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Purpose: The European Community Respiratory Health Survey (ECRHS) questionnaire has been widely used in epidemiological
studies to quantify respiratory symptoms and screen for asthma, but there is no formally validated Arabic version. This study
developed an Arabic ECRHS screening questionnaire, comprehensively evaluated its reliability and validity, and used it to estimate
the population prevalence of respiratory symptoms and asthma in Saudi Arabia.

Methods: The ECRHS screening questionnaire was adapted to Arabic through translation and back-translation by bilinguals with
consultation to a professional committee and lay panel. Reliability and validity were evaluated in a prospective, cross-sectional
convenience sample of adults (>18 years) between January and July 2022 in Riyadh, Saudi Arabia. A subgroup completed the
questionnaire again three weeks later to assess test—retest reliability. All respiratory symptom-positive participants were invited for
spirometry to diagnose asthma according to GINA criteria. Internal consistency was assessed using Cronbach’s o coefficient, test—
retest reliability with Cohen « coefficients, and reliability by calculating the sensitivity and specificity for diagnosing asthma.
Results: Of 2500 invited individuals, 1881 participated (75.2%). A total of 668 (35.5%) participants reported respiratory symptoms
according to the ECRHS questionnaire, and 157/1881 (8.3%) had a current diagnosis of asthma on ECRHS questions. Cronbach’s o
coefficient for internal consistency was 0.831, “good” internal consistency. The test-retest reliability (n = 303) was “excellent” for all
questions (Cohen’s k>0.75). A total of 543 (81.3%) screening-positive participants underwent spirometry, of whom 278 (52%) were
diagnosed with asthma according to GINA guidelines, an overall estimated prevalence of 14.8%. Most questions showed good-to-fair
specificity and variable sensitivity for physician-diagnosed asthma.

Conclusion: This Arabic version of the ECRHS screening questionnaire is conceptually similar to the English version, comprehen-
sible, and reliable. Many asthma cases remain hidden and undiagnosed. In addition to utility in epidemiological studies, the ECRHS
screening questionnaire might be a simple, quick, and useful tool for asthma case finding.
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Introduction

Asthma is common, affecting between 0.2% and 21.0% adults worldwide,' but its true population prevalence is probably
underestimated.” Anywhere between 20% and 73% of adult asthma cases remain undiagnosed,’ denying these indivi-
duals appropriate pharmacological and non-pharmacological management that could improve their quality of life and
avoid adverse clinical outcomes.*> Historically, the diagnosis of asthma relied on symptoms, but the Global Initiative for
Asthma (GINA) more recently recommended that asthma diagnosis should not be based on symptoms alone, instead
requiring evidence of airflow limitation by spirometry,® reflecting the clinical and physiological variability of the disease.
Nevertheless, patients still frequently underreport their symptoms and spirometry is not globally available and is not
recommended as a screening test,” mandating a case-finding approach rather than population screening for asthma.
Earlier detection of symptomatic asthma through case-finding with subsequent disease management could improve
symptoms and ultimately health outcomes. Furthermore, gathering epidemiological data on asthma prevalence in
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different parts of the world and over time is important for health and policy planning. One way to detect cases and gather
epidemiological data is by using validated questionnaires.

While several validated questionnaires exist to measure asthma control,” few tools are available to detect and diagnose
the disease.'” However, one widely used questionnaire for estimating asthma prevalence is the European Community
Respiratory Health Survey (ECRHS) questionnaire, which was developed for the seminal epidemiological study of the same
name.'" The ECRHS was the first study to investigate asthma prevalence in adults using standardized protocols, and,
together with follow-on studies, the ECRHS has now provided important insights into the geographical variability in
prevalence, risk factors, and treatment of adult asthma.''"'> The ECRHS questionnaire is a well validated and accepted
epidemiological instrument for the population-based detection of asthma,'*'* but its reliability and validity depend on being
comprehensible in the target population language. While the ECRHS has been validated in Korean,'> Brazilian-
Portuguese,'® and Japanese'’ and has been used in Arabic to estimate the prevalence of asthma in the United Arab
Emirates'® and in Saudi Arabia,'’ the questionnaire has yet to be formally validated for use in Arabic-speaking countries.

This prompted the development of the Arabic version of the ECRHS screening questionnaire. In doing so, this study
comprehensively evaluates its reliability and validity and uses it to estimate the population prevalence of respiratory
symptoms and asthma in Saudi Arabia to facilitate the detection and study of asthma in the general populations of Arab-
speaking countries.

Methods

Translation Process

The ECRHS questionnaire is a self-administered questionnaire originally developed in English for the European
Community Respiratory Health Survey (ECRHS), which surveyed individuals between 20 and 44 years to understand
the worldwide distribution of asthma in young adults."" This study used the same screening questionnaire developed and
used for the original ECRHS (Table .M

The translation process followed the methodology used by Tsang et al*’

and Ferrer et al’' for adapting health
questionnaires. Briefly, this approach uses translation and back-translation by bilinguals with consultation to
a professional committee and to a lay panel (Figure 1).2°2' In this study, the first translation into Arabic was carried
out by two independent bilingual professional translators with Arabic as their mother tongue to better reflect the nuances
of the target language. They were asked to keep conceptual equivalence rather than linguistic uniformity. Discrepancies
between the two translators were discussed and resolved between the original translators. Then, the first version of the
Arabic translation was back-translated into English by two other bilingual independent professional translators. The
committee of professionals included two specialist physicians, a methodologist, and both the forward and backward
translators, who reviewed all versions of the translations and determined whether the translated and original versions
achieved semantic, idiomatic, experiential, and conceptual equivalence. Any discrepancies were resolved, and members
of the expert committee reached a consensus on all items used for a prefinal version of the translate questionnaire. Since
the adaptation of the ECRH aimed to reflect the concerns and the usual language of adults in the general population for

Table | Symptom Prevalence According to the ECRHS Screening Questionnaire

Question Number %

QI. Have you had wheezing or whistling in your chest at any time in the last 12 months? 356 18.9
QI.1 Have you been at all breathless when the wheezing noise was present? 175 9.3
Q1.2 Have you had this wheezing or whistling when you did not have a cold? 206 10.9
Q2 Have you woken up with a feeling of tightness in your chest at any time in the last 12 months? 190 10.1
Q3 Have you been woken by an attack of shortness of breath at any time in the last 12 months? 167 8.9
Q4 Have you been woken by an attack of coughing at any time in the last 12 months? 449 239
Q5 Have you had an attack of asthma in the last 12 months? 108 5.7
Q6 Are you currently taking any medicine (including inhalers, aerosols or tablets) for asthma? 127 6.8
Q7 Do you have any nasal allergies including hay fever? 484 25.8
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Figure | Phases of adaptation of the European Community Respiratory Health Survey in Arabic.

asthma screening rather than those of the professionals, 100 volunteers were asked to respond to each questionnaire item
and report any difficulty in interpreting or answering the questions. Finally, making any changes through piloting, we
determined that the Arabic translation process was valid. The Arabic version of the questionnaire is provided in the

Supplementary.

Study Design, Participants, and Ethical Approval
This study is reported according to the STROBE statement for cross-sectional studies (see Supplementary Checklist).?

This was a prospective, cross-sectional, longitudinal study of adults in the general population (aged >18 years). Other
inclusion criteria were agreement to participate and mentally competent to complete a questionnaire.

Recruitment was carried out between January and July 2022 in Riyadh, Saudi Arabia. Participants were convenience
sampled from shopping malls, public gardens, university campuses, and in the streets in Riyadh, Saudi Arabia. The
sample size was calculated based on a target population of 2 million and an estimated asthma prevalence of 10% with
95% confidence intervals. This study used a cluster-based sample, and the sample size was powered by a design effect of
2 to allow for cluster sampling (n = 1728). The sample size was further increased to account for a 20% non-response rate.
Although the samples were convenient, they were randomly selected and were within the age and gender of the study
population. Fifteen medical students trained in the study objectives and the ECRHS questionnaire conducted the
interviews.

Four hundred respiratory symptom-positive participants were invited to complete the questionnaire three weeks later
to assess the test-retest reliability, and all respiratory symptom-positive participants were invited for spirometry to
follow-up their symptoms.

The Institutional Review Board of Imam Mohammad Ibn Saud Islamic University approved the study protocol. All
participants were fully informed of the study protocol and provided written, signed statements of informed consent.

Reliability and Validity Assessment and Statistical Analysis
Internal consistency was assessed in the entire study population using Cronbach’s o coefficient. To assess test—retest
reliability, four hundred participants were invited to complete the questionnaire again after three weeks. Test-retest
reliability was determined by Cohen « coefficients. Cronbach’s a coefficients are considered good if >0.70 (excellent if
>0.90), and Cohen « coefficients as excellent if >0.75.">!°

All respiratory symptom-positive participants were invited for spirometry to follow-up their symptoms, thereby also
providing an opportunity to assess the validity of the Arabic version ECRHS questionnaire for diagnosing asthma as
assessed by a physician based on clinical symptoms and spirometry values. Portable spirometry was performed within
three months of completing the questionnaire at Imam Mohammad Ibn Saud University HealthCare Center. Physician-
diagnosed asthma was defined as the proportion of observed over predicted FEV;, FVC, and FEV/FVC according to the
norms published by the Global Lung Function Initiative (GLI)** and GINA 2022 guidelines:® (i) documented expiratory
airflow limitation: FEV, reduced and FEV/FVC confirmed reduced compared to the lower limit of normal and (ii)
documented excessive variability in lung function using post-bronchodilator responsiveness (reversibility) testing:
increase in FEV; of >12% and >200 mL 10 minutes after 400 pg albuterol (Ventolin). In asymptomatic patients already
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taking controller treatment, we considered spirometry after withholding bronchodilators (4 hours for SABA, 24 hours for
twice-daily ICS-LABA, 36 hours for once daily ICS-LABA).

Sensitivity (true positives/(true positives + false negatives)) and specificity (true negatives/(true negatives + false
positives)) were calculated. As a marker of diagnostic performance, the Youden index was calculated (sensitivity +
specificity — 1). Fisher’s exact test was used to compare differences in gender between screening positive and negative
individuals, and Student’s #-test was used to compare differences in age between screening positive and negative
individuals. IBM Statistics v29 (IBM Statistics, Armonk NY) was used for statistical analyses, and a p-value <0.05
was considered statistically significant.

Results

Population Prevalence of Asthma Based on the ECRHS
Of 2500 invited individuals, 1881 agreed to take part, a response rate of 75.2%. The average age of the 1881 participants
was 29.7 £ 7.7 years, and 44.3% were female. The prevalence of individual respiratory symptoms according to each
ECRHS question was between 5.7% and 25.8%. Overall, 668 (35.5%) of participants screened positive (at least one
question positive) for asthma and reported respiratory symptoms according to the ECRHS screening questionnaire.
157/1881 (8.3%) individuals answered “yes” to questions 5 and 6 relating to asthma attacks and current asthma
medications so were regarded as having a current diagnosis of asthma. While individuals screening positive were more
frequently male (57.9%), there was no significant difference in gender between screening-positive and screening-negative
groups (Fisher’s exact test p = 0.15). Similarly, there were no significant differences between screening-positive and
screening-negative groups with respect to age (Student’s #-test p = 0.15).

Reliability of the Arabic Version of the ECRHS Screening Questionnaire
Across the entire study population (n = 1881), Cronbach’s a coefficient for internal consistency was 0.831, denoting
“good” internal consistency.

Four hundred individuals were invited to repeat the questionnaire three weeks later, and 303 agreed to do so (75.8%).
Test—retest reliability was assessed in these 303 individuals positive for respiratory symptoms after a three-week interval
assessed by Cohen’s k ranged between 0.844 and 0.982 (Table 2). All questions showed “excellent” test—retest reliability
(Cohen’s k > 0.75).

Validity of the Arabic Version of the ECRHS Screening Questionnaire and Prevalence
of Physician-Diagnosed Asthma

Of the 668 individuals screening positive with the ECRHS, 543 (81.3%) underwent spirometry (Table 3). Of these
individuals undergoing spirometry, 278 (52%) were diagnosed with asthma according to GINA 2022 guidelines,® giving
an overall estimated prevalence of physician-diagnosed asthma in the study population of 14.8%. With respect to the

Table 2 Test—Retest Reliability of the Arabic Version of the
ECRHS Screening Questionnaire (n = 303)

Question Ist Visit 2nd Visit Cohen’s Kappa
Ql 63.0 64.4 0.971
Ql.l 353 314 0.921
Ql.2 340 36.6 0.940
Q2 31.0 33.0 0.955
Q3 30.7 284 0.945
Q4 779 772 0.981
Q5 22.1 22.1 0.971
Q6 23.1 238 0.982
Q7 62.0 64.7 0.844
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Table 3 Validity of the Arabic Version of the ECRHS Screening Questionnaire

Question Sensitivity | Specificity | Youden Index
QI. Have you had wheezing or whistling in your chest at any time in the last 12 months? 0.939 0.645 0.584

QI.1 Have you been at all breathless when the wheezing noise was present? 0.615 0.851 0.466

Q1.2 Have you had this wheezing or whistling when you did not have a cold? 0.7 0.745 0.445

Q2 Have you woken up with a feeling of tightness in your chest at any time in the last 12 months? | 0.464 0.883 0.347

Q3 Have you been woken by an attack of shortness of breath at any time in the last 12 months? | 0.396 0.887 0.283

Q4 Have you been woken by an attack of coughing at any time in the last 12 months? 0.73 0.242 —0.028

Q5 Have you had an attack of asthma in the last 12 months? 0.338 0.947 0.285

Q6 Are you currently taking any medicine (including inhalers, aerosols or tablets) for asthma? 0414 0.958 0.372

Q7 Do you have any nasal allergies including hay fever? 0.763 0.366 0.129

validity of the questionnaire, in this population, and as expected, questions 5 and 6 (“Have you had an attack of asthma in
the last 12 months?” and “Are you currently taking any medicine (including inhalers, aerosols or tablets) for asthma?”’)
were highly specific for a diagnosis of asthma (specificity 0.91-1.00). All other questions showed good-to-fair specificity
for physician-diagnosed asthma (specificity 0.61-0.9), except for question 4 (“Have you been woken by an attack of
coughing at any time in the last 12 months?”; specificity 0.242) and question 7 (“Do you have any nasal allergies
including hay fever?”; specificity 0.366), which were poorly specific for physician-diagnosed asthma. According to the
Youden index, only question 1 (“Have you had wheezing or whistling in your chest at any time?”’) acceptably balanced
sensitivity and specificity for accurately diagnosing asthma clinically (Youden index 0.584).

Discussion

This study developed and formally validated an Arabic version of the ECRHS screening questionnaire. The data suggest
that the translated version is conceptually similar to the English version, comprehensible, and reliable. Validating the new
Arabic version of the questionnaire in a large cohort of individuals screening positive, the study confirms the generally
very high specificity of the questionnaire for detecting physician-diagnosed asthma, ie, the questions in the questionnaire
are very good at identifying individuals without the disease. We also provide the first population-level data on the
prevalence of adult asthma in Saudi Arabia validated according to GINA guidelines, uncovering that over a third of
randomly selected individuals in the general Saudi population have respiratory symptoms and that about half of these
individuals meet the latest criteria for a diagnosis of asthma, giving an overall estimated prevalence of physician-
diagnosed asthma in the study population of 14.8%.

The percentage prevalence of individual respiratory symptoms in our cohort almost perfectly mirrored the median
proportions and distribution pattern reported in the original ECRHS data from 48 different centers in 22 countries
(Europe, Scandinavia, Australia, and the US):11 wheeze 18.9 vs 20.7%, wheeze with breathlessness 9.3 vs 7.7%, wheeze
without a cold 10.9 vs 9.3%, waking with chest tightness 10.1 vs 9.7%, waking with breathlessness 8.9 vs 4.7%, waking
with cough 23.9 vs 25.6%, asthma attack 5.7 vs 2.6%, current asthma medication 6.8 vs 2.4%, and nasal allergies and hay
fever 25.8 vs 16.6%. The data also reflect the findings of a previous study applying the ECRHS questionnaire to a similar
population in Saudi Arabia,'® which similarly reported a high prevalence of wheeze (21.7%) and particularly waking
with coughing (43.0%). One of the main results of the ECRHS was the wide geographic variation in respiratory
symptoms, asthma, allergic rhinitis, atopic sensitization, and bronchial responsiveness. The current data suggest that
Saudi Arabia is representative of the distribution of respiratory symptoms globally, with wheeze, nighttime cough, and
rhinitis and hay fever relatively common. However, there was an overall relatively high burden of asthma in the general
Saudi population: the prevalence of current asthma in the sample according to the ECRHS questionnaire was 8.3%,
comparable to the prevalences observed in some parts of the UK, Australia, and New Zealand in the ECRHS.'' Although
there are little other directly comparable data from the Middle East, our prevalence is lower than a previous study from
the United Arab Emirates, which reported that 12.1% of 1220 participants fulfilled ECRHS criteria for asthma,'® and
another study from Saudi Arabia reporting an 11.3% prevalence of self-reported physician-diagnosed asthma (at any
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time).'? Overall, the detected prevalence of asthma in Saudi Arabia seems to be consistent with that reported in Europe
and North America as well as other large-scale cross-sectional epidemiological analyses in the region (SNAPSHOT),
which reported an asthma prevalence of 7.3% in the Gulf cluster countries.**

Perhaps more importantly, after formal testing, the overall physician-diagnosed asthma prevalence was 14.8% of the
study population. Even taking into account that about one-fourth of questionnaire-positive participants did not attend for
spirometry, meaning that 14.8% might be an over- or underestimate, our data confirm that there is a high burden of
undiagnosed asthma in the general population in Saudi Arabia, a situation that is likely to be found elsewhere. Given the
high specificity of the ECRHS questionnaire (ie, ability to exclude patients without the disease), our results show
empirically for the first time that the ECRHS questionnaire is not only useful for epidemiological purposes but as
a simple, fast (it takes <5 minutes to complete), and practical tool for finding undiagnosed asthma cases in the general
population.

A primary objective of this study was to develop an Arabic version of the ECRHS questionnaire that was
equivalent to the widely used English version. The analysis shows that the new Arabic version is internally consistent

113,14

and reproducible, consistent with the origina and other versions translated into Korean,'> Brazilian-Portuguese, '®

and Japanese.'” Similarly, its validity was equivalent to previous studies of both English®® and translated

versions,>!7

with generally very high specificity and variable sensitivity. These properties — the ability to exclude
negative cases (ie, people in the population who definitely do not have asthma) and enrich for positive cases again
support the use of the ECRHS questionnaire for case finding in addition to its traditional use as an epidemiological
tool for assessing respiratory symptoms and current asthma prevalence. This work now paves the way for future
studies assessing the real-world value of applying the ECRHS questionnaire in the community setting to detect
undiagnosed asthma.

This study is strengthened by its prospective design, the large number of participants recruited from the general
population, and the large number of participants who subsequently agreed to repeat the questionnaire and who
underwent clinical evaluation. To our best knowledge, this is also the first study using the ECRHS questionnaire to
test validity (ie, that the questionnaire detects the population of interest, namely individuals with asthma) using
contemporary, spirometry-led diagnostic criteria. However, the study also has limitations. The convenience sampling,
although random, may have had unintended selection bias. Similarly, the response rate of 75% may have led to
significant selection bias and there may also have been selection bias in the group who decided to attend for follow-up
spirometry. As noted above, the estimated prevalence of asthma in the entire cohort might be an over- or under-
estimate for the same reason. The ECRHS questionnaire is self-reporting and asks respondents to recall symptoms
occurring over the previous 12 months, which might introduce recall and response bias. Although this study did not
directly test comprehension of questionnaire, instead inferring cultural appropriateness and understandability from
statistical equivalence with other published data, taken together the internal equivalence, reliability, and robust,
clinically correlated validity data suggest that the Arabic version of the questionnaire is fit for purpose. Finally, the
sample was taken from one city in Saudi Arabia and therefore may not be representative of the population as a whole,
especially those in rural areas.

In conclusion, this study developed an Arabic version of the ECRHS screening questionnaire that is conceptually
similar to the English version, comprehensible, and reliable. By applying this new questionnaire to a large study
population and by following up screening-positive individuals with spirometry, this study provides new and accurate
insights into the overall burden of asthma in the general population, including a significant proportion of hidden and
undiagnosed cases. The performance metrics of the questionnaire generated through application of current clinical
diagnostic criteria also suggest that, in addition to being useful in epidemiological studies, the ECRHS screening
questionnaire might be a simple, quick, and useful tool for active case finding in the general population to ensure that
every asthmatic patient receives optimal care.

Data Sharing Statement
The datasets used and/or analysed during the current study are available from the corresponding author on reasonable
request.
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