.12); p < 0.01] in males

Ali et al. 
(2013)

There were significantly more females than males with T2D (64.3% vs. 58.2%)
T2D patients had a highly significant higher waist circumference than T1D 
patients
Obesity, female gender, and a positive family history were risk factors for T2D

Osman et al. 
(2013)

35 (92.1%) had T2D onset between 11 and 18 years of age and were all pubertal
Thirty-five (92%) had family history of T2D
Twenty-nine (76.3%) of the cases were obese, 8 (21.1%) overweight and only 
one (2.6%) had normal BMI

Al-Agha 
et al. (2012)

Among adolescents with T2D, 62.86% had a body mass index BMI ≥ 85th 
percentile, and 37.14% had a BMI ≥ 95th percentile
Mean, SD, and median age of diagnosis: 13.1 ± 2.02 and 13.5 years
60% were pubertal

Habeb et al. 
(2011)

The incidence was significantly higher in the 10–12-year age group (46.5 per 
100,000; 95% CI 38.9–55.2) than in younger children (p < 0.001)
Incidence rate was significantly higher in females (33.0 per 100,000, 95% CI 
29.1–37.3) than males (22.2 per 100,000, 95% CI 19.1–25.7; p < 0.001)
More cases of T1D were diagnosed during autumn and winter months (249; 
p = 0.002) than during spring and summer (March–August: 170, 40.6%)

Cherian et al. 
(2010)

No etiological influences of maternal age at birth, birth order, birth weight, early 
introduction of cow’s milk and cereals, infections, and vaccines as well as nitrate 
levels in drinking water were noted in 119 adolescents (<15 years) with T1D 
between 1980 and 2009
An association with cool months (November–February) was found for an 
increased incidence of T1D during 1990–1994 and 1995–1999

Moadab et al. 
(2010)

9.34% (n = 706) were overweight and 5.3% (n = 403) were obese
Impaired glucose tolerance and insulin resistance were detected in three and six 
participants with IFG, who consisted 0.4% and 0.8% of total obese and 
overweight students, respectively

Moussa et al. 
(2008)

Significant difference in prevalence between males (47.3, 95% CI 28.7–65.8) and 
females (26.3, 95% CI 14.8–37.8) at p = 0.05
Significant trend for an increase in prevalence of T2D with age (p = 0.026). 6–9 
(17.2); 10–13 (31.6); 14–18 (46.8) per 100,000
Adolescents with T2D had a significantly higher frequency (51.1%) of a positive 
family history of diabetes than those of a similar age without T2D (22.2%) 
(p = 0.004)

(continued)
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female to male ratio of T2D diagnosis was 10:1. In Egypt, being female was sug-
gested as a risk factor for T2D (Ali et al. 2013). This study found that among indi-
viduals diagnosed with T2D (13.3%), there was a significant difference in the 
prevalence of females (64.3%) diagnosed than their male counterparts (35.7%). In 
Saudi Arabia, T1D was also more common among females at 57.5% compared to 
42.5% among males (Al-Ghamdi and Fureeh 2018). Similarly, an earlier study con-
ducted in Saudi Arabia in Al-Madinah city found that the incidence of T1D was 
significantly high among females than in males (33.0 vs. 22.2 per 100, 000; 
p < 0.001) (Habeb et al. 2011). In Kuwait, although there were no significant differ-
ences, the standardized incidence rate for T1D was reported to be 44.1 for females 
compared to 39.2 for males (Shaltout et al. 2017).

 Obesity

The steady decrease in age of onset of T2D beginning during adolescence rather 
than what has been previously considered as a risk factor correlated with adulthood, 
has been reflected as a consequence of rapid modernization with major lifestyle 
changes resulting in childhood obesity, and insulin resistance inducing glucose 
intolerance (Moussa et al. 2008). In this review, obesity was found as a characteris-
tic and as an associated risk factor in five studies for T2D and prediabetes symptoms.

In one study from the UAE, 5.4% and 0.87% of 1034 overweight/obese Emirati 
students (11–17  years) had T2D and were positive for prediabetes, respectively 

Table 10.2 (continued)

Author/year Risk factors and characteristics

Moussa et al. 
(2005)

Family history of T1D and T2D and thyroid disease was associated with T1D 
based on a pair-matched case-control study conducted in Kuwait (cases: 348; 
controls: 348)
The risk for adolescents (6–18 years) with positive family history of T1D of 
becoming diabetic was 2.42 times higher than a child with no family history of 
diabetes (unadjusted odds ratio = 2.42, 95% CI = 1.62–3.67, p < 0.001)
The risk for T2D was 2.83 times higher (unadjusted odds ratio = 2.83, 95% 
CI = 1.72–4.68, p < 0.001)

Punnose 
et al. (2005)

10 of the 11 patients diagnosed were female (M:F ratio 1:10)
The mean age at diagnosis was 14.6 (SD 3.0) years (median 15 years, range 
8–18 years)
A positive parental history was obtained in 8 patients with 2 of them also having 
second-degree relatives with T2D
The clinical characteristics were pubertal onset, female preponderance, obesity, 
and strong family history of T2D

Punnose 
et al. (2002)

Four (80%) were obese with a positive family history of Type 2 DM
The mean age of onset of T1D: 9.2 ± 4.1 years with the peak incidence being in 
the 10–14-year age group

Shaltout 
et al. (2002)

Significant seasonal variation in the number of newly diagnoses cases of T1D 
was found among the total (p < 0.001), with an increase in autumn/winter and 
decrease in summer
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(Al-Amiri et al. 2015). A retrospective cross-sectional study conducted on Saudi 
overweight and obese adolescents (with body mass indexes of ≥85th and 95th per-
centile) found that the prevalence of T2D was higher at 9.04% in this population 
(Al-Agha et al. 2012). Among Saudi adolescents in Riyadh who were considered 
healthy, Al-Daghri et al. (2015) found that both the prevalence of obesity and ele-
vated fasting blood glucose levels (equivalent to prediabetes; 5.6–6.9 mmol/L) were 
significantly higher among males than females, at 20.5% versus 17.7% (p < 0.001) 
and 17.8% versus 12.4% (p < 0.003), respectively. A large cross-sectional study that 
screened 672 overweight and obese school adolescents from Iran found that predia-
betes symptoms (i.e., impaired glucose tolerance and insulin resistance) were 
detected in 0.4% and 0.8% of total obese and overweight students, and the overall 
prevalence of IFG was 4.61% (Moadab et al. 2010). The detection and prevalence 
of impaired glucose tolerance and insulin resistance among obese and overweight 
adolescents indicate the increased risk of T2D development in this cohort.

In Egypt, among adolescents <18 years, obesity was considered a risk factor for 
T2D, based on results showing that a significantly higher BMI and waist circumfer-
ence centiles for age and sex was seen in adolescents with T2D than those with T1D 
(Ali et al. 2013). A study conducted in Sudan found that the appearance of obesity 
was also identified in 29 (76.3%) of the adolescent cases with T2D, while 8 (21.1%) 
were overweight, and only one (2.6%) had normal BMI (Osman et al. 2013). Most 
of the cases (86.8%) were coming from urban areas, and 55.3% of them were from 
high social class (Osman et al. 2013). Interestingly, this study also found that very 
obese children had earlier onset of T2D (8–11 years) in comparison to nonobese 
adolescents that had onset between 11 and 18 years. A family history of obesity was 
also found in this cohort.

 Familial Disposition

Diabetes is a highly heritable condition for both T1D and T2D. In particular, litera-
ture suggest that 90% of children and youth affected by T2D have a first- or second- 
degree relative who also have T2D (Panagiotopoulos et  al. 2018). Six studies 
(UAE:3; Egypt:1; Sudan:1; Kuwait:1) in this review reported family history of dia-
betes as a risk factor for T2D, while one study from Kuwait suggested a significant 
association for T1D (Al Amiri et al. 2015; Ali et al. 2013; Moussa et al. 2005, 2008; 
Osman et al. 2013; Punnose et al. 2002, 2005) (Table 2). Among overweight and 
obese adolescents from the UAE, family history of T2D was significantly associated 
with risk of abnormal glycemic testing (based on fasting blood glucose) (Al-Amiri 
et al. 2015). In Khartoum, Sudan, a large retrospective study found that out of ado-
lescents that had T2D, 92% had a family history of T2D (Osman et al. 2013). A 
study of Kuwaiti adolescents with T1D matched by age and gender to nondiabetic 
controls suggested a family history of both T2D and T1D as significant associated 
factors for developing T1D, in which the risk for T1D was 2.42 times higher (95% 
CI:1.62–3.67) and T2D was 2.83 times higher (95% CI: 1.72–4.68) (Moussa et al. 
2005). This study also indicated a 1.86 times higher risk of being diabetic for 
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adolescents with a family history of thyroid disease (95% CI: 1.18–3.28) than those 
with no family history.

 Other Factors

Few studies have looked at the role of causative environmental factors as possible 
contributors to the etiology of T1D incidence. One study in particular conducted in 
Saudi Arabia aimed to evaluate the role of multiple factors [i.e., maternal age at 
birth, birth order, birth weight, nutritional factors (cow’s milk and cereals), infec-
tions and vaccines, as well nitrate levels in drinking water] in the rising incidence of 
T1D (Cherian et al. 2010). Although no significant associations were found, this 
study suggested a seasonal variation in T1D development in children during cool 
months (November–February) compared with warm months (June–September) 
(Cherian et al. 2010). These findings also aligned with an earlier study from Kuwait 
which indicated a significant seasonal variation in T1D diagnosis with an increase 
during autumn/winter (Shaltout et al. 2002), and the study conducted in Al Madinah, 
which found that 54.9% of adolescents were diagnosed with T1D during winter and 
autumn months (September–February) compared to 40.6% that were diagnosed 
during spring and summer (March–August) (Habeb et al. 2011). This seasonality 
effect could be linked to variability in vitamin D exposure and its immunomodula-
tory mechanisms in the prevention of T1D (Chakhtoura and Azar 2013).

10.4  Discussion

Diabetes mellitus is a noncommunicable disease which has become a major global 
public health issue. Some regions of the world have experienced greater challenges 
in controlling the spread of this epidemic, due to variations in health resources, and 
the influence of various environmental, behavioral, and genetic etiologies. The 
MENA region in particular is considered one of the highest risk regions for this 
chronic disease, which may be a result of the rapid changing demographic and 
recent transition from traditional to westernized nutritional practices, and an 
increase in sedentary behavior (Al Busaidi et al. 2019; Saeedi et al. 2019; Zabetian 
et al. 2013). In addition to the various environmental and behavioral factors that are 
widely known to contribute to diabetes prevalence worldwide, the expression of 
diabetes may be further influenced by certain social and cultural norms practiced 
throughout the MENA.  Young individuals in particular are becoming targets of 
intervention as they are impacted by the most common forms of diabetes (T1D and 
T2D); however, many gaps maintain in the knowledge regarding the various etiol-
ogy behind the rising epidemic of these diabetes forms.

Over the past two decades, there has been a noticeable increase in diabetes 
among adolescents throughout the region. In this review, studies from the MENA 
region that reported on the prevalence and risk factors of diabetes were related to 
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T1D and T2D.  Accordingly, this chapter summarized epidemiological studies 
related to the prevalence, risk factors, or predictors of T1D and T2D among children 
and adolescents (0–19 years) from countries in the MENA region, including Saudi 
Arabia, the UAE, Kuwait, Qatar, Egypt, Iran, and Sudan. Studies from Saudi Arabia 
reported a significant increase in T1D among adolescents from 1990 to 2016, with 
incidence rates ranging from 18.05 per 100,000/year for adolescents <15 years old 
to a prevalence rate of 355/per 100,000 for adolescents 0–19 years old, respectively 
(Abdul-Jabbar et al. 2010; Al-Ghamdi and Fureeh 2018). In addition, incidence of 
T1D in Kuwaiti adolescents across two decades has been 4.1% annually, which 
aligns with international data, suggesting an average relative increase of 3–4% per 
calendar year worldwide (Patterson et al. 2019; Shaltout et al. 2017; Tuomilehto 2013).

Studies on the prevalence of T2D were limited and remain elusive. Nonetheless, 
these studies represent some of the predominant risk factors that may be associated 
with this growing prevalence in the MENA. In this review, factors associated with 
T2D and their characteristics were family history, sex, pubertal onset, vitamin D 
deficiency, and obesity. Few studies also reported that adolescents with T2D who 
were defined as obese also had a family history of T2D. Moreover, environmental 
and geographic related factors such as living in urban versus rural areas may have 
an effect on the risk of diabetes development, as suggested by the higher prevalence 
of people living with diabetes in urban areas (Saeedi et al. 2019; Osman et al. 2013). 
Geographic factors (e.g., harsh desert climate) coupled with cultural reasons in the 
MENA may contribute to poor vitamin D status and lead to clinical implications 
associated with T1D (Rasoul et al. 2016). In this review, vitamin D deficiency was 
more apparent in male adolescents with T2D, who also showed a high prevalence of 
prediabetes. This is despite research suggesting that Arab females are more likely to 
be deficient in vitamin D than Arab males, due to less physical activity outdoors, 
lack of exposure to sunlight, and are less likely to receive supplementation 
(Al-Daghri et al. 2015). These contradictory findings suggest that the influence of 
other gender-related behavioral factors, such as lack of physical activity and poor 
nutritional practices may be strongly correlated to the presentation of prediabetes 
symptoms among adolescent Arab males. Further research is required to character-
ize adolescents with T2D and the associated risk factors that may either initiate or 
accelerate the autoimmune process leading to pancreatic ß cell destruction (Weiss 
et al. 2017).

In obese adolescents and children, the risk of diabetes expression and transition 
from prediabetes symptoms to diabetes are faster than compared to adults, with 
deterioration of β cells occurring at 20–30% per year (Weiss et al. 2017). Accordingly, 
the early expression and onset of diabetes during adolescence provides a unique 
opportunity of intervention to mitigate the risk of development which is associated 
with many preventable behavioral practices. Specifically, sedentary behavior, nutri-
tional habits consisting of high carbohydrate foods, and the subsequent develop-
ment of obesity  – a major predisposition for the transition from regular glucose 
metabolism to insulin resistance.

Moreover, the phenomenon of temporary insulin resistance and peak incidence 
of pubertal onset associated with T1D and T2D suggest homeostasis in glucose 
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metabolism and insulin secretion are dependent upon healthy behaviors during ado-
lescence, composed of balanced energy intake and expenditure involving health 
dietary behaviors and physical activity, to mitigate the risk of other predisposing 
factors. In addition, pubertal onset may also differentiate age of diagnosis for sex- 
related prevalence, as a reflection of differences associated with earlier onset of 
puberty in females than males (Habeb et al. 2011). In this case, it is critical to exam-
ine the earlier onset of symptoms in adolescent females, which may be accelerated 
in genetically susceptible individuals due to gender-related behaviors, and espe-
cially given the higher prevalence of both T1D and T2D among female adolescents 
found in this review.

The MENA region is composed mainly of Arab populations, which are consid-
ered a high-risk population for the development of T2D and T1D. This high-risk 
consideration stems from a range of epigenetic and genetic factors. Specifically, risk 
factors for the development of T2D in children and adolescents have been linked to 
a history of T2D in a first-or second-degree relative, which can also be further 
expressed throughout generations due to the high prevalence of consanguineous 
marriages in the region (Al-Amiri et al. 2015; Panagiotopoulos et al. 2018). The 
prevalence of these sociocultural norms (i.e., preservation of familial structure from 
unions formed between biologically related individuals) may also be associated 
with genetic dimorphisms resulting in the expression of risk alleles for T1D (Zayed 
2016). The varied expression and contribution of genetic profiles of specific alleles 
leading to increased incidence of T1D in certain populations may explain the geo-
graphic variability in prevalence. This expression may be further initiated or accel-
erated by the effect of behavioral risk factors. However, further research is required 
to examine the underlying risk factors and epigenetic mechanisms that may be 
linked to this difference.

Studies have also illustrated the increase in obesity which has largely been linked 
to the development of T2D and as a risk factor for the development of gestational 
diabetes in childbearing women (15–45 years) in the MENA, which further com-
pounds the intergenerational risk of diabetes in offspring (Al-Rifai et  al. 2019; 
Al-Rubeaan, 2015). In fact, in the MENA region, 1 in 9 live births are affected by 
hyperglycemia in pregnancy (IDF 2019). The same predisposing risk factors have 
been shared among adolescents, and may be differentiated by gender-related social 
factors. For example, females face higher risk of sedentary lifestyles, as studies 
show that factors such as wearing sports clothing, safety concerns, or exercising 
outdoors for religious reasons are cultural barriers that affect females more than 
males from Arab nations (Barakat and Yousufzai 2020), which may indirectly con-
tribute to the prevalence of overweight and obesity, and in translation increase the 
risk of developing T2D.

Overall, there are a limited number of studies reporting on the incidence of ado-
lescent diabetes. In addition, although the countries of the MENA represent some of 
the highest numbers of T1D, overall this number may be underestimated as only 
57% have incidence rates available from the MENA region reported by the IDF 
(Patterson et al. 2019). Multiple studies suggest the dire need of having a registry in 
each country with systemic coordination (Alassaf et al. 2019; Zayed 2016), as well 
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as having research done in community-based settings, to further characterize the 
etiology, mortality, and complication of this serious disease (Saraswathi et al. 2019). 
Furthermore, multiple characteristics seem to be associated with early onset and 
diagnosis of diabetes in adolescents, and significant differences are seen between 
sexes and in relation to gender-related risk factors. Efforts need to be initiated to 
address prevention strategies and modifiable risk factors of diabetes in children and 
adolescents and to determine links between social, demographic, and economic 
contextual factors in developing countries.

 Reflection Questions

 1. What are the different forms of diabetes that may affect adolescents and how do 
they differentiate?

 2. What countries have the highest prevalence rates of type 1 diabetes among ado-
lescents in the MENA region?

 3. What is the various risk factors that are prominent in the MENA region which 
may lead to the increased expression of diabetes during adolescence?

 4. When do symptoms of type 1 diabetes become apparent among adolescents?
 5. What is the key modifiable risk factors that can decrease the prevalence of diabe-

tes and promote long-term positive health?
 6. How can policies be tailored to ensure that all countries in the MENA are able to 

develop registries for diabetes, and why are registries important?
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Chapter 11
HIV and Sexual Health in MENA’s 
Adolescents

Ismaël Maatouk and Moubadda Assi

11.1  Introduction

Human immunodeficiency virus (HIV) is a virus that attacks immune cells, making 
a person more vulnerable to infections and cancers. If left untreated, HIV can lead 
to the acquired immunodeficiency syndrome (AIDS).

The global impact of the HIV and AIDS epidemic has spurred its rapid prioritiza-
tion as one of the most pressing health issues facing the world community. Although 
the epidemiology and social forces affecting its continued proliferation differ 
between communities and regions, HIV continues to spread worldwide. There are 
approximately 38 million people living with HIV (PLHIV) globally in 2019 and 
more than 30 million who have died of AIDS-related causes since the beginning of 
the epidemic (UNAIDS 2020). Global efforts to control the epidemic have been 
beneficial, and significant progress has been made. For instance, the number of 
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newly infected people, including children, and the number of AIDS-related deaths 
have significantly declined over the years. Moreover, the number of people receiv-
ing antiretroviral treatment (ART) increased to 25.4 million in 2019, up from 6.4 
million in 2009 (UNAIDS 2020). Under Sustainable Development Goal 3, the 
global community has committed to end the AIDS epidemic by 2030. Under the 
“90-90-90” targets, countries work toward achieving, by 2020, “90% of people liv-
ing with HIV knowing their HIV status; 90% of people who know their HIV-positive 
status on treatment; and 90% of people on treatment with suppressed viral loads” 
(United Nations 2015).

Hence, despite significant decrease in incidence, new infections still occur at a 
high rate, and PLHIV continue to face challenges managing their illness. This is 
particularly true in the Middle East and North Africa (MENA) region,1 which wit-
nessed a 22% increase in new infections between 2010 and 2019, despite trends of 
incidence reduction across all other regions of the world. With respect to the epi-
demic, countries of the MENA can be categorized into two main groups: countries 
with a generalized epidemic (i.e., Djibouti, South Sudan, and Somalia) and coun-
tries with a concentrated epidemic and low HIV prevalence in the general popula-
tion (i.e., Lebanon and Egypt). The epidemic is however dynamically growing and 
still presenting a risk of rapid HIV spread in different pockets of the population 
(Mumtaz et al. 2020a, b). Moreover, this region has specific characteristics nega-
tively impacting HIV. First, the young population (defined as 15–24 years old) con-
stitutes one third of the regional population (United Nations 2017). Second, at least 
eight of the MENA countries were classified as being conflict-affected in 2018 
(Djibouti, Iraq, Lebanon, Libya, the State of Palestine, Sudan, Syria, Yemen) (The 
World Bank 2018). Third, the unstable political situation has resulted in millions of 
mobile or displaced populations, including migrants who might be challenged by 
risky behavior and might face limited access to health services (the number of inter-
national migrants in the MENA surged from 18 million in 2000 to 41 million in 
2017 (DESA, U. 2017)). Moreover, the traditionally conservative sexual mores and 
religious adherence may have played an active role in dissuading populations from 
engaging in risky behaviors but are waning today.

In addition, there is a growing concern surrounding the potential impact of the 
coronavirus disease 2019 (COVID-19) pandemic on the HIV response in the 
MENA, including the availability of ART and access to preventive services. As of 
October 14, 2020, the region had reported a total of 2,660,450 COVID-19 cases (7% 
of the global count) with 67,750 deaths (World Health Organization 2020). 
Disruptions in provision of regular HIV/AIDS services are estimated to result in 
many more additional deaths (UNAIDS 2020; Jiang et al. 2020).

The purpose of this chapter is to overview the HIV situation among adolescents 
in the MENA region in terms of the general epidemiology, burden, modes of 
transmission, preventive and diagnostic tools, management plan, and challenges. 

1 According to UNAIDS: Algeria, Bahrain, Djibouti, Egypt, Iran, Iraq, Jordon, Kuwait, Lebanon, 
Libya, Morocco, Occupied Palestinian Territory, Oman, Qatar, Saudi Arabia, Somalia, Sudan, 
Syrian Arab Republic, Tunisia, United Arab Emirates, and Yemen.
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We therefore conducted an extensive review of literature articles and other reports 
from the MENA to include them in our analysis. Our chapter will also discuss some 
other HIV-related issues from the wider angle of teenagers’ sexual health.

11.2  Epidemiology and Burden of HIV and STIs 
in Adolescents in the MENA

By the end of 2019, there were approximately 240,000 PLHIV in the MENA, 
including 9600 children aged 0–14 (UNAIDS 2020). The region counted 8000 adult 
and child deaths due to AIDS. The number of new HIV infections increased by 22% 
in 2019 compared to 2010, whereas AIDS-related deaths decreased by only 2% in 
2019 compared to 2010. The percent of PLHIV aware of their status in 2019 was 
52%. PLHIV who were on ART reached 38% and PLHIV who were virally sup-
pressed reached 32%.

In the MENA, with the exception of Djibouti, Somalia, and South Sudan, HIV 
prevalence among the general population is well below 1% (Mumtaz et al. 2020a, 
b). However, 97% of the new infections are affecting key populations: people who 
inject drugs (PWID), men who have sex with men (MSM), and female sex workers 
(FSW) (Mumtaz et al. 2020a, b). Among PWID, there are registered HIV epidemics 
in Libya (40.7%), Iran (9.4%), and Pakistan (8%) and possibly emerging epidemics 
in Egypt and Afghanistan. Among MSM, Iran (14.8%), Lebanon (12.3%), Tunisia 
(10.1%), Sudan (7.8%), Pakistan (7.5%), Egypt (6.2%), Yemen (5.9%), and 
Morocco (4.9%) have registered concentrated epidemics. Among FSW, there are 
concentrated epidemics in South of Sudan (37.9%), Libya (15.7%), Sudan (7.7%), 
Somalia (5.2%), and Morocco (5.1%) (UNAIDS 2020).

According to UNAIDS, there are 6300 adolescents (aged 10–19) living with HIV 
in the MENA (increase of 28% compared with adolescents living with HIV in 
2010). However, the number of new HIV infections across this age category is con-
stantly <1000 per year.

Mother-to-child transmission (MTCT) is defined as the transmission of HIV 
from an HIV-positive mother to her child during pregnancy, labor, delivery, or 
breastfeeding. In the absence of any intervention (ART), transmission rates range 
from 15% to 45%. This rate can be reduced to below 5% with effective ART, leading 
to undetectable viral loads in the maternal circulation. The MENA has an alarming 
rate of MTCT of 30%, the highest among all regions, reaching almost three times 
the global rate (11%). This can be explained by the lack of access to ART, since only 
29% of pregnant women needing ART in 2019 were actually able to receive it.

Data on sexually transmitted infections (STIs) are scarce, and available data is 
often lacking granular age disaggregation. The limited available data, however, 
reveals that STIs are more common among young people than among other 
age groups.
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A 2007 study among married women in Oman found that age was the most 
important risk factor for STIs. Women under age 25 were twice as likely to have an 
STI compared to women who were 25 and older (DeJong et al. 2007). Consistently, 
a study from Lebanon among gay and bisexual men showed in 2019 that the mean 
age of the first sexual experience among participants was 16.5 (Maatouk et al. 2019).

Thus, these scarce findings should set an agenda to further explore STIs among 
adolescents in the MENA and to further determine their prevalence among general 
and key populations, especially that the first sexual contacts appear to happen dur-
ing adolescence.

11.3  HIV Prevention and Diagnostic Tools

Effective prevention in the MENA depends on reaching and engaging with key 
populations. For instance, Lebanon, Iran, and Morocco have expanded opioid sub-
stitution therapy (OST) programs at the levels of communities and prisons. 
Consequently, the three countries have reported access to sterile injecting equip-
ment by more than 70% of people who inject drugs. These countries serve as an 
example where access to OST and sterile injecting equipment was rapidly scaled up 
in major urban centers and can be helpful for implementation in prevalent countries 
such as Algeria, Egypt, Lebanon, and Tunisia (UNAIDS 2015).

In relation with MSM programs, Lebanon is an example of success, with 75% of 
MSM in Beirut reporting both knowledge of their HIV status and condom use. In 
fact, such programs can be successful when rights, privacy, and dignities of benefi-
ciaries are respected and when the civil society and the key affected communities 
are implicated in the response to ensure efficient service delivery. Morocco and 
Tunisia are on the same way, but testing coverage and condom use were still below 
50% in 2015. Consistently, pre-exposure prophylaxis usage by MSM communities 
in Algeria, Iran, Lebanon, and Morocco is still in the first steps of implementation.

In 2018, two new policies were recommended by the WHO: HIV self-test 
(HIVST) and partner notification (PN) (WHO 2016).

• HIVST is an example of a self-care intervention that recognizes individuals as 
active agents in managing their own health, including disease prevention, self- 
medication, and providing care to dependent persons. Vulnerable populations 
such as MSM and refugees or migrants may avoid the health system due to 
stigma from providers or difficulties in access to health services. Thus, HIVST 
aims at scaling up HIV testing. Moreover, since the beginning of the COVID-19 
pandemic and the consequent lockdown, more consideration was given to 
HIVST, since it became the only possible diagnostic tool that can easily be used 
by people who wished to get tested (Maatouk et al. 2020a, b, c).

• PN services need special attention along with a multidimensional support system 
from health, psychological, religious, social, and legal perspectives. Although 
existing evidence supports its safety, implementing PN services in the MENA 
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requires careful planning. This should take into consideration the nature of the 
target populations, their environment, and sociocultural beliefs in order to 
address the beneficiaries’ concerns, improve acceptance, maximize uptake, and 
safeguard from adverse consequences. A crucial role can be played by civil soci-
ety organizations which have the potential to reach greater numbers of people 
particularly those unlikely to go to a facility for testing. Partners can also be 
reached using new approaches like HIVST (Maatouk et al. 2019).

Regarding other communities, such as women engaged in transactional sex and 
FSW, several countries reported success through high rates of condom use among 
these key populations: Algeria and Lebanon (>80%) and Djibouti, Iran, Jordan, 
Morocco, and Tunisia (50–80%). Taking into consideration that these communities 
are hard to reach, condom use results are understandably hard to achieve. In fact, the 
low access to HIV testing among these groups (compared to HIV testing access 
among MSM) is another indicator of the difficulty to reach these populations by 
prevention programs. It is true that in Lebanon, this coverage is considered good; 
however in Algeria, Morocco, Tunisia, and Iran, the respective figures are less than 
33%. Effective prevention intervention should be based on rights and stigma-free to 
be able to reverse the trajectory of new infections in these communities.

It is true that ART coverage in the MENA is the lowest in the world; however, 
testing coverage along with ART coverage is rapidly improving in the region. 
Innovative approaches were recommended and implemented to achieve these tar-
gets, such as reducing the time spent on counseling, HIVST, mobile testing services 
and outreach, and provision of testing services by lay-providers.

Stigma-free civil organizations available in Lebanon, Jordan, and Morocco 
among other countries serve as an example of good practice of free, voluntary, and 
confidential testing service. HIVST was introduced in many MENA countries and 
aims at scaling up testing and reaching those who do not test.

11.4  Factors Contributing to HIV Risk for MENA 
Young People

11.4.1  Vulnerable and Most at-Risk Young People

Young people in general are considered vulnerable. Among them, special subgroups 
are considered even more vulnerable and include young refugees/migrants, young 
people with disability, adolescent girls and early-married girls, unemployed young 
people, and young people with low socioeconomic status. But the most vulnerable 
population (at the highest risk of HIV) is attributed to young PLHIV, PWID, sex 
workers, and MSM.

Poverty particularly puts some communities at great risk of contracting HIV. For 
instance, street children (boys and girls) might be obliged to sell sex amid a setting 
where access to condom might probably be low. Several reports shed the light on 
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this increasing cohort in the MENA region, particularly among homeless MSM 
(Abu-Raddad et al. 2010). In Egypt, 65.8% of homeless MSM had their first same- 
sex encounter before the age of 15 (El Sayyed et al. 2008). Consistently, a study 
from Lebanon among gay and bisexual men showed in 2019 that the mean age of 
the first sexual experience among participants was 16.5 (Maatouk et al. 2019). Other 
studies have also shown that MSM have women partners as well. For instance, a 
study among MSM from Libya reported that 40% of respondents had sex with both 
men and women (Valadez et al. 2013). A survey in Morocco among MSM found 
similar results (Johnston et al. 2013).

Commercial sex work can also have a negative impact on young people at risk of 
HIV. This is particularly secondary to the high number of partners and the low con-
dom use. It is worth mentioning that commercial sex work is not exclusive to FSW 
in the MENA but also exists among MSM (Morocco and Somalia) (IOM 2012; 
Johnston et al. 2013).

While there are few studies about condom use among key populations in the 
MENA, surveyed communities show an overall inconsistent use of condoms. For 
instance, among Sudanese FSW surveyed, 30.3% reported condom use at last sex 
(Elhadi et al. 2013). This is consistently coupled with a low knowledge about HIV 
(Elhadi et al. 2013; Maatouk et al. 2019). Other contributing factors include risky 
behaviors and limited access to services (Navadeh et al. 2013).

11.4.2  Lack of Sexual and Reproductive Health Education

The absence of accessible, adequate, and effective sexual and reproductive health 
education in MENA schools is one of the major gaps that puts young people at risk 
of contracting HIV.

In 2016, a study of students from 17 universities across Lebanon revealed a low 
percentage of condom use (36.3%) (Salameh et al. 2016). A very recent study by 
Maatouk et al. in 2020 showed that females tend to lack self-efficacy in relation to 
sexual behavior, to be coerced into behaviors they do not desire, and to engage in 
STI screening less frequently, while men appear to use substances more frequently, 
which could lead to poor outcomes. Furthermore, on the whole, heterosexual stu-
dents engage less frequently with sexual health screening than non-heterosexual 
students.

Many health education interventions assessing medical students’ HIV knowl-
edge and attitudes found a positive impact in decreasing stigma and discriminatory 
attitudes toward PLHIV post-intervention. These studies were conducted in Egypt 
(El-Nawawy 2008), Libya (Sugathan and Swaysi 2012), the UAE (Barss et  al. 
2009), and Yemen (Badahdah and Sayem 2010). Thus, sustained educational pro-
grams can only have a greater positive impact on access to key HIV services.

According to a systematic review, the overall basic HIV knowledge was high 
among key populations at higher risk of infection and bridging and general popula-
tion groups (Mumtaz et al. 2020a, b). However, few population pockets still had low 
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basic knowledge. The level of comprehensive knowledge was overall low, and mis-
information and misconceptions were prevalent. At-risk communities such as 
PWID, MSM, and FSW were unaware of some modes of HIV transmission. 
Perception of risk of infection was low even among these at-risk communities. 
Differentials in knowledge were raised putting women, rural populations, refugees, 
and other marginalized minorities at a disadvantage. Attitudes toward PLHIV 
tended to be negative.

11.4.3  Conflict, Economic Downturn, and Migration

Conflict and economic downturn lead to decreased HIV services, lack of funds to 
offer testing and prevention services, lack of sustainability of services, deprioritiza-
tion of sexual health, and delayed marriages coupled with stress-induced risky 
behaviors. In addition, unemployment lead to more spare time for young people to 
socialize, which possibly exposes them to risky behaviors.

Migration and displacement, which happens in the MENA for several political 
and economic reasons, plays a crucial role in the spread of HIV. The populations 
affected by migration or displacement definitely include young people (Abu-Raddad 
et al. 2010). These communities are usually marginalized and lack access to ser-
vices. Moreover, the increase in sex work for financial purposes makes these com-
munities even more vulnerable to HIV.

11.4.4  Gender Disparity

MENA still ranks in the bottom 20% of the global health gender gap and continues 
to rank last on the overall gender gap index, behind South Asia (The Global Gender 
Gap Report 2017).

According to Madani (2018), women are particularly susceptible to the HIV 
infection. Not only are women more biologically prone to acquiring the infection, 
but endemic interpersonal violence against women and girls, misogynistic tradi-
tions, lack of control over condom use, and limited sex education reinforce unequal 
power dynamics between men and women. Repeatedly, studies on notified cases 
have indicated that the vast majority of women who acquire HIV acquire it from 
their husbands (Abu-Raddad et al. 2010; Mumtaz et al. 2020a, b).

11.4.5  Risky Behaviors

This section will focus on risky behaviors that are specific to some key populations 
such as PWID, MSM, and FSW.
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Sharing of non-sterile needles and/or syringes is one of the key risky behaviors 
that expose PWID to HIV infection. An average of 42% of people who inject drugs 
in MENA ever shared needles/syringes, while 24% did so in the last injection 
(Mumtaz et al. 2020a, b).

Having multiple, including concurrent, sexual partners are reported by over 90% 
of MSM in the MENA with an average of 4–14 sexual partners in the last 6 months 
(Mumtaz et al. 2020a, b). Male sex work also appears to be common, with 20–76% 
of MSM reporting ever exchanging sex for money (Mumtaz et al. 2020a, b). Overall, 
the rate of consistent condom use is below 25% (Mumtaz et al. 2020a, b).

According to Mumtaz et al. (2020a, b), the mean number of clients of FSW in the 
past month is in the range of 4.4–114 with a median of 34 clients. Consistent con-
dom use is reported by about a third of all FSW.

11.4.6  Lack of Effective Surveillance

Besides the repercussions of political instability on surveillance and reporting, the 
MENA region is traditionally conservative. This confluence of sociopolitical reali-
ties presents serious challenges to effectively assessing HIV prevalence among 
young populations of the region (Shawky et al. 2009). While a second-generation 
surveillance has been recommended, the majority of MENA countries rely on pas-
sive reporting—with active reporting only in place for pregnant women at antenatal 
clinics (Shawky et al. 2009). This is also true for non-HIV STIs, such as Neisseria 
gonorrhea (Maatouk and Assi 2020).

11.4.7  Lack of Research

The absence of research on risky behavior among young people further contributes 
to the incomplete baseline of knowledge on HIV/AIDS proliferation factors. 
Numerous studies exist on MENA young peoples’ knowledge of and attitude toward 
HIV; however, few of them ask behavioral questions. Maatouk et al. (2020a, b, c) 
reported that Lebanese MSM (n = 1364) who engage in riskier behaviors and who 
appraise their risk to be high are more likely to get tested for HIV/STIs. Aside from 
reports usually collected in university hospital settings, it is not expected to have 
official studies about young people’s sexual behavior because this may be perceived 
as an approval or legitimacy of these behaviors. The truth is the majority of MENA 
countries stigmatize and criminalize some of these behaviors. This results in the 
avoidance of collecting such information.
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11.5  Conclusions

Many factors in the MENA contribute to the spread of HIV among young popula-
tions. Youth bulge, increased globalization, ongoing conflict, mass migration, and 
continued conservative approach to sex and reproductive health education and ser-
vice access should all be addressed to limit the spread of HIV among MENA’s 
young people. COVID-19 is one of the new challenges added to the already 
exhausted health systems. The continued efforts to sustain HIV prevention, care, 
and treatment to all populations in need keep alive the promise of an HIV-free gen-
eration and a healthy future for a MENA region still coping with HIV challenges.

 Critical Questions

 1. What are the missed opportunities for the Middle East and North Africa region 
to achieve its HIV goals, especially in the young populations?

 2. Which factors contribute to HIV risk for MENA young people?
 3. Which behaviors are considered at risk?
 4. How does COVID-19 contribute to the existing challenges in the regional HIV 

situation?
 5. How to overcome COVID-19 challenges in HIV response?
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