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Abstract

Objective: In this cross-sectional study, we aimed to determine the prevalence of asthma and

other allergic diseases among a homogenous group of students attending the health colleges of a

Saudi university and to investigate the relationship between their atopy profile and associated

clinical symptoms of allergic diseases.

Methods: A total of 222 students completed the International Study of Asthma and Allergies in

Childhood questionnaire and underwent skin prick testing (SPT) using a standardized panel of

allergenic extracts.

Results: Overall prevalence of physician-diagnosed allergic diseases was 27% for bronchial

asthma (BA), 13.1% for atopic dermatitis (AD), and 5% for allergic rhinitis (AR). Atopy was

present in 90 (40.5%) students. Students with atopic disease were more likely to have

physician-diagnosed BA, AR, and AD. Atopy and polysensitization was more frequent among

male than female students. SPT results were positive in 20.8% of participants for Bermuda

grass, 18.9% for cat fur, and 12.7% for Dermatophagoides pteronyssinus.

Conclusion: The prevalence of atopy and allergic diseases in Saudi young adults is high and

worrisome. Comorbid allergic diseases were more prevalent among our participants with atopic

disease. Determination of allergen sensitization patterns in patients with atopic disease is crucial

for selecting proper preventive and therapeutic strategies.
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Introduction

Allergic diseases are still considered a seri-
ous global public health problem affecting
all age groups. These diseases include aller-
gic rhinitis (AR), bronchial asthma (BA),
and atopic dermatitis (AD). According to
recent international estimates, an average
of 300 and 400 million people currently
have BA and AR, respectively, with an
annual mortality rate of 250,000 deaths.
Additionally, the number of people with
asthma may rise to 400 million by 2025.1,2

Allergic diseases have adverse effects
not only on the quality of life of patients
with atopic disease but also on their socio-
economic status. Moreover, allergic dis-
eases occur together in some individuals
with atopy. This necessitates a multi-stage
approach for diagnosis and treatment, with
an increased burden on healthcare systems
and substantial financial costs.2–4 Allergic
sensitization—the tendency to produce
immunoglobulin E (IgE) antibodies in
response to antigens—has been reported
as a well-known risk factor for the develop-
ment of allergic diseases.5

Previous epidemiological studies have
shown variations in the prevalence of differ-
ent allergic diseases within and between
countries; this indicates the importance of
environmental factors in disease pathogene-
sis, including indoor and outdoor allergens,
in addition to genetic and immunological
factors and factors such as smoking, obesity,
and hormonal changes.6–9 Therefore, the
patterns of indoor and outdoor allergens
by which individuals with atopic disease
are sensitized appear to be crucial in allergic
disease epidemiology, diagnosis, and
prognosis.2

Allergic disorders are usually diagnosed
by taking detailed clinical history, perform-
ing physical examination, and conducting
laboratory investigations to detect specific
antigen (IgE). The skin prick test (SPT)
continues to be the most appropriate in

vitro diagnostic test to identify patients
with atopic disease.10 A standardized
method to compare the prevalence and
severity of BA and atopic diseases has
been established by the International
Study of Asthma and Allergic Diseases in
Childhood (ISAAC). This methodology
explores risk factors among individuals
with allergic diseases.11

The prevalence of allergic diseases
among children and adolescents has been
studied extensively worldwide.4–6,12–14

However, data are scarce regarding the
burden of allergic diseases among adults
and their risk factors. Moreover, the few
epidemiological studies investigating the
prevalence of allergic diseases among
adults have lacked homogeneity in their
adult cohorts.8,15–17 Therefore, in the pre-
sent study, we selected a group of young
adults from among students attending the
health colleges of a Saudi university. As a
more homogenous group of individuals,
our participants shared a possible accumu-
lation of risk factors for allergic diseases
such as higher education level and socioeco-
nomic status and an urban lifestyle.7,13 In
this study, we aimed to determine the prev-
alence of allergic diseases, such as asthma
and others, among a homogenous group of
young adults in the Kingdom of Saudi
Arabia, and to investigate the relationship
between the atopy profile (monosensitization
or polysensitization pattern) and associated
clinical symptoms of allergic diseases.

Methods

We conducted this research as a cross-
sectional study. The sample was representa-
tive of students in the health colleges of
Najran University, in southwestern Saudi
Arabia, during the period January to May
2018. The study was conducted according to
the international guidelines Strengthening
the Reporting for Observational Studies in
Epidemiology (STROBE).18 Using the
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World Health Organization (WHO) Manual
for Sample Size Determination in Health
Studies,19 the minimum sample size calculat-
ed for the study was 185 students, based on
a conservative estimate of the anticipated
population proportion of 4.1%,16 with an
absolute precision of 2% and 95% confi-
dence interval. To avoid loss of cases, a
total sample was 230 participants (female
and male students) was included in the pre-
sent study. We randomized the sample using
a stratified proportional allocation method.
Stratification factors were the relative
number of students in each health college,
the student’s grade level, and sex. This
study was conducted according to the prin-
ciples of the Declaration of Helsinki. The
study was revised and approved by the
Research Ethical Committee of Najran
University. We obtained written consent
from all students enrolled in the study.

Interview via questionnaire

We constructed a standardized question-
naire, which was then completed by all
participants. The questionnaire was com-
pleted during a one-to-one interview with
each participant, following the protocol
described in the ISAAC Manual and
ISAAC Coding and Data Transfer
Manual.11 Each interview began with a gen-
eral discussion regarding the respondents’
understanding of the allergic diseases ques-
tions in the three modules. All interviews
were conducted by the same physician
together with the author of this paper, to
ensure consistency. The interviews were
transcribed and reviewed by the respond-
ents. Our questionnaire was a modified ver-
sion of the ISAAC Phase III questionnaire,11

translated into Arabic language. In keeping
with the ISAAC recommendations protocol
for questionnaire translation, a team of
physicians and health educators in the com-
munity, including an internist, an otolaryn-
gologist, and an immunologist, revised the

translated questionnaire. An epidemiologist
and a statistician added their comments to
the final version of the questionnaire. After
translation, the accuracy of the question-
naire was checked by back translation into
English. We performed a pilot test of the
questionnaire with a sample of 10 male and
8 female students, to determine its accept-
ability and the clarity of the questions. The
questionnaire was then modified according-
ly, taking into consideration any comments
with respect to the validity of the content
and comprehensiveness.

On the questionnaire, we queried demo-
graphic data such as sex, age, grade, and
health college. Information on residence as
well as parental educational levels was also
collected. We composed three modules in the
questionnaire, to address different allergic
diseases. The module of asthma included
questions to identify physician-diagnosed
asthma, current or past wheeze at any
time, exercise-induced wheezing, and noctur-
nal cough. The questionnaire module of AR
included questions to identify physician-
diagnosed AR, current or past rhinitis, and
allergic rhinoconjunctivitis. The question-
naire module of AD included questions to
identify current or recurrent rash and
physician-diagnosed AD.

Skin prick tests (SPTs)

We performed SPTs using the Stallerpoint
device l (Stallergenes, Paris, France), with
standardized allergenic extracts per the
manufacturer’s instructions. Allergens
were selected according to the findings of
previous studies from different Saudi
regions.6,13,20 The allergen panel included
Dermatophagoides farina and D. pteronyssi-
nus (house dust mites); ragweed and mug-
wort (weed pollens); Bermuda grass (grass
pollens); olive (tree pollens); Penicillium
(molds); cat, horse, and dog hair (animal
dander); and cockroach (Blattella german-
ica) allergens. We used normal saline and
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histamine hypochloride (10 mg/mL) as neg-
ative and positive controls, respectively.
SPT results were recorded as positive with
a wheal diameter >3 mm to at least one of
the allergens or with a wheal diameter 3 mm
larger than the negative control. We used
the definition of atopy as sensitization to
any of the tested allergens, including sensi-
tization to only one allergen (monosensiti-
zation) or to two or more allergens
(polysensitization).9,10

Data analysis

We coded, validated, and analyzed the data
using IBM SPSS Statistics for Windows,
Version 22.0 (IBM Corp., Armonk, NY,

USA). The data were presented using fre-

quency and percent or mean� standard devi-

ation. We used the chi square test and t-test,

with statistical significance set to the 5% level.

Results

In total, 222 students completed the ques-

tionnaire, yielding a response rate of

96.5%. A total of 116 male students and

106 female students were included (age

range: 19 to 23 years; average age: 21.5�
1.5 years). Most students were from the col-

lege of medicine (36%), followed by nursing

(16.2%) and radiology sciences (14.4%).

Table 1 shows the prevalence rates of

Table 1. Prevalence of associated clinical symptoms of allergic diseases among male and female students.

Variable

Males

(N ¼ 116)

Females

(N¼ 106) Total p value

Age (y), mean� SD 21.3� 1.4 21� 1.8 21.2� 1.5 0.139

Health college, n (%) 0.24

Medicine 46 (39.7) 34 (32.1) 80 (36)

Dentistry 10 (8.6) 0 10 (4.5)

Pharmacy 10 (8.6) 0 10 (4.5)

Medical laboratory sciences 30 (26.8) 0 30 (13.5)

Radiology sciences 0 (0) 32 (30.2) 32 (14.4)

Physiotherapy 14 (12.1) 0 14 (6.3)

Nursing 0 (0) 36 (34) 36 (16.2)

Asthma, n (%)

Wheeze “ever” 42 (36.2) 23 (21.7) 65 (29.3) 0.018

Current wheeze 30 (25.9) 15 (14.2) 45 (20.3) 0.031

Physician-diagnosed BA 40 (34.5) 20 (18.9) 60 (27) 0.009

Exercise-induced asthma 34 (29.3) 16 (15.1) 50 (22.5) 0.011

Nocturnal cough 48 (41.4) 22 (20.8) 70 (31.5) 0.001

Rhinitis, n (%)

Rhinitis “ever” 72 (62.1) 46 (43.4) 118 (53.2) 0.005

Current rhinitis 61 (52.9) 38 (35.8) 99 (44.6) 0.011

Rhinoconjunctivitis 42 (36.2) 22 (20.8) 64 (28.8) 0.011

Physician-diagnosed AR 8 (6.9) 3 (2.8) 11 (5) 0.161

Dermatitis, n (%)

Recurrent rash “ever” 28 (24.1) 24 (22.6) 52 (23.4) 0.792

Recurrent rash in past 12 months 27 (23.3) 20 (18.9) 47 (21.2) 0.424

Recurrent rash typical eczema distribution 18 (15.5) 11 (10.4) 29 (13.1) 0.261

Recover in past 12 months 21 (18.1) 14 (13.2) 35 (15.8) 0.318

Physician-diagnosed AD 18 (15.5) 11 (10.4) 29 (13.1) 0.261

BA, bronchial asthma; AR, allergic rhinitis; AD, atopic dermatitis.
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wheezing, asthma, AR, and AD symptoms

among Saudi young adults. The overall

prevalence of physician-diagnosed allergic

diseases was 27% for asthma, 13.1% for

AD, and 5% for AR. There was no signifi-

cant difference in diagnosed AR and AD

between male and female students.

However, male students were more likely

to have physician-diagnosed BA (p¼ 0.01).

We found significant differences between

male and female students with respect to

symptoms of wheezing over the past 12

months (p¼ 0.03), exercise-induced wheeze

(p¼ 0.01), wheezing at any time in the past

(p¼ 0.02), nighttime cough (p¼ 0.001), rhi-

nitis symptoms over the past 12 months

(p¼ 0.01), and rhinitis symptoms at any

time in the past (p¼ 0.005).
Atopy was present in 90 (40.5%)

students. We identified positive SPT reac-

tivity for Bermuda grass (20.8%), cat fur

(18.9%), D. pteronyssinus (12.7%), ragweed

(9%), mugwort (8%), and D. farina (7.1%).

Figure 1 shows the distribution of SPT sen-

sitization to various allergens among

patients with physician-diagnosed allergic

diseases. Participants with BA had

increased positive SPT reactivity to differ-

ent allergens, including Bermuda grass,

D. pteronyssinus, and cat fur. Students with

AR had increased sensitization to cat fur,

ragweed, and Bermuda grass. Sensitization

to cat fur, dog hair, Penicillium, and

Bermuda grass was more frequent among

patients with AD.
Among the 90 students with atopy,

54.4% were symptomatic for one or more

allergic diseases. The prevalence of BA

among students with atopic disease was

27.8%, concomitant with AD, was 5.6%,

with AR 3.3%, and with both disorders

1.1% (Figure 2). Students who had atopic

disease were more likely to have physician-

diagnosed BA (p¼ 0.009), diagnosed AR

(p¼ 0.008), and diagnosed AD (p¼ 0.04).

Students with atopic disease reported
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Figure 1. Distribution of sensitization patterns to various allergens among students with different allergic
diseases.
BA: Bronchial asthma; AR: Allergic rhinitis; AD: Atopic dermatitis.
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more wheezing symptoms over the past
12 months (p< 0.001), past wheezing
(p< 0.001), rhinitis symptoms over the
past 12 months (p¼ 0.02), and rhinitis
symptoms at any time in the past

(p¼ 0.03), as compared with students who

did not have atopy (Table 2).
In this study, more male than female stu-

dents were atopic (p¼ 0.003). There was no

significant difference in monosensitization

and polysensitization between male and

female students. However, female students

were significantly more sensitized against

dog hair and Bermuda grass allergens

whereas males were significantly more sen-

sitized to cat hair and ragweed allergens

(Table 3).

Discussion

The findings of this study further demon-

strate a continuous surge in the prevalence

of asthma and other allergic diseases among

Saudi young adults. Previous studies have

found that the prevalence rates of allergic

diseases among adults in different regions

of Saudi Arabia ranged from 4.1% to

Figure 2. Venn diagram of comorbid allergic dis-
eases among Saudi young adults with atopic disease.
BA, bronchial asthma; AR, allergic rhinitis; AD,
atopic dermatitis.

Table 2. Distribution of clinical symptoms of allergic diseases among students with and without atopy.

Variable, n (%)

Participants

without atopy

(N¼ 122)

Participants

with atopy

(N¼ 90) p value

Asthma

Wheeze “ever” 25 (20.4) 40 (44.4) <0.001
Current wheeze 13 (10.7) 32 (35.6) <0.001
Physician-diagnosed BA 26 (21.3) 34 (37.8) 0.009

Exercise-induced asthma 28 (25) 22 (24.4) 0.921

Nocturnal cough 42 (38.2) 28 (31.1) 0.286

Rhinitis

Rhinitis “ever” 58 (51.8) 60 (66.7) 0.031

Current rhinitis 47 (42) 52 (57.8) 0.023

Rhinoconjunctivitis 26 (23.2) 38 (42.2) 0.003

Physician-diagnosed AR 2 (1.8) 9 (10) 0.008

Dermatitis

Recurrent rash “ever” 28 (25) 24 (26.7) 0.781

Recurrent rash in past 12 months 27 (24.1) 20 (22.2) 0.747

Recurrent rash typical eczema distribution 18 (16.1) 11 (12.2) 0.426

Recover in past 12 months 23 (20.5) 12 (13.2) 0.167

Physician-diagnosed AD 11 (9.8) 18 (20) 0.04

BA, bronchial asthma; AR, allergic rhinitis; AD, atopic dermatitis.
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23% for BA, from 5.3% to 25% for AR,

and from 6.1% to 13% for AD.15–17,21–24

Because Saudi Arabia covers a vast

territory with marked variations in topo-

graphical, meteorological, and climatic con-

ditions, important regional variations in

allergic disease prevalence can be observed.

Previous epidemiological studies have

reported the highest prevalence of asthma

and other allergic diseases in Hofuf,

Madinah, and Najran, and the lowest rates

have been reported in Qassim, Dammam,

and Taif.25 Since 2010, some studies have

noted plateauing or even declining trends

of allergic diseases among children and ado-

lescents in Saudi Arabia.16,26 However,

recent studies report a growing prevalence

rate of allergic diseases.6,24,25 These increas-

ing trends have been expected by the WHO1

and have been well documented in many

recent studies worldwide.12,27 Although the

results of our study could be owing to the

selection of a homogenous group of young

adults with possible accumulation of risk

factors for allergic diseases,7,13 a real

increase in the prevalence over time, in com-

parison with previous Saudi reports, cannot

be ruled out. It is noteworthy that similar

high prevalence rates of allergic diseases

have been reported among schoolchildren

in the same region as our study site.6

In this study, the prevalence of atopy

among young adults was 41%, as detected

by SPTs. Previous Saudi studies have

showed sensitization rates ranging from

18% to 75% among Saudi populations of

different age groups.6,20,28–30 A Global

Allergy and Asthma European Network

(GALEN) report investigating the geograph-

ical variation in SPT positivity among 3451

participants aged 18 to 75 years from 13

European countries found that the sensitiza-

tion rate varied from 31.4% in Denmark to

52.9% in Germany, with higher rates in

younger than older adults.8

There have been few studies focusing on

determination of the clinical features of

allergic diseases in adults. Consistent with

Table 3. Distribution of atopy and sensitization patterns to different allergens
among male and female students.

Variable, n (%)

Males

(N¼116)

Females

(N¼106) p value

Atopy 58 (50) 32 (30.2) 0.003

Monosensitization 26 (22.4) 16 (15.1) 0.166

Polysensitization 0.08

2 allergens 12 (10.7) 8 (7.5)

3 allergens 8 (7.1) 6 (5.7)

�4 allergens 10 (8.6) 4 (3.8)

D. pteronyssinus 17 (14.7) 10 (9.4) 0.229

D. farina 10 (8.6) 5 (4.7) 0.248

Cat hair 28 (24.1) 12 (11.3) 0.013

Dog hair 3 (2.6) 9 (8.5) 0.05

Horse hair 8 (6.9) 5 (4.7) 0.486

Cockroach 9 (7.8) 6 (5.7) 0.536

Bermuda grass 12 (10.3) 32 (30.2) 0.0002

Ragweed 14 (12.1) 5 (4.7) 0.049

Mugwort 11 (9.5) 6 (5.7) 0.289

Penicillium 7 (6) 6 (5.7) 0.924

Olive 2 (1.7) 4 (3.8) 0.336
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results from previous studies, the symptoms
of BA, AR, and AD in our study were
significantly associated with adults who
had atopic disease, as compared with
those who did not.9,31–33 Recent evidence
suggests that asthma, rhinitis, and eczema
are coexisting disorders that are becoming
more prevalent among people with atopic
disease; these disorders also occur together
in individuals without atopic disease and
are strongly associated with specific IgE
antibodies.9,34 In this study, 12% of partic-
ipants with atopy had more than one aller-
gic disease, and 1% had “atopic march”.
Atopic march refers to the natural history
or typical progression of allergic diseases
that often begins early in life; these include
atopic dermatitis, food allergy, allergic rhi-
nitis, and asthma. In previous clinical stud-
ies, a relatively low number of patients were
found to be following the classic course of
atopic march. This seems to exist simulta-
neously with atopic disorders and may be
associated with greater functional impair-
ment, which can be reflected in decreased
activity and lower quality of life in compar-
ison with participants who have a single
allergic disease.4,35 Therefore, the identifica-
tion of participants with atopic disease and
comorbid allergic disorders is essential for
accurate monitoring and prompt treatment.

In this study, the sex distribution showed
that male students had more frequent atopy
and were polysensitized more often than
female students; this corresponds with the
findings of many previous studies. This sex
susceptibility to developing more chronic
atopic diseases could be owing to hormonal
changes and sex-specific differences in envi-
ronmental exposures.12,25 The rate of poly-
sensitization in this study (21.6%) was
similar to that of many previous reports
with a 10% to 22% polysensitization rate
among adults.8,9,33 It has been reported
that severe allergic diseases are more likely
to occur with polysensitization. This could
be owing to the increased duration of

exposure, recurrent exposure, and extent of
inflammation in polysensitized individuals.4

Sensitization to indoor and outdoor
allergens is crucial for the development of
atopic disorders. The distribution of aller-
gens varies with different environmental
factors, local climates, geographic areas,
and lifestyles of individuals. Moreover, the
prevalence of sensitization to allergens may
differ across age groups.8 These facts sug-
gest the paramount importance of local epi-
demiological data on allergen sensitization,
to support evidence-based prevention and
management of allergic diseases in different
countries and regions. In our study in the
Najran region of Saudi Arabia, we found
that grass pollens, cat fur, and house dust
mites were the most common allergens
affecting young adults. Similar patterns of
sensitization were reported in a recent study
among schoolchildren in the same region.6

However, house dust mites are the most fre-
quent indoor allergen associated with
atopic diseases, according to previous epi-
demiological studies conducted in Saudi
Arabia and worldwide.8,28,30 Our finding
can be explained in that the Najran region
is an agricultural area located in southern
Saudi Arabia, with high altitude. These fac-
tors promote a prolonged pollination
period of grasses and a higher exposure
rate, leading to polysensitization against
different types of grass pollens.35

Sensitization varies for each specific
allergic disease.14 We found that grass pol-
lens and cat fur were the predominant aller-
gens associated with all allergic diseases.
Contrary to these findings, many studies
have reported a close association of
indoor allergens with BA and of outdoor
allergens with AR.4,31

Limitations

This study had some limitations. First, self-
reporting of symptoms associated with
allergic diseases using a questionnaire may
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involve reporting bias and misclassification.

However, we can reasonably expect that

the health college students enrolled in our

study had sufficient medical background to

differentiate whether they had symptoms of

asthma, rhinitis, or dermatitis. Second, our

study was limited to the Najran region of

Saudi Arabia. Therefore, our results may

not reflect the remaining areas of Saudi

Arabia. Finally, the absence of detailed

information regarding participants’ place

of birth, the presence of pets or smokers

in the family, family history of atopic dis-

orders, and other social and environmental

risk factors are a potential limitation of this

study. Therefore, further large-scale studies

among adults of different age groups from

various Saudi regions are important, to

explore possible risk and protective factors

of allergic diseases in adults.

Conclusion

Our study revealed a high prevalence of

atopy and allergic diseases among Saudi

young adults. Comorbid allergic diseases

were more prevalent among our partici-

pants with atopic disease. Male participants

had clinical symptoms of allergic disorders

and were polysensitized more frequently

than female participants. Determining aller-

gen sensitization patterns in patients with

atopic disease is crucial to selecting proper

preventive and therapeutic strategies.
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