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INTRODUCTION
Allergic rhinitis is characterized by typical symptoms, induced 
by an IgE-mediated inflammatory response of the nose to the 
causal allergen exposure (1,2). On the other hand, asthma is 
defined a chronic inflammation of the lower airways (3). The 
allergic airway inflammation may therefore induce airflow lim-
itations at both nasal and bronchial levels (4). In this regard, a 
close link between allergic rhinitis and asthma has been widely 
reported (5,6). Moreover, allergic rhinitis is a relevant risk factor 
for the onset of asthma (7). 

From a pathophysiological point of view, asthma is character-
ized by airflow obstruction (8,9). Bronchial airflow may be easily 
assessed by spirometry. Several spirometric parameters may be 
considered, but FEV1 is considered the gold standard to detect 
asthma as stated by GINA (Global Initiative for Asthma) 
guidelines (www.ginasthma.com). 

The WHO document ‘the impact of allergic rhinitis on asthma’ 
(ARIA) clearly underlines the role of allergic rhinitis as risk 

factor for asthma development or worsening and suggests of 
considering a possible bronchial involvement in all patients 
with allergic rhinitis (4). Concerning this issue, a consistent 
epidemiological study reported that FEV1 may be impaired in 
about 5% of the patients with allergic rhinitis and perceiving 
nasal symptoms alone (10). Moreover, slight spirometric impair-
ment, such as reduced forced expiratory flow between 25% 
and 75% of vital capacity (FEF25-75) values, may be frequently 
found in patients with allergic rhinitis and this parameter was 
thought a reliable marker of early bronchial involvement (11). 
However, most otolaryngologists are not knowledgeable about 
the diagnostic benefits of spirometry, so it is rarely performed 
in ENT clinics. 

Recently, the Visual Analogue Scales (VAS) have been pro-
posed to easily assess symptoms in patients with allergic 
rhinitis (12). VAS are quantitative measures largely validated in 
many diseases, for example for both chronic and experimental 
pain (13). More recently, it has been reported that VAS assess-
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ment of breathlessness may be useful to measure the response 
to bronchodilation test (14). In addition, it has been evidenced 
that VAS assessment of nasal obstruction was well correlated 
with rhinomanometry (15). Therefore, VAS assessment of nasal 
obstruction might be used to have a rough idea of the nasal 
patency.
 
Until now there has been no study that compared VAS assess-
ment of nasal obstruction with spirometric parameters in 
patients with allergic rhinitis. Therefore, the aim of the present 
study was to verify, in a large cohort of patients with allergic 
rhinitis, the suitability of the use of nasal obstruction VAS to 
define patient candidates for spirometry. 

METHODS
Study design
This cross-sectional study included 1728 patients, with an age 
between 18 and 49 years and suffering from persistent allergic 
rhinitis. All of them were evaluated performing skin prick test, 
VAS assessment, and spirometry. 

Subjects
A total of 1728 patients with persistent allergic rhinitis were 
consecutively evaluated. Demographic characteristics, includ-
ing gender, age, and duration of rhinitis (expressed in years) 
were raised. All of them were Navy aspirants or sailors who 
had to refer to Navy Hospital for mandatory visit for obtaining 
or maintaining the health qualification (Navy IRB approved 
this methodology) and an informed consent was obtained from 
each patient. 
A detailed clinical history was taken and a complete physical 
examination was performed. The patients were included in 
the study on the basis of a clinical history of persistent aller-
gic rhinitis and presence of moderate-severe nasal symptoms 
according to validated criteria (4). We excluded all the subjects 
who presented the following exclusion criteria: any prior 
documented history of asthma or presence of asthma symp-
toms, including cough, wheezing, dyspnoea, and shortness of 
breathing, acute or chronic upper respiratory infections, ana-
tomical nasal disorders (i.e. nasal polyps, septum deviation, 
etc.), previous or current smoking (screened by expired-CO 
assessment during a single breath), previous or current specific 
immunotherapy, and use of nasal or oral corticosteroids, nasal 
or oral vasoconstrictors, anti-leukotrienes, and anti-histamines 
during the previous 4 weeks (if they assumed pharmacologic 
treatment, they were asked to return after stopping medica-
tions for 4 weeks). 
All patients were treated only on demand with drugs alone.
The diagnosis of persistent allergic rhinitis was made on the 
basis of a history of nasal symptoms and positive skin prick 
test according with validated criteria (4).

Skin prick test
Skin prick testwere performed as stated by the European 
Academy of Allergy and Clinical Immunology (16). The panel 
consisted of: house dust mites (Dermatophagoidesfarinae 

and pteronyssinus), cat, dog, grasses mix, Compositae mix, 
Parietariaofficinalis, birch, hazel, olive tree, Alternariatenuis, 
Cladosporium, Aspergilli mix (Stallergenes, Milan, Italy). 

VAS assessment
VAS was used to assess the subjective feeling of respiration; it 
ranges from 0 (complete nose obstruction) to 10 cm (complete 
nose patency). Patients were asked to position a cross on a line 
corresponding to their own perception of respiration as previ-
ously reported (14,15). 

Spirometry
Spirometry was performed with a computer-assisted spirome-
ter (Pulmolab 435-spiro 235, Morgan, England) and according 
to international guidelines (8,9). Briefly, 3 blows (every 5 min) 
were performed and the best result was considered. 

Statistical analysis
Data were described as median and 25th–75th percentiles for 
age, duration of rhinitis, VAS and values of FEF25-75 and FEV1 
and as counts and percentages for gender and categorized 
FEF25-75 and FEV1. VAS assessment of nasal obstruction was 
expressed on a continue scale with a range of values from 0 to 
10; FEF25-75 at baseline was categorized as � 65% of predicted 
(abnormal values) and > 65% (normal values), FEV1 was 
categorized as < 80% (abnormal values) and ≧ 80% (normal 
values). The rationale for choosing FEV1 < 80% predicted as 
cut-off reflects the GINA guidelines (www.ginasthma.com). 
The rationale for choosing FEF25-75 < 65% predicted as cut-
off derives from some recent studies that defined this value as 
abnormal (17-19). Abnormal vs normal values for FEF25-75 and 
FEV1 were considered as distinct outcomes.
Multivariate logistic regression models were interpolated to 
valuate relation between outcomes and VAS and duration of 
rhinitis with age and gender considered as possible confound-
ers and added in models. Moreover a ROC curve to testing 
validity of VAS as diagnostic test for FEF25-75 values was real-
ized with lower values of VAS considered as ‘positive’ results 
of test. Optimally better cut-off of VAS to differentiating 
patients with abnormal FEF25-75 from patients with normal 
FEF25-75 was found. Best cut-off represented the value for 
which better classification of patients was realized with high 
value for both sensitivity and specificity. 
Another ROC curve was made only on male and older patients 
where the median age was used as cut-off.
Area under curve (AUC) and 95% CI were assessed. A value of 
p < 0.05 was considered statistically significant. SPSS was used 
for computation. 

RESULTS
Almost all the patients turned out to be younger than 26 years 
(90% of patients was 26 years old or younger) with a median 
age of 23 years (25th-75th percentile: 22-25 years) and a mean 
age of 24.5 ± 5.6 years. Of all, 1398 patients (80.9%) were 
males, and the median duration of rhinitis was 4 years (25th-
75th percentile: 2-8 years).
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The median value of VAS was 4.2 (25th-75th percentile:  
3.3 – 6.7) as regarding spirometric variables median value for 
FEF25-75 was 71% of predicted (25th-75th percentile: 66-73) and 
for FEV1 it was 90% of predicted (25th-75th percentile: 83 – 95).
Regarding FEF25-75, 424 patients (24.5%) had abnormal values, 
while 136 patients (7.9%) had abnormal values for FEV1. 

Table 1 shows the results of logistic regression with categorical 
FEF25-75 and FEV1 reported as distinct outcomes. For one-year 
increment on age, a statistically significant increased risk of 
about 6 % (OR = 1.06; p < 0.001) to have abnormal values 
for FEF25-75 was found. VAS was statistically significant too 
and for one-unit increment on VAS scale a decreased risk to 
have abnormal values of FEF25-75 was revealed (OR = 0.68; p 
< 0.001). Moreover, for one-year increment of rhinitis dura-
tion, a statistically significant increased probability to present 
abnormal values for FEF25-75 was found (OR = 1.49; p < 
0.001).

In Figure 1, a boxplot for VAS in patients with abnormal and 
normal values of FEF25-75 is shown. Lower values on VAS scale 
were reported for patients with abnormal values of FEF25-75.

Concerning FEV1, age, gender and rhinitis duration were 
statistically significant, while VAS wasn’t statistically signifi-
cant. Particularly for one-year increment of rhinitis duration, 
an increased risk to present abnormal values for FEV1 was 
showed  (OR = 1.57; p < 0.001).

In Figure 2, a ROC curve of VAS as test to detect normal 
and abnormal values of FEF25-75 is shown. VAS was a fair 
test (Area Under Curve = 0.69) with a discriminating cut-off, 
which could be represented by value 3.3 on VAS scale. For this 
value, the sensitivity of the test was 69.8% (95% CI: [65.2-74.1]) 
that is the percentage of patients with FEF25-75 < 65 % who had 
a value of VAS < 3.3 (296 patients of 424), while the specificity 
was 71.6% (95% CI: [69 – 74]) corresponding with the percent-
age of patients with FEF25-75 > 65 % who had a value of VAS > 
3.3 (933 patients of 1304).

In Figure 3, the same ROC curve, but for only male and older 
patients (older than 23 years) is shown. The AUC is higher 
(0.76; 95% CI: [0.72 – 0.79]) with a discriminating cut-off that 
could be represented by a value of 4.17 on the VAS scale. For 
this value, the sensitivity of the test was 88.7% (95% CI: 84.3 – 
92.3), while the specificity was 63.1% (95% CI: 58.5 – 67.5).

DISCUSSION 
Allergic rhinitis and asthma might be considered as a single 
disorder involving two parts of the respiratory tract as was well 
documented by two elegant experimental studies (20,21). Patients 
with allergic rhinitis may quite frequently present asthma 
symptoms and/or spirometric impairment. Indeed, impaired 
FEV1 values may be detected in some patients with allergic 
rhinitis, even though they perceive nasal symptoms alone (10). 
Thus, this finding underlines the link between the upper and 

Figure 1. Boxplot of VAS for patients with normal and abnormal  

values of FEF25-75.

Figure 2. ROC curve for VAS assessment of nasal obstruction as  

diagnostic test and FEF25-75 as true outcome.

Figure 3. ROC curve for VAS assessment of nasal obstruction as 

diagnostic test and FEF25-75 as true outcome for only male and older 

patients.
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lower airways. In fact, the ARIA document suggests of care-
fully investigating bronchial involvement in all patients with 
allergic rhinitis (4). 

Moreover, airflow obstruction is a common pathway for both 
allergic rhinitis and asthma. In this regard, nasal obstruc-
tion may be considered the key symptoms in patients with 
allergic rhinitis (22). In fact, the severity of nasal obstruction 
is significantly related to the nasal inflammation degree and 
bronchial function (22). As VAS assessment of nasal symptoms 
is very simple and has been validated in allergic rhinitis (12,15), 
the present study was designed to investigate the possible rela-
tionship between assessment of nasal obstruction by VAS and 
spirometry, in a large cohort of patients with allergic rhinitis. 
The aim was therefore to demonstrate whether VAS for nasal 
obstruction could be considered a simple tool for screening 
those patients with allergic rhinitis who may be candidate for 
spirometry.

This study provides evidence that a large percentage of patients 
with allergic rhinitis show impaired spirometric parameters, such 
as 7.9% had low FEV1 values (< 80% of predicted) and 24.5% had 
low FEF25-75 values (≦ 65% of predicted). It is to note that these 
patients did not refer previous bronchial symptoms. These find-
ings substantially confirm previous reports (10,11). 

Some risk factors for impaired spirometry may be defined, mainly 
male gender for FEV1 and duration of rhinitis for both FEF25-75 and 
FEV1 values, confirming a previous study (23).
Moreover, an inverse association between VAS and risk for 
abnormal values of FEF was revealed. In particular, a VAS 
value ≦ 3.3 may identify with a fair approximation patients 
with impaired FEF25-75 values (≦ 65 % of predicted), such as 
subjects with initial airflow obstruction. In addition, each 
VAS unit decrement determines a 30% increase of the risk of 
having impaired FEF25-75 values. In other words: more nose 
obstruction is perceived more probably FEF25-75 values may 
be impaired. Therefore, VAS assessment of nasal obstruction 
might be a simple tool that may be performed in each doctor’s 
office and it might easily suggest todefine patients with allergic 
rhinitis candidates for spirometry, such as they perceiving a 
nasal obstruction with a VAS value ≦ 3.3. Moreover, this study 
identified a better cut-off in a sub-group of subjects, such as 

males and older, that corresponded to a VAS value < 4.1. This 
message might be particularly relevant to early detect patients 
prone to become asthmatic, so it is possible adequately manage 
them for preventing dangerous sequelae.
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