
original article

ANN SAUDI MED 2016 NOVEMBER-DECEMBER WWW.ANNSAUDIMED.NET 379

During the last three decades, an increasing in-
cidence of allergic diseases, such as bronchial 
asthma, allergic rhinitis and atopic dermatitis 

has been associated with a dramatic increase in morbid-
ity and mortality among children and young adults.1,2 

Pediatric allergic diseases are a major source of chronic 
conditions and the most common cause of school ab-
sence among children throughout the world.3,4 Besides 
adverse outcomes at physical activities, allergic dis-
eases also affect a child’s emotions, behavior and 
quality of life, resulting in devastating socioeconomic 
consequences. Thus, allergic diseases are now a seri-
ous health problem and a significant burden, not only 
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BACKGROUND: In the last three decades, an increasing incidence of allergic diseases has been associated 
with increasing morbidity and mortality in children and young adults.
OBJECTIVES: The study aimed to investigate the prevalence and risk factors associated with allergic dis-
eases among Saudi schoolchildren in the southwestern Saudi region of Najran, and to determine the sensi-
tization of patients to a set of allergens.
DESIGN: Cross-sectional observational study.
SETTING: Primary, intermediate and secondary schools, Najran, Saudi Arabia.
SUBJECTS AND METHODS: All participants completed the Arabic version of the International Study of 
Asthma and Allergies in Childhood (ISAAC) questionnaire. Skin prick tests (SPT) were performed, using a 
panel of standardized allergenic extracts. 
MAIN OUTCOME MEASURE(S): Prevalence and risk factors associated with pediatric allergic diseases.
RESULTS: The study included 1700 Saudi schoolchildren. The overall prevalence of physician-diagnosed 
asthma, allergic rhinitis and atopic dermatitis was 27.5%, 6.3% and 12.5%, respectively. Multivariate analysis 
showed that male gender (adjusted odds ratio [aOR], 1.27), fast food consumption (aOR, 1.53), trucks pass-
ing near houses (aOR, 1.86), and having a dog or cat at home (aOR, 1.85) were significant risk factors. A total 
of 722 (42.5%) children had a positive SPT result to at least one allergen. The most prevalent allergens were 
grass pollens (60%), cat fur (41.6%), and house dust mites (25%). 
CONCLUSIONS: The findings of this study highlight the urgent need for developing an effective interven-
tion program including several components working in harmony to control and reduce the burden of allergic 
diseases.
LIMITATIONS: These results may not be generalizable to the rest of Saudi Arabia.

in terms of healthcare costs, but also in lost productivity 
and reduced participation in family life.3,5

The number of bronchial asthma and allergic rhini-
tis rhinitis patients worldwide are estimated at 334 and 
400 million, respectively.2 Asthma is associated with 
allergic rhinitis in 74% to 81% of cases and is one of 
highest ranking specific diseases in terms of years lost 
to disability adjusted life years (DALYs).3 The causes of 
the increase are unknown, but appear linked to factors 
associated with westernization, improvement of socio-
economic standards and urbanization. In fact, countries 
undergoing rapid changes towards a western lifestyle 
concomitantly experience an increasing prevalence of 
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allergic diseases.6,7 International multicenter popula-
tion-based studies have documented significant varia-
tions in the prevalence of allergic diseases and sensi-
tization against environmental allergens between and 
within countries.8 Recent estimates have shown that the 
prevalence of allergic sensitization to the common al-
lergen could be between 25% to 35% in the general 
population,1 and the pattern of sensitization against al-
lergens varies according to differences in environmen-
tal factors.

Atopy is defined as the genetic propensity to de-
velop immunoglobulin E (IgE) antibodies in response 
to exposure to allergen and is assessed by positive 
skin-prick test (SPT) responses, which may contribute to 
the development of the clinical disorder.9 Most studies 
make assessments based on the actual prevalence of 
allergic diseases using International Study of Asthma 
and Allergies in Childhood (ISAAC) questionnaires.10,11 
These questionnaires enable the identification of the 
past and current state of diseases such as atopy, asth-
ma, rhinitis, and dermatitis. They also help to identify 
the association between hereditary factors and envi-
ronmental factors, and are used in studies that assess 
the relationship between allergic diseases and indoor/
outdoor environmental pollution.6,12,13

Atopy is a consistent risk factor for asthma in many 
epidemiological studies. The proportion of asthma at-
tributable to atopy in children has been estimated to 
be 38%,14 but there is considerable variation between 
studies. Saudi Arabia is a vast country and includes re-
gions with marked variability in meteorological and top-
ographical conditions. The economy is growing rapidly 
and in parallel with the rapidly changing lifestyle and 
socioeconomic improvement, an increasing prevalence 
of allergic diseases has been reported in clinical stud-
ies. In Saudi Arabia, asthma ranks 19th in DALYs and 
26th in deaths.15 The prevalence of asthma has risen 
from 8% in 1986 to 25% in 2001.16 In a more recent 
study, Al-Frayh et al17 through questionnaire-based 
periodic assessments of prevalence rates determined 
the prevalence rates for childhood asthma, rhinitis, 
and eczema in different Saudi cities. The authors found 
higher prevalence rates for asthma, rhinitis, and ecze-
ma in Hofuf (33.7%, 48.2%, and 43.5%) compared with 
Riyadh (17.7%, 29%, and 32.6%) and Jeddah (14.1%, 
24.3%, and 31.9%).

Characterization of risk factors of allergic diseases 
and patterns of sensitization obtained from prospective 
studies is a prerequisite for the continuous work on the 
prevention of allergic disorders. Primary and secondary 
prevention depend on the early identification of clinical 
markers preceding allergic disease.18 This study aimed 

to investigate the prevalence and risk factors associ-
ated with asthma and other allergic diseases among a 
representative sample of Saudi schoolchildren, and to 
determine the sensitization of patients to a set of in-
door and outdoor allergens by the skin prick test (SPT).

SUBJECTS AND METHODS
This cross-sectional study of a representative sample of 
Saudi school children in Najran Region, Southwestern 
Saudi Arabia was conducted between October 2014 and 
February 2016. Using the WHO Manual for Sample Size 
Determination in Health Studies,19 the minimal sample 
size calculated for the study was 1537 subjects based 
on a conservative estimate of the anticipated popula-
tion proportion of 15%,20 and with an absolute preci-
sion of 2% and at a 95% confidence interval. To avoid 
loss of cases, a total sample of 1700 students (boys and 
girls) was included in the present study. A stratified pro-
portional allocation random sample was selected. The 
stratification factors taken into consideration were the 
relative number and types of schools (primary, interme-
diate and secondary), the number of students, grades 
and male-female differences. The study was reviewed 
and approved by Ethics and Research committee of 
Najran University. Written consent was obtained from all 
participants.

Questionnaire interview
A well-constructed standardized questionnaire was dis-
tributed and completed by all participants. The ques-
tionnaire was a modification of the ISAAC Phase III 
questionnaire.21,22 According to The ISAAC protocol 
recommendations for questionnaire translation, a focus 
group consisting of a pediatrician, an immunologist, 
an ear, nose and throat specialist, and an epidemiolo-
gist revised this translated questionnaire to fit with local 
colloquial Arabic terminology of Saudi Arabia used by 
physicians and health educators in the community. After 
translation and back translation, a panel of experts were 
asked to assess the preliminary questions and provide 
structured comments with respect to face and content 
validity, comprehensibility and comprehensiveness. 
The questionnaire was composed of four modules to 
address bronchial asthma, allergic rhinitis, atopic der-
matitis and environmental risk factors. The asthma core 
questionnaire included several questions to identify phy-
sician-diagnosed asthma (have you ever had bronchial 
asthma at any time in the past?), current wheeze (have 
you had wheezing or whistling in the chest in the last 12 
months?), wheeze ever (Have you ever had wheezing or 
whistling in the chest at any time in the past?), wheez-
ing after exercise (in the last 12 months, has your chest 
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sounded wheezy during or after exercise?) and nocturnal 
cough (in the last 12 months, have you had a dry cough 
at night, apart from a cough associated with a cold or 
chest infection? The allergic rhinitis core questionnaire 
comprised questions to identify physician-diagnosed al-
lergic rhinitis (have you ever had allergic rhinitis at any 
time in the past?), current rhinitis (in the past 12 months, 
have you had a problem with sneezing, or a runny, or 
blocked nose when you did not have a cold or the flu?), 
rhinitis ever (Have you ever had a problem with sneez-
ing, or a runny, or blocked nose at any time in the past?), 
allergic rhinoconjunctivitis (in the past 12 months, has 
this nose problem been accompanied by itchy, watery 
eyes?). The atopic dermatitis score questionnaire in-
cluded questions to identify physician-diagnosed AD, 
recurrent rash “ever” and recurrent rash in the last 12 
months. The questionnaire included information about 
the following: (1) demographic data such as age, area 
of residence and crowding rate of the index child as well 
as the educational level of parents; (2) family history of 
asthma and other atopic conditions; (3) family pets (cat, 
bird, poultry, etc); (4) the presence of smokers in the fam-
ily; and (5) monthly family income to categorize low and 
high income groups. In addition, it comprised questions 
about environmental tobacco smoke exposure, outdoor 
air pollution through the frequency of truck traffic on the 
street where children lived, the use of wood or coal as 
cooking fuel and consumption of different food types, 
as well as other questions regarding environmental risk 
factors.

Skin prick tests 
The SPTs were performed, using a panel of standard-
ized allergenic extracts and the Stallerpoint device 
(Stallergenes, Paris, France) according to the manu-
facturer’s instructions. Histamine hypochloride (10 mg/
mL) and normal saline (0.9% NaCl solution) were used 
as positive and negative controls, respectively. The al-
lergens panel was determined by patient age, history, 
environment, and geographic location as well as meteo-
rological and topographical conditions of Najran region. 
A positive SPT result was considered when the wheal di-
ameter was >3 mm to at least one of the allergens or 3 
mm larger than the negative control.

Statistical analysis
Data were coded, validated and analyzed using SPSS 
PC+ version 13 software package. Frequency, percent-
age, arithmetic mean, median and mode were used to 
present the data. Chi square and the t test were used as 
tests of significance at 5% level. Binary logistic regres-
sion analysis with adjusted odds ratio (aOR) and ante-

cedent 95% confidence intervals (CI) were used to iden-
tify potential risk factors.

RESULTS
The study included 1700 students with an age range 
of 7-19 years with a median of 12 years. There were 
851 (50.1%) male and 849 (49.9%) female. The major-
ity of the study sample (990, 58.2%) were from primary 
schools, followed by intermediate (413, 24.3%) and 
secondary schools (297, 17.5%). Table 1 shows the 

Table 1.  Prevalence of symptoms for diagnosed and current allergic diseases 
in schoolchildren.

Variable Boys Girls Total P

Age (mean, 
standard deviation) 12.2 (3.4) 12.3 (3.3) 12.2 (3.3) .516

School type

Primary 494 (58.0) 496 (58.4) 990 (58.2) .910

Intermediate 205 (24.1) 208 (24.5) 413 (24.3)

Secondary 152 (17.9) 145 (17.1) 297 (17.5)

Asthma

Wheeze “ever” 245 (28.8) 100 (11.8) 345 (20.3) .001

Current wheeze 178 (21.0) 65 (7.7) 243 (14.3) .001

Physician-
diagnosed asthma 275 (32.3) 193 (22.7%) 468 (27.5) .001

Exercise induced 
asthma 220 (25.9) 133 (15.7) 353 (20.8) .001

Nocturnal cough 269 (31.6) 223 (26.3) 492 (28.9) .009

Rhinitis

Rhinitis “ever” 302 (35.5) 287 (33.8) 589 (34.6) .249

Current rhinitis 248 (29.1) 232 (27.3) 480 (28.2) .019

Rhinoconjunctivitis 114 (13.4) 137 (16.1) 251 (14.8) .135

Physician-
diagnosed AR 43 (5.1) 64 (7.5%) 107 (6.3) .022

Dermatitis

Recurrent rash 
“ever” 126 (14.8) 93 (11.0) 219 (12.9) .011

Recurrent rash in 
last 12 months 102 (12.0) 77 (9.1) 179 (10.5) .001

Recurrent rash 
typical eczema 
distribution

44 (5.2) 36 (4.2) 80 (4.7) .001

Physician-
diagnosed AD 110 (12.9) 103 (12.1) 213 (12.5) .337

Values are numbers and percentor mean (standard deviation). Statistical comparisons by t test or chi-
square test. 
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prevalence rates for each survey question pertaining to 
wheezing, asthma, allergic rhinitis, and atopic dermati-
tis. The overall prevalence of physician-diagnosed asth-
ma, allergic rhinitis and atopic dermatitis was 27.5%, 
6.3% and 12.5%, respectively. There was no significant 
difference in diagnosed atopic dermatitis between 
boys and girls (P=.337). However, boys were more 
likely to have diagnosed bronchial asthma (P=.001) 
and allergic rhinitis (P=.001), compared to girls. The 
boys reported more wheezing symptoms over the past 
12 months (P=.001), wheeze at any time in the past 
(P=.001), exercise-induced wheeze (P=.001) and night 
cough (P=.009) compared to the girls.

Figure 1 shows the interrelated prevalence of aller-
gic disease symptoms in the children in the study. While 
587 (34.5%) of 1700 children show one or more symp-
toms of asthma, rhinitis and/or atopic dermatitis, 65.5% 
suffered none of the three disorders. The prevalence of 
bronchial asthma was 17.8% (303/1700), concomitant 
with atopic dermatitis 4.1%, allergic rhinitis 2.5% and 
both disorders occurred in 0.9% of the children.

A total of 722 (42.5%) students had a positive SPT to 
one or more allergens. Of those, 359 (49.7%) were sen-
sitized to one allergen, 224 (31%) to two allergens and 
139 (19.3%) to three or more allergens. The overall prev-
alence of positive SPT reactivity was 43.4% for Bermuda 
grass, 41.6% for cat fur, 16.6% for Timothy grass, 16.2% 
for Cladosporium ,14.8% for Dermatophagoides ptero-
nyssinus and 10.2% for Dermatophagoides farinae. 
The distribution of SPT sensitization to various aller-
gens in patients with asthma, rhinitis and dermatitis 
is listed in Table 2. The results clearly demonstrate 
that patients with asthma had increased positive SPT 
rates to Bermuda grass, cat fur and Cladosporium al-
lergens. Sensitization to Bermuda grass, horse hair and 
Cladosporium was increased in patients with allergic 
rhinitis, while sensitization to Cladosporium, Bermuda 
grass and cat fur was more frequent among patients 
with atopic dermatitis.

The multiple logistic regression analysis with adjust-
ed odds ratio (aOR) and antecedent 95% confidence 
intervals (CI) identified potential risk factors linked to al-
lergic diseases (Table 3). The male schoolchildren had a 
significantly higher risk of developing allergic diseases 
to females (aOR=1.626, 95% CI: 1.296–2.040). Similarly, 
children consuming fast food had a significantly higher 
risk of developing allergic diseases (aOR=1.352, 95% 
CI: 1.074–1.703). Other significant risk factors were 
trucks regularly passing near houses (aOR=1.855, 
95% CI: 1.316–2.557), having a dog or cat at home 
(aOR=1.853, 95% CI: 1.269–2.707), positive skin testing 
for Bermuda grass (aOR=3.221, 95% CI: 1.279–8.112) 

Figure 1. Venn diagram of patterns of co-morbid allergic 
disease among Saudi schoolchildren in Najran.

Table 2. Prevalence of allergen sensitizations among schoolchildren with 
different allergic diseases.

Allergen Asthma
(n=268)

Allergic 
rhinitis
(n=107)

Atopic 
dermatitis

(n=213)

Dermatophagoides 
pteronyssinus 20 (4.3) 8 (7.5) 4 (1.9)

Dermatophagoides 
farinae 16 (3.4) 8 (7.5) 0 (0)

Mugwort (Artimisia) 3 (0.6) 0 (0) 3 (1.4)

Chenopodium album 7 (1.5) 3 (2.8) 0 (0)

Pigweed (Amaranthus 
retroflexus) 15 (3.2) 0 (0) 0 (0)

Dog hair 12 (2.6) 0 (0) 0 (0)

Cat fur 109 (23.3) 9 (8.4) 28 (13.1)

Horse Hair 19 (4.1) 15 (14.0) 3 (1.4)

Cladosporium 41 (8.8) 13 (12.1) 31 (14.6)

Timothy grass (Phleum 
pretense) 24 (5.1) 0 (0) 8 (3.8)

Bermuda grass 
(Cynodon dactylon) 115 (24.6) 20 (18.7) 30 (14.1)

Ragweed (Ambrosia) 19 (4.1) 7 (6.5) 3 (1.4)

Candida albicans 0 (0) 0 (0) 0 (0)

Values are numbers and percent.
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and positive skin testing for cat fur (aOR=1.461, 95% 
CI: 1.081–1.973). On the other hand, other sociodemo-
graphic variables, consumed food items and environ-
mental exposures were found to be of no significance 
in developing asthma.

DISCUSSION
This large cross-sectional study provides further evi-
dence that the prevalence of physician-diagnosed asth-
ma and other allergic diseases among schoolchildren is 
continuously rising in Saudi Arabia. Previous epidemio-
logical studies investigating allergic disorders among 
Saudi schoolchildren have focused on children of cer-
tain age groups. For example, Nahhas et al11 found that 
the prevalence of physician-diagnosed asthma, allergic 
rhinitis and atopic dermatitis among children aged 6-12 
years was 15.5%, 4.2% and 14%, respectively, while Al 
Ghobian et al20 found that physician-diagnosed asth-
ma was 19.6% among adolescents aged 16-18 years. 
This is, we believe, the largest cohort study on the prev-
alence of allergic disease in children and adolescents of 
all age groups (7-19 years) in Saudi Arabia.

The ISAAC-phase III study investigated the global 
prevalence and severity of asthma symptoms among 
>1 200 000 children from 98 countries and found that 
the mean global prevalence of current wheeze among 
children aged 6-7 years was 11.7%, with values rang-
ing from 6.8% in the Indian subcontinent to 21.7% in 
Oceania, while it was 14.1% among 13-14 years aged 
children, compared to 5.1% in Northern and Eastern 
Europe, and 22% in Oceania children.6 In this study, the 
overall prevalence of wheeze ever and current wheeze 
is high and alarming. Previous clinical studies showed 
that over 20% of children reporting severe symptoms 
of wheeze ever or current wheeze in developing coun-
tries had never received a diagnosis of asthma and that 
asthma care is likely poor in these countries.22,23 These 
figures suggest that there might be less awareness of 
wheeze being a symptom of asthma, especially in those 
reporting ever wheezing. Children with frequent undi-
agnosed symptoms are also more likely to receive inad-
equate care for their asthma and may fall into a vicious 
circle of asthma control.

Previous epidemiological studies have shown an im-
portant overlap between bronchial asthma and other 
allergic diseases.24 However, in practice, the number of 
patients following the classic ‘atopic march’ seems to 
be relatively low.25 Similarly, only a minority of children 
in the present study suffered from all atopic disorders. 
However, coexistence of these diseases may be asso-
ciated with greater functional impairment in terms of 
activity limitation and lower quality of life as compared 

Table 3. Multivariate analysis of risk factors associated with allergic diseases.

Variable aOR
95% CI

P
Lower Upper

Gender: Males vs. Females 1.626 1.296 2.040 .001

Fast food consumption: 
Regular vs. Never 1.352 1.074 1.703 .001

Trucks passing near houses: 
Regular vs. Never 1.855 1.316 2.557 .001

Having a dog or cat at 
home: Yes vs. No 1.853 1.269 2.707 .002

Positive skin test for 
Bermuda grass: Yes vs. No 3.221 1.279 8.112 <.001

Positive skin test for Cat fur: 
Yes vs. No 1.461 1.081 1.973 .001

Cox/Snell R square=0.125, Nagelkerke R Square=0.178

with children who have one condition alone. Therefore, 
this group of children need to be considered by clini-
cians and researchers as a separate group with distinct 
characteristics for severity, causes, treatment or prog-
nosis.

Sensitization to atopic allergens has been rec-
ognized as the most important risk factor for allergic 
diseases.26 Distribution of allergens may vary with dif-
ferent geographic areas, local climates, environments 
and lifestyles.8,27 In this study, grass pollens, cat fur and 
house dust mites were the most frequent allergens in 
our region.

Worldwide, there is evidence to suggest that house 
dust mites are the most common indoor allergens asso-
ciated with asthma and other allergic diseases in many 
countries.26 In Saudi Arabia, house dust mites are the 
predominant indoor allergen in different regions with 
sensitization rates of 26% to 87%.28,29 Contrary to these 
findings, 60% of atopic children in the present study 
were sensitized to grass pollens. This was not surprising 
as Najran is an agricultural area, and a high percentage 
of land is planted fields promoting a prolonged pol-
lination period for grasses.30 Moreover, Najran is geo-
graphically located in the southern region with a high 
altitude. Ozkaya et al27 found that grass mixture pollen 
sensitization in patients who lived at high altitude was 
significantly greater than that of patients who lived at 
sea level. The independent effect of grass pollens is 
problematic, taking into account the high prevalence 
of poly-sensitization and/or cross-reactivity, especially 
between types of grass pollens (tropical and subtropi-
cal grasses) and the possible occurrence of epidemic-
type asthma due to continuous exposure to high pollen 
concentrations as has been reported in previous clinical 
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studies.30,31

By analyzing patterns of allergen-specific sensitiza-
tion profiles in the present study, it was clear that grass 
pollens and cat fur are significant allergens in all allergic 
diseases and could be one of the most important aller-
gens in the atopic march32 because the significant rela-
tionship was confirmed between sensitization to these 
two allergens and all atopic phenotypes.

Country and regional differences in allergic diseases 
estimates highlight the need to address the specific risk 
factors and consequently to design effective interven-
tions and initiatives locally for proper management.1 In 
this study, potential risk factors associated with allergic 
diseases were male gender, consuming fast food, trucks 
passing near houses, having a dog or cat at home, and 
a positive SPT for Bermuda grass or cat fur. Although 
part of these findings have already been described 
in previous studies investigating the epidemiology of 
asthma among children,33,34 our results extend these 
findings to other allergic diseases.

This study had some limitations. Firstly, The ques-
tionnaire data may have been subject to recall bias and 
misclassification. However, the ISAAC core question-
naire and methodology used in this study has been 
extensively validated for the diagnosis and surveillance 
of allergic diseases in a population. Secondly, although 
our sample size was 1700 students and ISAAC recom-
mended a sample size of 3000,21 data from clinical and 
epidemiological studies including >1000 participants 
are generally accepted. Finally, specific IgE level, bron-
chial hyper-responsiveness test and spirometry were 
not performed for objective assessment and clinical 
classifications of asthma. Nevertheless, the SPT used in 
our study has proved to be a good procedure for de-
tecting IgE-mediated allergic diseases, and it produces 
results comparable with other diagnostic techniques. 

Moreover, our study was limited to the southern Saudi 
region. Hence, the results presented here may not be 
generalized to the rest of Saudi Arabia.

In conclusion, the prevalence of asthma and other 
allergic diseases in our region is high and worrisome. 
The findings of this study draw attention to the neces-
sity for development of an effective intervention pro-
gram with multidisciplinary teams (pediatrician, immu-
nologist, health educator, psychologist, social worker, 
rhinologist, and dermatologist) working in a harmony to 
control and reduce the burden of allergic diseases. This 
program should include establishment of school-based 
asthma clinics with facilities for accurate diagnosis of 
asthma in children to reduce morbidity and mortality 
due to under-, or over-diagnosis. Developing a com-
prehensive school-based asthma education program 
should be considered for allergic students, their parents 
and school staff to improve awareness about childhood 
allergic diseases. Meanwhile, determining allergen 
sensitization patterns in allergic patients will help pe-
diatricians to educate patients regarding environmental 
modification, and will help health policy and decision 
makers to select proper treatment strategies including 
allergen-specific immunotherapy when applicable for 
the management of asthma and other allergies.

Conflict of interest
The author declares no potential conflicts of interest 
with respect to the authorship and/or publication of 
this article.

Funding
This work was supported by a grant (project No. AT-
34-96) from King Abdulaziz City for Science and 
Technology (KACST). The author appreciates this sup-
port both in finance and in spirit.



original articleALLERGIC DISEASES IN SAUDI SCHOOLCHILDREN

ANN SAUDI MED 2016 NOVEMBER-DECEMBER  WWW.ANNSAUDIMED.NET 385

1. Pawankar R, Canonica GW, Holgate ST, 
Lockey RF, Blaiss MS. The World Allergy Or-
ganization (WAO) White Book on Allergy: 
Update 2013. Wisconsin: Milwaukee; 2013.
2. Global Asthma Network. The Global 
Asthma Report 2014. http://www.globalas-
thmareport.org. Accessed 24 February 2016.
3. Asher MI, Billo NE, Bissel K, Chiang CY, 
Sony AE, Elwood P, et al. The Global Burden 
of Asthma Report. http://www.ginasthma.
org. Accessed 24 February 2016.
4. Basch CE. Asthma and the achievement 
gap among urban minority youth. J School 
Health 2011; 81: 606–613.
5. Sandsund M, Thomassen M, Reinertsen 
RE, Steinshamn S. Exercise-induced asthma 
in adolescents: challenges for physical edu-
cation teachers. Chronic Respir Dis 2011; 
8:171–179.
6. Mallola J, Craneb J, von Mutiusc E, 
Odhiamo J, Keil U, Stewart A, et al. The In-
ternational Study of Asthma and Allergies in 
Childhood (ISAAC) Phase Three: A global 
synthesis. AllergolImmunopathol (Madr) 
2013; 41(2): 73-85.
7. Douwes J, Pearce N. Asthma and the 
westernization “package”. Int J Epidemiol 
2002; 31: 1098–1102.
8. Migueres M, Davila I, Frati F, Azpeitia A, 
Jeanpetit Y, Lheriteir-Barrand M, et al. Types 
of sensitization to aeroallergens: definitions, 
prevalence and impact on the diagnosis and 
treatment of allergic respiratory disease. 
ClinTransl Allergy 2014; 4: 16-23.
9. Sly PD, Boner AL, Bjorksten B, Bush A, 
Custovic A, Eigenmann PA, et al. Early iden-
tification of atopy in the prediction of persis-
tent asthma in children. Lancet 2008; 372: 
1100–1106.
10. Soto MT, Patino A, Dennis Nowak D, 
Radon K. Prevalence of asthma, rhinitis and 
eczema symptoms in rural and urban school-
aged children from Oropeza Province - Bo-
livia: a cross-sectional study. BMC Pulm Med 
2014, 14: 40-46.
11. Nahhas M, Bhopal R, Anandan C, Elton 
R, Sheikh A. Prevalence of allergic disor-
ders among primary school-aged children 
in Madinah, Saudi Arabia: Two-stage cross-
sectional survey. PLoS one 2012; 7: e36848.
12. Lai CKW, Beasley R, Crane J, Foliaki S, 
Shah J, Weiland S, et al. Global variation 
in the prevalence and severity of asthma 
symptoms: Phase Three of the International 

Study of Asthma and Allergies in Childhood 
(ISAAC). Thorax 2009; 64: 476–483.
13. Cooper PJ, Vaca M, Rodriguez A, Chico 
ME, Santos DN, Rodrigues LC, et al. Hy-
giene, atopy and wheeze–eczema–rhinitis 
symptoms in schoolchildren from urban and 
rural Ecuador. Thorax 2014; 69: 232–239.
14. Pearce N, Pekkanen J, Beasley R. How 
much asthma is really attributable to atopy? 
Thorax 1999; 54: 268-672.
15. Memish ZA, Jaber S, Mokdad AH, AlMaz-
roa MA, Murray CJL, Al Rabeeah AA, et al. 
Burden of disease, injuries, and risk factors 
in the Kingdom of Saudi Arabia, 1990–2010. 
Prev Chronic Dis. 2014;11: E169.
16. Al-Frayh A, Shakoor Z, Gad El Rab MO, 
et al. Increased prevalence of asthma in 
Saudi Arabia. Ann Allergy Asthma Immunol, 
2001; 86: 292–296.
17. Al-Frayh A, Shakoor Z, Fakhri SA, Koshak 
EA, Al-Nameem S, Al-Ageb A, et al. A 17-
year trend of asthma and allergic diseases 
among children in Saudi Arabia. Curr Pedi 
Res 2004; 8: 1-5.
18. Holt PG, Sly PD. Prevention of allergic 
respiratory disease in infants: current aspects 
and future perspectives. Curr Opin Allergy 
Clin Immunol 2007: 7: 547–555.
19. Lwanga SK, Lemeshow S: Sample size 
determination in health studies. Geneva: 
World Health Organization; 1990.
20. Al Ghobain M, Al-Hajjaj M and Al 
Moamary M. Asthma prevalence among 16- 
to 18-year-old adolescents in Saudi Arabia 
using the ISAAC questionnaire. BMC Pub 
Health 2012, 12: 239.
21. ISAAC Steering Committee. ISAAC --- 
The International Study of Asthma and Al-
lergies in Childhood. Last updated 13 May 
2011. http://isaac.auckland.ac.nz. [Accessed 
24 February 2016].
22. Ellwood P, Asher MI, Beasley R, Clayton 
TO, Stewart AW, ISSAC Steering Commit-
tee. The international study of asthma and 
allergies in childhood (ISAAC): Phase Three 
rationale and methods. Int J Tuberc Lung Dis 
2005;9:10-16.
23. Wong GW, Leung TF,Ko FW.Changing 
Prevalence of Allergic Diseases in the Asia-
Pacific Region.Allergy Asthma Immunol Res 
2013;5(5):251-257.
24. Pols DH, Wartna JB, van Alphen EI, 
Moed H, Rasenberg N, Bindels PJ, et al. In-
terrelationships between Atopic Disorders in 

Children: A Meta-Analysis Based on ISAAC 
Questionnaires. PLoS ONE 2015; 10(7): 
e0131869.
25. Broms K, Norback D, Eriksson M, Sunde-
lin C, Svardsudd K. Prevalence and co-occur-
rence of parentally reported possible asthma 
and allergic manifestations in pre-school 
children. BMC Pub Health 2013, 13:764-771.
26. Newson RB, van Ree R, Forsberg B, Jan-
son C, Lotvall J, Dahlen SE, et al. Geographi-
cal variation in the prevalence of sensitization 
to common aeroallergens in adults: the GA-
2LEN survey. Allergy 2014; 69: 643–651.
27. Ozkaya E, Sogut A, Kucukkoc M, Eres 
M, Acemoglu H, Yuksel H, et al. Sensitiza-
tion pattern of inhalant allergens in children 
with asthma who are living different altitudes 
in Turkey. Int J Biometeorol 2015; 59: 1685–
1690.
28. Koshak EA. Skin Test Reactivity to Indoor 
Allergens Correlates with Asthma Severity in 
Jeddah, Saudi Arabia. Allergy, Asthma and 
Clin Immunol 2006; 2: 11-19.
29. Hassan SM, Tayeb M, Amir EM, Wali AM, 
Mohamed FS. Skin reactivity to allergens in 
Rabigh area, Kingdom of Saudi Arabia. J 
Egypt Soc Parasitol 2012; 43: 295 – 302.
30. Katotomichelakis M, Nikolaidis C, Makris 
M, Zhang N, Aggelides X, Constantinidis 
TC, et al. The clinical significance of the pol-
len calendar of the Western Thrace/north-
east Greece region in allergic rhinitis. Int 
Forum Allergy Rhinol 2015; 5: 1156-1163.
31. Galan I, Prieto A, Rubio M, Herrero T, 
Cervigon P, Cantero JL. Association be-
tween airborne pollen and epidemic asthma 
in Madrid, Spain: a case-control study. Tho-
rax 2010; 65: 398-402.
32. Celakovska J, Ettlerova K, Ettler K, 
Vanechova J, Bukac J. Sensitization to aero-
allergens in atopic dermatitis patients: As-
sociation with concomitant allergic diseases. 
J Eur Acad Dermatol Venereol 2015; 29: 
1500-1505.
33. Xiang L, Zhao J, Zheng Y, Liu H, Hong J, 
Bao Y, et al. Uncontrolled asthma and its risk 
factors in Chinese children: A cross-sectional 
observational study. J Asthma 2016; 17: 1-8.
34. Yakubovich allergic rhinitis Cluver LD, 
Gie R. Socioeconomic factors associated 
with asthma prevalence and severity among 
children living in low-income South African 
communities. S Afr Med J 2016; 106: 404-
412.

REFERENCES


