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Abstract
Introduction:  Limited data exist on allergic rhinitis and asthma
control in rural primary care. Therefore, the aim of our study was
to assess asthma and comorbid allergic rhinitis control in patients
attending primary care in both urban and rural settings in Greece.
Additionally, we aimed to identify potential factors associated with
the control of asthma and comorbid allergic rhinitis.
Methods: In this cross-sectional study, patients with asthma and
comorbid allergic rhinitis completed questionnaires assessing
demographic, co-morbidities and treatment status. Symptom
control was evaluated by the Asthma Control Test (ACT), Asthma
Control Questionnaire (ACQ) and Control of Allergic
Rhinitis/Asthma Test (CARAT). Multivariate logistic regression
analysis was applied to identify associated factors of asthma and
comorbid allergic rhinitis control after adjusting for age, gender,
smoking status and comorbidities.
Results: Out of 121 subjects with asthma and comorbid allergic
rhinitis 75 (62%) resided in rural areas. A significant percentage of
participants reported suboptimal asthma control using the ACT
(54%) and ACQ (67%). Moreover, 88% of participants had not-well-

controlled asthma and comorbid allergic rhinitis based on
CARAT. Females (odds ratio (OR)=4.1, 95% confidence interval (CI)
0.8–19.9, p=0.043) and patients living in rural areas (OR=3.8, 95%CI
1.34–10.5, p=0.010) were more likely to report well-controlled
asthma and allergic rhinitis based on CARAT score (>24). Patients
reporting intranasal steroid use (OR=3.6, 95%CI 1.1–121, p=0.035)
were more likely to have well-controlled asthma based on ACT
score. Analysis also indicated a trend towards significance for the
association between short-acting beta-agonist use and not-well-
controlled asthma based on the ACT (score≤19) (OR=5, 95%CI 0.9–
10, p=0.066) and partially and not-well-controlled asthma based
on the ACQ (score>0.75) (OR=5, 95%CI 0.9–10, p=0.066).
Conclusion: Our results suggest that asthma and allergic rhinitis
control remain suboptimal in a large proportion of patients in
primary care. Area of residence, female gender and medications
emerged as significant associated factors that must be taken into
account in order to effectively improve asthma and comorbid
allergic rhinitis outcomes.

Keywords
allergic rhinitis, asthma, Asthma Control Questionnaire, Asthma Control Test, Control of Allergic Rhinitis/Asthma Test, Greece, predictors,
primary care.

Introduction
Allergic rhinitis is a common non-communicable, chronic
inflammatory disease of the nasal mucosa with a prevalence as
high as 50% in many European countries . Prior research has
indicated that patients diagnosed with allergic rhinitis have
experienced worse quality of life due to impaired sleep patterns,
increased fatigue, depression, and altered physical and social
functions . Furthermore, a poor perception of allergic rhinitis
symptoms is frequently associated with poor allergic rhinitis
control , deteriorating quality of life even further.

Allergic rhinitis frequently occurs with other conditions such as
atopic dermatitis, rhinosinusitis, rhinoconjunctivitis and particularly
asthma. Most people with allergic asthma and at least 50% of
those with non-allergic asthma have allergic rhinitis . In light of the
frequent co-existence of these two conditions, the ‘one airway
hypothesis’ was developed, proposing that rhinitis and asthma are
basically one disorder that affects both the upper and lower
airways in the majority of the patients . There is evidence to
suggest that allergic rhinitis diagnosis can precede asthma
diagnosis  and that, when allergic rhinitis is not treated, it can
lead to an increase in asthma morbidity . This is why the
Allergic Rhinitis and Its Impact on Asthma guidelines emphasize
the importance of simultaneously targeting optimal control of
both asthma and allergic rhinitis .

Few data exist evaluating the control of symptoms and health-
related quality of life in patients with allergic rhinitis who also have
asthma . Most of these studies agree that patients with both
asthma and allergic rhinitis experienced poorer disease control
and quality of life compared to those with asthma  or allergic
rhinitis alone . Only one study found that individuals with both
asthma and rhinitis did not report a lower quality of life compared
to those with asthma alone . However, the limited number of

participants with asthma alone and those with both asthma and
rhinitis in this study hindered the ability to make valid comparisons
among the groups.

Results from prior research on factors associated with asthma and
allergic rhinitis control have highlighted the potential influence of
geographical location of residence on the control of these
conditions . Taking into account the higher exposure of urban
residents to pro-inflammatory factors such as car smoke, chemical
products from factories, and processed foods , it can be
assumed that the severity of respiratory symptoms is greater than
for those living in rural areas. On the other hand, it seems that, due
to geographical isolation, lack of infrastructure and possibly less
favorable socioeconomic status, populations in rural locations may
be more vulnerable to the combined adverse effects of asthma
and allergic rhinitis . Another rising concern in rural and remote
regions in many European countries is the availability of GPs, who
are among the first healthcare professionals to whom patients
refer for symptom control .

In Greece, where 62.6% of the country is predominantly rural ,
there are limited data referring to treatment status and symptom
control in individuals with asthma and comorbid allergic rhinitis ,
and we don’t know if GPs suspect and diagnose allergic rhinitis in
patients with asthma. The findings reported in a 2011 abstract
showed that allergic rhinitis symptoms adversely affected daily
activities and exacerbated asthma symptoms in 72% of the 2700
participating patients with asthma . Therefore, our primary
objective was to compare asthma and comorbid allergic rhinitis
control among primary care patients in urban versus rural areas.
Our secondary objectives included identifying factors that might
influence the control of asthma and comorbid allergic rhinitis.
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Methods 
Study design and participants
In this multicenter cross-sectional study, consecutive patients
visiting the primary healthcare centers of Crete, Greece (Heraklion,
Kastelli, Rodia, Agia Varvara) were invited to participate in this
epidemiological survey, during a 3-year period (2020–2022). A
convenience sample of individuals with asthma and comorbid
allergic rhinitis was selected based on availability, willingness and
eligibility. We included subjects who (1) were adults (≥18 years), (2)
reported a physician-diagnosed asthma and allergic rhinitis or
nasal symptoms compatible with allergic rhinitis , (3) spent most
of the week (at least 5 days per week) living or working in the
areas where this study was conducted and (4) had not been
treated with allergen immunotherapy over the previous 6 years.
The exclusion criteria were diagnosis of chronic obstructive
pulmonary disease, or other chronic respiratory diseases, physical
or cognitive disabilities that prevented the completion of
questionnaires.

Data collection
A standardized health questionnaire was administered to all
eligible individuals to obtain information on their demographic
characteristics (age, gender, area of residence), smoking status and
comorbidities. Information about a patient’s self-reported control
of asthma and allergic rhinitis was assessed using various patient-
reported outcome measures: the Asthma Control Test (ACT),
Asthma Control Questionnaire (ACQ) and the Control of Allergic
Rhinitis/Asthma Test (CARAT).

Study tools and outcomes
Control of Allergic Rhinitis/Asthma Test
CARAT has been translated into and validated for the Greek
language, with Professor I. Tsiligianni contributing to this
process . The Greek version of the CARAT was used to quantify
the control of both asthma and allergic rhinitis concurrently in the
previous 4 weeks (the higher the score, the better the disease
control). It is a 10-item questionnaire containing information about
the frequency of upper and lower airway symptoms, sleep
impairment, activities limitation and need for more medication: the
response options for all the questions follow a four-point Likert
scale (range 0–3) . The CARAT consists of two domains: allergic
rhinitis (questions 1–4) and asthma (questions 5–10). The range of
the CARAT score is 0–30 (>24 indicating good disease control),
with a minimal clinically important difference of 3.5 .

Asthma Control Questionnaire
The adequacy of asthma control was assessed with the shortened
version of the ACQ (ACQ-6), translated and validated in Greek ,
which consists of five questions about the most common asthma
symptoms in the previous week (night-time waking, symptoms
while waking up, activity limitations, shortness of breath, wheezing)
and one question about required use of a short-acting beta-
agonist for symptom relief in the previous week . The score was
computed as the mean of all items (range 0–6), with a lower score
corresponding to better asthma control. Values of 0.75 or more
indicate well-controlled asthma, and values of 1.5 or less indicate
not-well-controlled asthma. Values between 0.75 and 1.5 are
considered ‘grey zone’ (partially controlled). A minimal clinically
important difference of 0.5 was identified .

Asthma Control Test
The ACT questionnaire is a self-administered instrument for
identifying patients with not-well-controlled asthma. The ACT
questionnaire, translated and validated in Greek , comprises five
Likert scale items on a scale of 1 to 5, describing activity limitation,
shortness of breath, waking due to asthma symptoms, reliever
medication and global judgement of asthma. The overall score for
the ACT is calculated by summing the scores for the five items,
with a possible score ranging from 5 (poor control of asthma) to
25 (complete control of asthma). Higher scores reflect better
asthma control. The ACT cut-off point for uncontrolled asthma was
19 or less . A minimal important difference of 3 was identified . 

Statistical analysis
Results are presented as mean±standard deviation (SD) for
continuous variables if normally distributed and as median (25th–
75th percentile) if not. Qualitative variables are presented as
absolute number (percentage). The study population, based on
area of residence, was divided into a rural group and an urban
group. For comparisons between groups, a two-tailed t-test for
independent samples (for normally distributed data) or a Mann–
Whitney U-test (for non-normally distributed data) was utilized for
continuous variables, and Pearson’s χ  test was used for
categorical variables. Correlation coefficients were calculated using
the Pearson or Spearman’s (for non-normally distributed data)
correlation test for the associations between CARAT, ACQ-6 and
ACT scores. Internal consistency for all questionnaires was
calculated with the Cronbach’s alpha coefficient and item-total
correlations. Spearman’s rank correlation coefficient (r ) were used
to calculate correlations between the questionnaire subscales.

To evaluate the associations between questionnaire scores and
demographics, comorbidities and medications, we implemented
linear regression for the continuous questionnaires scores and
logistic regression for the dichotomized scores. All models were
adjusted for age, gender, smoking status and comorbidities. We
checked multicollinearity among the predictors using collinearity
statistics to ensure that collinearity between predictor variables
was in the acceptable range as indicated by the tolerance value
variance inflation factor. Age was evaluated both as a continuous
variable and as categorical groups, with age of individuals
classified as either 60 years or less, or more than 60 years. For the
purpose of this analysis, the term ‘cardiovascular disease’ referred
to any of the following conditions: coronary disease, stroke, atrial
fibrillation and heart failure. Results were considered significant
when p-values were less than 0.05. Data were analyzed using the
Statistical Package for the Social Sciences v25 (IBM Corp;
https://www.ibm.com/products/spss-statistics).

We also used G*Power v3.1 (Heinrich-Heine-Universität Düsseldorf;
https://www.psychologie.hhu.de/arbeitsgruppen/allgemeine-
psychologie-und-arbeitspsychologie/gpower) to perform a
posthoc power analysis for the most complex analysis in this study.
Our analysis showed that a sample size of 74 participants was
needed to detect a medium effect (f²=0.15) with 95% power and a
significance level of 0.05. To account for a potential 20% dropout
rate and the need for 74 participants in the most complex analysis,
we set a target sample size of 88.
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Ethics approval
All participants received information about the objectives of this
study. The study was approved by the University of Crete ethics
committees (Protocol No. 114/27.06.2019), and signed informed
consents were obtained from all the participants before
recruitment.

Results
Patient characteristics
A total of 121 participants with asthma and comorbid allergic
rhinitis (mean age 50 years, 33% male) were included (response
rate 121/128, 95%) (Fig1). More than half (75 (62%)) resided in
rural areas. Patient records uniformly indicated a minimum 5-year
history of asthma medication use. The majority of patients
reported high compliance to asthma medications. The

demographic and clinical characteristics of these patients are
shown in Table 1. No significant differences were observed
between urban and rural patients in terms of demographic
characteristics and comorbidities, apart from higher hypertension
prevalence (24% v 43%, p=0.036) and lower current smoking status
(26% v 56%, p=0.030) in the rural group. Approximately 63% of
those surveyed had at least one chronic disease. Interestingly,
most patients, particularly those residing in urban areas, had their
asthma diagnosed by a pulmonologist, whereas only 25% were
diagnosed by a GP (7% in urban versus 36% in rural areas,
p<0.001) (Table 2). Follow-up, where available, seems to have been
undertaken mainly by GPs (49%), with a significant difference
between rural and urban areas, as GPs had minimal role in follow-
up care in urban compared to rural areas (22% v 65%, p<0.001).
Also, rural patients tended to have at least one follow-up visit
compared to urban patients (84% v 70%, p=0.061) (Table 2).

Table 1: Demographic and clinical characteristics of included patients in the study
Characteristic Variable Total population (N=121)

mean±SD/n(%)
Rural population (n=75)

mean±SD/n(%)
Urban population (n=46)

mean±SD/n(%)
p-value

mean±SD/n(%)

Demographics Gender, female 81 (67) 49 (65) 32 (70) 0.631

Age, years 50±20 53±20 46±18 0.060

Age ≤60 years 85 (70) 50 (67) 35 (76) 0.271

Age >60 years 36 (30) 25 (33) 11 (24)

Smoking status Current 42 (35) 20 (26) 26 (56)  

Never/former smoker 79 (65) 55 (74) 20 (44) 0.03

Comorbidities Hypertension 43 (36) 32 (43) 11 (24) 0.036

Cardiovascular disease 14 (12) 10 (13) 4 (9) 0.439

Type 2 diabetes 13 (11) 11 (15) 2 (4) 0.070

Gastroesophageal reflux disease 16 (13) 10 (13) 6 (13) 0.964

Hyperlipidemia 38 (31) 28 (37) 10 (22) 0.073

Malignancy 1 (1) 1 (1) 0 (0) 0.432

Atopic dermatitis 16 (13) 9 (12) 7 (15) 0.612

Osteoporosis 19 (16) 13 (17) 6 (13) 0.529

Number of comorbidities 0 or 1 76 (63) 43 (57) 33 (72) 0.111

≥2 45 (37) 32 (43) 13 (28)

SD, standard deviation.
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Figure 1: Flowchart of patients included in the study.

Asthma and allergic rhinitis control
The scores of the three questionnaires are displayed in Table 2.
Regarding internal consistency, Cronbach’s alpha was 0.83 for
CARAT, 0.90 for the ACQ-6 and 0.84 for the ACT. All the correlation
coefficients between subscales of the questionnaires were
statistically significant with p<0.001. CARAT score was significantly
correlated with ACT (r=0.6970, p<0.001) and ACQ-6 scores
(r=−0.7284, p<0.001), even after adjustments for confounders. The
ACQ-6 and ACT scores were also highly correlated (r=−0.8751,
p<0.001).

Participants had a mean CARAT score of 18, and 88% of them were
classified as having not-well-controlled asthma and allergic rhinitis.
The CARAT score was comparable between the rural and urban
groups, with a slight trend towards better control in the rural
group, although this difference was not statistically significant
(15% v 9%, p=0.333). Adequate and partially controlled asthma
according to ACQ-6 scores was noted in 33% of participants, with
a tendency of better clinical control in the rural group (38% v 26%,
p=0.144). Sixty-six participants (54%) were classified as having not-
well-controlled asthma based on the ACT score, with no significant
differences between the two groups (55% v 54%, p=0.973).

After adjusting for age, gender, comorbidities and smoking status,
it was observed that improvements in all questionnaire scores,
which indicate better control, were linked to residing in rural
areas. More specifically, not only the total score of the CARAT (β
(95%CI) 2.1 (0.1–4.0), p=0.039) but also CARAT asthma score (β
(95%CI) 1.2 (0.1–2.3), p=0.041), and ACT asthma score (β (95%CI)
1.1 (0.1–2.3), p=0.040) (higher scores indicating better control)
displayed a positive association with living in a rural area. ACQ-6
asthma score (lower scores indicating better control) (β (95%CI) –
2.7 (–4.7–−0.6), p=0.010) also showed an inverse association with
rural area of residence.

The results from the logistic regression analysis (Table 3) showed
that females (odds ratio (OR)=4.1, 95% confidence interval (CI) 1.8–
19.9, p=0.043), and patients living in rural areas (OR=3.8, 95%CI
1.4–10.5, p=0.010) were more likely to report well-controlled
asthma and allergic rhinitis based on CARAT score (>24). Follow-up
by a pulmonologist was also associated with better asthma control
based on the scores of all questionnaires used: CARAT (OR=6.3,
95%CI 1.2–33.9, p=0.031), ACT (OR=4.5, 95%CI 1.1–18.1, p=0.034)
and ACQ-6 (OR=4.5, 95%CI 1.1–18.1, p=0.034).

Table 2: Asthma diagnosis, follow-up and questionnaire scores of patients
Characteristic Variable Total population (N=121)

mean±SD/n(%)
Rural population (n=75)

mean±SD/n(%)
Urban population (n=46)

mean±SD/n(%)
p-value

Asthma diagnosis GP 30 (25) 27 (36) 3 (7) <0.001

Pulmonologist 88 (73) 48 (64) 40 (87)

Other 3 (3) 0 (0) 3 (7)
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Follow-up None 26 (22) 12 (16) 14 (30) <0.001

GP 59 (49) 49 (65) 10 (22)

Pulmonologist 36 (30) 14 (19) 22 (48)

Any follow-up (≥1)   95 (78) 63 (84) 32 (70) 0.061

Regular follow-up   67 (55) 41 (55) 26 (57) 0.842

CARAT Allergic rhinitis 6.1±3.0 6.05±3.0 6.2±3.1 0.833

Asthma 12.2±3.2 12.4±3.4 11.8±3.0 0.291

Total score 18.3±4.9 18.5±5.1 18.0±5.1 0.572

Controlled (>24) 15 (12) 11 (15) 4 (9) 0.333

Not well controlled (≤24) 106 (88) 64 (85) 42 (91)

ACQ-6   1.8±0.9 1.7±0.9 1.9±0.8 0.213

Adequate asthma control
(≤0.75)

19 (16) 11 (15) 8 (17) 0.144

Partially controlled (0.75 21 (17) 17 (23) 4 (9)

Not well controlled (≥1.5) 81 (67) 47 (63) 34 (74)

ACT   18.8 ± 3.2 18.9±3.3 18.6±3.1 0.597

Well controlled (>19) 55 (46) 34 (45) 21 (46) 0.973

Not well controlled (≤19) 66 (54) 41 (55) 25 (54)

ACQ, Asthma Control Questionnaire. ACT, Asthma Control Test. CARAT, Control of Allergic Rhinitis/Asthma Test. SD, standard deviation.

Table 3: Multivariable logistic regression analysis for good asthma control (dichotomous scales)
Characteristic Variable Good control, CARAT total

score >24
Good control, ACT score

>19
Good control, average ACQ score

≤0.75

OR (95%CI) p-value OR (95%CI) p-value OR (95%CI) p-value

Demographics Female v male 4.1 (1.8–19.9) 0.043 2.4 (0.7–8.6) 0.183 1.2 (0.6–2.7) 0.607

Age>60 1.3 (0.3–6.4) 0.750 0.5 (0.1–2.2) 0.326 1.2 (0.4–3.8) 0.773

Current smoking v never/former
smoking

1.6 (0.7–3.8) 0.267 0.7 (0.2–2.6) 0.578 1.6 (0.4–7.5) 0.522

Area of residence Rural vs urban 3.8 (1.4–10.5) 0.010 1.4 (0.4–4.6) 0.572 1.3 (0.6–2.8) 0.550

Medications INS 3.0 (0.8–12.1) 0.114 3.6 (1.1–12.1) 0.035 1.9 (0.7–5.4) 0.202

Antihistamines 0.4 (0.1–2.0) 0.266 0.8 (0.4–1.7) 0.534 0.6 (0.2–1.8) 0.338

LTRA 0.4 (0.1–1.9) 0.236 0.8 (0.3–0.8) 0.554 1.5 (0.5–4.5) 0.479

ICS + LABA 0.4 (0.1–1.2) 0.097 1.0 (0.5–2.3) 0.928 0.6 (0.2–1.6) 0.272

SABA 1.1 (0.3–3.7) 0.896 0.2 (0.0–1.1) 0.066 0.2 (0.0–1.1) 0.066

OCS – – 0.2 (0.0–1.7) 0.143 0.1 (0.0–1.3) 0.080

ICS + INS 0.9 (0.3–3.1) 0.840 0.5 (0.2–1.2) 0.146 1.7 (0.6–4.6) 0.324

Comorbidities ≥1 0.9 (0.4–2.3) 0.857 1.7 (0.6–4.6) 0.265 0.5 (0.2–1.9) 0.326

≥2 – – 0.4 (0.1–1.2) 0.094 0.4 (0.1–1.3) 0.129

Diagnosis by pulmonologist v
GP/other

  0.8 (0.2–3.0) 0.779 2.3 (0.9–6.0) 0.081 0.8 (0.3–2.6) 0.775

Follow-up by pulmonologist v
GP/other

  6.3 (1.2–33.9) 0.031 4.5 (1.1–18.1) 0.034 4.5 (1.1–18.1) 0.034

ACQ, Asthma Control Questionnaire. ACT, Asthma Control Test. CARAT, Control of Allergic Rhinitis/Asthma Test. CI, confidence interval. ICS, inhaled corticosteroid. INS,
intranasal steroid. LABA, long-acting beta-agonist. LAMA, long-acting muscarinic antagonist. LTRA, leukotriene receptor antagonist. OCS, oral corticosteroid. OR, odds
ratio. SABA, short-acting beta-agonist.

Impact of treatment on asthma and allergic rhinitis
control level
Details of medical treatment for asthma and allergic rhinitis of all
patients and according to area of residence are presented in
Figure 2. Within the population, 58% of patients were receiving
symptomatic drugs for allergic rhinitis, such as antihistamines
(34%), intranasal steroids (31%), nasal antihistamines (5%), alpha-
adrenoceptor agonists (13%), and 46% reporting frequent use of
two or more allergic rhinitis medications. A considerable
proportion of patients reported no systematic treatment for
allergic rhinitis (42%). When asked about asthma therapy, 74% of
patients reported inhaled corticosteroid use (69% systemic use)
and 72% inhaled corticosteroids in combination with long-acting
beta-agonists. An increased need of short-acting beta-agonists as

rescue therapy was noted in as many as 36% of the responders,
without significant difference between the rural and urban groups.
Eight (7%) patients reported frequent use of oral corticosteroids
for asthma exacerbation treatment, in favor of rural patients (11 v
2%, p=0.124). It should be also noted that the utilization of
leukotriene receptor antagonists was reported by only 15% of
urban patients, while the percentage was higher at 29% for rural
patients (p=0.077). Nevertheless, no statistically significant
difference was noted in medication usage between the rural and
urban groups.

After adjustment for confounders, it was noted that intranasal
steroid use was positively associated with CARAT allergic rhinitis
score (higher scores indicating better control) (β (95%CI) 1.4 (0.2,
2.6), p=0.011), and oral corticosteroid use was inversely associated
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with CARAT total score (β (95%CI) –2.2 (–4.4–−0.0), p=0.045).
Supplementary table S1 and Table 3 present the findings from the
univariate and multivariable logistic regression analysis,
respectively. The results from the multivariable logistic regression
analysis show that patients reporting intranasal steroid use
(OR=3.6, 95%CI 1.1–121, p=0.035) were more likely to have well-
controlled asthma based on ACT score. Analysis also indicated a
trend towards significance for the association between short-

acting beta-agonists and not-well-controlled asthma based on
ACT (score≤19) (OR=5, 95%CI 0.09–10, p=0.066) and partially and
not-well-controlled asthma based on ACQ-6 (score>0.75) (OR=5,
95%CI 0.09–10, p=0.066). A trend was also noted for the
association between frequent oral corticosteroid use (OR=10,
95%CI 0.8–10, p=0.080) and not-well-controlled asthma based on
ACT score.

Figure 2: Distribution of all allergic rhinitis (A) and asthma medications (B) according to area of residence.

Discussion
Our study aimed to assess the level of asthma and comorbid
allergic rhinitis control, identify potential associated predictors and
explore the differences in control and treatment between patients
residing in urban and rural areas of Greece. We found that a
significant proportion of asthma and allergic rhinitis patients self-
reported not achieving well-controlled asthma and allergic rhinitis.
No variation in medication usage was observed between the rural
and urban groups. Being female, living in rural areas, regular use of

intranasal steroids and follow-up by a pulmonologist was
significantly associated with better asthma and comorbid allergic
rhinitis control status. On the other hand, patients with frequent
oral corticosteroid and short-acting beta-agonist use were less
likely to have self-reported well-controlled asthma.
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Asthma and comorbid allergic rhinitis control in
urban versus rural areas
Making a diagnosis of asthma can be challenging, especially in
rural primary care environments . Although in our study asthma
diagnosis was made mainly by pulmonologists, a considerable
proportion of patients received their diagnoses from GPs in rural
areas. Furthermore, our study showed a positive association
between follow-up care from pulmonologists and achieving better
control over asthma and allergic rhinitis. This result is not
unexpected, as it is common for pulmonologists in Greece to play
the primary role in managing asthma patients in Greece, followed
by GPs and internists . Taking into account the lack of medical
equipment, working conditions and the higher burden of work in
rural areas , it is reasonable to assume that GPs serving in rural
areas may face additional challenges in managing patients with
asthma and allergic rhinitis than their counterparts in urban areas.
Therefore, it is crucial for GPs to enhance their knowledge and
skills in the management of asthma and comorbid allergic rhinitis
and to explore strategies to improve the implementation of
management guidelines in their practice. Rural GPs can play a
crucial role in effectively controlling asthma and comorbid allergic
rhinitis due to their close and long-term relationships with
patients, compared to anonymity – which is more prominent
among urban GPs . This is also the case in Greece, in which a
striking feature in primary care is the communication between GPs
and patients, contributing potentially to better asthma and allergic
rhinitis control .

To the best of our knowledge, this is the first study conducted in a
real-world setting comparing asthma and comorbid allergic rhinitis
control and medical treatment between urban and rural patients in
Greece. Two asthma control measurement tools were applied to
assess asthma control levels, and one for asthma and comorbid
allergic rhinitis. The ACT and the ACQ-6 are the most often applied
instruments in clinical practice. Previous research has found strong
and consistent correlations between improvement in ACT score
and improvement in ACQ score , a finding that is also evident in
our study. The overall mean asthma control level based on ACT
was 19±4, indicating not-well-controlled asthma (well-controlled
score >19), which is consistent with a previous study conducted by
telephone in Greece , as well as with findings from other studies
conducted in primary care settings in the UK , Singapore  and
Portugal . Furthermore, 54% of patients were classified as having
not-well-controlled asthma, which is comparable , higher  or
even lower  than in other studies using the ACT questionnaire
and conducted in primary care settings. The overall mean asthma
control level based on the ACQ-6 was 1.8±0.9 (not-well-controlled
score ≥1.5), indicating not-well-controlled asthma, which is worse
compared to a previous study conducted in Greek primary care
settings  and better compared to previous studies conducted in
primary care patients with asthma . Based on ACQ-6 score,
67% of patients were classified as having not-well-controlled
asthma, which is higher than previously reported in primary care

. The variations in asthma control between rural and urban areas
have not been extensively studied, with only limited research
available . In our study, the ACT scores did not show any
variations between rural and urban areas, which supports the
findings of a previous study .

When evaluating asthma control, the clinical heterogeneity of
asthma must be considered. It is well known that asthma is a
heterogeneous disease that includes multiple phenotypes, the
most common of which is allergic asthma combined with allergic
rhinitis . Importantly, allergic rhinitis is the most common
comorbidity in patients with asthma and is associated with
unfavorable outcomes, such as more frequent exacerbations and
poor control of the disease . This recognition has resulted in a
combined approach for asthma and allergic rhinitis . In our study,
assessment of how asthma with comorbid allergic rhinitis is
controlled was made with the CARAT questionnaire, the results of
which could influence clinical decisions and patient
understanding . CARAT appears to have good discriminative
performance, similar to other asthma control assessment tools, for
asthma patients with and without allergic rhinitis . Consequently,
the use of the CARAT questionnaire is highly recommended as a
combined tool for assessing control of asthma and allergic rhinitis
at the same time . The overall mean CARAT score in our study
was 18±5 (not-well-controlled score ≤24), indicating not-well-
controlled asthma and allergic rhinitis, which is worse compared to
previous studies conducted in a mixed population (primary and
secondary practices in an international multi-center study in
Austria, France and Italy) , in community pharmacies  and
primary care practices  in the Netherlands. On the other hand, the
score in our study was better than previous studies in primary care
populations in Portugal  and mixed populations in the
Netherlands . The majority of patients (88%) reported having not-
well-controlled asthma, which is similar  or higher compared to
an earlier study in primary care . While the CARAT score was
similar in both the rural and urban groups, there was a slight
inclination towards improved control in the rural group. However,
this trend did not reach statistical significance due to the limited
number of patients in each group.

Factors associated with asthma and comorbid
allergic rhinitis control
Based on the aforementioned findings, it was evident that a
significant proportion of the participants had not achieved well-
controlled asthma and allergic rhinitis. Therefore, identification of
risk factors for poor asthma and allergic rhinitis control is an
essential strategy for reducing the disease's negative health
consequences as well as economic burden . Our results have
revealed that female gender was linked to better asthma and
comorbid allergic rhinitis control levels compared to males. The
variation in asthma and allergic rhinitis control between genders
may be due to differences in health behaviors, and exposure to
triggers and long-term factors . It appears that women perceive
asthma symptoms as more troublesome than men, even when the
severity of asthma and lung function (measured by forced
expiratory volume in 1 second) are comparable , and they are
more likely than men to inform a healthcare professional about
them . Societal expectations that discourage men from speaking
about their health symptoms may cause them to understate their
symptoms and hesitate to seek asthma and allergic rhinitis care,
ultimately leading to worse control of these conditions .
Furthermore, because of their gender roles and jobs, men may be
exposed to different asthma and allergic rhinitis triggers or
substances, which may affect control of their asthma with
comorbid allergic rhinitis .
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Living in rural areas was significantly associated with good asthma
and allergic rhinitis control status. Given that individuals residing in
rural areas are exposed to fewer pro-inflammatory factors like car
exhaust, industrial pollutants and processed foods , it can be
hypothesized that the rural population experience less severe
respiratory symptoms and demonstrate improved management of
asthma and allergic rhinitis compared to their urban
counterparts . Additionally, as previously stated, establishing an
effective relationship between patients and healthcare providers is
crucial. Especially in rural areas, GPs practicing for many years
dedicate time to discuss patients' issues, encourage healthy
behavior changes and collaborate on self-management
approaches – potentially enhancing control of asthma and allergic
rhinitis . It is also important to highlight that there were no
significant variations in medication usage between the rural and
urban groups, implying that access to care and pharmacies is not
limited in rural areas. This aspect may further contribute to better
asthma control in these areas.

Importantly, regular usage of intranasal steroids was strongly
linked to improved control of asthma with comorbid allergic
rhinitis. This finding is not unexpected and aligns with the results
from a previous systematic review and meta-analysis of 18
randomized controlled trials involving patients with both asthma
and allergic rhinitis . The analysis demonstrated that the use of
intranasal corticosteroid medications resulted in improved asthma
symptom scores. Additionally, the findings imply that applying
intranasal steroids directly to the upper airway can effectively
address symptoms specific to the lower airway and reduce the
reliance on rescue medication . This holds particular significance
when considering that higher usage of rescue medications,
specifically short-acting beta-agonists and oral corticosteroids, was
linked to poorer control of asthma in our study. These findings are
consistent with earlier studies, which indicate a link between
increased short-acting beta-agonist  and oral
corticosteroid  usage and not-well-controlled asthma. This is also
true for individuals with severe asthma, where approximately 30%
of patients need to take oral corticosteroids in order to achieve
partial or complete symptom control . As a result, patients often
experience oral corticosteroid-related side effects such as type 2
diabetes, osteopenia/osteoporosis, digestive disorders, obesity,
high blood pressure, cataracts and obstructive sleep apnea .
These conditions further contribute to the overall disease burden.

Clinical implications
Our findings are consistent with those of other international
studies, and they also add to the limited body of literature
regarding the management of asthma and allergic rhinitis by GPs
in rural and urban Greek practices, and the relationships between

comorbid allergic rhinitis and asthma control in a real-world
setting. As the focus in asthma management has evolved to
prioritize asthma control, the use of questionnaires for assessing
asthma and allergic rhinitis symptom control has become
increasingly important. In addition, addressing factors associated
with asthma and allergic rhinitis control, and implementing
personalized strategies and interventions, could potentially lead to
improved management of asthma with comorbid allergic rhinitis.

Strengths and limitations
A strength of our study was that it was a real-life study that used
well-validated tools to measure asthma and allergic rhinitis control.
However, there are some limitations. First, based on asthma and
comorbid allergic rhinitis prevalence data in Greece , a higher
number of enrolled patients with asthma and comorbid allergic
rhinitis was expected. The reason for this could be that this study
was started at the initial phase of the COVID-19 pandemic, which
resulted in limited in-person visits, favoring shorter visits, and
potentially small sample size. The COVID-19 pandemic
substantially impacted asthma monitoring within primary care
settings, particularly regarding patient understanding of the
influence of asthma control on COVID-19 complication risk . The
involvement and education of GPs is therefore essential for
improved asthma and comorbid allergic rhinitis control, especially
in the event of a future pandemic. Furthermore, our sample size
was comparable to those in previous studies examining
associations between asthma and allergic rhinitis and related
outcomes. Despite these limitations, our findings are derived from
patients drawn from primary care of Greece in which allergic
rhinitis and asthma diagnoses were confirmed by a physician.

Conclusion
Our results suggest that asthma and allergic rhinitis control
remains suboptimal in a large proportion of patients with asthma
and comorbid allergic rhinitis in primary care settings. Area of
residence, female gender, follow-up by a pulmonologist and
medication-related variables were significantly associated with
asthma and allergic rhinitis control. It is essential to take these
factors into account to optimize not only treatment, but also self-
management behaviors, to achieve better asthma and allergic
rhinitis outcomes. Further studies in larger populations are needed
to confirm these results.

Funding
No funding was received for this research.

Conflicts of interest
The authors report no conflicts of interest. The authors alone are
responsible for the content and writing of this article.

References
1 Bousquet J, Anto JM, Bachert C, Baiardini I, Bosnic-Anticevich S,
Walter Canonica G, et al. Allergic rhinitis. Nature Reviews Disease
Primers 2020; 6(1): 95. DOI link, PMid:33273461

2 Bousquet PJ, Leynaert B, Neukirch F, Sunyer J, Janson CM, Anto J,
et al. Geographical distribution of atopic rhinitis in the European
Community Respiratory Health Survey I. Allergy 2008; 63(10):
1301-1309. DOI link, PMid:18782108

3 Meltzer EO, Blaiss MS, Naclerio RM, Stoloff SW, Derebery MJ,
Nelson HS, et al. Burden of allergic rhinitis: allergies in America,
Latin America, and Asia-Pacific adult surveys. Allergy and Asthma
Proceedings 2012; 33(Suppl 1): S113-S141. DOI link,
PMid:22981425

4 Meltzer EO. Allergic rhinitis: burden of illness, quality of life,
comorbidities, and control. Immunology and Allergy Clinics of
North America 2016; 36(2): 235‐248. DOI link, PMid:27083099

20,21

74

75

76

76

48,77,78

79

80

81,82

44,83

84

https://doi.org/10.1038/s41572-020-00227-0
https://www.ncbi.nlm.nih.gov/pubmed/33273461
https://doi.org/10.1111/j.1398-9995.2008.01824.x
https://www.ncbi.nlm.nih.gov/pubmed/18782108
https://doi.org/10.2500/aap.2012.33.3603
https://www.ncbi.nlm.nih.gov/pubmed/22981425
https://doi.org/10.1016/j.iac.2015.12.002
https://www.ncbi.nlm.nih.gov/pubmed/27083099


10/13

5 Demoly P, Bosse I, Maigret P. Perception and control of allergic
rhinitis in primary care. NPJ Primary Care Respiratory Medicine
2020; 30(1): 37. DOI link, PMid:32820169

6 Gaugris S, Sazonov-Kocevar V, Thomas M. Burden of
concomitant allergic rhinitis in adults with asthma. The Journal of
Asthma 2006; 43(1): 1-7. DOI link, PMid:16448958

7 Samitas K, Carter A, Kariyawasam HH, Xanthou G. Upper and
lower airway remodelling mechanisms in asthma, allergic rhinitis
and chronic rhinosinusitis: The one airway concept revisited.
Allergy 2018; 73(5): 993-1002. DOI link, PMid:29197105

8 Iordache A, Balica NC, Horhat ID, Morar R, Tischer AA, Milcu AI,
et al. A review regarding the connections between allergic rhinitis
and asthma – epidemiology, diagnosis and treatment. Current
Health Sciences Journal 2023; 49(1): 5-18.

9 Egan M, Bunyavanich S. Allergic rhinitis: the "Ghost Diagnosis" in
patients with asthma. Asthma Research and Practice 2015; 1: 8. DOI
link, PMid:27965762

10 Ozoh OB, Ayuk AC, Ukwaja KN, Desalu OO, Olufemi O,
Aderibigbe SA, et al. Asthma management and control in Nigeria:
the asthma insight and reality Nigeria (AIRNIG) study. Expert
Review of Respiratory Medicine 2019; 13(9): 917-927. DOI link,
PMid:31365287

11 Ozoh OB, Aderibigbe SA, Ayuk AC, Desalu OO, Oridota OE,
Olufemi O, et al. The prevalence of asthma and allergic rhinitis in
Nigeria: A nationwide survey among children, adolescents and
adults. PLoS ONE 2019; 14(9): e0222281. DOI link, PMid:31518382

12 Brożek JL, Bousquet J, Agache I, Agarwal A, Bachert C, Bosnic-
Anticevich S, et al. Allergic Rhinitis and its Impact on Asthma
(ARIA) guidelines-2016 revision. Journal of Allergy and Clinical
Immunology 2017; 140(4): 950-958.

13 Maio S, Baldacci S, Simoni M, Angino A, Martini F, Cerrai S, et al.
Impact of asthma and comorbid allergic rhinitis on quality of life
and control in patients of Italian general practitioners. Journal of
Asthma 2012; 49(8): 854-861. DOI link, PMid:22957769

14 Moitra S, Simoni M, Baldacci S, Maio S, Angino A, Silvi P, et al.
Symptom control and health-related quality of life in allergic
rhinitis with and without comorbid asthma: A multicentre
European study. Clinical and Translational Allergy 2023; 13(2):
e12209. DOI link, PMid:36825519

15 Jansson SA, Axelsson M, Hedman L, Leander M, Stridsman C,
Rönmark E. Subjects with well-controlled asthma have similar
health-related quality of life as subjects without asthma.
Respiratory Medicine 2016; 120: 64-69. DOI link, PMid:27817817

16 Ozoh OB, Aderibigbe SA, Ayuk AC, Dede SK, Egbagbe E,
Babashani M. Health-related quality of life in asthma measured by
the World Health Organization brief questionnaire (WHO-BREF)
and the effect of concomitant allergic rhinitis - A population-based
study. The Clinical Respiratory Journal 2025; 19(3): e13608. DOI
link, PMid:37016072

17 Banjar SA, Assiri RA, Alshehri GA, Binyousef FH, Alaudah TI,
Alawam AS, et al. The impact of allergic rhinitis on asthma and its
effect on the quality of life of asthmatic patients. Cureus 2023;
15(3): e35714. DOI link

18 Grant TL, Wood RA. The influence of urban exposures and
residence on childhood asthma. Pediatric Allergy and Immunology
2022; 33(5): e13784. DOI link, PMid:35616896

19 Sanchez J, Sánchez A, Cardona R. Clinical differences between
children with asthma and rhinitis in rural and urban areas.
Colombia Médica 2018; 49(2): 169-174. DOI link, PMid:30104810

20 Pénard-Morand C, Raherison C, Charpin D, Kopferschmitt C,
Lavaud F, Caillaud D, et al. Long-term exposure to proximity air
pollution and asthma and allergies in urban children. European
Respiratory Journal 2010; 36(1): 33-40. DOI link, PMid:20075054

21 Anderson H, Ruggles R, Pandey K, Kapetanakis V, Brunekreef B,
Lai C. Ambient particulate pollution and the world-wide prevalence
of asthma, rhinoconjunctivitis and eczema in children. Phase One
of the International Study of Asthma and Allergies in Childhood
(ISAAC). Occupational and Environmental Medicine 2010; 67(5):
293-300. DOI link, PMid:19819866

22 Wang DY, Chan A, Smith JD. Management of allergic rhinitis: a
common part of practice in primary care clinics. Allergy 2004; 59:
315-319. DOI link, PMid:14982514

23 European Union and the OECD. Health at a glance: Europe 2020.
Paris: European Union and the OECD, 2020.

24 European Commission. Factsheet on 2014-2022 Rural
Development Programme for Greece. Available: web link (Accessed
1 October 2024).

25 Florou A, Vakali S, Vlasserou F, Gratziou C. Epidemiology of
allergic rhinitis in asthmatic patients in Greece. European
Respiratory Journal 2011; 38(Suppl 55): 1028.

26 Bousquet J, Khaltaev N, Cruz AA, Denburg J, Fokkens WJ, Togias
A, et al. Allergic Rhinitis and its Impact on Asthma (ARIA) 2008
update (in collaboration with the World Health Organization,
GA(2)LEN and AllerGen). Allergy 2008; 63(Suppl 86): 8-160.

27 Flokstra-de Blok BMJ, Baretta HJ, Fonseca JA, van Heijst E,
Kollen BJ, de Kroon J, et al. Control of Allergic Rhinitis and Asthma
Test with 1-week recall: Validation of paper and electronic version.
Allergy 2018; 73(12): 2381-2385. DOI link, PMid:30028515

28 Azevedo P, Correia de Sousa J, Bousquet J, Bugalho-Almeida A,
Del Giacco SR, Demoly P, et al. Control of Allergic Rhinitis and
Asthma Test (CARAT): dissemination and applications in primary
care. Primary Care Respiratory Journal 2013; 22(1): 112-116. DOI
link, PMid:23412110

29 Fonseca JA, Nogueira-Silva L, Morais-Almeida M, Azevedo L,
Sa-Sousa A, Branco-Ferreira M, et al. Validation of a questionnaire
(CARAT) to assess rhinitis and asthma in patients with asthma.
Allergy 2010; 65(8): 1042-1048. DOI link, PMid:20121755

30 van der Leeuw S, van der Molen T, Dekhuijzen PN, Fonseca JA,
van Gemert FA, Gerth van Wijk R, et al. The minimal clinically
important difference of the Control of Allergic Rhinitis and Asthma
Test (CARAT): cross-cultural validation and relation with pollen
counts. NPJ Primary Care Respiratory Medicine 2015; 25: 14107.
DOI link, PMid:25569880

31 Livadiotis C, Lambrinou E, Raftopoulos V, Middleton N.
Evaluation of the psychometric properties of the Greek version of
the Active Life with Asthma (Gr-ALMA) review: a descriptive
methodological study. BMC Health Services Research 2019; 19(1):
322. DOI link, PMid:31117994

32 Papamichael MM, Lambert KA, Katsardis C, Tsoukalas D,
Itsiopoulos C, Erbas B. An exploratory study on the validity and
reliability of the Greek translation of Juniper's Asthma Control

https://doi.org/10.1038/s41533-020-00195-8
https://www.ncbi.nlm.nih.gov/pubmed/32820169
https://doi.org/10.1080/02770900500446823
https://www.ncbi.nlm.nih.gov/pubmed/16448958
https://doi.org/10.1111/all.13373
https://www.ncbi.nlm.nih.gov/pubmed/29197105
https://doi.org/10.1186/s40733-015-0008-0
https://doi.org/10.1186/s40733-015-0008-0
https://www.ncbi.nlm.nih.gov/pubmed/27965762
https://doi.org/10.1080/17476348.2019.1651201
https://www.ncbi.nlm.nih.gov/pubmed/31365287
https://doi.org/10.1371/journal.pone.0222281
https://www.ncbi.nlm.nih.gov/pubmed/31518382
https://doi.org/10.3109/02770903.2012.716471
https://www.ncbi.nlm.nih.gov/pubmed/22957769
https://doi.org/10.1002/clt2.12209
https://www.ncbi.nlm.nih.gov/pubmed/36825519
https://doi.org/10.1016/j.rmed.2016.09.019
https://www.ncbi.nlm.nih.gov/pubmed/27817817
https://doi.org/10.1111/crj.13608
https://doi.org/10.1111/crj.13608
https://www.ncbi.nlm.nih.gov/pubmed/37016072
https://doi.org/10.7759/cureus.35714
https://doi.org/10.1111/pai.13784
https://www.ncbi.nlm.nih.gov/pubmed/35616896
https://doi.org/10.25100/cm.v49i2.3015
https://www.ncbi.nlm.nih.gov/pubmed/30104810
https://doi.org/10.1183/09031936.00116109
https://www.ncbi.nlm.nih.gov/pubmed/20075054
https://doi.org/10.1136/oem.2009.048785
https://www.ncbi.nlm.nih.gov/pubmed/19819866
https://doi.org/10.1046/j.1398-9995.2003.00402.x
https://www.ncbi.nlm.nih.gov/pubmed/14982514
https://agriculture.ec.europa.eu/system/files/2023-05/rdp-factsheet-greece_en.pdf
https://doi.org/10.1111/all.13564
https://www.ncbi.nlm.nih.gov/pubmed/30028515
https://doi.org/10.4104/pcrj.2013.00012
https://doi.org/10.4104/pcrj.2013.00012
https://www.ncbi.nlm.nih.gov/pubmed/23412110
https://doi.org/10.1111/j.1398-9995.2009.02310.x
https://www.ncbi.nlm.nih.gov/pubmed/20121755
https://doi.org/10.1038/npjpcrm.2014.107
https://www.ncbi.nlm.nih.gov/pubmed/25569880
https://doi.org/10.1186/s12913-019-4155-5
https://www.ncbi.nlm.nih.gov/pubmed/31117994


11/13

Questionnaire in pediatric patients in Greece. Exploration of
Asthma and Allergy 2023; 1: 11-19. DOI link

33 Juniper EF, Bousquet J, Abetz L, Bateman ED, Committee G.
Identifying "well-controlled" and "not well-controlled" asthma
using the Asthma Control Questionnaire. Respiratory Medicine
2006; 100(4): 616-621. DOI link, PMid:16226443

34 Juniper EF, Svensson K, Mork AC, Stahl E. Measurement
properties and interpretation of three shortened versions of the
Asthma Control Questionnaire. Respiratory Medicine 2005; 99(5):
553-558. DOI link, PMid:15823451

35 Grammatopoulou EP, Stavrou N, Myrianthefs P, Karteroliotis K,
Baltopoulos G, Behrakis P, et al. Validity and reliability evidence of
the Asthma Control Test – ACT in Greece. Journal of Asthma 2011;
48(1): 57-64. DOI link, PMid:21039187

36 Schatz M, Sorkness CA, Li JT, Marcus P, Murray JJ, Nathan RA, et
al. Asthma Control Test: reliability, validity, and responsiveness in
patients not previously followed by asthma specialists. Journal of
Allergy and Clinical Immunology 2006; 117(3): 549-556. DOI link,
PMid:16522452

37 Schatz M, Kosinski M, Yarlas AS, Hanlon J, Watson ME, Jhingran
P. The minimally important difference of the Asthma Control Test.
Journal of Allergy and Clinical Immunology 2009; 124(4): 719-723
e1. DOI link, PMid:19767070

38 Akindele A, Daines L, Cavers D, Pinnock H, Sheikh A. Qualitative
study of practices and challenges when making a diagnosis of
asthma in primary care. NPJ Primary Care Respiratory Medicine
2019; 29(1): 27. DOI link, PMid:31316068

39 Souliotis K, Kousoulakou H, Hillas G, Bakakos P, Toumbis M,
Loukides S, et al. Direct and indirect costs of asthma management
in Greece: An expert panel approach. Frontiers in Public Health
2017; 5: 67. DOI link, PMid:28424767

40 Peters DJ. Community susceptibility and resiliency to COVID-19
across the rural-urban continuum in the United States. The Journal
of Rural Health 2020; 36(3): 446-456. DOI link, PMid:32543751

41 Hoffmann K, Wojczewski S, George A, Schäfer WL, Maier M.
Stressed and overworked? A cross-sectional study of the working
situation of urban and rural general practitioners in Austria in the
framework of the QUALICOPC project. Croatian Medical Journal
2015; 56(4): 366-374. DOI link, PMid:26321030

42 Pohontsch NJ, Hansen H, Schäfer I, Scherer M. General
practitioners' perception of being a doctor in urban vs. rural
regions in Germany - A focus group study. Family Practice 2018;
35(2): 209-215. DOI link, PMid:29029048

43 Kalitzkus V, Redaèlli M, Jansen P, Schluckebier I, Wilm S. Still
cause for hope? Insights into family practice in two rural areas in
Northrhine-Westfalia. Zeitschrift für Allgemeinmedizin (Stuttgart)
2012; 88: 37-42.

44 Liangas G, Lionis C. General practice in Greece: a student's and
supervisor's perspective. The Australian Journal of Rural Health
2004; 12(3): 112-114. DOI link, PMid:15200521

45 van Dijk BCP, Svedsater H, Heddini A, Nelsen L, Balradj JS,
Alleman C. Relationship between the Asthma Control Test (ACT)
and other outcomes: a targeted literature review. BMC Pulmonary
Medicine 2020; 20(1): 79. DOI link, PMid:32245451

46 Kourlaba G, Bakakos P, Loukides S, Vellopoulou K, Solakidi A,
Maniadakis N. The self-reported prevalence and disease burden of

asthma in Greece. Journal of Asthma 2019; 56(5): 478-497. DOI
link, PMid:29718784

47 Gill R, Williams EM. Agreement between self-reported asthma
symptoms and exhaled nitric oxide levels: impact on inhaled
corticosteroid prescribing in general practice. An observational
study. Allergy, Asthma and Clinical Immunology 2019; 15: 70. DOI
link, PMid:31832072

48 Nguyen HV, Nadkarni NV, Sankari U, Mital S, Lye WK, Tan NC.
Association between asthma control and asthma cost: Results from
a longitudinal study in a primary care setting. Respirology 2017;
22(3): 454-459. DOI link, PMid:27862645

49 Domingues M, Amaral R, Fonseca JA, Azevedo P, Correia-de-
Sousa J. Assessment of asthma control using CARAT in patients
with and without Allergic Rhinitis: A pilot study in primary care.
Revista Portuguesa de Pneumologia (2006) 2016; 22(3): 163-166.
DOI link, PMid:26767726

50 Guyton S, Jackson T. Asthma control and medication reliance
among asthmatics in a general practice setting - a questionnaire
based study. Cureus 2022; 14(5): e25465. DOI link, PMid:35800840

51 Magnoni MS, Latorre M, Bettoncelli G, Sanchez-Herrero MG,
Lopez A, Calvo E, et al. Asthma control in primary care: the results
of an observational cross-sectional study in Italy and Spain. World
Allergy Organization Journal 2017; 10(1): 13. DOI link,
PMid:28413571

52 Liam CK, Pang YK, Chua KT. Satisfaction level and asthma
control among Malaysian asthma patients on Symbicort
Maintenance and Reliever Therapy (SMART) in the primary care
setting (SMARTEST study). Asian Pacific Journal of Allergy and
Immunology 2014; 32(2): 145-152. DOI link, PMid:25003728

53 García-Giralda L, Quiralte Enríquez J, Sánchez Herrero MG,
López Peral JC, Aracil J. Impact of administering the Asthma
Control Test questionnaire on rating asthma control in primary
health care. [In Spanish]. Atención Primaria 2013; 45(10): 522-527.
DOI link, PMid:23906721

54 Rank MA, Bertram S, Wollan P, Yawn RA, Yawn BP. Comparing
the Asthma APGAR system and the Asthma Control Test™ in a
multicenter primary care sample. Mayo Clinic Proceedings 2014;
89(7): 917-925. DOI link, PMid:24809759

55 Steiropoulos P, Exarchos K, Bertoli M, Karakontaki F,
Antonogiannakis G, Polychronopoulos V, et al. Effectiveness and
quality of life in asthmatic patients treated with
budesonide/formoterol via Elpenhaler® device in primary care.
The "SKIRON" real world study. Journal of Asthma 2023; 60(6):
1104-1114. DOI link, PMid:36199217

56 Khusial RJ, Sont JK, Loijmans RJB, Snoeck-Stroband JB,
Assendelft PJJ, Schermer TRJ, et al. Longitudinal outcomes of
different asthma phenotypes in primary care, an observational
study. NPJ Primary Care Respiratory Medicine 2017; 27(1): 55. DOI
link, PMid:28974677

57 Mancuso CA, Choi TN, Westermann H, Wenderoth S, Wells MT,
Charlson ME. Improvement in asthma quality of life in patients
enrolled in a prospective study to increase lifestyle physical
activity. Journal of Asthma 2013; 50(1): 103-107. DOI link,
PMid:23173979

58 Vervloet M, van Dijk L, Weesie YM, Kocks JWH, Dima AL,
Korevaar JC. Understanding relationships between asthma
medication use and outcomes in a SABINA primary care database

https://doi.org/10.1016/j.rmed.2005.08.012
https://www.ncbi.nlm.nih.gov/pubmed/16226443
https://doi.org/10.1016/j.rmed.2004.10.008
https://www.ncbi.nlm.nih.gov/pubmed/15823451
https://doi.org/10.3109/02770903.2010.529222
https://www.ncbi.nlm.nih.gov/pubmed/21039187
https://doi.org/10.1016/j.jaci.2006.01.011
https://www.ncbi.nlm.nih.gov/pubmed/16522452
https://doi.org/10.1016/j.jaci.2009.06.053
https://www.ncbi.nlm.nih.gov/pubmed/19767070
https://doi.org/10.1038/s41533-019-0140-z
https://www.ncbi.nlm.nih.gov/pubmed/31316068
https://doi.org/10.3389/fpubh.2017.00067
https://www.ncbi.nlm.nih.gov/pubmed/28424767
https://doi.org/10.1111/jrh.12477
https://www.ncbi.nlm.nih.gov/pubmed/32543751
https://doi.org/10.3325/cmj.2015.56.366
https://www.ncbi.nlm.nih.gov/pubmed/26321030
https://doi.org/10.1093/fampra/cmx083
https://www.ncbi.nlm.nih.gov/pubmed/29029048
https://doi.org/10.1111/j.1440-1854.2004.00570.x
https://www.ncbi.nlm.nih.gov/pubmed/15200521
https://doi.org/10.1186/s12890-020-1090-5
https://www.ncbi.nlm.nih.gov/pubmed/32245451
https://doi.org/10.1080/02770903.2018.1471704
https://doi.org/10.1080/02770903.2018.1471704
https://www.ncbi.nlm.nih.gov/pubmed/29718784
https://doi.org/10.1186/s13223-019-0390-x
https://doi.org/10.1186/s13223-019-0390-x
https://www.ncbi.nlm.nih.gov/pubmed/31832072
https://doi.org/10.1111/resp.12930
https://www.ncbi.nlm.nih.gov/pubmed/27862645
https://doi.org/10.1016/j.rppnen.2015.10.014
https://www.ncbi.nlm.nih.gov/pubmed/26767726
https://doi.org/10.7759/cureus.25465
https://www.ncbi.nlm.nih.gov/pubmed/35800840
https://doi.org/10.1186/s40413-017-0144-5
https://www.ncbi.nlm.nih.gov/pubmed/28413571
https://doi.org/10.12932/AP0359.32.2.2013
https://www.ncbi.nlm.nih.gov/pubmed/25003728
https://doi.org/10.1016/j.aprim.2013.05.002
https://www.ncbi.nlm.nih.gov/pubmed/23906721
https://doi.org/10.1016/j.mayocp.2014.02.016
https://www.ncbi.nlm.nih.gov/pubmed/24809759
https://doi.org/10.1080/02770903.2022.2132957
https://www.ncbi.nlm.nih.gov/pubmed/36199217
https://doi.org/10.1038/s41533-017-0057-3
https://doi.org/10.1038/s41533-017-0057-3
https://www.ncbi.nlm.nih.gov/pubmed/28974677
https://doi.org/10.3109/02770903.2012.743150
https://www.ncbi.nlm.nih.gov/pubmed/23173979


12/13

study. NPJ Primary Care Respiratory Medicine 2022; 32(1): 43. DOI
link, PMid:36270999

59 Metting EI, Riemersma RA, Kocks JH, Piersma-Wichers MG,
Sanderman R, van der Molen T. Feasibility and effectiveness of an
asthma/COPD service for primary care: a cross-sectional baseline
description and longitudinal results. NPJ Primary Care Respiratory
Medicine 2015; 25: 14101. DOI link, PMid:25569634

60 Perelman NL, Kolosov VP. Differences in the health-related
quality of life in patients with asthma living in urban and rural
areas in the Amur Region of Russian Federation. PLoS ONE 2023;
18(11): e0284683. DOI link, PMid:37963175

61 Wenzel S. Asthma: defining of the persistent adult phenotypes.
Lancet 2006; 368(9537): 804-813. DOI link, PMid:16935691

62 Al-Hadrawi Z, Giezeman M, Hasselgren M, Janson C, Kisiel MA,
Lisspers K, et al. Comorbid allergy and rhinitis and patient-related
outcomes in asthma and COPD: a cross-sectional study. European
Clinical Respiratory Journal 2024; 11(1): 2397174. DOI link,
PMid:39228854

63 Price D, Zhang Q, Kocevar VS, Yin DD, Thomas M. Effect of a
concomitant diagnosis of allergic rhinitis on asthma-related
healthcare use by adults. Clinical & Experimental Allergy 2005;
35(3): 282-287. DOI link, PMid:15784104

64 Kuipers E, Wensing M, de Smet P, Teichert M. Self-management
research of asthma and good drug use (SMARAGD study): a pilot
trial. International Journal of Clinical Pharmacy 2017; 39(4): 888-
896. DOI link, PMid:28597176

65 Tempels-Pavlica Ž, Aarts MCJ, Welsing PMJ, van der Meer AN,
van der Zwan LP, Uss E, et al. House dust mite sublingual allergen
immunotherapy tablet is safe and well-tolerated in Dutch clinical
practice. Frontiers in Allergy 2024; 5: 1355324. DOI link,
PMid:38487467

66 Romão M, Bulhosa C, Mendes Z, Sousa C, Silva G, Pereira M, et
al. Characteristics of oral corticosteroid users among persons with
asthma on GINA Step 3 therapy and above: a cross-sectional study
in Portuguese community pharmacies. The Journal of Asthma and
Allergy 2022; 15: 1579-1592. DOI link, PMid:36387837

67 Romão M, Godinho AR, Teixeira PM, Mendes Z, Bernardo F,
Teixeira Rodrigues A, et al. Characteristics of reliever inhaler users
and asthma control: a cross-sectional multicenter study in
Portuguese community pharmacies. The Journal of Asthma and
Allergy 2021; 14: 943-954. DOI link, PMid:34354362

68 Papaioannou AI, Kostikas K, Zervas E, Kolilekas L, Papiris S, Gaga
M. Control of asthma in real life: still a valuable goal? European
Respiratory Review 2015; 24(136): 361-369. DOI link,
PMid:26028647

69 Boulet LP, Lavoie KL, Raherison-Semjen C, Kaplan A, Singh D,
Jenkins CR. Addressing sex and gender to improve asthma
management. NPJ Primary Care Respiratory Medicine 2022; 32(1):
56. DOI link, PMid:36539451

70 Jenkins CR, Boulet LP, Lavoie KL, Raherison-Semjen C, Singh D.
Personalized treatment of asthma: the importance of sex and
gender differences. The Journal of Allergy and Clinical Immunology:
In Practice 2022; 10(4): 963-971.e3. DOI link, PMid:35150902

71 Borges RC, Alith MB, Nascimento OA, Jardim JR. Gender
differences in the perception of asthma respiratory symptoms in

five Latin American countries. Journal of Asthma 2022; 59(5): 1030-
1040. DOI link, PMid:33902380

72 Vitulano LA. Psychosocial issues for children and adolescents
with chronic illness: self-esteem, school functioning and sports
participation. Child and Adolescent Psychiatric Clinics of North
America 2003; 12: 585-592. DOI link, PMid:12910824

73 White GE, Seaman C, Filios MS, Mazurek JM, Flattery J, Harrison
RJ, et al. Gender differences in work-related asthma: surveillance
data from California, Massachusetts, Michigan, and New Jersey,
1993-2008. Journal of Asthma 2014; 51(7): 691-702. DOI link,
PMid:24673105

74 Zhu WJ, Ma HX, Cui HY, Lu X, Shao MJ, Li S. Prevalence and
treatment of children’s asthma in rural areas compared with urban
areas in Beijing. Chinese Medical Journal 2015; 128(17): 2273-
2277. DOI link, PMid:26315071

75 Donahue KE, Ashkin E, Pathman DE. Length of patient-physician
relationship and patients' satisfaction and preventive service use in
the rural south: a cross-sectional telephone study. BMC Family
Practice 2005; 6: 40. DOI link, PMid:16202146

76 Lohia S, Schlosser RJ, Soler ZM. Impact of intranasal
corticosteroids on asthma outcomes in allergic rhinitis: a meta-
analysis. Allergy 2013; 68(5): 569-579. DOI link, PMid:23590215

77 Kaplan A, Mitchell PD, Cave AJ, Gagnon R, Foran V, Ellis AK.
Effective asthma management: is it time to let the AIR out of
SABA? Journal of Clinical Medicine 2020; 9(4): 921. DOI link,
PMid:32230875

78 Nwaru BI, Ekström M, Hasvold P, Wiklund F, Telg G, Janson C.
Overuse of short-acting β2-agonists in asthma is associated with
increased risk of exacerbation and mortality: a nationwide cohort
study of the global SABINA programme. European Respiratory
Journal 2020; 55(4): 1901872. DOI link, PMid:31949111

79 González Barcala FJ, de la Fuente-Cid R, Alvarez-Gil R, Tafalla M,
Nuevo J, Caamaño-Isorna F. Factors associated with asthma
control in primary care patients in Spain: the CHAS study. [In
Spanish]. Archivos de Bronconeumologia 2010; 46(7): 358-363. DOI
link, PMid:20227808

80 Chung KF, Wenzel SE, Brozek JL, Bush A, Castro M, Sterk PJ, et
al. International ERS/ATS guidelines on definition, evaluation and
treatment of severe asthma. European Respiratory Journal 2014;
43(2): 343-373. DOI link, PMid:24337046

81 Volmer T, Effenberger T, Trautner C, Buhl R. Consequences of
long-term oral corticosteroid therapy and its side-effects in severe
asthma in adults: a focused review of the impact data in the
literature. European Respiratory Journal 2018; 52(4): 1800703. DOI
link, PMid:30190274

82 Deeks ED, Brusselle G. Reslizumab in eosinophilic asthma: a
review. Drugs 2017; 77(7): 777-784. DOI link, PMid:28421429

83 Gangadi M, Margetaki A, Gavana M, Vantarakis A, Voulgari P,
Chlouverakis G, et al. Epidemiology of allergic rhinitis in asthmatic
patients in Greece. European Respiratory Journal 2016; 48: PA4237.
DOI link

84 Santillo M, Tonkin-Crine S, Wang K, Butler CC, Wanat M.
Management of asthma in primary care in the changing context of
the COVID-19 pandemic: a qualitative longitudinal study with
patients. British Journal of General Practice 2023; 73(737): e903-
e914. DOI link, PMid:37429732

https://doi.org/10.1038/npjpcrm.2014.101
https://www.ncbi.nlm.nih.gov/pubmed/25569634
https://doi.org/10.1371/journal.pone.0284683
https://www.ncbi.nlm.nih.gov/pubmed/37963175
https://doi.org/10.1016/S0140-6736(06)69290-8
https://www.ncbi.nlm.nih.gov/pubmed/16935691
https://doi.org/10.1080/20018525.2024.2397174
https://www.ncbi.nlm.nih.gov/pubmed/39228854
https://doi.org/10.1111/j.1365-2222.2005.02182.x
https://www.ncbi.nlm.nih.gov/pubmed/15784104
https://doi.org/10.1007/s11096-017-0495-6
https://www.ncbi.nlm.nih.gov/pubmed/28597176
https://doi.org/10.3389/falgy.2024.1355324
https://www.ncbi.nlm.nih.gov/pubmed/38487467
https://doi.org/10.2147/JAA.S377896
https://www.ncbi.nlm.nih.gov/pubmed/36387837
https://doi.org/10.2147/JAA.S315678
https://www.ncbi.nlm.nih.gov/pubmed/34354362
https://doi.org/10.1183/16000617.00001615
https://www.ncbi.nlm.nih.gov/pubmed/26028647
https://doi.org/10.1038/s41533-022-00306-7
https://www.ncbi.nlm.nih.gov/pubmed/36539451
https://doi.org/10.1016/j.jaip.2022.02.002
https://www.ncbi.nlm.nih.gov/pubmed/35150902
https://doi.org/10.1080/02770903.2021.1922914
https://www.ncbi.nlm.nih.gov/pubmed/33902380
https://doi.org/10.1016/S1056-4993(03)00027-0
https://www.ncbi.nlm.nih.gov/pubmed/12910824
https://doi.org/10.3109/02770903.2014.903968
https://www.ncbi.nlm.nih.gov/pubmed/24673105
https://doi.org/10.4103/0366-6999.163381
https://www.ncbi.nlm.nih.gov/pubmed/26315071
https://doi.org/10.1186/1471-2296-6-40
https://www.ncbi.nlm.nih.gov/pubmed/16202146
https://doi.org/10.1111/all.12124
https://www.ncbi.nlm.nih.gov/pubmed/23590215
https://doi.org/10.3390/jcm9040921
https://www.ncbi.nlm.nih.gov/pubmed/32230875
https://doi.org/10.1183/13993003.01872-2019
https://www.ncbi.nlm.nih.gov/pubmed/31949111
https://doi.org/10.1016/S1579-2129(10)70085-9
https://doi.org/10.1016/S1579-2129(10)70085-9
https://www.ncbi.nlm.nih.gov/pubmed/20227808
https://doi.org/10.1183/09031936.00202013
https://www.ncbi.nlm.nih.gov/pubmed/24337046
https://doi.org/10.1183/13993003.00703-2018
https://doi.org/10.1183/13993003.00703-2018
https://www.ncbi.nlm.nih.gov/pubmed/30190274
https://doi.org/10.1007/s40265-017-0740-2
https://www.ncbi.nlm.nih.gov/pubmed/28421429
https://doi.org/10.1183/13993003.congress-2016.PA4237
https://doi.org/10.3399/BJGP.2022.0581
https://www.ncbi.nlm.nih.gov/pubmed/37429732


13/13

Supplementary material is available on the live site https://www.rrh.org.au/journal/article/9570/#supplementary

This PDF has been produced for your convenience. Always refer to the live site https://www.rrh.org.au/journal/article/9570 for the
Version of Record.


