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Abstract 

Background: Eosinophilia is a significant factor in asthma severity; however, the prevalence of severe eosinophilic 
asthma in Saudi Arabia is largely unknown. We aimed to determine the prevalence of the eosinophilic (defined in 
this study as ≥ 300 cells/mm3 in blood), atopic (atopic phenotype 1, defined in this study as > 100 IU/mL total serum 
IgE; atopic phenotype 2, defined in this study as > 150 IU/mL), and overlap phenotypes among patients with severe 
asthma in Saudi Arabia.

Methods: A cross‑sectional study was conducted in centers specialized in severe asthma management. Patients 
aged ≥ 12 years with severe asthma were enrolled. Study patients responded to the Global Initiative for Asthma 2018 
assessment of asthma control questionnaire and provided study investigators with current information related to the 
study objectives. Additional medical record data and a blood sample for total serum IgE and complete blood count 
were collected.

Results: A total of 101 patients were enrolled; 83% were female and the mean (standard deviation) age was 48.7 
(13.2) years. Forty‑five (45%) patients had the eosinophilic phenotype, 50 (50%) had atopic phenotype 1, and 25 (25%) 
had phenotypic overlap (eosinophilic and atopic 1). Forty‑one (41%) patients had atopic phenotype 2 and 23 (23%) 
had phenotypic overlap (eosinophilic and atopic 2). Asthma control and oral corticosteroid use patterns were similar 
and there were no significant differences in number of asthma exacerbations across phenotypes.

Conclusions: In Saudi Arabia, 45% of patients with severe asthma had the eosinophilic phenotype, which is most 
likely an underestimation as no clinical features of eosinophilia were taken into account in the definition of eosino‑
philia. Approximately half of them had phenotypic overlap with the atopic phenotype.

Trial registration NCT03931954; ClinicalTrials.gov, April 30, 2019.
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Background
Asthma has a global prevalence of approximately 339 
million and is a leading cause of mortality [1]. It affects 
approximately 2 million people in Saudi Arabia [2]. 
Although therapy is available, approximately 3–10% of 
asthmatic patients present with severe disease [3], which 
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is defined as asthma that requires treatment with high-
dose inhaled corticosteroids (ICS) plus a second control-
ler to prevent it from becoming ‘uncontrolled’, or asthma 
that remains ‘uncontrolled’ despite treatment [4]. Severe 
asthma is a major unmet need and may represent up to 
50% of total asthma-related healthcare costs [5, 6]. Severe 
asthma can be divided into several phenotypes, of which 
severe eosinophilic asthma is among the most studied 
[7]. A small study in India used cluster analysis to identify 
four distinct clinical phenotypes of asthma; two of them 
had poor attainment of maximum lung function, demon-
strating that phenotype is important for understanding 
prognosis [8]. Biomarkers may be a useful to aid in phe-
notype determination. For example, a study conducted 
in Egypt found an association between sputum periostin 
and sputum eosinophilia [9]. Another study reported that 
patients admitted to the hospital due to asthma exacer-
bations who had a blood eosinophil count ≥  300 cells/
mm3 at admission had a > 40% reduction of risk of late 
readmission [10]. Eosinophils are recognized as a sig-
nificant biomarker for determining disease severity; the 
persistent airway inflammation that occurs with eosino-
phils is partly responsible for the high frequency of exac-
erbations seen in severe asthma [11, 12]. Both phenotype 
and biomarkers are important to consider when identi-
fying appropriate treatment [13, 14]. Patients with severe 
eosinophilic asthma utilize healthcare resources more 
frequently, incur higher disease management expenses, 
and experience a worse quality of life compared with 
patients with non-eosinophilic asthma phenotypes [11, 
15]. Despite its impact, severe eosinophilic asthma is yet 
to be clearly defined. Peripheral blood eosinophil counts 
as high as 400 cells/mm3 have been linked to increased 
asthma exacerbations; however, patients with adult-onset 
asthma who have blood eosinophil counts ≥  300 cells/
mm3 present with a distinct phenotype of severe asthma 
that includes frequent exacerbations and a poor progno-
sis [16]. Blood eosinophil counts ≥  200 cells/mm3 have 
been associated with asthma exacerbation, including 
asthma-related outpatient visits and emergency depart-
ment visits [17]. Studies of anti-eosinophilic therapies 
indicate that patients with blood eosinophil counts ≥ 300 
cells/mm3 can benefit from targeted treatment [18–20]. 
Classically, eosinophilic airway inflammation has been 
associated with allergic asthma [21]; however, there is 
evidence that eosinophilia is present in the airways of 
patients with severe asthma who do not have allergic dis-
ease [22] and it is suggested that a mechanism of eosino-
philic asthma other than allergy may be responsible for 
adult-onset eosinophilic asthma as it frequently develops 
without allergen-dependent activation of Th2 lympho-
cytes [23]. Knowledge of the prevalence of eosinophilic 
asthma in Saudi Arabia is limited. Because management 

of this phenotype is complex, it is important to under-
stand the pathophysiologic characteristics of this patient 
population to effectively control disease. Additionally, 
given the emergence of new treatment options for dif-
ferent phenotypes, it is important to collect local data on 
the prevalence of these different phenotypes to aid clini-
cians in selecting the right patient for the right treatment. 
The aim of the cross-sectional, multicenter PREPARE 
study was to determine the prevalence of the eosinophilic 
phenotype (defined in this study as ≥  300 cells/mm3) 
among severe asthma patients in Saudi Arabia.

Methods
Study participants
According to the inclusion criteria, individuals were 
included in the study if they were ≥  12 years of age at 
the time of study entry and had a diagnosis of severe 
asthma for at least one year, which was defined based 
on the Global Initiative for Asthma (GINA) 2018 guide-
line-suggested medications as described in Steps 4–5 
(treatment with medium/high-dose ICS/long-acting 
beta-agonist [LABA] plus a second controller to prevent 
it from becoming ‘uncontrolled’, or asthma that remains 
‘uncontrolled’ despite treatment) [24], i.e., the patient had 
to be on GINA suggested treatment for severe asthma 
for at least one year prior to the index visit. We note that 
it was not a requirement that a patient had spirometry-
diagnosed asthma. In cases where spirometry data were 
not available, patients were diagnosed based on clinical 
response to trials of inhaled steroid (based on the GINA 
criteria for severe asthma) and through differential diag-
nosis. According to the exclusion criteria, individuals 
with a diagnosis of any chronic respiratory condition 
other than asthma, who had an acute or chronic condi-
tion that was considered by the study investigator to 
limit their ability to participate in the study, or who were 
currently being treated with a biologic therapy for their 
severe asthma were not eligible to participate in the 
study. Patients who met all of the inclusion criteria and 
none of the exclusion criteria were invited to participate 
in the study.

Study design
The PREPARE study was a multicenter, cross-sectional 
study that included retrospective data collection to assess 
the prevalence of eosinophilic and atopic phenotypes 
among severe asthma patients. Asthma control was also 
studied. The study was conducted in centers that spe-
cialized in the management of severe asthma located in 
Saudi Arabia. Patients were identified and consecutively 
invited to participate in the study at their routine clinical 
appointment. The enrollment period was planned to be 
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approximately 8 months or until the required number of 
patients had been recruited, whichever occurred first.

Early onset asthma was defined as asthma diagnosed at 
< 12 years of age; late onset asthma was defined as asthma 
diagnosed at ≥ 12 years of age [25]. Severe asthma exac-
erbations were defined using the criteria of the official 
American Thoracic Society/European Respiratory Soci-
ety statement on asthma control [26] and included events 
that required urgent action by the patient or physician 
to prevent a serious outcome, such as hospitalization 
or death, from asthma and at least one of the following: 
use of systemic corticosteroids, or an increase from a 
stable maintenance dose, for at least 3 days or hospitali-
zation or emergency room visit because of asthma that 
required systemic corticosteroids. A corticosteroid burst 
was defined as the use of an intravenous or oral corticos-
teroid for at least 3 days or the use of a single intramus-
cular corticosteroid dose; patients on maintenance oral 
corticosteroids were considered to have a corticosteroid 
burst if their maintenance dose was increased by at least 
double for at least 3 days. Chronic oral corticosteroid use 
was defined as continuous treatment with ≥ 5 mg OCS 
to control asthma for the previous 12 months.  Measures 
used to minimize selection bias included consecutive 
enrollment, collection of blood at the time of study visit, 
exclusion of patients under biologic therapy, and the par-
ticipation of research centers that are specialized in the 
management of patients with severe asthma.

Data collection
Data from patients who provided written informed con-
sent was obtained from medical records and during the 
study visit. Immediately after providing informed con-
sent, patients were asked to respond to the GINA 2018 
assessment of asthma control questionnaire [24] and to 
provide current information related to variables aligned 
with the study objectives (age, gender, height, body mass 
index, insurance status, educational level, current phar-
macological treatment for asthma). Data for retrospec-
tive variables were collected from medical records and 
included the most recent spirometry assessment (con-
ducted within one year of study entry and not during an 
asthma exacerbation) and the last 5 years of blood count 
history. A blood sample was collected at the study visit 
to assess total serum IgE and complete blood count, 
including eosinophils. Comorbidities considered associ-
ated with Type 2 inflammation were reported based on 
patients’ history or chart review, patient medication, and 
coding.

Outcomes
The primary objective was to determine the prevalence 
of the eosinophilic asthma phenotype, defined as a blood 

eosinophil count ≥ 300 cells/mm3, among severe asthma 
patients. Although there is no clear definition of the 
eosinophilic asthma phenotype, we considered this to be 
appropriate as most clinical trials for anti-IL-5 and anti-
IL5 receptor biological therapy used a cutoff of ≥  300 
cells/mm3 as a biomarker for severe eosinophilic asthma 
and an indication of therapy initiation [18–20]. Addition-
ally, Zeiger et al. reported that eosinophil counts of ≥ 300 
cells/mm3 were associated with a significantly increased 
risk of exacerbation (adjusted rate ratio, 1.25; 95% confi-
dence interval [CI], 1.04–1.51) [27]. Secondary objectives 
included determination of the prevalence of the follow-
ing: suggested atopic phenotype as defined by >100 IU/
mL total serum IgE (atopic phenotype 1), atopic pheno-
type as defined by > 150 IU/mL total serum IgE (atopic 
phenotype 2), and the overlap of atopic and eosinophilic 
phenotypes among severe asthma patients [28]. Skin tests 
and radioallergosorbent (RAST) tests were not avail-
able at many of the centers included in this study. As 
there is no agreed upon definition of atopic asthma in 
the absence of skin or RAST tests, we used former cri-
teria to define it. Patients who met the criteria for sug-
gested atopic phenotype 1 or 2 and also had eosinophils 
were considered as an overlap phenotype. Additional 
secondary objectives were to describe the demographic 
and clinical characteristics (asthma control assessment 
[GINA], patient medical history including asthma char-
acterization, and laboratory tests) of this patient popula-
tion, as well as the patterns of corticosteroid use (chronic 
treatment and/or corticosteroid bursts); to determine the 
number of severe asthma exacerbations in the previous 
12 months according to asthma phenotype (total num-
ber of severe exacerbations reported in the year prior to 
study entry/number of included patients); and to evalu-
ate asthma control using the GINA 2018 assessment of 
asthma control [24].

Statistical methods
Sample size was determined as follows. Schleich et  al. 
found that 53% of patients from the Belgian Severe 
Asthma Registry had elevated blood eosinophil counts 
(> 220 cells/mm3) [29]. Based on this, a conservative esti-
mate of 50% prevalence of patients having an elevated 
blood eosinophil count (≥  300 cells/mm3) was used in 
the present study. For a sample size of 100 patients, the 
expected 95% confidence interval for an observed pro-
portion of 50% was expected to be between 39.8 and 
60.2%; therefore, a minimum sample size of 100 patients 
was considered adequate to provide sufficient precision 
in the estimation of the primary outcome measure.

Continuous variables were summarized with descrip-
tive statistics and categorical variables were summa-
rized with frequency counts and percentages. Analysis of 
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variance (ANOVA) was used to analyze the mean differ-
ences among more than two groups. All statistical tests 
were two-sided and a p-value ≤  0.05 was considered 
statistically significant. All statistical analyses were of an 
explorative and descriptive nature. No allocations were 
made for missing values. Data were analyzed using R sta-
tistics version 3.6.4.

Results
Study participants
Between May 2019 and December 2019, 101 patients 
were enrolled in the study from five study sites located 
throughout Saudi Arabia; all 101 were included in the 
full analysis set. Patient characteristics (demographic 
and lifestyle) for the total participants and according to 
phenotype are described in Table 1. The mean (standard 
deviation [SD]) age was 48.7 (13.2) years, 83% of patients 
were female, and 91% had never smoked. Patient charac-
teristics were similar among the phenotype subgroups. 
Of note, 82% of patients in the present study were over-
weight (≥ 25–29.9 body mass index [BMI]; 25%) or obese 
(≥ 30 BMI; 57%).

Outcomes
The prevalence of the eosinophilic phenotype (defined in 
this study as ≥ 300 cells/mm3) was 45% (n = 45) among 
patients with severe asthma. The number of patients 
with blood eosinophil counts of 150–299 or < 150 cells/
mm3 was 21% and 35%, respectively. As for the defini-
tion of eosinophilic phenotype, a definitive diagnosis 
requires evidence of eosinophilia in bronchial biopsies 
or induced sputum, which is challenging in clinical prac-
tice [30]. Although patients can be identified in the clinic 
can be identified by typical symptoms of this pheno-
type, such as few allergies, dyspnea on exertion, typical 
lung abnormalities (fixed airflow obstruction, reduced 
forced vital capacity, increased residual volume), typical 
comorbidities (nasal polyposis), and response to systemic 
corticosteroids [30], no clinical features of eosinophilia 
were included in the definition. For these reasons, the 
authors expect that the prevalence of 45% is most likely 
underestimated. The prevalence of atopic phenotype 1 
was 50% (n =  50); overlap 1 (eosinophilic and atopic 1) 
occurred in 25% (n = 25) of patients. Atopic phenotype 
2 was reported for 41% (n = 41) of patients and overlap 2 
(eosinophilic and atopic 2) was reported for 23% (n = 23) 

Table 1 Patient characteristics

Data are shown as n (%) unless otherwise indicated

BMI body mass index, SD standard deviation

Demographics 
or lifestyle 
characteristic

Total 
participants (N = 101)

Eosinophilic 
phenotype 
(n = 45)

Atopic 1 (n = 50) Overlap 1 
(eosinophilic/ 
atopic 1) (n = 25)

Atopic 2 (n = 41) Overlap 2 
(eosinophilic/ 
atopic 2) (n = 23)

Age, years (mean 
± SD)

48.7 ± 13.2 50.3 ± 13.6 47.7 ± 12.8 48.7 ± 10.5 47.3 ± 12.9 49.0 ± 10.8

Age group

 ≤ 18 years 1 (1) 0 (0) 1 (2) 0 (0) 1 (2) 0 (0)

 18–54 years 68 (67) 28 (62) 33 (66) 17 (68) 27 (66) 15 (65)

 ≥ 55 years 32 (32) 17 (38) 16 (32) 8 (32) 13 (32) 8 (35)

Gender

 Female 84 (83) 35 (78) 39 (78) 18 (72) 30 (73) 16 (70)

 Male 17 (17) 10 (22) 11 (22) 7 (28) 11 (27) 7 (30)

Height, cm (mean 
± SD)

157.1 ± 8.8 157.0 ± 10.1 157.9 ± 10.0 158.7 ± 10.7 158.4 ± 10.2 158.2 ± 10.8

Weight, kg (mean 
± SD)

79.1 ± 19.2 77.6 ± 21.4 79.8 ± 19.4 82.0 ± 23.6 78.1 ± 19.4 79.5 ± 22.5

BMI, kg/m2 (mean 
± SD)

32.0 ± 7.2 31.9 ± 6.9 32.2 ± 7.9 31.0 ± 7.0 31.4 ± 7.8 31.9 ± 6.9

BMI group

 < 18.5 1 (1) 1 (2) 0 (0) 0 (0) 0 (0) 0 (0)

 18.5–24.9 17 (17) 9 (20) 9 (18) 5 (20) 9 (22) 5 (22)

 ≥ 25–29.9 25 (25) 15 (33) 15 (30) 8 (32) 14 (34) 8 (35)

 ≥ 30 58 (57) 20 (44) 26 (52) 12 (48) 18 (44) 10 (43)

Smoking history

 Former smoker 9 (9) 6 (13) 5 (10) 4 (16) 4 (10) 3 (13)

 Never smoker 92 (91) 39 (87) 45 (90) 21 (84) 37 (90) 20 (87)
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of patients (Table  2). Only 18% of patients had positive 
specific IgE values which is evidence of sensitization to 
perennial allergens.

Disease characteristics for the total population and 
according to phenotype are shown in Table 3.

The mean (SD) duration of asthma was 17.6 (12.1) years 
and 87 (86%) patients had late-onset asthma. The major-
ity of patients (82%) did not have a history of atopy. Prev-
alence of comorbidities of interest among the 65 patients 
(total participants) with comorbidities was as follows: 
rhinitis, 65%; nasal polyps, 26%; atopic dermatitis, 3%; 
sinusitis, 22%; and eczema, 2%. In total, 77% of patients 
had at least one asthma exacerbation within the previous 
12 months, and 32% had ≥ 3 exacerbations in the same 
time period. Among patients with the eosinophilic phe-
notype, 29% had ≥  3 exacerbations in the previous 12 
months. Additionally, clinical parameters for the total 
participants are shown in Table  4. A spirometry assess-
ment was available for 75 (75%) patients. The study visit 
blood test revealed that the median (interquartile range 
[IQR]) of absolute eosinophils was 250.0 (110.0, 500.0) 
cells/mm3 and that the median (IQR) for total serum IgE 
was 99.5 (38.0, 289.0) IU/mL (Additional file 1).

Asthma treatments in the 12 months prior to study 
enrollment for the total participants are shown in 
Table  5. Almost all participants (n =  99, 98%) received 
treatment with a fixed dose combination of ICS/LABA. 
Most participants were not on chronic oral corticoster-
oids (n =  94, 93%); prednisone was the only drug used 
in patients who were on chronic oral corticosteroid treat-
ment. Sixty (60%) patients received corticosteroid burst 
treatment, with prednisone being the treatment received 
by most (n  =  55, 93%). Thirty-seven (45%) patients 

received three or more corticosteroid burst treatments. 
Figure  1A shows that the pattern of oral corticosteroid 
use was similar across phenotypes.

At the time of the study visit, 69% (n = 70) of patients 
had uncontrolled asthma, 22% (n  =  22) had partially 
controlled asthma, and 9% (n =  9) had well-controlled 
asthma (Fig. 1B). The distribution of asthma control level 
was similar across the different phenotypes.

There were no significant differences in the number of 
severe asthma exacerbations (in the year prior to study 
enrollment) among patients with only atopic 1, only 
eosinophilic, or overlap 1 asthma phenotypes (P = 0.315; 
Fig. 2A) or among patients with only atopic 2, only eosin-
ophilic, and overlap 2 asthma phenotypes (P  =  0.244; 
Fig. 2B).

Discussion
This cross-sectional study found that the eosinophilic 
phenotype occurred in 45% of patients with severe 
asthma in Saudi Arabia. The atopic phenotype was also 
quite prevalent in this patient population (atopic pheno-
type 1, 50%; atopic phenotype 2, 41%). Given that only 
18% of patients had positive specific IgE values, which is 
evidence of sensitization to perennial allergens, the prev-
alence of the atopic phenotypes 1 and 2 are most likely 
overestimated. Approximately half of patients with the 
eosinophilic phenotype had phenotypic overlap with the 
suggested atopic phenotype; overlap patients accounted 
for approximately one-quarter of patients overall. Most 
patients (70%) had uncontrolled asthma and 60% received 
corticosteroid burst treatment in the past 12 months of 
which 45% received three or more bursts. The pattern of 
corticosteroid use and level of asthma control were simi-
lar across phenotypes. There were no significant differ-
ences in the number of asthma exacerbations in the 12 
months prior to the study among phenotypes. It should 
be noted that the large amount of overlap within the phe-
notypic groups may have accounted for the observation 
that characteristics and outcomes were similar among 
phenotypes.

The prevalence of the eosinophilic asthma phenotype 
among severe asthma patients reported in the present 
study is similar to that reported in other geographic 
regions (Australia, 44%; Japan, 34%; Netherlands, 44%) 
[31–33]. In the present study, the definition of eosino-
philic phenotype was only based on a blood eosinophil 
count of ≥ 300 cells/mm3. This is most likely an under-
estimation of the real prevalence as clinical features of 
eosinophilia, like nasal polyps, adult-onset asthma, and 
chronic OCS use were not taken into account [34]. The 
prevalence of the suggested atopic phenotypes 1 and 2 
was defined by cut off values of serum IgE, but to really 
define atopy, evidence of sensitization to perennial 

Table 2 Distribution of asthma phenotypes among the study 
participants

Data are shown as n (%)

Total 
participants 
(N = 101)
N (%)

Phenotype

 Eosinophilic phenotype (≥ 300 cells/mm3) 45 (45)

 Atopic phenotype 1 (total serum IgE > 100 IU/mL) 50 (50)

 Overlap (eosinophilic and atopic 1) 25 (25)

 Atopic phenotype 2 (total serum IgE > 150 IU/mL) 41 (41)

 Overlap (eosinophilic and atopic 2) 23 (23)

Eosinophil group

 ≥ 300 cells/mm3 45 (45)

 150–299 cells/mm3 21 (21)

 < 150 cell/mm3 35 (35)
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allergens is needed as defined by positive specific IgE 
values. In 60% of the cases, no specific IgE values were 
available in the medical records and of the ones that were 
available, less than half were positive. Therefore, we think 
that the percentages of the suggested atopic phenotypes 
1 and 2 are most likely overestimated. The extent of phe-
notypic overlap is largely unknown. The present study 
reports 23–25% phenotypic overlap between eosinophilic 
and atopic phenotypes, depending on the cutoff used to 
define the atopic phenotype. Again, this study was lim-
ited in the ability to truly categorize patients as atopic. 
We found that only 9% of patients in our population had 
well-controlled asthma. A better understanding of the 
occurrence and classification of the different phenotypes 
of severe asthma may lead to better treatment strategies. 

Patients with eosinophilic asthma are eligible for eosin-
ophil-targeting biologics, such as anti-IL-5 or anti-IL-5 
receptor antibody therapy [24].

The management of severe asthma is complex and 
requires a thorough and up to date understanding of the 
pathophysiologic characteristics of this patient popula-
tion to facilitate effective therapeutic decision-making. 
The high incidence of overweight or obese participants 
observed in the present study warrants a call to action 
among patients with severe asthma in Saudi Arabia, 
as an increased BMI is associated with an increased 
risk of asthma exacerbations [35], and weight loss has 
been shown to improve asthma-related quality of life, 
asthma control, and lung function in obese patients 
with asthma [36]. Interestingly, the recently published 

Table 3 Disease characteristics

Data are shown as n (%) unless otherwise indicated

SD standard deviation

Disease 
characteristic

Total 
participants (N = 101)

Eosinophilic 
phenotype 
(n = 45)

Atopic 1 (n = 50) Overlap 1 
(eosinophilic/
atopic 1) (n = 25)

Atopic 2 (n = 41) Overlap 2 
(eosinophilic/
atopic 2) (n = 23)

Asthma duration, 
years (mean ± SD)

17.6 ± 12.1 19.4 ± 12.8 15.6 ± 11.5 16.5 ± 12.7 16.6 ± 12.1 17.2 ± 12.9

Number of severe 
exacerbations 
(mean ± SD)

2.7 ± 4.2 2.4 ± 3.4 3.2 ± 4.0 2.9 ± 3.9 3.3 ± 4.3 3.0 ± 4.0

Number of severe asthma exacerbations

 0 24 (24) 9 (20) 7 (14) 3 (12) 5 (12) 2 (9)

 1 21 (21) 11 (24) 10 (20) 5 (20) 8 (20) 5 (22)

 2 24 (24) 12 (27) 15 (30) 10 (40) 13 (32) 10 (43)

 3 9 (9) 6 (13) 2 (4) 1 (4) 2 (5) 1 (4)

 > 3 23 (23) 7 (16) 16 (32) 6 (24) 13 (32) 5 (22)

Asthma classification

 Early‑onset (< 12 
years old at 
diagnosis)

14 (14) 9 (20) 5 (10) 4 (16) 5 (12) 4 (17)

 Late‑onset (≥ 12 
years old at 
diagnosis)

87 (86) 36 (80) 45 (90) 21 (84) 36 (88) 19 (83)

History of atopy

 No 83 (82) 35 (78) 38 (76) 16 (64) 30 (73) 15 (65)

 Yes 18 (18) 10 (22) 12 (24) 9 (36) 11 (27) 8 (35)

Specific IgE available in medical records

 No 3 (3) 2 (4) 1 (2) 1 (4) 1 (2) 1 (4)

 Yes 38 (38) 14 (31) 18 (36) 10 (40) 14 (34) 9 (39)

  Negative 20/38 (53) 5/14 (36) 4/18 (22) 2/10 (20) 2/14 (14) 1/9 (11)

  Positive 18 /38(47) 9/14 (64) 14/18 (78) 8/10 (80) 12/14 (86) 8/9 (89)

 Missing 60 (59) 29 (64) 31 (62) 14 (56) 26 (63) 13 (57)

Comorbidities

 No 35 (35) 21 (48) 20 (40) 14 (56) 18 (44) 13 (57)

 Yes 65 (65) 23 (52) 30 (60) 11 (44) 23 (56) 10 (43)

 Missing 1 (1) 1 (2) 0 (0) 0 (0) 0 (0) 0 (0)



Page 7 of 11Al‑Jahdali et al. BMC Pulmonary Medicine           (2022) 22:67  

Spanish Asthma guidelines do not consider the severe 
asthma phenotype linked with obesity, which is a change 
from previous years [37]. The present study provides 
new information regarding the incidence of eosinophilic, 
atopic, and overlapping phenotypes among patients with 
severe asthma, as well as the disease characteristics for 
each of these populations. This information will help 
inform physicians treating this patient population. As an 
example, the present study reported a high percentage of 
participants with the eosinophilic phenotype who expe-
rienced ≥  3 asthma exacerbations over a period of 12 
months. Anti-IL-5 or anti-IL-5 receptor biologic therapy 
has been shown to reduce the number of exacerbations 
in patients with eosinophilic asthma and would there-
fore likely benefit this patient population [38]. While bio-
logic therapy is beneficial for patients with eosinophilic 
asthma, a recent study conducted in Brazil found that 
many patients with severe asthma were not eligible for 
approved biologics and that those who were eligible may 
not be able to access them [39]. Additionally, it has been 
reported that even patients who have well-controlled 
severe asthma may experience low asthma-related quality 

of life [40]. This indicates a need for continued efforts to 
develop treatment alternatives for patients who are not 
eligible to receive biological therapies or who experi-
ence a low quality of life despite having well-controlled 
asthma. Future studies to understand optimal treatment 
management based on phenotype are warranted.

This study had several limitations. This study utilized 
consecutive enrollment, which may have resulted in low 
internal validity and limited generalizability given the 
non-probabilistic sampling technique. The cross-sec-
tional study design does not allow for the establishment 
of cause-effect relationships and the partial reliance on 
retrospectively collected data may have resulted in some 

Table 4 Clinical parameters

Data are shown as mean ± SD or median (IQR) unless otherwise indicated

BD = bronchodilator; FEV = forced expiratory volume; FVC = forced vital 
capacity; GINA = Global Initiative for Asthma; SD = standard deviation, 
IQR = interquartile range (25th percentile, 75th percentile); WBC = white blood 
cell

*23/75 (31%) patients had missing values
† 34/75 (45%) patients had missing values
‡ 24/75 (32%) patients had missing values
§ 1/75 (1%) patient had a missing value

Total participants (N = 101)

Spirometry assessment (most recent)

 Participants with assessment available, 
n (%)

75 (75%)

 Pre‑BD FVC 2.6 ± 0.8

 Post‑BD FVC* 2.7 ± 0.8

 Pre‑BD % of the predicted FVC value 83.4 ± 17.6

 Post‑BD % of the predicted FVC  value† 82.9 ± 16.9

 Pre‑BD FEV1 2.0 ± 0.7

 Post‑BD  FEV1‡ 2.0 ± 0.7

 Pre‑BD % of the predicted FEV1  value§ 77.9 ± 20.7

 Post‑BD % of the predicted FEV1 
 value†

80.8 ± 18.9

 Pre‑BD FEV1/FVC 76.3 ± 11.2

 Post‑BD FEV1/FVC‡ 76.7 ± 10.9

Blood test (at study visit)

 WBC (cells/mm3) 7300.0 (6100.0, 8910.0)

 Eosinophils (%) 3.3 (1.7, 6.3)

 Absolute eosinophils (cells/mm3) 250.0 (110.0, 500.0)

 Total serum IgE (IU/mL) 99.5 (38.0, 289.0)

Table 5 Asthma treatments in the 12 months prior to study 
enrollment

Data are shown as n (%) or mean ± SD

CS corticosteroid, ICS inhaled corticosteroid, LABA long‑acting beta‑agonist, 
OCS oral corticosteroid, SD standard deviation

*Treatment information is given for the patients who answered Yes to the 
corresponding question about treatment
† Information was missing for one patient
‡ Low, medium, and high dose was defined according to the Global Asthma 
Report 2018 [1]

Total 
participants 
(N = 101)

Chronic OCS, no/yes 94 (93)/7 (7)

Chronic OCS treatment ( N = 7)*

 Prednisone 7 (100%)

 Total daily dose, mg 10.7 ± 6.7

 Total exposure (12 months), mg 3679.3 ± 2703.1

CS burst  treatment†, no/yes 40 (40%)/60 
(60%)

 Active substance (N = 59)*,†

  Hydrocortisone 1 (2%)

  Methylprednisolone 3 (5%)

  Prednisone 55 (93%)

 Total number (12 months) (N = 60)*

  1 13 (22%)

  2 20 (33%)

  3 10 (17%)

  > 3 17 (28%)

ICS/LABA (fixed dose combination), no/yes 2 (2%)/99 (98%)

 Active substance ( N = 99)*

  Beclomethasone/formoterol 1 (1%)

  Budesonide/formoterol 52 (53%)

  Fluticasone/salmeterol 44 (44%)

  Fluticasone/vilanterol 2 (2%)

 Total daily dose (N = 99)*,‡

  Low dose 2 (2%)

  Medium dose 50 (51%)

  High dose 47 (47%)
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Fig. 1 A Pattern of oral corticosteroid use across phenotypes. B Asthma control among study subjects
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incidences of incomplete, poorly recorded, or absent 
data. The definitions of eosinophilic and atopic pheno-
types were only based on blood eosinophil and serum 
IgE levels, respectively, and did not include any clinical 
features of eosinophilic asthma nor were data on sensiti-
zation of perennial allergens included. Comorbidities of 
sleep apnea, gastroesophageal reflux, anxiety, and depres-
sion, which are relevant for patients with asthma [41, 
42], were not reported for any of the patients included 

in the study; however, given the observational nature 
of the study, it is possible that these comorbidities were 
present in some patients but that this information was 
not included in the patient’s history. This study did not 
include patients who were receiving biologic therapy for 
asthma treatment; because biologics are approved for use 
in patients with severe asthma, it is possible that a sub-
set of patients with more severe disease were excluded 
from the study. Finally, this study was partially reliant on 

Fig. 2 A ANOVA test of differences in number of severe exacerbations across phenotype in SAU (atopic phenotype as total serum IgE > 100 IU/mL). 
B ANOVA test of differences in number of severe exacerbations across phenotype in SAU (atopic phenotype as total serum IgE > 150 IU/mL)
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patient reported data, which may be subject to recall bias 
and non-response bias.

Conclusion
Overall, this study reported a prevalence of 45% for 
the eosinophilic phenotype (≥  300 cells/mm3) among 
patients with severe asthma in Saudi Arabia, which is 
most likely an underestimation of the real prevalence. 
Additionally, 41–50% of patients with severe asthma had 
the atopic phenotype (depending on whether the cutoff 
was >  150 IU/mL or >    IU/mL total serum IgE, respec-
tively), which is most likely an overestimation of the real 
prevalence given the limitations in defining the atopic 
phenotype. In total, 23–25% of patients had phenotypic 
overlap between eosinophilic and atopic phenotypes, 
which accounted for approximately half of the patients 
with each phenotype. Patient demographic and clinical 
characteristics were similar across the different pheno-
types, as were corticosteroid use patterns, level of asthma 
control, and incidence of exacerbations. Considering the 
impact of severe asthma on healthcare systems and the 
current lack of data around available biomarkers to guide 
precision therapy, it is important to have prospective 
local registries to better capture patient data, which may 
help to guide treatment. The results of the present study 
serve to inform treating physicians of the importance of 
phenotyping to select the right biologic treatment.
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