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Numerous studies have demonstrated a close association

between allergic rhinitis (AR) and asthma (1–4). Allergic rhi-

nitis may be also considered a relevant risk factor for both

the onset and the worsening of asthma (5).

Asthma is characterized by a reversible airflow obstruc-

tion, bronchial inflammation, and hyperreactivity. Asthma

diagnosis is based on clinical and functional evaluation. Spi-

rometry is mandatory in patients with asthma, and Global

Initiative for Asthma (GINA) guidelines state that the forced

expiratory volume/1 s (FEV1) is the gold standard lung func-

tion measurement to evaluate bronchial obstruction (http://

www.ginasthma.com). Spirometric parameters are well stan-

dardized and their interpretation is commonly recognized (6,

7). In addition, reversibility of airflow obstruction is considered

a main functional characteristic of asthma. This reversibility

may be spontaneous or induced by drugs, such as bronchodila-

tors, mainly b2-agonists. The bronchodilation test is prescribed

to demonstrate the reversibility of bronchial obstruction, and a

positive response allows a sure asthma diagnosis.

However, patients with asthma may often have normal

FEV1 values when they are clinically stable (8). Moreover,

small airways are deeply involved in the pathogenesis of

asthma. Even though there is no direct marker for obstruction/

inflammation of small airways, it has been proposed that the

forced expiratory flow at the 25% and 75% of the pulmonary

volume (FEF25–75) might be a more sensitive parameter to

determine a small airways obstruction rather than FEV1 (9). It

has been demonstrated that the value of FEF25–75 is useful in

predicting airway responsiveness, as it may also be a more sen-

sitive indicator of chronic airflow obstruction than FEV1, as

well as a risk factor for the persistence of respiratory symp-

toms in patients with asthma. Also, it has to be considered that

subjects with mild asthma and normal FEV1 may show

impaired FEF25–75 only (10). In this regard, it has been demon-

strated that both FEV1 and mainly FEF25–75 may be impaired

in patients suffering from AR and perceiving nasal symptoms

alone (11). Moreover, the American guidelines on rhinitis

report that an impaired FEF25–75 may be a marker of early

bronchial pathology in patients with AR (12).

A very recent study evidenced that FEF25–75 might predict

the presence of reversible airflow obstruction in asthmatic

children with normal FEV1 (13). This study established a cut-

off value of 65% of predicted for defining impaired FEF25–75

values (13).

Keywords

allergic rhinitis; asthma; bronchodilation test;

FEF25–75; reversibility; rhinitis duration.

Correspondence

Giorgio Ciprandi, M.D., Semeiotica e

Metodologia Medica I, Viale Benedetto XV

6, 16132 Genoa, Italy.

Tel.: +00 39 10 35331820

Fax: +00 39 10 3538664

E-mail gio.cip@libero.it

Accepted for publication 24 December 2010

DOI:10.1111/j.1398-9995.2011.02544.x

Edited by: Hans-Uwe Simon

Abstract

Background: Allergic rhinitis (AR) may be considered a risk factor for the onset of

asthma. Recently, it has been reported that forced expiratory flow between 25%

and 75% of vital capacity (FEF25–75) may predict a positive response to bronchodi-

lation test in asthmatic children. The aim of this study was to evaluate a large group

of adult AR patients to investigate the frequency of response to bronchodilation test

and FEF25–75 values.

Methods: One thousand four hundred and sixty-nine consecutive patients suffering

from persistent AR were evaluated. Clinical examination, spirometry, and bron-

chodilation test were performed in all patients.

Results: In this study, 62.9% of patients had reversibility to bronchodilation test

and 17.8% had impaired FEF25–75 values (£65% of predicted). Impaired FEF25–75

values associated with longer rhinitis duration may predict reversibility to bronchod-

ilation test (OR = 11.3; P < 0.001). In addition, a FEF25–75 cutoff value £71% of

predicted may already discriminate patients with reversibility.

Conclusions: This study highlights that about two-thirds of patients with persistent

AR may be considered at risk of becoming asthmatic. This finding should be ade-

quately considered as a precocious spirometry may allow the early detection of

patients prone to develop asthma and consequently to treat them.
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On the other hand, it has been previously reported that

the duration of AR is related to the presence of a positive

response to bronchodilation test (14). The presence of revers-

ibility to bronchodilation test might allow to precociously

detect patients with AR who could become asthmatic (14).

For this reason, the present study aimed at evaluating a

large group of adult patients with persistent AR to investi-

gate the frequency of response to bronchodilation test and

FEF25–75 values.

Materials and methods

Patients

This cross-sectional study included 1469 patients with age

ranging between 18 and 48 years (mean 23.8, SD 3.3, median

24 years), suffering from persistent AR. They were Navy

aspirants or soldiers who referred to Navy Medical Service

for a mandatory visit to obtain or to maintain health qualifi-

cation certification. The visit included skin prick test, spirom-

etry, and bronchodilation test, in order to be allowed to

maintain the qualification certificate. The visits were per-

formed during the spring immediately before the beginning

of courses. The Navy Review Board approved the study pro-

cedure, and written informed consent was obtained from

each subject. The new rule to exclude asthma diagnosis

includes bronchodilation test since the 2007.

Study design and setting

A detailed clinical history was taken, and a complete physical

examination was performed. The patients were enrolled in the

study on the basis of a diagnosis of AR made by the concor-

dance between positive skin prick test and presence of nasal

symptoms after exposure to sensitizing allergen, according to

validated criteria (12). Exclusion criteria were the following:

any prior documented history of asthma or referred asthma

symptoms, including cough, wheezing, dyspnoea, and short-

ness of breathing, impaired FEV1 values (such as <80% of the

predicted) and <0.75 FEV1/Forced Vital Capacity (FVC)

ratio, presence of acute or chronic upper respiratory infections,

anatomical nasal disorders (i.e. nasal polyps, septum deviation,

etc.), previous or current smoking (screened by expired-CO

assessment: such as analyzing carboxyhemoglobin and carbon

monoxide levels in a single breath by Bedfont Micro Smoker-

lyzer III, Bedfont Scientific Ltd & Decode, England), previous

or current specific immunotherapy, and use of nasal or oral

corticosteroids, nasal or oral vasoconstrictors, antileukotri-

enes, and antihistamines during the previous 4 weeks.

Age, gender, duration of rhinitis, FEF25–75 and FEV1 at

baseline and after bronchodilation were registered for all

patients in the analysis.

Skin prick test

It was performed as stated by the European Academy of

Allergy and Clinical Immunology (15). The panel consisted of

house dust mites (Dermatophagoides farinae and pteronyssinus),

cat, dog, grasses mix, Compositae mix, Parietaria officinalis,

birch, hazel, olive tree, Alternaria tenuis, Cladosporium, Asper-

gilli mix (Stallergenes, Milan, Italy).

Spirometry

Spirometry was performed by using a computer-assisted spi-

rometer (Pulmolab 435-spiro 235, Morgan, England – using

the predictive values ECCS 1993), with optoelectronic whirl

flow meter. It was performed as stated by the European

Respiratory Society (6, 7).

Bronchodilation test

Test of bronchodilation was performed according to interna-

tional guidelines and using a salbutamol metered dose of

400 lg. Reversibility was considered if an increase in at least

12% of FEV1 from baseline was achieved, according to inter-

national guidelines (6, 7).

Statistical analysis

FEF25–75 at baseline was categorized as £65% (abnormal val-

ues) and >65% (normal values) (16). In addition, an increase

in at least 12% concerning FEV1 postbronchodilation with

respect to baseline FEV1 value was considered as positive test

of bronchodilation.

Data were described as median and 25th–75th percentiles

for age, duration of rhinitis, FEF25–75 and FEV1 pre- and

postbronchodilation and as counts and percentages for sex,

categorized FEF25–75 and FEV1, and for bronchodilation

test. A chi-square test was used to evaluate relation between

bronchodilation and FEF25–75.

In addition, a multivariate logistic regression model was

used with categorized FEF25–75 and duration of rhinitis as

covariates and results of bronchodilation test as dependent

variable. Age and gender, possible confounders, were added

into the model. Subsequently, another logistic model was

interpolated with interaction between FEF25–75 and duration

of rhinitis as covariates. In interaction factor, patients with

higher values of duration of rhinitis, defined as values over

median, and with abnormal values of FEF25–75 were com-

pared to patients with normal values of FEF25–75 and lower

values of duration of rhinitis.

Finally, a receiver operating characteristic (ROC) curve to

test validity of FEF25–75 as diagnostic test for bronchodila-

tion was realized with lower values of FEF25–75 considered as

‘positive’ results of test. Area under curve (AUC) and 95%

CI were assessed, and optimal cutoff was found. A value of

P < 0.05 was considered statistically significant. spss (version

18.0; SPSS (IBM Corporation); New York, USA) was used

for computation.

Results

Overall analysis

In Table 1, general characteristics of evaluated population

were reported: 1157 patients (78.8%) were men, duration of
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rhinitis was equal or lower than 3 years in 50% of patients,

median FEV1 value was 90.0% of predicted, and FEF25–75

was 71.0% of predicted.

Table 2 reported distribution of categorized bronchodila-

tion test and FEF25–75: 924 patients (62.9%) were classified

as ‘positive’ for bronchodilation test, and 261 patients

(17.8%) had abnormal FEF25–75 values at baseline.

Table 3 represented contingency table for FEF25–75 and

results of bronchodilation test. Between patients who showed

abnormal values of FEF25–75, 91.9% resulted positive at

bronchodilation test, and a statistically significant relation

between FEF25–75 and positive bronchodilation response was

revealed (v2 = 114.8; P < 0.001).

Similar results were obtained from logistic regression

(Table 4) controlling for age and gender. In fact, a higher

probability of presenting a positive response to bronchodila-

tion test (OR = 6.25; P < 0.001) was found in patients with

abnormal values of FEF25–75 compared with patients with nor-

mal FEF25–75 values. Also for duration of rhinitis, a higher

probability of bronchial reversibility resulted for 1-year incre-

ment in rhinitis duration (OR = 1.11; P < 0.001).

Interaction between FEF25–75 and duration of rhinitis

resulted statistically significant: a higher risk to result positive

at bronchodilation test in patients with abnormal values of

FEF25–75 and higher duration of rhinitis (OR = 11.03;

P < 0.001) if compared with patients with lower duration of

rhinitis and normal values of FEF25–75 was found.

From ROC curve (Fig. 1), best cutoff of 71.0 of FEF25–75

was found: 61% of patients with a positive bronchodilation

had a value of FEF25–75 under or equal to 71.0 of predicted

(sensitivity), while 67% of patients with a negative bronchod-

ilation had a value of FEF25–75 higher than 71.0 (specificity).

AUC resulted 0.66 (95% CI: 0.63–0.69).

Discussion

Allergic rhinitis may precede asthma onset, indeed AR may

be considered a relevant risk factor for it (17, 18). In this

regard, it has been previously demonstrated that patients

Table 1 Characteristics of evaluated population

Characteristic

Median (25th–75th)

or N (%)

Age (years) 24 (22–25)

Gender

Male 1157 (78.8)

Female 312 (21.2)

Duration of rhinitis (years) 3 (2–7)

Lower duration (years) 2 (2, 3)

Higher duration (years) 7 (5–9)

FEF25–75 (% predicted) 71 (66–73)

FEV1 (% predicted) 90 (86–95)

FEF25–75 post (% predicted) 94 (88–100)

FEV1 post (% predicted) 103 (96–106)

FEV1, forced expiratory volume/1 s.

Table 2 Distribution of distinct outcomes

Outcome n (%)

Bronchodilation test

<12% (Negative) 545 (37.1)

‡12% (Positive) 924 (62.9)

FEF25–75

£65% (Abnormal) 261 (17.8)

>65% (Normal) 1208 (82.2)

Table 3 Joint distribution of FEF25–75 and bronchodilation with row

percentages

FEF25–75

Bronchodilation

Total PNo Yes

>65 524 (43.4%) 684 (56.6%) 1208 <0.001

£65 21 (8.1%) 240 (91.9%) 261

Total 545 924 1469

Table 4 Results of multivariate logistic regression for bronchodila-

tion

OR P

95% CI for OR

Lower Upper

Model 1

Age (1-year increment) 0.96 0.03 0.93 0.99

Male vs Female 0.89 0.40 0.68 1.17

Duration of rhinitis

(1-year increment)

1.11 <0.001 1.06 1.15

FEF25–75 (Abnormal

vs Normal)

6.25 <0.001 3.87 10.1

Model 2

Abnormal FEF25–75 –

Higher duration*

11.03 <0.001 6.58 18.5

*Controlled for age and sex.

1.0

0.8

1.00.8

Cutoff FEF25–75 = 71

Sensitivity : 0.61

AUC : 0.66

Specificity : 0.67

1 - specificity

0.6

0.4

0.60.4

S
en
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Figure 1 ROC Curve with FEF25–75 as diagnostic test and bron-

chodilation as true outcome.
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with AR alone may frequently show impaired FEF25–75

values (16), even in patients with recent onset (19): in fact

this parameter has been considered an early marker of bron-

chial impairment in AR (16). Therefore, impaired FEF25–75

values might be considered a reliable marker of precocious

bronchial involvement in patients with AR as reported also

by international guidelines on rhinitis (12).

The duration of AR may be also considered another rele-

vant risk factor for a bronchial involvement: in fact, it has

been reported that the duration of AR is associated with

positive response to bronchodilation test (14). Particularly,

reversibility to bronchodilation test might be a precocious

marker of bronchial function deterioration in patients with

AR. On the other hand, it has been reported that duration of

rhinitis is related to a worsening of nasal function, such as a

nasal airflow limitation (20). In this regard, there is a close

association between nasal and bronchial airflow (21).

Moreover, a recent study evidenced that reduced FEF25–75

values may predict positive bronchodilation test in asthmatic

children with normal FEV1 values (13). In addition, this

study defined a cutoff value <65% of predicted for impaired

FEF25–75 values (13). Therefore, this cutoff has been used in

the present study.

The current study investigated the possible presence of spi-

rometric impairment, such as FEF25–75 and response to bron-

chodilation test in a large cohort of adult patients with

persistent AR, perceiving nasal symptoms alone, and with

normal FEV1 values.

First, this study demonstrates that many subjects had

impaired bronchial function: more than 60% of them had

reversibility to bronchodilation (also with normal FEV1 values

and normal FEV1/FVC ratio) and about 18% had impaired

FEF25–75 values. These findings support and confirm the con-

cept that patients with AR may frequently present functional

impairment, also without perceiving overt bronchial symptoms.

Secondly, almost all patients with impaired FEF25–75 values

had reversibility to bronchodilation test. Thus, impaired

FEF25–75 values might be considered a marker of bronchial

reversibility. However, more than half of patients with normal

FEF25–75 values had reversibility to bronchodilation test. This

fact might mean that most of patients with AR have latent bron-

chial airflow limitation, even though not sufficiently perceived.

Thirdly, two factors associated with the positive response

to bronchodilation may be identified: impaired FEF25–75 val-

ues and duration of rhinitis. Both factors have been previ-

ously recognized by other studies (14). In particular, duration

of rhinitis appeared to be a relevant risk factor for the devel-

opment of impaired lung function. This finding might high-

light the role of the minimal persistent inflammation that

might allow the development of structural bronchial remodel-

ing. Indeed, continuous exposure to allergen induces the per-

sistence of inflammatory phenomena that might consequently

suggest the hypothesis of a worsening of respiratory function

(22). Therefore, from a clinical point of view, it may be bene-

ficial to consider in each patients with AR the duration of

nasal symptoms.

Therefore, this study underlines the concept that AR may

frequently precede the asthma onset. In this regard, this

study showed that a FEF25–75 value £71% of predicted could

already define patients with bronchial reversibility, such as

initial airflow limitation. This finding could thus reinforce the

value of the FEF25–75 cutoff at 65% of predicted for defining

the abnormal value. Another important issue is that all

patients did not perceive past bronchial symptoms. However,

it is well known that also patients with asthma have poor

recognition of their symptoms and poor perception of symp-

toms severity, especially if their asthma is long-standing.

Moreover, young people have relevant respiratory reserve,

and thus, if there is no exercise-dependent dyspnoea, it is

possible that patients do not recognize bronchial airflow

limitation as they get used to breath with a bronchial sub-

obstruction without perceiving it.

However, this study has some limitations: the subjects

studied are not completely representative for the general pop-

ulation, there is a prevalence of male gender, and there is no

follow-up of patients. On the other hand, the strength of the

study is the large number of evaluated patients. Of course,

further studies should be conducted to confirm these theories.

Finally, it has to be noted that this cross-sectional study was

not evaluating, as an outcome, the development of asthma.

Thus, the presence of reversibility and/or abnormal FEF25–75

in bronchial asymptomatic patients, having AR, could help

to detect candidates for asthma.

In conclusion, this study confirms previous studies and

increases the strength of the role of impaired FEF25–75 (such

as £65% of predicted) as a marker of early bronchial involve-

ment in patients suffering from persistent AR. From a clini-

cal point of view, it is relevant to consider that about two-

thirds of patients may be considered at risk of becoming

asthmatic, and this risk might be more evident in patients

with the presence of both spirometric impairment and longer

rhinitis duration. Therefore, it should be desirable to preco-

ciously perform spirometry in patients presenting with persis-

tent AR, mainly if its duration is long, to early treat them in

order to prevent asthma onset.
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