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This study aims to determine the prevalence of asthma, wheeze and dry nocturnal cough, and also to
assess predictors of these health outcomes among adolescents from nine different geographic regions
in the United Arab Emirates (UAE). Guided by the population health framework, analysis focused on
responses to select items from a survey that was administered on 6,363 UAE adolescents. Frequency
analyses determined the prevalence of health outcomes and explanatory variables. Bivariate analyses
assessed associations between each outcome and all explanatory variables. Logistic regression
models were used to identify significant predictors of asthma, wheeze, and dry nocturnal cough for
each geographic region. The prevalence of asthma, wheeze and dry nocturnal cough ranged from 7.0 to
16.9%, 9.3 to 14.8% and 30.4 to 48.2%, respectively. Associations between health outcomes and
explanatory variables vary across regions. Results of multivariate regression modeling identified
significant predictors of the respiratory conditions, which varied across regions. The prevalence
proportions of respiratory symptoms, and particularly dry nocturnal cough, are relatively high in the
UAE. Predictors of respiratory health in the UAE differ across regions and may be closely tied to the
regional physical and social environments, which are linked to individual behaviors and lifestyles.

Key words: Air quality, respiratory health, asthma, health determinants, adolescents, population health, United
Arab Emirates.

INTRODUCTION

Respiratory diseases are among the leading causes of
death worldwide (World Health Organization, 2015). This
is concerning given that many chronic respiratory
conditions that affect millions of people worldwide are
preventable (Lopez, 2006; Masoli et al., 2004). Research
documents that chronic respiratory conditions are also
associated with poor health status and greater work
disability (Eisner, 2001). Preventable chronic respiratory

conditions include chronic obstructive pulmonary disease
(COPD) and asthma (World Health Organization
website). COPD is used to describe chronic lung
diseases that cause limitations in lung airflow such as
chronic bronchitis or emphysema. In 2012, COPD was
the third leading cause of global deaths, accounting for
3.1 million deaths (World Health Organization, 2015).
Asthma is the most common non-communicable disease
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among children, characterized by recurrent attacks of
breathlessness and wheezing (Islam et al., 2007; World
Health Organization, 2003).

Asthma is usually triggered from inflammation of the
airway that tightens the surrounding muscle, narrowing or
restricting airflow. Persistent respiratory symptoms are
generally used to suggest the presence of acute
respiratory conditions. For example, recurrent symptoms
of wheezing, cough, difficulty breathing, and chest
tightness may be signals of asthma presence in children
(Lai et al., 2009; Chung and Pavord, 2008). An estimated
235 million people across the globe suffer from asthma
(World Health Organization Fact Sheet 307, 2013). The
fundamental causes of asthma are not completely
understood. Current evidence suggests that the strongest
risk factors for developing asthma are genetic
predisposition and environmental exposures to inhaled
pollutants that interfere with the airways (World Health
Organization Fact Sheet 307, 2013). Moreover, research
findings suggest that asthma diagnosis is a significant
risk factor for COPD raising the level of risk by a factor of
12 (Silva et al., 2004). Therefore, identifying significant
predictors of asthma and respiratory symptoms such as
wheeze and dry nocturnal cough is a preliminary step for
prevention, which has the potential to decrease the global
mortality and morbidity burden of respiratory diseases.

The population health framework can be a useful tool
for examining disease health determinants (Evans and
Stoddart, 1990). The framework highlights ways in which
different types of factors and forces interact to impact
different conceptualizations of health. Possible health
determinants relate to the physical environment, social
environment, biology or genetic endowment, individual
responses or behaviors to a particular disease,
accessibility to healthcare, well-being, and prosperity. In
relation to asthma and respiratory symptoms, several
physical environmental factors have been shown to
strongly correlate to these health outcomes; these
include exposures to allergens, air pollutants, and other
environmental chemicals (Kelly and Fussell, 2011). For
instance, low levels of air quality due to traffic pollution or
high ozone levels have been associated with both
asthma development and increased asthma severity
(Esposito et al., 2014; NRDC, 2014). In addition, asthma
is associated with exposure to indoor allergens including
dust mites, cockroaches, animal dander and mold (Bush,
2008; Arshad, 2009). There is also strong evidence
linking parental smoking with asthma in children
(Pattenden, 2006; Cook and Strachan, 1999).

Research suggests that the social environment, such
as socioeconomic status, also plays a role in increasing
the risk for developing respiratory conditions (Gorman
and Asaithambi, 2008). For instance, significant
associations were documented between low education
and each diagnosis with asthma and wheeze (Arif et al.,
2003; Litonjua et al., 1999). Furthermore, research
documents show negative associations between income

Barakat-Haddad and Zhang 123

and asthma prevalence (Gwynn, 2004; Rona, 2000). In
relation to biology, sex and ethnic variations in respiratory
health are most commonly studied by researchers.
Although, most research documents show higher
prevalence rates of asthma and wheeze among male
children compared to female children (Wieringa et al.,
1999), there appears to be an increase in susceptibility
for asthma in ‘post-pubescent’ girls and women (Balzano
et al., 2008). Ethnic variations in asthma diagnosis have
been reported in various countries. For example, in the
US, asthma rates are higher among Native Americans
(11.6%) and African Americans (9.4%), followed by
Caucasians (7.6%), Hispanics (5.0%), Asians (2.9%), and
Hawaiian Pacific Islanders (1.3%) (Gorman et al., 2008;
CDC, 2004). Individual behavior choices are also
important in determining respiratory health, influencing
the risk of developing asthma and respiratory conditions.
Indeed, research show significant associations between
tobacco use and asthma diagnosis (Al-Sheyab et al.,
2014; Mcleish and Zvolensky, 2010).

Health determinants that relate to many diseases are
place-specific. This is particularly true for asthma and
respiratory conditions, which are influenced by regional
physical and social factors such as geographic features,
anthropogenic activities that occur in particular places,
and exposures to risk factors. Situated in the Arabian Gulf
peninsula, the United Arab Emirates (UAE) is a federation
that is undergoing fast-paced development characterized
by heavy construction, demographic shifts, and changes
to the social and physical landscapes. It consists of
seven Emirates: Abu Dhabi, Dubai, Sharjah, Ajman, Umm
al-Quain (UAQ), Ras al-Khaimah (RAK), and Fujairah
(Figure 1). The Emirate of Abu Dhabi accounts for 87
percent of the geographic area and consists of three
geographical regions. Abu Dhabi City is the largest by
area and relies largely on oil production (UAE Ministry of
Environment, 2005). The Western region of Abu Dhabi
exhibits mixed development dependent on agriculture
and industry, while Al-Ain in Abu Dhabi has many oases
and parks. The second largest emirate, the Emirate of
Dubai, is located in emirate's northern coastline. Unlike
Abu Dhabi city, Dubai is a growing metropolis with main
revenues coming from tourism, real estate and financial
services. Sharjah relies on tourism largely due to its rich
and cultural place in the Arab region. Ajman experienced
development in the construction industry, but remains
less populous than Dubai and Sharjah. UAQ relies on
agriculture, fisheries and tourism, while RAK and Fujairah
are dependent on the industrial sector and agriculture
respectively.

Although, economic growth and development in the
UAE have improved the living conditions of its people,
they may also have increased respiratory health risk
levels (Khondker, 2009). For example, studies have
suggested that air pollutants in Sharjah include
carcinogens and are at concentrations similar to or
exceeding those in Beijing and Mexico City (The National,
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Figure 1. Map of the United Arab Emirates showing nine geographic regions. Source:
http://en.wikipedia.org/wiki/United_Arab_Emirates#mediaviewer/File:UAE_Regions_map.png.

2014). In fact, research suggests that many pollutants in
the UAE may be at levels above the standards (The
National, 2014). These findings couple with research and
other documents reports high prevalence rates of asthma
and cardiovascular diseases, which are the leading
causes of overall death in the UAE (Al-Maskari et al.,
2000).

Adolescence is an important time period in a person’s
lifestyle, where exposures that impact respiratory health
range from those that are related to the physical and
social environments, to those result from individual
choices and behaviors. Furthermore, behavioral factors
that impact health during adolescents tend to remain and
solidify in adulthood, while at the same time, health
outcomes that affect respiratory health in adolescence
may lead to longer-term new health outcomes. Very few
studies have explored the prevalence and risk factors of
respiratory conditions among adolescents in the UAE or
neighboring countries. Implementation of the International
Study of Asthma and Atopy in Children (ISAAC) in
countries neighboring the UAE, suggest that the
prevalence of asthma among adolescents is between 5 to
10%, of wheeze between 6 to 11%, and below 20% for
dry nocturnal cough (ISAAC, 1998; Pearce et al., 2007).
Results from worldwide implementation of the ISAAC
questionnaire on adolescents reveal geographic
variations in the prevalence of asthma ranging between
4.4 and 25.9%, of wheeze past 12 months ranging

between 6.0 and 29.9%, and between 12.2 and 33.7% for
night cough within the past 12 months. The total global
prevalence of these three outcomes is 11.3%, 13.8 and
22.3% respectively (ISAAC, 1998). Barakat-Haddad et al.
(2014), embarked on a research project that examined
the respiratory health profile among adolescents from the
UAE and the possible link with air quality, at the national
scale. Results suggest that the prevalence of chronic
bronchitis, emphysema, asthma, wheeze, and dry cough
among UAE adolescents is 1.8, 0.5, 12.3, 12.2 and
34.8% respectively (paper submitted). While the
prevalence of wheeze appears to be below the global
prevalence, both the prevalence of asthma and dry cough
are relatively higher. Results of this recent study also
suggest that significant predictors of respiratory health
among adolescents from the UAE include outdoor and
indoor air quality, as well as behavioral factors related to
smoking and drug use.

While these results were novel, variations in the
physical and social landscapes of geographic regions
within the UAE suggest that analysis at a regional scale
can better inform prevention efforts, by focusing on
assessing regional predictors of respiratory health. To
that extent, and guided by the population health
framework, this research addresses three main
objectives: to determine the prevalence of asthma,
wheeze, and dry nocturnal cough among adolescents
from each of nine different regions in the UAE; to examine
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Figure 2. Application of the population health framework to examine factors that impact (indicated with an arrow)

respiratory health among UAE adolescents.

associations between respiratory health and each of
social and physical factors in relation to the nine different
regions in the UAE; to assess differences in the
predictors of each asthma, wheeze and dry nocturnal
cough among the UAE adolescent population in relation
to the nine geographic regions in the UAE.

METHODOLOGY
Data source

The National Study of Population Health in the UAE (NSPHUAE)
(2007 to 2009) research program consisted of developing and
administering a cross-sectional survey on 6,363 adolescents age
between 13 and 20 years, and who attend schools in nine different
geographic regions in the UAE; that is Abu Dhabi city, Al Ain (Abu
Dhabi), Western region (Abu Dhabi), Ajman, Dubai, UAQ, RAK,
Sharjah, Fujairah (Figure 1). Survey details are described in
Barakat-Haddad (2013). Guided by the population health
framework, this research utilizes data from the NSPHUAE that
relates to health measures, demographics, lifestyle, residential and
neighborhood characteristics (Figure 2).

Outcome variables

Outcome variables were based on responses to three items
adopted from the ISAAC. Participants were asked if they were ever
diagnosed with asthma by a doctor or health care professional, if
they experienced wheezing or whistling in the chest in the last 12
months, and if they had a dry cough at night, apart from a cough
associated with a cold or chest infection in the last 12 months.

Explanatory variables

Guided by the population health framework, the physical
environment was characterized using variables that relate to indoor
and outdoor air quality (Figure 2). These include responses to
questions on whether the residence has air conditioning, how often
the residence is maintained, the type of flooring in the main living
area of the residence, the type of cooking method, whether the
residence feels humid, whether the residence is subject to regular
use of pesticides or insecticides, whether there are pests seen in
the past 12 months, whether anyone in the participants’ household
does arts, crafts, ceramics, stained glass work or similar hobbies on
a regular basis, whether the property of residence was built prior to
1988. These variables are known to influence indoor air quality due
to the presence of possible toxins such as dust of silica and lead,
and would further increase the risks of respiratory symptoms.
Factors influencing outdoor air quality include whether participants
reside near industrial plants, gas stations, dumpsites, or
construction sites; whether participants reside near overhead power
lines or plants; and residential crowding. The latter was calculated
using the ratio for the number of individuals who reside in the
household over the number of bedrooms in the residence.

Variables related to the social environment include type of school
attended, father’s education, mother’s education, whether the
participant was born in the UAE, monthly family income and
residential property tenure. Variables related to biology or genetic
endowment includes sex and ethnicity. The latter was classified on
the basis of similar cultures, traditions, ancestral linkages or
geographical origins. Data related to individual responses and
behaviors include ever smoking cigarettes or any form of tobacco
such as shisha or midwakh, and whether it was on an occasionally
or daily basis for the past 30 days. Participants were categorized as
current smokers if they reported occasional or daily use of at least
one form of tobacco in the past 30 days. This categorization is
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Table 1. Socioeconomic and behavioral profiles of study participants (n=6,363).

Abu Dhabi Al-Ain Western Ajman Dubai UAQ RAK Sharjah Fujairah
n = 1451, % n = 1175, % n =377, % n = 264, % n =589, % n =147, % n =671, % n=1168, % n=521, %
Variable Classification ( ) ( ) { ) ( ) ¢ ) { ) { ) { ) ( )
F M F M F M F M F M F M F M F M F
n=554 n=897 n=617 n=558 n=233 n=143 n=99 n=163 n=333 n=256 n=15 n=132 n=315 n=356 n=490 n=678 n=198 n=322
School Public 57.2 48.9 59.6 86.0 44.2 62.2 100 48.5 91.9 49.2 0.0 84.1 727 64.6 48.6 41.0 85.4 69.9
Private 42.8 511 404 14.0 55.8 378 0 515 8.1 50.8 100 15.9 27.3 354 514 59.0 14.6 30.1
UAE bom Yes 28.2 50.2 39.2 62.4 28.9 53.6 48.0 69.8 51.2 44.1 6.7 66.4 63.6 61.6 52.0 56.7 66.5 68.6
No 71.8 49.8 60.8 37.6 711 46.4 52.0 30.2 48.8 55.9 93.3 33.6 36.4 384 48.0 433 335 314
Father hiah school Yes 69.4 738 59.6 46.4 69.1 50.0 47.8 60.9 444 54.8 46.2 34.6 377 43.8 60.5 70.1 46.0 46.5
9 No 30.6 26.2 40.4 52.6 30.9 50.0 52.2 39.1 55.6 45.2 53.8 65.4 62.3 56.2 395 29.97 54.0 535
Mother hiah school Yes 55.4 58.2 47.1 36.2 60.3 41.0 395 45.2 38.8 46.7 46.2 29.1 325 40.7 59.5 64.3 46.0 46.5
9 No 44.6 41.8 52.9 63.8 39.7 59.0 60.5 54.8 61.2 53.3 53.8 70.9 67.5 59.3 40.5 35.7 54.0 53.5
Income divided <$4084 69.0 59.6 80.8 744 75.4 85.0 88.4 92.7 83.2 773 90.9 79.0 79.1 77.3 69.4 72.8 70.8 78.8
>$4084 31.0 40.4 19.2 25.6 24.6 15.0 11.6 7.3 16.8 22.7 9.1 21.0 209 22.7 30.6 27.2 29.2 212
Residence tenure Own 217 415 41.7 64.8 34.8 55.1 48.4 28.1 55.3 515 50.0 722 75.8 729 58.9 40.0 735 70.4
Rent 72.3 58.5 58.3 35.2 65.2 44.9 51.6 719 4.7 485 50.0 27.8 24.2 271.1 41.1 60.0 26.5 29.6
Ever smoke Yes 34.2 9.6 28.1 45 319 14 274 11.8 24.4 55 60.0 0.8 16.7 1.8 34.2 8.7 27.2 9.9
No 65.8 90.4 719 95.5 68.1 98.6 72.6 88.2 75.6 94.5 40.0 99.2 83.3 98.2 65.8 91.3 72.8 90.1
. Yes 295 6.4 224 2.6 305 31 25.8 12.6 20.7 47 50.0 2.6 136 3.2 27.1 6.6 20.6 7.8
Current smoking
No 70.5 93.6 77.6 97.4 79.5 96.9 742 87.4 79.3 95.3 50.0 97.4 86.4 96.8 729 934 794 92.2
) - Yes 98.1 95.6 98.7 97.0 97.9 96.8 97.9 90.7 97.6 96.4 100 85.4 98.0 93.8 97.5 97.2 99.0 91.7
Physical activity
No 1.9 44 13 3.0 21 32 21 9.3 24 36 0.0 14.6 20 6.2 25 28 1.0 8.3
Yes 21 0.6 0.7 0 31 0 6.3 0.8 2.8 0.8 133 0.0 38 0.6 38 1.0 31 1.0
Ever used drugs
No 97.9 99.4 99.3 100 96.9 100 93.7 99.2 97.2 99.2 86.7 100 96.2 99.4 96.2 99.0 96.9 99.0
Ever used Yes 17.9 40.3 212 29.9 185 30.7 155 36.2 18.7 39.0 50.0 59.0 179 313 248 424 17.6 37.0
unconventional drugs  No 821 59.7 78.8 701 815 69.3 845 63.8 813 61.0 50.0 410 82.1 68.7 75.2 57.6 82.4 63.0
b. Residential, environmental and psychological profiles of study participants (n=6,363).
Abu Dhabi Al-Ain Western Ajman Dubai UAQ RAK Sharjah Fujairah
= Y = 0 = 0 = Y = 0 = 0 = 0 = 0 = 0
Variable Classification (n=1451, %) (n = 1175, %) (n=377, %) (n=264,%) (n =589, %) (n =147, %) (=671, %) (n=1168, %) (n=521, %)
F M F M F M F M F M F M F M F M F
n=554 n=897 n=617 n=558 n=233 n=143 n=99 n=163 n=333 n=256 n=15 n=132 n=315 n=356 n=490 n=678 n=198 n=322
) . Yes 98.0 99.1 98.8 98.7 99.6 99.3 97.9 97.7 99.4 100 100 98.2 98.9 100 98.7 99.4 98.2 99.6
Res air condition
No 2.0 0.9 12 13 14 0.7 21 23 0.6 0 0.0 18 11 0.0 13 0.6 18 0.4
o Yearly 24.8 323 278 26.3 34.2 27.2 279 29.5 335 289 27.3 17.0 239 27.0 249 264 29.6 224
s?jrlﬁ;?gslce needed 64.8 64.6 66.1 67.6 58.9 64.0 65.1 64.3 58.3 66.2 727 745 67.8 70.2 65.6 67.0 59.2 72.0
Rarely 104 31 6.2 6.1 6.9 8.8 7.0 6.2 8.3 49 0.0 85 8.3 2.8 9.5 6.6 11.3 5.6
carpet 25.3 19.3 23.1 17.6 17.7 25.0 14.9 10.1 12.3 19.9 54.5 19.2 11.6 14.6 9.9 11.0 15.7 17.9
Flooring in the main files 56.4 67.3 58.7 66.6 55.8 4.1 64.9 744 67.8 70.3 455 58.7 67.6 76.5 77.3 81.0 66.7 65.3
living area Wooden 1.9 16 0.9 0.6 5.6 22 11 0.0 0.3 16 0.0 0.0 1.2 0.3 11 0.8 0.6 0
rugs 16.4 11.9 17.3 16.4 209 28.7 19.1 15.5 19.5 8.1 0.0 22.1 19.7 8.6 11.8 7.2 17.0 16.7
) Electric 71 7.0 25 33 6.9 36 11 0.8 42 2.0 15.4 18 15 15 6.1 36 25 0.4
Cooking method
Gas 92.3 92.9 97.1 96.5 913 96.4 98.9 99.2 95.1 97.2 84.6 98.2 97.0 97.9 93.1 95.3 96.9 98.8
Microwave 0.6 0.1 0.4 0.2 18 0.0 0.0 0.0 0.7 0.8 0.0 0.0 15 0.6 0.8 11 0.6 0.8
_— . Yes 16.5 19.2 9.6 8.3 151 20.6 314 25.2 238 13.3 25.0 17.2 21.7 238 209 17.7 238 230
Residential humidity
No 83.5 80. 90.4 917 84.9 79.4 68.6 74.8 76.2 86.7 75.0 82.8 72.3 76.2 79.1 82.3 76.2 77.0
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O Yes 56.9 62.8 68.7 76.3
Ej;e"' pesticides I gometimes 9.6 102 45 25
No 335 26.9 26.8 21.2

. Yes 19.7 19.4 17.8 16.4
Arthobby in house No 803 806 822 836
Pests in residence Yes 165 le1 156 143
Sometimes 34.4 38.9 48.2 47.2

No 49.1 45.0 36.2 385

Reside near industrial ~ Yes 115 134 6.9 9.2
plant No 88.5 86.6 93.1 90.8
Reside near overhead ~ Yes 9.4 6.3 14.4 8.9
power lines No 90.6 93.7 85.6 911
Extreme 16.9 137 137 134

Concern about air Moderate 245 28.4 244 241
pollution Slight 29.4 145 218 241
Not at all 29.2 333 40.1 38.5

61.9 62.3 64.0 68.3 73.9 56.2 231
7.9 16.2 0.0 24 25 132 154
30.2 215 36.0 29.3 23.6 30.6 61.5
18.1 213 15.1 12.6 134 258 417
81.9 78.7 84.9 87.4 86.6 74.2 58.3
136 8.0 16.3 134 16.0 175 0.0
45.3 47.4 45.7 36.2 48.5 38.6 30.8
411 445 38.0 50.4 355 43.9 69.2
25.7 26.1 16.7 213 19.9 20.1 0.0
74.3 73.9 83.3 78.7 80.1 79.9 100
16.6 11.4 12.9 114 143 8.8 0

83.4 88.6 87.1 88.6 85.7 91.2 100
125 16.4 22.0 17.3 115 19.0 154
28.2 35.0 26.4 28.3 28.0 30.8 77
231 214 19.8 23.6 26.4 26.3 385
36.1 27.1 319 30.7 34.1 23.9 38.5

76.9 66.4 70.1 54.2 55.3 732 73.4
5.8 35 3.8 12.8 134 2.7 32
173 30.1 26.1 33.0 313 24.2 234
18.7 15.1 171 253 26.3 15.2 139
81.3 84.9 82.9 4.7 3.7 84.8 86.1
213 20.5 158 127 147 213 19.6
49.1 50.6 53.4 39.9 355 50.3 54.9
29.6 29.0 30.7 474 49.8 28.4 255
18.0 315 13.0 16.4 15.7 211 10.7
82.0 68.5 87.0 83.6 84.3 78.9 89.3
18.7 20.2 1.7 11.8 8.2 247 108
813 79.8 88.3 88.2 91.8 753 89.2
231 28.4 211 19.3 174 25.0 157
35.2 22.8 25.8 22.9 25.9 26.2 245
24.1 243 245 253 28.6 238 26.1
17.6 24.6 28.6 325 28.0 25.0 33.7

consistent with WHO guidelines. The participants were
asked series of questions: whether they participated in any
number of physical activities in the past 12 months. Other
variables include responses to questions on whether
participants ever used illegal drugs such as marijuana,
hashish, or cocaine; and whether they ever purposely
smelled gasoline fumes, glue, correctors, car exhaust, or
burning black ants. Reports suggest that UAE adolescents
tend to purposely smelled gasoline fumes, glue, correctors,
car exhaust, or burning black ants for recreational purpose,
the latter are described as ‘other substance abuse’
throughout this paper, and are common knowledge among
the UAE adolescent population. Well-being is
characterized using responses to whether participants are
concerned about air pollution in their neighborhood. Living
conditions in the UAE are characterized by good health
coverage and relative prosperity and hence these domains
were not included in the analysis.

Statistical analysis

Data were analyzed using statistical package for social
sciences (SPSSv20) using descriptive statistics for all
outcome and explanatory variables. To address the second
research goal, the Chi-square statistic was used for
bivariate analyses that assessed associations between

each outcome and all explanatory variables for each of the
nine geographic regions. After discovering the correlation
between outcome variables and explanatory variables, all
variables that were significant in the bivariate analyses
were entered into logistic regression models in order to
identify significant predictors of respiratory conditions and
symptoms. For each of the health outcomes, multivariate
analysis was performed in order to identify significant
predictor of those specific health outcomes in relation to
each geographic region. Logistic regression was used by
entering all explanatory variables that were significant in
the bivariate analyses for each of the geographic regions
separately. For each of the modeled outcomes, direct entry
of explanatory variables was conducted using a
significance level of p<0.05.

RESULTS

This paper is based on responses from 6,363
adolescents with a mean age of 16 years old,
which is a representative sample for our study.
Majority of participants reside in Abu Dhabi city
(n=1451, 22.8%), Al Ain (n=1175, 18.5%), and
Sharjah (n=1168, 18.4%). Table 1a summarizes

the socio-demographic and behavioral profiles,
whereas Table 1b  includes residential,
environmental, and psychosocial profiles of the
study participants. Overall, 50% of participants in
this study are of local national origin and 45% of
participants are male. These results suggest that
our sample is representative of the UAE
population for this age category. For all regions
except Sharjah, a higher proportion of participant
attend public school. A higher proportion of
participants across nine regions report a family
annual income less than AED15,000 dirhams
($4,087US) compared to a family annual income
of at least AED15,000 dirhams. For all nine
regions, males have a higher prevalence of
current smoking, ever smoke, physical activities,
and drug use whereas female participants have a
higher prevalence of other substance abuse
(Table 1a).

In relation to the physical environment, for all
nine regions, a higher proportion of participants
have air conditioning in their home, maintain their
residence as needed, use ceramic tiles as floors
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in main living areas and cook with gas (Table 1b). Except
for UAQ, the majority of participants report that they have
seen pests at home in the past 12 months, as well as
regular use of pesticides or insecticides. Compared to
other regions, more participants from the western region
of Abu Dhabi report living near industrial plant, gas
stations, dumpsites, or construction sites.

In terms of our second research goal, we found that
explanatory variables differ in the association with
outcome variables within different regions. Variability in
the prevalence of respiratory outcomes is apparent with
the prevalence of asthma, wheeze, and dry nocturnal
cough ranging from 7.0 to 16.9%, 9.3 to 14.8% and 30.4
to 48.2% respectively. For the Western region, Dubai,
and Sharjah, bivariate analyses suggest that asthma is
significantly associated with the type of school attended
and whether participants were born in the UAE. Smoking
emerges as a significant variable for most geographic
regions except for Ajman, UAQ, and Fujairah. A number
of significant associations are found between proxies of
indoor air quality, as well as outdoor air quality, and
asthma for all nine regions except UAQ and Fujairah
(Table 2).

For wheeze in the last 12 months, smoking and other
substance abuse are significantly associated with
wheeze across all geographic regions except Dubai
(Table 3). Residing near industry is associated with
wheeze in Dubai and Sharjah, whereas residing near
over-head power plants, type of school attended, and
whether born in UAE are associated with wheeze in Abu
Dhabi. Sex and other substance abuse are significantly
associated with dry nocturnal cough in Abu Dhabi, Al-Ain,
Sharjah and Fujairah. Proxies of indoor air quality are
associated with cough, and residing near overhead
power-linesis associated with dry nocturnal cough in the
Western regions of Abu Dhabi and Sharjah (Table 4).

Age, ethnicity, residential crowding, and whether the
property of residence was built prior to 1988, are not
statistically significant with any respiratory conditions in
any regions and therefore are excluded from this paper.
After assessing bivariate associations, results of
multivariate  regression modeling suggested that
predictors of respiratory health outcomes vary across
regions. Table 5 shows that among demographic factors,
sex is a significant predictor of asthma in Abu Dhabi,
while the type of school attended is a significant predictor
of asthma in RAK and Sharjah, and born in the UAE
significantly predicts asthma in Al-Ain and Dubai. Ever
smoking is a predictor of asthma in Sharjah, and those
who rarely maintain their house are twice more likely to
develop asthma compared to those who maintain their
house as needed. In RAK, people who tend to use
electricity or microwave as their cooking methods, and
those who feel that their house is humid, are more likely
to develop asthma. Having someone in the household
who is regularly involved in arts, crafts, ceramics, stained
glass work and similar hobby work is a predictor of

asthma in Ajman. Lastly, residing near industrial plant,
gas station, dumpsite, or construction sites is a predictor
of asthma in Abu Dhabi.

The type of school attended is a significant predictor of
wheeze in Abu Dhabi, with those who attend private
school are more likely to experience wheeze than
students who attend public schools (Table 6). Current
smoking is a significant predictor of wheeze in the
Western region, while other substance abuse is a
significant predictor in UAQ and Fujairah. Ever smoking
is a significant predictor of wheeze in Abu Dhabi, Al-Ain,
Sharjah and Fujairah. Having someone in the household
who is regularly involved in arts, crafts, ceramics, stained
glass work and similar hobby work are predictors of
wheeze in Abu Dhabi. Lastly, participants who reside near
an industrial plant in Dubai or Sharjah, and those who
reside near an overhead power-line in Abu Dhabi are
more likely to experience wheeze in the past 12 months.
Extreme concern over air pollution is a significant
predictor of wheeze in RAK.

Being female and being born in the UAE are predictors
of dry nocturnal cough in Al-Ain (Table 7). Other
substance abuse is a consistent predictor of experiencing
dry nocturnal cough across different regions including
AlAin, Western, RAK, Sharjah and Fujairah. Ever
smoking is a predictor of dry nocturnal cough in Dubai. In
terms of proxies of indoor air quality, results suggest that
those who maintain their house yearly are more likely to
experience cough than those who maintain it when
needed, in the Western region. Participants who use gas
as their main cooking method at home are less likely to
experience cough in the past 12 months. The presence of
home pests is a predictor of cough in Western and
Sharjah region. Lastly, residing near industrial plants, gas
station, dumpsite, or construction sites is a predictor of
cough in the Western and Sharjah region (Table 7).

DISCUSSION

Variations in the prevalence of asthma and wheeze in the
nine regions in the UAE are in accordance with global
estimates (7 to 16.9% versus 11.3 and 9.3% to 14.8%
versus 13.8% respectively), while the prevalence of dry
nocturnal cough in the UAE is much higher (30.4 to
48.2% versus 22.3%) (UAE Ministry of Environment, 2005)

Our results suggest that physical environments in the
UAE play a role in the prevalence of respiratory health for
UAE adolescents. Residing in proximity to industrial
plants, gas station, dumpsite, or construction sites, as
well as residing in proximity to overhead power-lines are
associated with the respiratory health of adolescents in at
least one region in the UAE. This is not surprising given
that air quality has been linked to respiratory health
(World Health Organization Fact sheet 307; Kelly and
Fussell, 2011; Esposito et al., 2014). For instance,
adolescents from RAK and Fujairah are less likely to
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Table 2. Profile of study participants that were ever diagnosed with asthma (n=776).

Variable classification (n, %) Abu Dhabi Al-Ain Western Ajman Dubai UAQ RAK Sharjah Fujairah
' (244,16.9) (131,11.2)  (47,12.7) (30,11.4) (72,12.2)  (16,109)  (47,7.0) (141,12.1) (48,9.3)
o Female 133 (14.8) 60(10.8)  15(10.6)  *13(80)  24(94)  15(114)  24(67)  73(10.8)  30(94)
Male 111 (202) 7L(1L5)  32(140)  17(172)  48(144)  1(67)  23(74)  68(140)  18(9.2)
Public 139 (18.4) 102(121)  *31(164)  24(133)  *63(146) 12(108) *41(90) *83(161)  41(105)
School Private 105 (15.2) 2989  16(88) 6(7.) 958  4(L1)  6(28) 58(9.0) 7(56)
Yes 109 (183) 7(135)  *25(184)  14(13.9) *43 (154 8(9.1) 3587  *75(141)  38(1L0)
UAE born No 131 (15.7) 50(88)  20(9.0) 15(9.5) 28(03)  8(138)  12(49)  61(101)  10(6.)
Yes 149 (17.1) 52(110)  22(108)  12(98)  23(89)  8(19.0)  13(7)  57(102)  17(95)
Father completed HS No 50 (14.9) 4109)  19(152)  14(144)  39(146)  8(107)  22(67)  37(130)  19(9.0)
Yes 115 (16.7) 39(105)  19(107)  12(130)  21(94)  5(132)  12(7)  53(101)  19(1L.0)
Mother completed HS No 82 (15.9) 54(103)  25(158)  13(107)  44(144) 11(129)  26(73)  42(133)  17(17)
. <$4084 96 (16.9) 51(103)  22(102)  18(1L9) (109)  9(122)  23(65)  42(93)  20(89)
Income divided (AED)S >$4084 62 (18.8) 16(113)  7(125  3(188) ©9) 1(5.6) 701 20010  8(114)
House ounershi own 73 (16.0) 51(106)  *23(164)  9(108)  36(125) 12(143)  38(88)  51(122)  28(96)
Rent 137 (17.) 8(112)  16(86)  19(136)  28(1L2)  2(56) 8(53) 45(9.8) 8(78)
Ever smoke cigarettes Yes 66 (24.3) 22 (11.8) 11 (14.9) 23(12.0) (18.1) 0(0.0) *§(14.0)  **42(19.0) 7(8.5)
No 175 (15.2) 104 (11.2) 36 (12.4) 4(9.5) 54 (11.1) 15 (11.4) 38 (6.5) 96 (10.4) 38 (9.0)
Curentsmoking Yes 48 (23.0) 14(102)  *9(145) 2(1)  *4(184) 0(00)  5(100)  28(166)  5(83)
No 184 (15.9) 102(112)  31(120)  19(106)  50(10.7)  14(116)  40(42)  104(1L.3)  39(93)
hysical acivy Yes 228 (16.6) 125(112)  33(109)  29(120)  60(1L3)  14(111)  44(71)  132(1L9)  46(96)
No 10 (204) 5(20.8) 0(0.0) 1(5.9) 162 2105  2(11) 6(20.0) 1(36)
rug use Yes 5(31.2) 0(0.0) 2/(286) 0(0.0) 2(82)  0(00) 1(1) 52L7)  2(222)
No 234 (17.0) 127(114)  43(121)  26(121)  70(124)  12(94)  46(75)  1261L7)  41(87)
Yes 75 (16.9) 0(1L0)  11(133)  7(113)  19(121)  4(13) 9(59)  49(126)  14(100)
Other substance abuse No 164 (17.2) 94(116)  35(125)  19(1L6)  52(125  7(92)  36(78)  88(121)  30(88)
o Yes 209 (16.5) 100(107)  45(128)  29(130)  63(1L3)  15(11.9)  46(76)  99(10.9)  40(9.)
Air condition in house No 3(17.6) 0(0.0) 0(0.0) 0(0.0) 0(0.0) 0(0.0) 0(0.0) 1(125) 0(0.0)
Frequency of home Yearly 50 (14.8) 7(120)  11(108)  8(140)  19(123)  1(53) 8(62  *23(1L0)  7(78)
maintenance As needed 132 (17.8) 57(103)  26(131)  16(125)  34(112)  10(128)  29(82)  49(90)  19(8.0)
Rarely 10 (14.9) 3(5.9) 52000  3(231)  6(182)  0(00)  3(1l5)  12(19.0)  5(192)
Carpet 42 (15.6) 16 (8.6) 5(7.0) 5(185) 5(5.9) 1(38) 566  *5(160)  4(58)
Type of flooring in main Tiles 145 (183) 70(122)  24(133)  18(1L5)  45(122)  7(106)  32(17)  65(92)  29(10.8)
living area of house Wood 3(14.3) 0(0.0) 2(13.3) 0(0.0) 0(0.0) 0(0.0) 1(33.3) 0(0.0) 0(0.0)
Rugs 19 (11.1) 15(100)  13(155)  6(154)  12(156) 5(L7)  8(104)  15(185  4(58)
Electricity 11 (12.4) 13.7) 5 (25.0) 0(00) 3(17.6)  1(50)  *t4(44d)  6(143) 0(0.0)
Cooking method Gas 200 (16.9) 95(106)  38(1L4)  29(132)  59(1L0)  11(92)  41(71)  94(110)  36(89)
Microwave 0(0.0) 1(333)  2(50.0) 0(00) 0(0.0) 0(0.0) 0(0.0) 0(0.0) 1(333)
House huiy Yes 30 (14.3) 7(9.2) 8(143)  10(185)  12(128)  2(100) *18(134)  23(149)  9(106)
No 156 (16.5) 86(112)  31(1L6)  13(94)  42(105) 11(121)  23(58)  64(97)  24(84)
Use of pesticides in house Yes 126 (17.4) 75 (11.7) 28(19.6) 19 (13.5) 42 (12.1) 12 (14.5) 36 (9.2) 53 (11.4) 26 (9.0)
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Sometimes 18 (15.0) 2(6.5) 2(5.6) 0(00) 3(79)  1(125  1(48) 10 (89) 0(00)
No 60 (16.9) 1990)  10(l2) 7103 1285  1(38) 6(38)  27(100)  12(129)
. Yes w51 (21.4) 1.2  9(136)  8(@r6) 1009  3(120)  5(54) 1984 70121
Art hobby in house No 155 (15.7) 85(115)  33(121)  20(109)  48(1L2) 12(128)  37(77)  77(1L9  30(88)
bects n home Yes 36 (17.9) 19143 *3(75) 6(188)  11(122) 287  11(106)  15(123)  8(99)
Sometimes 68 (14.7) 42008  27(168  12(136)  24(10)  7(123)  22(73)  40(123)  17(7.8)
No 104 (18.0) 34102 1281  1(1l1) 1900 5122  7(40) 3889  12(111)
. Yes 19 (16.5) 2(125)  12(158)  0(00)  19(178)  4(1L1)  14(79  21(159  7(59)
Property buit prior to 1988 152 (16.6) 0(115)  24(107)  24(159)  39(1L0)  8(143)  23(78)  69(1L0)  22(96)
Reside near industy Yes 443 (27.6) 12(164)  13(146) 9214  15(142)  4(00) 13(104)  17(122)  5(82)
No 158 (14.6) 83(10.0)  30(L7)  19(109  4209.9)  10(99)  30(65  74(10.0)  34(9.7)
Reside ear overhead power Yes *24 (27.3) 12 (12.0) 7(14.6) 1(4.0) *11(18.0) 4(20.0) 7(8.3) 11 (13.8) 6(9.7)
line No 178 (16.2) 79(105)  36(125)  25(137)  45(97)  9(92)  35(75)  76(10.0)  29(89)

*p<0.05; **p<0.01; ***p<0.001.

Table 3. Study profile of participants diagnosed with wheeze in the last 12 months (n=741).

Classification Abu Dhabi Al-Ain Western Ajman Dubai UAQ RAK Sharjah Fujairah
Variable (n,%) (185,13.1) (146, 12.9) (38,11.2) (31,12.2) (58, 10.7) (21,14.8) (67,10.4) (148, 13.1) (47,9.3)
Sex Female 116 (13.2) *54 (10.0) 14 (10.1) 19 (12.2) 27(10.8) 20(15.6) 34(9.8) 93(14.2) 28(9.0)
Male 69 (12.9) 92 (15.6) 24 (12.1) 11 (11.3) 31(10.7) 1(7.) 33(11.1) 55 (11.7) 19(9.9)
School Public 68 (9.2) 108 (13.2) 17 (10.8) 21(12.1) 42(10.8) 13(12.1) 50 (11.4) *49 (10.0) 31(8.2)
Private 117 (17.4) 38(12.2) 21 (11.6) 10 (12.5) 16 (10.5) 8(22.9) 17 (8.3) 99 (15.6) 16 (12.9)
UAE born Yes **59 (10.1) 78 (14.2) 12 (10.4) 10 (10.2) 30 (11.7) 11 (12.8) 40 (10.4) 68 (13.2) 33(9.9)
No 122 (15.1) 63 (11.4) 24 (11.3) 20(13.2) 27(9.7) 10 (18.2) 25(10.4) 75(12.7) 13(7.9)
Father completed ~ Yes 114 (13.3) 54 (11.8) 22 (11.6) 14 (11.9) 29 (12.0) 5(12.5) 24 (10.6) 67 (12.2) 14 (7.9)
HS No 30(9.4) 46 (11.4) 12 (10.8) 10 (10.9) 25(10.3) 13(18.1) 30(9.5) 34(12.3) 18 (8.9)
Mother completed ~ Yes *98 (14.3) 42 (11.7) 19 (11.4) 12 (13.3) 25 (11.6) 6 (16.7) 16 (7.7) 65 (12.7) 11 (6.6)
HS No 48 (9.7) 60 (11.8) 16 (11.3) 12 (10.5) 31(11.4) 13 (15.9) 41 (12.0) 37(12.0) 19 (8.8)
Income divided <$4084 72 (12.9) 52 (10.7) 19 (9.5) 19(13.1) 35(11.6) 13(18.1) 35(10.2) *45 (10.2) 15 (6.9)
(AED)S >$4084 44 (13.7) 17 (12.3) 7(13.5) 1(7.1) 6(7.7) 4(23.5) 12 (12.6) 31(17.3) 5(7.1)
House ownership Own *42 (9.4) 56 (12.2) 15 (12.8) 13(16.2) 24(9.1) 11 (13.4) 45(10.7) *39 (9.8) 18 (6.4)
Rent 111 (14.2) 56 (13.4) 20 (11.0) 13 (9.6) 26 (11.3) 4(11.8) 10 (6.8) 68 (15.1) 11 (9.6)
Ever smoke Yes **49 (18.8)  ***39(21.5) 10 (16.9) 7(17.9) *15 (18.3) 1(10.0) 13 (24.5) #*53 (25.1) 16 (19.3)
cigarettes No 132 (11.6) 99 (11.0) 28 (10.3) 23(12.4) 43 (9.5) 19 (14.8) 53(9.4) 92 (10.3) 27 (6.6)
Current smoking Yes %42 (20.9) 21(15.9) *9 (18.8) 5(13.9) 7(11.9) 0(0.0) 6(12.2) 435 (22.2) *10 (16.9)
No 136 (12.0) 106 (12.0) 20(8.2) 23(13.2) 46 (10.3) 21 (17.9) 56 (10.4) 103 (11.4) 33(8.0)
Yes 176 (13.1) 142 (13.2) 32(115) 29 (12.5) 53(10.5) 19 (15.7) 65(10.9) 138 (12.8) 45(9.6)

Physicalactvity o 3(63) 4(17.4) 1(125) 0(0.0) 1(62) 2(105) 1(3.6) 5 (185) 0(0.0)
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rug s Yes 2(125)  *4(1000)  *2(40.0) 2(28.6) 1(11.1) 0(0.0) 3(21.4) *g (36.4) *3(33.3)
No 177(132)  137(127)  35(10.7) 25 (12.0) 56 (10.7) 18(146)  63(106) 133(12.7) 42(9.0)
Other substance ~ Yes 68(157)  29(109) 11 (14.3) 9(153) 20 (13.4) *12(226)  16(10.8) *6 (17.5) *20 (14.5)
abuse No 13(121)  109(139)  27(106) 18 (11.3) 37 (9.8) 6(8.0) 48 (10.7) 78 (11.1) 26 (7.8)
Al condion Yes *148(120)  12(124)  5(109) 26 (12.1) 52 (10.2) 16 (13.1) 57(9.8) 110 (12.5) 31(7.7)
No 5(29.4) 1(9.0) 1(33.3) 0(0.0) 0(0.0) 0(0.0) 1(33.3) 2(333) 0(0.0)
Yearly 43 131  26(12.0) 8(8.8) 6(10.7) 14(9.9) 3(16.7) 10 (8.0) 24 (11.8) 4(47)
:‘;‘ijrftznance As needed 92 (12.6) 70 (13.0) 21 (11.4) 13(105) 29(102) 6(8.0) 33(9.6) 61 (11.5) 17 (7.3)
Rarely 6(9.2) 6(12.2) 4(17.4) 2(16.7) 3(100) 1(125) 3(12.0) (16.) 4(16.0)
Carpet 31 (11.7) 19 (10.3) 7(10.4) 1(4.3) 4(48) 4(16.7) *9 (12.0) 15 (16.1) 4(6.1)
Type of flooringin ~ Tiles 97(125)  74(135  17(103) 21 (13.4) 42 (12.5) 5(7.8) 35(8.8) 79 (1L.6) 20 (7.7)
house Wooden 6 (30.0) 2(333) 1(11.1) 0(0.0) 1(200) 0(0.0) 2(66.7) 0(0.0) 0(0.0)
Rugs 18 (11.2) 16(11.2) 11 (14.3) 3(8.3) 4(5.7) 5(21.7) 7(9.3) 14 (17.7) 5 (7.5)
cooking method ST 12 (13.6) 3(1L.3) *5 (29.4) 0(0.0) 2(154) 0(0.0) *3(33.3) 12 (29.3) 0(0.0)
Gas 142(123)  107(123)  30(9.9) 24 (11.3) 50 (10.1) 13(11.2) 51(9.1) 97 (11.7) 29(7.4)
Microwave 0(0.0) 1(33.3) 1(25.0) 0(0.0) 0(0.0) 0(0.0) 1(25.0) 2 (22.2) 0(0.0)
Househumicy Y€ 31(15.3) 13 (17.8) 11 (15.4) 7(132) 12 (13.8) 1(5.0) *21 (16.3) 20 (13.4) 7(8.3)
No 114(123)  84(113) 26 (10.6) 11(82) 34(9.2) 13 (14.8) 31(8.2) 80 (12.4) 19 (6.9)
B Yes 74 (10.5) 74(119)  24(126) 16 (11.5) 35 (10.9) 12 (14.8) 37(9.8) 54 (11.9) 196.8)
}:]Sﬁozg‘;esm'des Sometimes 20(169)  3(103) 3(8.1) 0(0.0) 4(11.1) 0(0.0) 4(19.0) 16 (14.5) 1(83)
No 48(138)  26(12.7) 8(10.0) 5(7.7) 108.1) 3(12.0) 14(92) 34(12.7) 6 (6.6)
At hoby Yes *39(165)  18(12.0) 8(133) 2(7.1) 10 (10.5) *7 (30.4) 13 (14.8) 29 (13.3) 6(10.7)
No 12(112)  86(121)  27(108) 22 (12.4) 42 (10.6) 9(9.8) 41(89) 78 (12.4) 21(63)
Yes 25 (12.8) 18 (14.2) 5(14.7) 6(20.0) 13 (14.9) 5(21.7) 15 (15.5) 17 (14.3) 4(52)
Home pests Sometimes 52 (11.5) 58(13.8) 18(12.2) 8(9.4) 15(6.9) 6(10.9) 27(9.2) 37(11.7) 17 (8.0)
No 75(13.3) 29(9.0) 13(9.4) 9(9.3) 21(10.9) 4(10.3) 13(7.7) 49 (11.8) 7(6.7)
Property built prior ~ Yes 15 (13.5) 20 (11.4) 6(9.2) 4(15.4) 8(8.1) 5(15.6) 15(8.9) 17 (13.3) 11 (9.3)
01988 No 18(132)  70(120)  21(10.) 18 (12.5) 37 (11.3) 8 (14.5) 30 (10.5) 74 (12.1) 16(7.2)
Near industrial Yes 25(162)  *14(203)  12(14.5) 6 (15.4) #8(19.6)  3(158) 16 (13.7) 430 (22.1) 6(10.7)
plant No 123(116)  88(10.9)  24(103) 18 (105) 31(7.8) 12(122) 41(9.) 75 (10.5) 24(7.0)
Nearoverhead  Yes *17(198)  14(14.6) 5(11.4) 2(8.0) 6 (11.3) 3(15.8) 10 (12.3) 12 (15.2) 4(6.9)
power plant No 130(121)  83(114)  32(12.) 18(10.2) 38(8.9) 12 (12.6) 42(9.2) 87 (11.8) 21(6.6)
Extremely 33(17.7) 15 (12.9) 9(19.6) 6 (14.6) 7(9.6) 5(185)  *24(175) 21 (3L5) 5(6.7)
C.O"CTqu.ed about 1o derately 41(12.4) 28 (13.3) 10 (9.6) 10 (16.7) 19 (13.0) 3(8.3) 7(5.0) 27 (12.9) 10 (10.4)
ﬁglgﬁbﬂ;ﬁgo'g Slightly B(1L0)  25(12.4) 6(8.) 3(6.7) 12(92) 4(133) 11(7.9) 28 (12.0) 10 (10.0)
Not at all 41(10.6) 38 (11.1) 11 (11.2) 5(7.6) 11(7.5) 2(8.3) 16 (10.7) 30 (11.7) 5(4.1)

*p<0.05; **p<0.01; ***p<0.001.

report asthma (7.0 and 9.3% respectively) than those from Abu Dhabi and Western region (16.9 and 12.7%). Essentiallyy, Abu Dhabi and the
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Table 4. Profile of study participants with dry Cough in the last 12 months (n=2,125).

Variable Classification Abu Dhabi Al-Ain Western Ajman Dubai UAQ RAK Sharjah Fujairah
(n%) (531, 38.1) (391,34.7) (124,34.3) (86, 34.4) (192, 33.4) (67, 48.2) (195,30.4) (370, 33.0) (169, 33.7)
Sex Female *350 (40.1) *21 0(39.0) 43 (30.9) 60 (39.0) 89 (35.6) 65 (52.0) 112(325)  *233(35.6) *115 (37.5)
Male 181 (34.7) 181(30.7) 81 (36.5) 26 (27.4) 103 (31.7) 2(14.3) 83 (28.0) 137 (29.3) 54 (28.0)
School Public %246 (34.0) 97 (31.2) 67 (35.8) *50 (29.4) 141 (33.5) 56 (51.9) 135 (30.8) 155 (31.4) 129 (34.1)
Private 285 (42.4) 294 (36.0) 57 (32.8) 36 (45.0) 51 (33.1) 11(35.5) 60 (29.7) 215 (34.2) 40 (32.5)
UAE born Yes 211 (36.7) 215 (38.8) 48 (35.6) 28 (29.5) 100 (36.4) 45 (52.9) 121 (31.3) 154 (30.0) *123 (37.0)
No 313 (39.0) 166 (30.3) 72(33.3) 56 (37.3) 1(30.8) 22 (41.5) 70 (29.5) 208 (35.4) 44 (21.2)
Father completed ~ Yes 314 (37.0) 147 (32.2) 62 (31.3) 39 (33.1) 81(32.1) *13 (34.2) 60 (27.0) 172 (31.3) 3 (30.1)
HS No 117 (37.3) 154 (38.2) 49 (39.5) 30 (33.0) 93 (35.5) 40 (55.6) 101 (31.6) 92 (33.3) 5(36.8)
Mother completed ~ Yes 261 (38.6) 115 (32.0) 56 (32.7) 30 (33.7) 7 (30.5) 18 (51.4) 52 (25.2) 158 (30.6) 49 (29.3)
HS No 168 (34.5) 193 (38.0) 61 (38.9) 35 (31.0) 110 (36.9) 39 (48.1) 112 (32.7) 103 (33.8) 80 (37.0)
Income divided < $4084 209 (37.8) 175 (36.2) 73 (34.3) 49 (34.0) 117 (35.7) 31 (44.9) 105 (30.5) 147 (33.3) 5(34.2)
(AED)§ < $4084 120 (37.5) 53 (38.7) 20 (35.7) 3(21.4) 26 (32.5) 1(64.7) 33 (34.7) 55 (30.4) 6 (38.8)
House ownership Oown 155 (35.2) 171(36.6) 46 (33.3) 1(26.9) 102 (36.0) %44 (53.7) 133(31.7) 126 (31.0) *10 (35.5)
Rent 298 (38.5) 136 (33.1) 62 (34.1) 51 (38.1) 72 (29.3) 9(28.1) 38 (26.0) 146 (32.4) 28 (24.6)
Ever smoke Yes 104 (39.8) 69 (38.3) 30 (42.3) 16 (41.0) %45 (48.4) 1(10.0) 19 (16.5) 82 (38.3) 32 (39.5)
cigarettes No 419 (37.6) 306 (34.0) 92 (32.5) 62 (33.7) 146 (30.7) 63 (50.8) 166 (29.5) 279 (31.4) 134 (32.8)
Current smoking Yes 80 (40.4) 51 (38.6) 27 (45.0) 15 (40.5) 19 (25.7) 1(10.0) 16 (34.8) 60 (37.5) 21 (36.2)
No 424 (37.8) 300 (34.1) 83 (32.9) 56 (32.6) 155 (34.1) 60 (51.7) 163 (30.0) 286 (31.9) 137 (33.3)
Physical actvty Yes 508 (38.3) 372 (34.6) *105 (35.7) 80 (35.1) 173 (33.2) 57 (47.5) 182 (30.6) 353 (32.9) 160 (34.2)
No 15 (34.1) 10 (43.5) 0(0.0) 4 (25.0) 4 (25.0) 8 (47.1) 7(25.9) 11 (44.0) 5(19.2)
Drug use Yes 7(46.7) 2 (50.0) 3(42.9) 1(14.3) *+4g (80.0) 0(0.0) 4 (30.8) 7(33.3) 3(33.3)
No 507 (38.1) 378 (35.1) 118 (34.2) 70 (34.0) 179 (32.3) 60 (50.0) 180 (30.5) 348 (33.2) 156 (33.8)
Other substance ~ Yes *186 (43.1) *+109 (41.6) %42 (52.5) *28 (45.9) 56 (36.6) 30 (56.6) *55(37.4) 163 (43.2)  **64 (47.4)
abuse No 333 (36.2) 253 (32.1) 79 (28.8) 45 (29.0) 132 (32.4) 33 (45.8) 124 (28.0) 201 (28.7) 95 (28.3)
Air condition in Yes 456 (37.3) 309 (34.3) 118 (34.4) 73 (34.4) 186 (34.0) 53 (44.5) 177 (30.4) 279 (31.5) 131 (32.5)
house No 5(31.2) 2(20.0) 1(25.0) 1(20.0) 0(0.0) 1(50.0) 0(0.0) 4 (66.7) 1(25.0)
Frequency of Yearly 118 (36.4) 73 (34.8) *41 (41.4) 17 (31.5) 41(27.3) 8 (47.1) 36 (28.6) 66 (32.7) 27 (31.4)
house As needed 280 (38.7) 179 (33.0) 55 (27.8) 45 (36.9) 101 (33.4) 31 (41.3) 103 (30.0) 170 (31.7) 79 (34.2)
maintainance Rarely 21 (32.8) 25 (50.0) 11 (47.8) 4 (30.8) 15 (46.9) 5 (62.5) 7(28.0) 16 (26.2) 9 (36.0)
Carpet 97 (37.2) 61 (33.7) 23(33.3) 12 (50.0) 28 (33.3) *4 (16.0) 24 (32.4) 26 (28.3) 23 (34.3)
Type of flooringin~~ Tiles 295 (38.3) 201 (36.3) 61 (34.5) 46 (29.9) 126 (34.8) 33 (52.4) 122 (30.7) 217 (31.6) 81 (31.0)
house Wooden 8 (40.0) 2(33.3) 6 (40.0) 1(100.0) 1(25.0) 0(0.0) 1(33.3) 1(12.5) 1(100.0)
Rugs 51 (32.1) 38 (27.0) 25 (30.9) 14 (40.0) 25 (32.5) 11 (50.0) 21 (27.3) 32 (39.5) 23 (35.4)
Electricity 35 (39.8) 5(18.5) **14(70.0) 0(0.0) 6 (35.3) 0(0.0) 2(22.2) 12 (29.3) 1(20.0)
Cooking method ~ Gas 424 (37.1) 298 (34.4) 104 (32.1) 73 (34.9) 178 (34.0) 51 (45.1) 172 (30.7) 268 (32.3) 129 (32.9)
Microwave 1(25.0) 1(33.3) 1(25.0) 0(0.0) 1(25.0) 0(0.0) 1(25.0) 3(33.9) 0(0.0)
House Humidity Yes 81 (40.1) 22 (31.0) 20 (36.4) 22 (43.2) *39 (42.4) 9 (47.4) 43 (32.6) 47 (31.5) 31(37.3)
No 338 (37.1) 252 (33.8) 85 (32.4) 43(32.1) 122 (31.0) 38 (44.2) 116 (30.4) 201 (31.2) 87 (31.4)
Use of pesticide  Yes 258 (37.0) 226 (36.3) 75 (37.1) *51 (37.8) 121 (35.6) *41 (50.6) 119 (31.8) 150 (33.0) 92 (33.2)
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Sometimes 50 (42.7) 8(25.8) 9(26.5) 2 (100.0) 14 (37.8) 4(57.1) 5(23.8) 37(33.3) 2(18.2)
No 129 (37.8) 58 (28.9) 28 (31.8) 16 (24.6) 40 (28.8) 5(21.7) 46 (29.3) 77 (28.8) 28 (30.1)
Art hobby in Yes 95 (40.9) 56 (37.8) 25(37.9) 7(25.9) 40 (40.4) 9 (40.9) 35(39.3) 68 (31.3) 16 (28.1)
house No 346 (33.6) 239 (33.5) 89 (33.5) 66 (37.3) 134 (31.8) 41(45.1) 135(29.0) 199 (31.4) 111 (33.6)
Pests in home Yes 86 (43.9) 49(39.2) *20 (50.0) 9(32.1) 32 (36.0) 14 (60.9) 35(35.0) **33(28.2) 27(35.1)
Sometimes 163 (36.2) 151 (36.3) 61 (38.1) 29 (33.7) 79 (34.1) 23 (41.8) 84 (28.9) 125 (39.4) 77(36.2)
No 195 (35.1) 94 (29.3) 36 (25.4) 35 (36.8) 65 (31.2) 14 (38.9) 48 (28.2) 116 (27.4) 24 (23.1)
Property built Yes 41(37.3) 65 (38.0) 26 (34.7) 4(16.0) 31(29.0) 15 (42.9) 50 (30.1) 43(33.6) 46 (40.0)
prior to 1988 No 321 (36.4) 209 (35.7) 74 (33.5) 52 (36.4) 118 (34.0) 26 49.1) 88 (30.6) 190 (30.9) 70 (31.2)
Reside near Yes 71 (46.4) 25(35.7) 33(38.4) 15 (40.5) 37(35.6) 11 (55.0) 28 (23.1) 47(35.1) 14 (24.6)
industry No 375(35.9) 268 (33.4) 81(32.1) 60 (35.1) 140 (33.7) 42 (44.7) 139 (31.2) 227 (31.6) 113 (33.0)
Reside near Yes 30 (34.9) 32(34.4) *24 (52.2) 12 (48.0) 19 (31.7) 8 (40.0) 29 (35.8) *34 (44.2) 17 (28.3)
overhead power No 401 (37.7) 243 (33.4) 87(30.9) 60 (34.3) 152 (33.5) 44 (48.4) 128 (28.1) 232 (31.1) 103 (32.6)
 Extremely 68 (37.8) 36 (31.3) 20 (41.7) 15 (37.5) 23(29.9) 13 (50.0) 44 (31.4) 48 (30.8) 32 (42.7)
g&g‘uﬁg i":]bom ar  Moderately 136 (42.0) 82(38.3) 38 (35.5) 18 (32.1) 61 (38.6) 17 (44.7) 39(28.3) 71(33.5) 30 (30.0)
nelghborhood Slightly 115 (35.4) 75 (37.5) 32(40.5) 17 (37.0) 46 (33.1) 15 (53.6) 40 (29.9) 78 (34.1) 27(27.6)
Not at all 133 (34.5) 100 (29.4) 28 (24.8) 25 (37.3) 52 (32.7) 6(27.3) 45 (29.6) 76 (29.3) 41 (33.9)
*p<0.05; **p<0.01; ***p<0.001
Table 5. Predictors of diagnosed asthma among adolescents in the United Arab Emirates (UAE).
Abu Dhabi Al Ain Western Ajman Dubai RAK Sharjah
Variable (Reference) n=1048 n=1022 n=262 n=213 n=478 n=490 n=750
OR 95% CI OR 95% CI OR 95% CI OR 95% CI OR 95% Cl OR 95% CI OR 95% CI
Sex (Female) Male 1.49% 1.05-2.12 - 2.16 0.95-4.89 - - - - -
School (Private) Public - - 2.00 0.54-7.49 151 0.58-3.95 3.02* 1.13-8.09 2.98** 1.47-6.04
UAE born (No) Yes - - 174 116-261 1.29 0.43-3.83 1.43 0.69-2.96 0.53 0.26-1.06
Current Smoking (No) Yes 0.99 0.55-1.78 - - 1.62 0.74-3.54 - - -
Ever smoke (No) Yes 1.55 0.92-2.62 1.10 0.60-2.02 - - 1.67 0.59-4.71 2.03* 1.16-3.54
House ownership(Rent) Own 1.40 0.52-3.80 - -
House maintenance (As needed) Yearly 117 0.66-2.07
Rarely 2.01* 1.01-4.40
. ) Carpet 1.70 0.86-3.38
Type of flooring (Tiles) Rugs ) ) ) ) 162 0.79-3.34
Cooking method (Gas) Others 3.28 0.78-13.77 5.79*% 1.39-24.19
House humidity (No) Yes - - - - 2.53* 1.28-5.01
Art hobby (No) Yes 1.35 0.91-2.02 - 3.08* 1.19-7.95
Any home pests (Yes) No - - 1.01 0.42-2.44
Near industrial plant (No) Yes 2.03*  2.19-3.19 - -
Near overhead power line (No) Yes 1.63 0.93-2.89 171 0.77-3.82

*p<0.05,**p<0.01,***p<0.001
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Table 6. Predictors of wheeze in the last 12 months among adolescents in the United Arab Emirates (UAE).

Abu Dhabi Al Ain Western Dubai UAQ RAK Sharjah Fujairah
Variable (Reference ) n= 965 n= 839 n=278 n= 482 n=105 n=433 n=708 N =433
OR 95% Cl OR 95% ClI OR 95% Cl OR 95% ClI OR 95% Cl OR 95% Cl OR 95% ClI OR 95% Cl

Sex (Female) - - 1.36 0.86-2.17 - -
School (Public) Private 1.73*  1.06-2.83 - 2.00 0.85-4.70
UAE born (Yes) No 1.01 0.56-1.79 - - - -
Current Smoking (N) Yes 0.90 0.46-1.77 2.5*% 1.02-6.36 112 0.45-2.77 1.26 0.52-3.08
Drug use (No) Yes 1.33 0.21-8.43
3::‘(’:“5”“"”3' drug Yes 431* 1231516 170 096299 219 111431
Ever smoke (No) Yes 1.84* 1.01-3.32 1.81* 1.05-3.14 1.78 0.84-3.68 2.33 0.85-6.44 3.48%** 1.65-7.37 2.95% 1.41-6.14
Mother HS (No) Yes 1.12 0.70-1.80 -
Income (<$4084) >=$4084 - 151 0.83-2.75
House tenure (Own) Rent 1.27 0.74-2.20 1.18 0.55-2.52
Air condition (No) Yes

Tiles 1.87 0.54-6.52
Floor type (Rugs) Carpet 344 085-13.95
Cook method (Gas) Other 318  0.93-10.89 2.78 0.51-15.17 1.72 0.63-4.70
House humid (No) Yes - - - 1.57 0.78-3.18
Art hobby (No) Yes 1.84%  1.18-2.87 - - - 3.18 0.93-10.95 - -
Near industry (No) Yes - - 1.93 0.99-3.77 2.74% 1.45-5.18 1.95% 1.01-3.77
Near power (No) Yes 245 1.24-4.83
Concern over air Extreme 4,57 1.62-12.92
pollution (Slight) Moderate 1.49 0.45-4.93

Not at all 2.30 0.76-6.96

*p<0.05,*p<0.01,***p<0.001

Western regions such as Al Ruwais primarily
generate their income through oil and gas
industries, which are contributors of air pollution
(Al-Maskari, 2000; The National, 2013), while
RAK and Fujairah rely more on agriculture and
fisheries. Exposures to arts, crafts, ceramics,
stained glass work and similar hobbies are
associated with respiratory health in Abu Dhabi,

Ajman and UAQ.

Adolescents who attend public schools in RAK
and Sharjah are more likely to have asthma.
While this finding may be a reflection of the
participants’ socioeconomic status, it may also be
indicative of indoor air quality inside public
schools. In contrast, we found an association
between attending private schools in Abu Dhabi

City and wheeze. These inconsistent findings
point to the possible need for a wide-scale
national campaign that assesses indoor air quality
in public and private schools in the UAE. It is
interesting to note that sex and being born in the
UAE emerge as significant predictors of
respiratory health only for participants who reside
in the emirate of Abu Dhabi. These findings may
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Table 7. Predictors of dry nocturnal cough in the last 12 months among adolescents in the United Arab Emirates (UAE).
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Variable

Abu Dhabi
n=1253

Al-Ain
n=1025

Western
n=290

Ajman
n=176

Dubai
n=471

UAQ
n=80

RAK
n=590

Sharjah
n="764

Fujairah
n= 368

OR 95% CI

OR 95% Cl

OR

95% Cl OR 95% Cl OR

95% Cl OR

95% Cl

OR 95% Cl

OR 95% CI

OR

95% Cl

Sex (Male)
Female

School (Private)
Public

UAE born (No)
Yes

Drug use (No)
Yes

Unconventional drug
use (No)

Yes

Ever smoke (No)
Yes

Father HS (Yes)
No

House tenure (No)
Yes

House maintenance
(As needed)

Yearly

Rarely

Flooring (Others)
Tiles

Cooking (Gas)
Others

House humid (No)
Yes

122 0.96-1.55

134 0.96-1.67

120  0.94-1.53

1.37* 1.05-1.79

141 1.08-1.85

160*  1.18-2.16

2.89%%

1.88*
2.63

4.55%

051  0.26-1.03

1.55-5.37 148 071311

2.33*

1.06-3.34
0.96-7.28

1.72-12.02

1.45

0.67-19.14

1.37-3.96

244

133

0.88-2.39

0.43-3.22

0.70-8.50

0.48-3.74

1.54*

1.04-2.28

1.26 0.92-1.74

2.04%+* 1.48-2.81

117

1.35

1.91*

143

0.73-1.86

0.77-2.37

1.17-3.12

0.79-2.60
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Table 7. Cont'd.

Pesticide use (No)

Yes 200 098401 - - 322 0921129
Home pest (No)

Yes 2.72% 1.43-6.09 1.04 0.66-1.64
Sometimes 207 114373 1L72% 126235
Reside near power (No)

Yes 2.31* 1.12-4.77 1.86* 1.11-3.11

*p<0.05, **p<0.01, ***p<0.001.
be reflective of gender behaviors in Abu Dhabi but CONCLUSION ACKNOWLEDGMENTS

are worth further investigations.

In terms of individual responses and behaviors,
our study suggests that current or exposure to
smoking is associated with respiratory health for
most UAE regions. This is not surprising, given
that exposure to environmental tobacco is a well-
recognized risk factor of asthma and respiratory
symptoms (Al-Sheyab et al., 2014; Mcleish and
Zvolensky, 2010). These findings highlight the
importance of reducing tobacco usage among all
adolescents in the UAE. In the UAE, there is zero
tolerance for illegal drug use and harsh judicial
penalties. Therefore, adolescents often choose to
smoke burning ants, which are high in formic acid,
as may be perceived as a legal alternative to
getting high (The National, 2014).

Building on current knowledge (The National,
2014; Rudell et al., 1996), we found associations
between other substance abuse and respiratory
health in Al-Ain, Western, RAK, Sharjah and
Fujairah. It may be that adolescents residing in
these regions are less aware of the potential risk
of smoking burning ants, therefore it is important
to develop educational campaigns that focus on
the consequences and health risks of other
substance abuse.

This study was subject to several limitations. First,
exposure data used in our analyses are proxies of
exposure assessments. For instance, air quality
was assessed based on proximity to pollution
sources rather than on actual exposure
assessments. Unfortunately, data on air quality
exposure is scarce in the UAE. Second, data were
self-reported and may have been subject to
response bias.

Sampling led to lower representations of
adolescents who attend private schools in Dubai
and among males who reside in the UAQ. This is
relevant as the population of Dubai consists of a
large proportion of expatriates; hence results
related to the expatriate population in Dubai are
likely to be biased. Finally, response to the self-
administered survey may have been influenced by
the presence of social workers, with the possibility
of under-reporting tobacco use among females
given social norms.

Despite these limitations, this study contributed
to knowledge of a detailed profile and regional
environmental predictors of respiratory health
among UAE adolescents that is crucial for public
health planning.
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