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ABSTRACT Through a house-to-house survey, 1325 people aged 11+ years registered at 2 primary 
health care centres (1 at high altitude and 1 at sea level) in Asir region, Saudi Arabia, were interviewed 
and examined for weight, height and peak expiratory flow rate. The prevalence of bronchial asthma 
at sea level (19.5%) was significantly higher than at high altitude (6.9%). Illiteracy, low income, use of 
coal and wood for heating, having a mud or tent house, lack of electricity inside dwellings and presence 
of sheep were also significant risk factors for bronchial asthma. In multivariate logistic regression, only 
altitude was found to be significantly associated with bronchial asthma (adjusted odds ratio = 3.94).

Altitude et asthme bronchique dans la région sud-ouest de l'Arabie saoudite
RÉSUMÉ Dans le cadre d’une enquête porte-à-porte menée auprès de 1325 individus âgés de plus 
de 11 ans et rattachés à deux centres de soins de santé primaires de la région d’Asir en Arabie saou-
dite, situés l’un en haute altitude et le deuxième au niveau de la mer, un interrogatoire et un examen 
comportant la mesure du poids corporel, de la taille et du débit expiratoire de pointe ont été pratiqués. 
La prévalence de l’asthme bronchique au niveau de la mer (19,5 %) s’est avérée significativement 
supérieure à celle observée en haute altitude (6,9 %). L’illettrisme, la faiblesse des revenus, l’usage de 
charbon et de bois de chauffage, l’habitat (maisons en terre ou tentes), l’absence d’électricité dans les 
logements et la présence de moutons sont apparus comme autant de facteurs de risque significatifs 
d’asthme bronchique. Selon l’analyse de régression logistique multivariée, seule l’altitude était asso-
ciée de manière significative à l’asthme bronchique (odds ratio ajusté = 3,94).
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Introduction

Asthma has received wide public attention 
in recent years because of increasing mor-
tality and morbidity worldwide [1]. In Saudi 
Arabia, the reported prevalence ranges from 
7% in Dammam to 12% in Riyadh [2,3].

The Asir region (population 1 200 000) 
is located in the south-west of Saudi Arabia, 
covering an area of more than 80 000 km2. 
The region extends from the high mountains 
of Sarawat (with an altitude of 3200 m 
above sea level) to the Red Sea, and lies a 
few kilometres from the northern border of 
neighbouring Yemen. Data regarding the 
prevalence of bronchial asthma at the com-
munity level in Asir region are scarce. The 
aim of the present work was to study the 
prevalence of bronchial asthma and related 
symptoms among a community sample of 
adults in a high-altitude and a sea-level area 
of Asir region.

Methods

Sample
Primary health care services in Asir region 
are provided through a widespread net-
work of 208 primary health care centres 
(PHCCs). Each PHCC has a well-defined 
catchment area and population. The present 
study was carried out in 2 randomly chosen 
PHCCs (Al-Soka and Maraba). Al-Soka 
was chosen from a list of PHCCs in high-
altitude areas, while Maraba was chosen 
from a list of PHCCs in sea-level areas. 

Al-Soka is composed of 2 major vil-
lages, Al-Soka and Al-Shaaf. The total 
number of families registered in the PHCC 
is 204 including 1488 persons. Maraba is 
composed of 5 villages: Maraba, Ablan, 
Dhele’, Ramlan and Etoed and the total 
number of families registered in the PHCC 
is 385.

Through a house-to-house survey all 
families present in the study areas were in-
cluded. Heads of families were approached 
initially and their consent for participation 
in the study was obtained. Subjects aged 
11 years and over in each household were 
identified.

Data collection
Participants were interviewed face-to-face 
using a pre-designed questionnaire which 
included data about sociodemographic and 
environmental conditions and a validated 
Arabic translation of the International Study 
of Asthma and Allergies in Childhood Ques-
tionnaire (ISAAC) [1,4]. 

The following measurements were 
taken: weight, height and peak expiratory 
flow rate (PEFR) using a mini-Wright flow 
meter. The patient was instructed on how to 
use it by taking a deep breath, encircling the 
meter with his or her lips, holding it from 
below and not touching the moving pointer 
or blocking the end of it, then exhaling as 
fast and as strongly as possible. This was 
repeated 3 times and the highest reading 
was taken. The predicted values were cal-
culated using the following formulas [4]: 
for males: PEFR = (0.144 height) – (0.024 
age) + 0.225; for females: PEFR = (0.090 
height) – (0.018 age) + 1.130. The percent-
age of the predicted value was calculated 
for each participant. Values below 75% 
were considered abnormal and in cases with 
bronchial asthma it indicated the severity of 
the condition [4].

Analysis
The data were coded, validated and analysed 
using SPSS software. Univariate analysis 
was used. Student t-test and the chi-squared 
test were used as tests of significance at 
the 5% level. Whenever suitable, the crude 
odds ratio (OR) and the 95% confidence in-
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tervals (95% CI) were used. Multivariate lo-
gistic regression analysis was performed to 
study the association between potential risk 
factors for bronchial asthma. The maximum 
likelihood estimates of combined OR and 
the 95% CI adjusted for confounders were 
obtained using multiple logistic regression 
analysis [5].

Results

Study population
The present study included 1325 people (re-
sponse rate of 93.7%) from both areas (754 
persons from Al Soka, the high-altitude area 
and 571 from Maraba, the sea-level area). 
The age range was from 11 to 78 years with 
a mean of 31.6 (standard deviation = 20.1) 
years and a median of 24 years. Adolescents 
(aged 11–19 years) represented 40% of the 
study population and the remainder were 
adults (20+ years). The sample included 
626 males and 699 females. No statistically 
significant differences were found in age 
between the 2 areas and both sexes.

People living at sea level were found to 
have a lower socioeconomic status com-
pared with those living at high altitude. The 
illiteracy rate (70.4%) and the proportion 
of people working as shepherds (14.4%) 
were significantly higher among people 
living at sea level (28.1%) than those living 
at high altitude (6.8%) (χ2 = 233.3 and χ2 
= 20.7 respectively, P < 0.05). Similarly, 
people living at sea level were found to have 
lower monthly income per capita and higher 
crowding index compared with those living 
at high altitude.

People living at sea level were found to 
have worse environmental conditions com-
pared with those living at high altitude. The 
proportion of people living in mud houses 
(61.8%) or huts (57.7%) and having sheep 
in their houses were significantly higher 

among people living at sea level (11.8%) 
compared with those living at high altitude 
(23.0%) (χ2 = 364.6, and χ2 = 87.8% respec-
tively, P < 0.05). Similarly, people living 
at sea level were more likely to use wood 
and coal for heating and cooking, have air-
conditioning and have no electricity com-
pared with those living at high altitude.

Prevalence and determinants of 
bronchial asthma
The study showed that 163 (12.3%) of the 
study sample had ever suffered from asth-
ma. The prevalence of bronchial asthma at 
high altitude (6.9%) was significantly lower 
than the corresponding figure among people 
living at sea level (19.5%) (χ2 = 46.6, P < 
0.05). The study showed that people living 
at sea level had almost 3 times the risk of 
suffering bronchial asthma than those living 
at high altitude (crude OR 3.27, 95% CI: 
2.30–4.64).

Table 1 shows the univariate analysis 
of other potential risk factors determining 
bronchial asthma in the study population. 
Adults were found to have a higher risk 
of developing bronchial asthma compared 
to adolescents. Other significant socio-
demographic risk factors were illiteracy 
and low monthly income per capita (less 
than 400 Saudi rials). The table also shows 
that people using coal and wood for heating 
purposes had a significantly higher risk of 
bronchial asthma. Other environmental risk 
factors identified as significant risk factors 
for bronchial asthma were: living in a mud 
or tent house, a lack of electricity inside the 
dwelling, having air-conditioning and the 
presence of sheep.

After adjusting all risk factors to each 
other in a multivariate logistic regression 
model (Table 2), only altitude was found 
to be significantly associated with the pres-
ence of bronchial asthma (adjusted OR 
3.94, 95% CI: 2.07–7.51).
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Table 1 Univariate analysis of potential risk factors for 
bronchial asthma in the study sample (n = 1325)  

Variable Ever had  Crude  95% CI
  asthma OR
  No. %  

Altitude   
 Sea level 111 19.5 3.27* (2.30–4.64)
 High altitude 52 6.9  

Age group   
 Adult  111 14.0 1.49* (1.05–2.11)
 Adolescent (11–19 years) 52 9.8  

Sex    
 Male  82 13.1 1.15 (0.83–1.60)
 Female 81 11.6  

Education    
 Illiterate  88 14.5 1.46* (1.05–2.03)
 Educated 75 10.4  

Occupation    
 Shepherd/farmer  18 13.5 1.13 (0.67–1.91)
 Other 145 12.2  

Monthly income per capita    
 Low (< 400 SR)  46 17.0 1.65* (1.14–2.38)
 High (> 400 SR)  117 11.1  

Crowding index    
 High (4+)  43 14.1 1.23 (0.85–1.79)
 Low (< 4) 120 11.8  

Type of house    
 Mud/tent  10 17.9 1.59* (1.12–2.18)
 Concrete 153 12.0  

Electricity    
 No  42 17.5 1.69* (1.157–2.47)
 Yes 121 11.1  

Heating method    
 Wood/coal  31 21.1 2.12* (1.37–3.27)
 Other 132 11.2  

Air-conditioning    
 Yes  131 14.9 2.28* (1.52–3.42)
 No 32 7.1  

Cooking method    
 Wood/coal  36 15.4 1.38 (0.93–2.06)
 Other 127 11.6  

Having sheep in house    
 Yes  50 15.7 1.47* (1.03–2.11)
 No  113 11.2  
OR = odds ratio; CI = confidence interval; SR = Saudi rials.
*P < 0.05.
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Severity of bronchial asthma and 
related symptoms
Among those who had ever had asthma in 
the previous 12 months, 86.6% had wheeze, 
82.5% had sleep disturbance due to wheeze, 
77.7% had limitations of their daily activi-
ties, 83.5% had wheeze on exercise, 48.5% 

had wheeze without exercise and 55.8% had 
dry cough at night. Results of PEFR showed 
that 42.3% had an abnormal reading (below 
75%) indicating severe bronchial asthma.

Table 3 shows the severity of asthma 
by altitude. Dry cough at night during the 
previous 12 months was significantly more 

Table 2 Multivariate analysis of potential risk factors for 
bronchial asthma in the study sample (n = 163)  

Variable Adjusted  95% CI
  OR

Altitude: sea level versus high altitude 3.94* 2.07–7.51

Age group: adult versus adolescent 1.09 0.96–1.62

Sex: male versus female 1.18 0.84–1.68

Education: illiterate versus educated 0.91 0.61–1.37

Occupation: shepherd/farmer versus other 0.79 0.45–1.41

Monthly income per capita: low (< 400 SR) 
 versus high (> 400 SR)  1.21 0.79–1.86

Crowding index: high (4+) versus low (< 4) 0.68 0.40–1.15

Type of house: mud/tent versus concrete 0.92 0.58–1.46

Electricity: no versus yes 0.95 0.53–1.70

Heating methods: wood/coal versus other 0.88 0.52–1.48

Air conditioners: yes versus no 1.29 0.78–2.16

Cooking method: wood/coal versus other 0.86 0.52–1.43

Having sheep in house: yes versus no  1.78 0.80–1.74
OR = odds ratio; CI = confidence interval; SR = Saudi rials.
*P < 0.05.

Table 3 Severity of bronchial asthma among study participants ever-suffering asthma, 
by altitude 

Indicator High altitude Sea level χ2-value P-value
  No. % No. %  

Sleep disturbance due to wheezes in last 
 12 months 26 50.0 59 53.2 0.41 NS

Limitation of daily activity due to wheeze 
 in last 12 months 22 42.3 58 52.3 1.401 NS

Wheeze on exercise in last 12 months 23 44.2 63 56.8 2.229 NS

Dry cough at night in last 12 months 21 40.4 70 63.1 7.358  < 0.05

Abnormal PEFR (< 75% of predicted)  25 48.1 44 39.6 1.033 NS

Total ever-suffered asthma 52 100.0 111 100.0 – –
NS = not significant; PEFR = peak expiratory flow rate.
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frequent among people living at sea level 
(63.1%) compared with those living at high 
altitude (40.4%) (P < 0.05).

Discussion

Bronchial asthma is a common chronic lung 
disease worldwide. In Saudi Arabia, several 
studies showed that the prevalence of bron-
chial asthma is continuously rising with a 
consequent increase in morbidity and mor-
tality [3,6–8]. Epidemiological studies have 
shown that the prevalence of bronchial asth-
ma varies from region to region within the 
country [9–11]. The present study showed 
that almost 1 out of every 8 people living in 
Asir region had ever suffered from asthma 
(a prevalence of 12.3%). The prevalence of 
asthmatics in the present study is above the 
range of 0.4%–9% reported in European, 
and developing and Arab countries [1,6]. 
The current rate revealed an overall preva-
lence higher than that reported in other parts 
of Saudi Arabia (Dammam, Jeddah and 
Riyadh) [7–10]. Different environmental 
factors may explain this preponderance.

The present study highlights the role of 
environmental factors, especially altitude, 
as determinants of bronchial asthma in 
the Asir region. People living at sea level 
had almost 4 times the risk to have bron-
chial asthma compared with those living 
at high altitude (adjusted OR = 3.94, 95% 
CI: 2.07–7.51). Similar studies worldwide 
showed that the prevalence of bronchial 
asthma in mountains is low compared with 
that at sea level and that geographical alti-
tude affects the etiological factors for the 
development of asthma or the triggers of 
asthma attacks [12–14].

Growing concern has focused attention 
on the role of indoor and outdoor allergens 
in aggravating the symptoms of the disease. 
Epidemiological data from several sources 
suggest that both genetic and environmental 

factors play key roles in the expression of 
asthma. There is also a growing body of 
evidence to suggest that in genetically pre-
disposed individuals a causal relationship 
exists between exposure to indoor allergens 
and the development of asthma. One of the 
recognized indoor allergens is the house-
dust mite, which has been identified as an 
important factor in progressive increases in 
the prevalence of asthma. The mite content 
of house dust decreases with increasing 
elevation in temperate climates. Indeed, 
at high altitude, house-dust mites cannot 
survive [15,16]. 

When someone who is allergic to house-
dust mites starts wheezing they are experi-
encing a type 1 hypersensitivity reaction. 
Type 1 reactions occur rapidly and are 
mediated by IgE antibodies (to the aller-
gen) which bind strongly to the surface of 
mast cells in the skin. The synthesis of IgE 
antibodies is triggered by T-helper cells, 
which produces a number of inflammatory 
cytokines in the process. The most impor-
tant cytokine in these type 1 responses is 
interleukin [4]. When the IgE antibodies 
bind to mast cells they break open and 
release histamine, which causes the clinical 
symptoms. The clinical response usually 
stops when the allergen is removed or when 
the inflammatory response is dampened 
down by antihistamines or anti-inflamma-
tory drugs [17].

Asthma is a serious global health 
problem. People of all ages in countries 
throughout the world are affected by this 
chronic airways disorder that can be severe 
and sometimes fatal. Asthma can be a sig-
nificant burden on society, not only in terms 
of health care costs but also of lost produc-
tivity, poor quality of life and reduced par-
ticipation in family life. Asthma symptoms 
have been shown to be strongly associated 
with increase risk of emergency room visits, 
hospitalization and absence from work. The 
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present study showed that 42% of asth-
matics in Asir region have severe asthma. 
Decision-makers in the region should take 
the above-mentioned figure into considera-
tion in planning for health service delivery 
in the region. There is an urgent need for 
more intensive screening programmes to 

identify asthma cases at the primary health 
care level, especially at sea level. Continu-
ing medical education programmes in the 
region should be tailored to improving the 
knowledge and skills of health care provid-
ers in the region in order to properly manage 
cases of bronchial asthma.
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