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ABSTRACT
Background: Allergic rhinitis (AR) and asthma may be associated, bronchial hyperreactivity (BHR) is quite common in AR patients. Methacholine (MCH)

is a stimulus able to elicit BHR, as many other ones. Phenotyping AR is an up-to-date issue.
Objective: The aim of this study was to evaluate whether MCH bronchial challenge is able to differentiate patients with AR.
Methods: A total of 298 patients (277 males, mean age 28.9 years), suffering from AR were evaluated. Sensitization, rhinitis duration, values for bronchial

function (forced vital capacity [FVC], forced expiratory volume [FEV]1, forced expiratory flow [FEF]25–75, and FEV1/FVC ratio), MCH bronchial challenge,
visual analog scale (VAS) for nasal and bronchial symptoms perception, and fractioned exhaled nitric oxide (FeNO) were evaluated.

Results: BHR-positive patients (22.8%) had significantly more frequent mite allergy (p � 0.025), longer AR duration (p � 0.001), lower FEV1 (p � 0.003),
FEV1/FVC (p � 0.001), FEF25–75 (p � 0.001), higher (p � 0.001), and higher VAS values for both nasal and bronchial symptoms (p � 0.001 for both) in
comparison with BHR-negative patients. FeNO can be considered a good predictor for BHR in AR patients (area under the curve, 0.90) with 27.0 ppb as cutoff.

Conclusions: The present study demonstrates that BHR to MCH could define two distinct phenotypes in AR patients. It could be clinically relevant as
BHR-positive patients have initial impairment of lung function, impaired FeNO values, and worsening of respiratory symptoms perception.

(Am J Rhinol Allergy 28, e214–e218, 2014; doi: 10.2500/ajra.2014.28.4124)

Allergic rhinitis (AR) is the most common atopic disorder and may
be frequently associated with asthma, in effect, AR represents

a main risk factor for asthma onset and worsening.1 AR and asthma
share some pathophysiological mechanisms.2–6 In this regard, some
AR patients may have bronchial hyperreactivity (BHR). This condi-
tion may mean a bronchial involvement7,8 and may also suggest
possible evolution in asthma, the so called “asthma march.”9 There-
fore, BHR assessing may have a prognostic value in a patient with
AR. BHR is usually assessed performing bronchial provocation test-
ing, using a variety of stimuli, that may be direct (histamine or
methacholine) and indirect (exercise, adenosine 5�-monophosphate,
hypertonic solution, mannitol, or allergen).10 There are relevant dif-
ferences among them, concerning pathophysiologic mechanisms (di-
rect effect on receptors or release of mediators), dependence on
smooth muscle functioning, airway caliber and inflammation, maxi-
mal dose, sensitivity and specificity, severity, and duration of clinical
response. In particular, allergen challenge may induce more severe
and prolonged reaction (both clinical and inflammatory) and, in some
subjects, a biphasic response. However, methacholine (MCH) bron-
chial challenge is widely used as it is well defined and validated,
allows for defining a severity grade as quantitative test, and rarely
induces severe bronchospasm.10 MCH challenge has therefore be-
come popular in the clinical practice and is routinely used by the
Italian Navy Medical Service. In addition, AR patients may frequently
present impaired lung function, mainly concerning the forced expi-
ratory flow at 25%–75% of the vital capacity (forced expiratory flow
[FEF]25–75), suggesting a bronchial involvement, also subclinical, such
as without overt respiratory symptoms.11

On the other hand, airway inflammation is the hallmark of both AR
and asthma.12 A bidirectional link between upper and lower airways
exists. In fact, it has been evidenced that local segmental bronchial
allergen challenge may induce a nasal inflammatory response13 as

well as nasal allergen challenge can induce a bronchoconstriction and
sometimes some of the inflammatory processes in the bronchial tree
in allergic patients.14 In particular, eosinophil infiltration may be
considered a reliable marker of allergic inflammation.15 Allergic bron-
chial inflammation may be easy measured and monitored using the
fractional exhaled nitric oxide.16

Another aspect has to be carefully evaluated in the management of
AR patients: the subjective perception of symptoms. Visual analog
scale (VAS) could be considered a practical tool for assessing this
issue.17

Because phenotyping AR could be clinically relevant, a hypothesis
to be tested is whether a nonallergenic bronchial stimulus, such as
MCH, may be also able to define two possible distinct AR pheno-
types. Therefore, the aim of this study was to evaluate whether MCH
bronchial challenge is able to differentiate patients with AR.

MATERIALS AND METHODS

Patients
This cross-sectional study included 298 patients (277 males, mean

age 28.9 years), suffering from AR. They were Navy soldiers who
were referred to the Navy Medical Service for mandatory certification
of their physical suitability for specific military training.

The subjects were enrolled in the study based on a diagnosis of AR
made by the consistency between positive skin-prick test and pres-
ence of nasal symptoms after exposure to sensitizing allergen, accord-
ing to validated criteria.1 Exclusion criteria were any previous docu-
mented history of asthma or referral for asthma symptoms (including
cough, wheezing, breathlessness, chest tightness), impaired forced
expiratory volume (FEV)1 values (such as less than 80% of the pre-
dicted) and less than 0.7 FEV1/forced vital capacity (FVC) ratio,
presence of acute or chronic upper respiratory infections, nasal pol-
yps, clinically relevant septal deviation, previous or current intensive
smoking, such as more 20 cigarettes/day (screened by expired-CO
assessment, such as analyzing carboxyhemoglobin and carbon mon-
oxide levels in a single breath using the Bedfont Micro Smokerlyzer
III, Bedfont Scientific Ltd & Decode, England), previous or current
specific immunotherapy, and use of nasal or oral corticosteroids,
nasal or oral vasoconstrictors, antileukotrienes, and antihistamines
during the previous four weeks. Subjects with acute upper respira-
tory airway infection returned after four weeks.
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The Navy Review Board approved the study procedure and writ-
ten informed consent was obtained from each subject.

Study Design
The visit included clinical examination, VAS assessment of nasal

obstruction and breathlessness perception, skin-prick test, nasal en-
doscopy, lung function assessment (including FVC, FEV1, FEF25–75,
and FEV1/FVC ratio), fractioned exhaled nitric oxide (FeNO) mea-
surement, and MCH bronchial challenge. The visits were performed
during the first months of 2014.

VAS Assessment
VAS was used to assess the subjective perception of both nasal and

bronchial respiration. The perception of nasal obstruction was mea-
sured by rhino-visual analogue scale (R-VAS): it ranges from 0 (com-
plete nose patency) to 10 cm (complete nose obstruction). Bronchial-
visual analogue scale (B-VAS) was used to measure the subjective
perception of breathlessness: it ranges from 0 cm (completely normal
breathing) to 10 cm (severe dyspnea). Patients were asked to position
a cross on a line corresponding to their own perception of respiration
as previously reported.18

Skin-Prick Test
It was performed as stated by the European Academy of Allergy

and Clinical Immunology.19 The panel consisted of house dust mites
(Dermatophagoides farinae and Dermatophagoides pteronyssinus), cat,
dog, grasses mix (including Dactylis glomerata, Lolium perenne, Phleum
pretense, Poa pratensis, and Anthoxanthium odoratum), Compositae mix,
Parietaria officinalis, birch, hazel, olive tree, Alternaria tenuis, Cladospo-
rium, and Aspergilli mix, including positive (histamine) and negative
(saline solution) control (Stallergenes, Milan, Italy).

Spirometry
Spirometry was performed by using a computer-assisted spirometer

(HDpft-2000 - nSpire Health, Morgan, England, predictive values Euro-
pean Convention for Constructional Steelwork 1993), with optoelec-
tronic whirl flow meter. It was performed as stated by the European
Respiratory Society.20,21 The quality control was performed daily to
achieve a grade A (two acceptable FEV1 values matching within 0.1 L).

MCH Bronchial Challenge
Chloride MCH 1% (Lofarma, Milan, Italy) was used for bronchial

challenge. The test was performed only if basal FEV1 was equal or
more than 80% of predicted and basal FEV1/FVC ratio was equal or
more than 0.7. The dilution schedule was based on American Thoracic
Society guidelines for MCH challenge, using a progressive dilution
from 100 mg in 6.25 mL (16 mg/mL) to 0.031 mg/m.10 Aerosol was
delivered using a dosimetric computerized supply (MEFAR MB3,
Marcos, Italy) by DeVilbiss ampoules (model 646). The testing proce-
dure was performed after the American Thoracic Society guidelines,
using the two-minute tidal breathing method.10 The starting dose was
0.031 mg/mL diluted in 3 mL of saline isotonic (0.9%) solution. The
next doses were progressively doubled. MCH administration time
was 1.7 seconds. The threshold concentration causing a 20% fall of
FEV1 (provocative concentration for 20% fall of FEV1) was calculated,
stopping the testing. Subjects without response to the cumulative
concentration of 16 mg/mL were considered having normal bronchial
responsiveness, according to the Navy Medical Service rules.

Statistical Analysis
Demographic and disease characteristics at baseline were summa-

rized as count and percentage, mean � standard deviation, and
median with range. The normality of continuous variables was
checked by analysis of the histograms and confirmed by the Kolm-

ogorov-Smirnov test. Any statistically significant relationship be-
tween BHR-positive and BHR-negative patients and continuous vari-
ables was evaluated with an independent sample t-test or a
nonparametric Mann-Whitney test. A �2 test (or a Fisher exact prob-
ability test) was performed to investigate whether distributions of
categorical variables differed from the BHR groups of rhinitis pa-
tients. A logistic regression model was performed to ascertain the
effects of statistically significant variables assessed at univariate anal-
ysis on the likelihood that rhinitis patients have BHR. Correlation
assessments between continuous variables were carried out with a
Spearman’s � test. A receiving operator characteristic (ROC) curve
was plotted to assess how accurate FeNO marker was at predicting
BHR in rhinitis patients. Data were expressed as odds ratio or relative
risk (RR) with 95% confidence interval (95%CI). Statistical analysis
was computed using Statistical Package for Social Science (SPSS ver-
sion 20; IBM). All statistical tests were two sided, and the significance
level was set at 0.05.

RESULTS
Table 1 summarize demographic, clinical, and disease characteris-

tics of the study sample (298 rhinitis patients). Globally, 68 AR pa-
tients (22.8%) had BHR to MCH.

Univariate analysis showed a statistically significant difference be-
tween patients with BHR and patients without BHR regarding the
next variables: mites allergy (p � 0.025), rhinitis duration (p � 0.001),
FEV1 (p � 0.003), FEV1/FVC (p � 0.001), FEF25–75 (p � 0.001), FeNO
(p � 0.001), R-VAS (p � 0.001), and B-VAS (p � 0.001).

The logistic regression model (Table 2) was statistically significant
(p � 0.001). The model explained 71.9% (Nagelkerke R2) of the vari-
ance in BHR and correctly classified 91.3% of cases.

If R-VAS and B-VAS increased by one unit, rhinitis patients were,
respectively, approximately 1.3 and 1.7 more times likely to have BHR.

A one-unit increasing FeNO value was associated with an increased
probability 11% (RR, 1.11; 95%CI: 1.08–1.15, p � 0.001) of having BHR.
Inversely, a one-unit increasing FEF25–75 value was associated with a
reduction in the likelihood 3% (RR, 0.97; 95%CI, 0.95–0.99, p � 0.001)
of having BHR (Fig. 1).

Statistically significant correlations between continuous variables
are shown in Table 3. In particular, there was a moderate positive
correlation between disease duration and R-VAS in negative BHR
patients (� � 0.539, p � 0.001) and a moderate negative correlation
between age and FEV1/FVC (� � �0.576, p � 0.001) in BHR patients.

FeNO can be considered a good predictor for BHR in AR patients:
the area under the ROC curve was 0.90 (95%CI, 0.846–0.945; p �
0.001); and at FeNO value of 27.00 ppb (cutoff), sensitivity in detect-
ing BHR was approximately 86.8% and specificity was 80.6% (Fig. 2).

DISCUSSION
The nose and the bronchi are closely related from a pathophysio-

logic point of view. In particular, it has been evidenced that AR
frequently may precede asthma onset. In this regard, the duration of
rhinitis and sensitization to perennial allergens were demonstrated to
be relevant risk factors for impairment of FEV1,22 positive response to
bronchodilation test,23 and positive response to MCH bronchial chal-
lenge.18 On the other hand, local segmental bronchial allergen chal-
lenge may induce nasal inflammatory response.14 Therefore, a bidi-
rectional talking between the nose and the bronchi exists, and allergic
inflammation may explain the trait-d’union. The nose may negatively
impact the lung function through different pathophysiological mech-
anisms, including a vagal naso-bronchial reflex, a continuum progres-
sion of respiratory allergic inflammation (from the nose to the small-
est bronchi), a release of mediators into the blood stream, the
postnasal drip, and the oral respiration consequent to nasal obstruc-
tion. Therefore, there is convincing belief that nose may significantly
affect lower airways. On the other hand, not all AR patients develop
asthma. It seems that they may be “protected” by asthma. In this
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regard, BHR in AR patients might suggest a possible further devel-
opment of asthma.

The primary outcome of the present study was to investigate
whether MCH bronchial challenge could define two different AR
phenotypes about possible bronchial involvement.

In fact, AR patients with BHR are different in comparison with
BHR-negative AR patients. BHR-positive AR patients have several
distinctive characteristics. BHR-positive patients are more frequently
sensitized to house dust mites. This point might be interesting, be-
cause mite allergy is characterized by a persistent inflammation be-
cause mites are perennial allergens, which could promote some risk

factors for asthma, such as turbinate hypertrophy associated with
nasal obstruction and consequently impaired nasal function. Closely
related to this issue, duration of rhinitis is longer in BHR-positive
patients. As longer AR lasts as more frequently asthma may develop
in rhinitis patients, such as the concept of an asthma march.9 In
addition, BHR-positive patients show lower values of lung function
parameters, mainly concerning FEV1, FEV1/FVC ratio, and FEF25–75,
than BHR-negative ones. It is to note that mean values are anyhow
within normal references in both BHR subgroups. This finding un-
derlines the concept that BHR positivity in AR patients might permit
to define two distinct phenotypes.

Another interesting topic is the evaluation of the subjective percep-
tion of respiratory symptoms both regarding nasal obstruction and
breathlessness. BHR-positive patients perceive more severe nasal ob-
struction and dyspnea than BHR-negative subjects. This point may be
clinically relevant, because it highlights the importance of carefully
considering the patient’s perception of symptom because it may be
related to impaired parameters.

Finally, BHR-positive patients have increased FeNO. This aspect
may be particularly intriguing as the cut-off (for predicting BHR to
MCH) found in the present study (27 ppb) is close to the reference
value able to define the presence of bronchial allergic inflammation,
such as 25 ppb.24 In other words, BHR in AR patients seems to be
associated with impaired FeNO values. The present study is also
consistent with previous experiences that evidenced a relationship
between FeNO values and BHR severity.25–31

This study partially confirms a previous study conducted on
children that showed a relationship between nasal airflow and

Table 1. Demographic, clinical, and disease characteristics

Total (N � 298) Negative BHR (N � 230) Positive BHR (N � 68) p-value

Age 28.9 � 6.0 28.5 � 5.0 30.5 � 8.4
28.0 (19.0–55.0) 28.0 (20.0–45.0) 28.0 (19.0–55.0) 0.35

Sex, males (%) 277 (93.0) 218 (94.8) 62 (87.3) 0.05
Smokers 62 (20.8) 47 (20.4) 15 (22.1) 0.91
Polysensitization, n (%) 227 (76.2) 174 (75.7) 53 (77.9) 0.82
Mites allergy, n (%) 206 (69.1) 151 (65.7) 55 (80.9) 0.025*
Pets allergy, n (%) 98 (32.9) 73 (31.7) 25 (36.8) 0.53
Moulds allergy, n (%) 36 (12.1) 24 (10.4) 12 (17.6) 0.16
Pollens allergy, n (%) 231 (77.5) 181 (78.7) 50 (73.5) 0.47
Rhinitis duration (years) 5.9 � 5.7 5.1 � 4.7 8.7 � 7.6 �0.001*

4.0 (0.0–30.0) 4.0 (0.0–22.0) 6.0 (0.0–30.0)
FVC (% of predicted) 105.4 � 10.4 105.6 � 10.4 104.9 � 10.7 0.63

105.5 (78.0–133.0) 106.0 (78.0–131.0) 104.0 (82.0–125.0)
FEV1 (% of predicted) 106.7 � 11.5 108.0 � 11.2 102.6 � 11.9 0.003*

107.0 (81.0–132.0) 107.0 (81.0–132.0) 104.0 (82.0–125.0)
FEV1/FVC 0.9 � 0.1 0.9 � 0.1 0.8 � 0.1 �0.001*

0.9 (0.7–1.0) 0.9 (0.7–1.0) 0.8 (0.7–1.0)
FEF25–75 (% of predicted) 105.5 � 26.8 110.8 � 25.3 87.8 � 24.0 �0.001*

103.0 (49.0–174.0) 108.5 (56.0–174.0) 82.5 (49.0–173.0)
FEF25–75 �65% 19 (6.4) 7 (3.0) 12 (17.6) �0.001*

�65% 279 (93.6) 223 (97.0) 56 (82.4)
FeNO (ppb) 26.5 � 24.3 18.0 � 12.0 55.3 � 32.3 �0.001*

18.0 (1.0–220.0) 15.0 (1.0–63.0) 55.0 (10.0–220.0)
FeNO �25 190 (63.8) 181 (78.7) 9 (13.2) �0.001*

�25 108 (36.2) 49 (21.3) 59 (86.8)
R-VAS 2.6 � 1.7 2.2 � 1.5 3.6 � 2.0 �0.001*

2.0 (0.0–9.0) 2.0 (1.0–8.0) 3.0 (0.0–9.0)
B-VAS 0.5 � 1.5 0.2 � 0.7 1.7 � 2.5 �0.001*

0.0 (0.0–8.0) 0.0 (0.0–7.0) 0.0 (0.0–8.0)

Difference between positive and negative BHR rhinitis patients. Data are expressed as mean (standard deviation), median (minimum-maximum), and count
(percentage frequency).
* � statistically significant; BHR � bronchial hyperreactivity; FVC � forced vital capacity; FEV � forced expiratory volume; FEF � forced expiratory flow;
FeNO � fractioned exhaled nitric oxide; R-VAS � rhino-visual analogue scale; B-VAS � bronchial-visual analogue scale.

Table 2. Independent predictors of positive BHR in rhinitis
patients

Logistic Regression Model

OR-RR 95%CI p-value

FEF25–75 (% of predicted) 0.97 0.95–0.99 0.001
FeNO (ppb) 1.11 1.08–1.15 �0.001
R-VAS 1.30 1.03–1.65 0.026
B-VAS 1.68 1.19–2.36 0.003

Results are expressed as odds ratio (OR) or relative risk (RR) and 95%
confidence interval (95%CI).
BHR � bronchial hyperreactivity; FEF � forced expiratory flow; FeNO �
fractioned exhaled nitric oxide; R-VAS � rhino-visual analogue scale;
B-VAS � bronchial-visual analogue scale; CI � confidence interval.
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Figure 1. Statistically significant differences between BHR groups as regards to R-VAS, B-VAS, FeNO values, and FEF25–75. BHR � bronchial
hyperreactivity; R-VAS � rhino-visual analogue scale; B-VAS � bronchial-visual analogue scale; FEF � forced expiratory flow; FeNO � fractioned exhaled
nitric oxide.

Table 3. Relationship between demographic and clinical variables both for negative and positive BHR rhinitis patients

Negative BHR Positive BHR

Age Smoke R-VAS B-VAS Duration Age Smoke R-VAS B-VAS Duration

FVC � N.S. N.S. N.S. N.S. N.S. N.S. N.S. 0.323 N.S. N.S.
(p-value) (0.006)

FEV1 � N.S. �0.202 N.S. N.S. �0.134 N.S. N.S. N.S. �0.350 �0.297
(p-value) (0.002) (0.042) (0.003) (0.012)

FEV1/FVC � �0.252 �0.236 N.S. N.S. �0.160 �0.591 N.S. N.S. �0.237 N.S.
(p-value) (�0.001) (�0.001) (0.015) (�0.001) (0.046)

FEF25–75 � N.S. �0.200 N.S. �0.136 N.S. N.S. N.S. N.S. �0.360 �0.317
(p-value) (0.002) (0.039) (0.002) (0.008)

FeNO (ppb) � N.S. �0.309 N.S. N.S. N.S. N.S. �0.322 N.S. N.S. N.S.
(p-value) (�0.001) (0.006)

R-VAS � N.S. N.S. 0.547 N.S. N.S. 0.304
(p-value) (�0.001) (0.010)

B-VAS � N.S. 0.132 0.314 0.236 0.275 N.S. N.S. 0.334
(p-value) (0.045) (�0.001) (�0.001) (0.021) (0.005)

Results are expressed with Spearman’s � (p-value).
N.S. � not significant; BHR � bronchial hyperreactivity; R-VAS � rhino-visual analogue scale; B-VAS � bronchial-visual analogue scale; FVC � forced
vital capacity; FEV � forced expiratory volume; FEF � forced expiratory flow; FeNO � fractioned exhaled nitric oxide.
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BHR, even though the symptom perception was not evaluated.32 In
addition, the present study is consistent with a recent population-
based international study which reported that BHR predicted new-
onset AR.33

However, the present study has some limitations: 1) the high
prevalence of males, 2) the relatively low number of patients, and
3) the lack of a follow-up to confirm these findings. In addition,
data were presented on a continuum, including borderline sub-
jects, but BHR may change over the time (for example after aller-
gen exposure, respiratory infections, irritants, etc.). For this reason,
further studies should be conducted to address these answered
questions.

In conclusion, the present study demonstrates that BHR to MCH
could define two distinct phenotypes in AR patients. It could be
clinically relevant as BHR-positive patients have initial impairment of
lung function, impaired FeNO values, and worsening of respiratory
symptoms perception.

REFERENCES
1. Bousquet J, Khaltaev N, Cruz AA, et al. Allergic Rhinitis and its

Impact on Asthma (ARIA) 2008 update (in collaboration with the
World Health Organization, GA2LEN and AllerGen). Allergy
63(suppl. 86):8–160, 2008.

2. Togias A. Rhinitis and asthma: evidence for respiratory system inte-
gration. J Allergy Clin Immunol 111:1171–1183; quiz 1184, 2003.

3. Corren J. The connection between allergic rhinitis and bronchial
asthma. Curr Opin Pulm Med 13:13–18, 2007.

4. Pelikan Z. Asthmatic response induced by nasal challenge with al-
lergen. Int Arch Allergy Immunol 148:330–338, 2009.

5. Nayak AS. The asthma and allergic rhinitis link. Allergy Asthma Proc
24:395–402, 2003.

6. Casale TB, and Dykewicz MS. Clinical implications of the allergic
rhinitis-asthma link. Am J Med Sci 327:127–138, 2004.

7. Koh YI, and Choi IS. Relationship between nasal and bronchial
responsiveness in perennial allergic rhinitic patients with asthma. Int
Arch Allergy Immunol 129:341–347, 2002.

8. Ciprandi G, Cirillo I, Tosca MA, and Vizzaccaro A. Bronchial hyper-
reactivity and spirometric impairment in patients with seasonal al-
lergic rhinitis. Respir Med 98:826–831, 2004.

9. Ciprandi G, Signori A, Tosca MA, and Cirillo I. Spirometric abnor-
malities in patients with allergic rhinitis: indicator of an asthma
march? Am J Rhinol Allergy 32:22–28, 2011.

10. Crapo RO, Casaburi R, Coates AL. Guidelines for methacholine and
exercise challenge testing-1999. This official statement of the Ameri-
can Thoracic Society was adopted by the ATS Board of Directors, July
1999. Am J Resp Crit Care Med 161:309–329, 2000.

11. Ciprandi G, and Cirillo I. FEF25–75 may be a marker of bronchial impair-
ment in allergic rhinitis. J Allergy Clin Immunol 127:549–551, 2011.

12. Wendell SG, Baffi C, and Holguin F. Fatty acids, inflammation, and
asthma. J Allergy Clin Immunol 133:1255–1264, 2014.

13. Braunstahl GJ, Overbeek SE, Kleinjan A, et al. Nasal allergen provocation
induces adhesion molecule expression and tissue eosinophilia in upper and
lower airways. J Allergy Clin Immunol 107:469–476, 2001.

14. Braunstahl GJ, Overbeek SE, Fokkens WJ, et al. Segmental bron-
choprovocation in allergic rhinitis patients affects mast cell and ba-
sophil numbers in nasal and bronchial mucosa. Am J Respir Crit Care
Med 164:858–865, 2001.

15. Furuta GT, Atkins FD, Lee NA, and Lee JJ. Changing roles of eosinophils
in health and disease. Ann Allergy Asthma Immunol 113:3–8, 2014.

16. Bjermer L, Alving K, Diamant Z, et al. Current evidence and future
research needs for FeNO measurement in respiratory diseases. Respir
Med 108:830–841, 2014.

17. Bousquet PJ, Combescure C, Neukirch F, et al. Visual analog scales
can assess the severity of rhinitis graded according to ARIA guide-
lines. Allergy 62:367–72, 2007.

18. Cingi C, and Catli T. Phenotyping of allergic rhinitis. Curr Allergy
Asthma Rep 12:115–119, 2012.

19. Cirillo I, Ricciardolo F, Medusei G, et al. Exhaled nitric oxide may
predict bronchial hyperreactivity in patients with allergic rhinitis. Int
Arch Allergy Immunol 160:322–328, 2013.

20. Dreborg S (Ed.). EAACI Subcommittee on Skin Tests. Skin tests used
in type I allergy testing. Position Paper. Allergy 44:S22–S31, 1989.

21. Pellegrino R, Viegi G, Brusasco V, et al. Interpretative strategies for
lung function tests. Eur Respir J 26:948–968, 2005.

22. Miller MR, Hankinson J, Brusasco V, et al. Standardisation of spi-
rometry. Eur Respir J 26:319–338, 2005.

23. Ciprandi G, Cirillo I, and Pistorio A. Impact of allergic rhinitis on
asthma: effects on spirometric parameters. Allergy 63:255–260, 2008.

24. Ciprandi G, Cirillo I, Pistorio A, et al. Impact of allergic rhinitis on
asthma: effects on bronchodilation test. Annals Allergy Asthma Im-
munol 101:42–46, 2008.

25. Cirillo I, Pistorio A, Tosca M, and Ciprandi G. Impact of allergic
rhinitis on asthma: effects on bronchial hyperreactivity. Allergy 64:
439–444, 2009.

26. Dweik RA, Boggs PB, Erzurum SC, et al; American Thoracic Society
Committee on Interpretation of Exhaled Nitric Oxide Levels (FENO)
for Clinical Applications. An official ATS clinical practice guideline:
interpretation of exhaled nitric oxide levels (FENO) for clinical ap-
plications. Am J Respir Crit Care Med 184:602–615, 2011.

27. Kotaniemi-Syrjänen A, Malmberg LP, Malmström K, et al. Factors
associated with elevated exhaled nitric oxide fraction in infants with
recurrent respiratory symptoms. Eur Respir J 41:189–194, 2013.

28. Skiepko R, Zietkowski Z, Tomasiak-Lozowska MM, et al. Bronchial
hyperresponsiveness and airway inflammation in patients with sea-
sonal allergic rhinitis. J Invest Allergol Clin Immunol 21:532–9, 2011.

29. Ciprandi G, Ricciardolo FL, Signori A, et al. Increased body mass
index and bronchial impairment in allergic rhinitis. Am J Rhinol
Allergy 27:e195–e201, 2013.

30. Kim SW, Han DH, Lee SJ, et al. Bronchial hyperresponsiveness in
pediatric rhinitis patients: the difference between allergic and nonal-
lergic rhinitis. Am J Rhinol Allergy 27:e63–e68, 2013.

31. Yılmaz I, Bayraktar N, Ceyhan K, et al. Evaluation of vascular endo-
thelial growth factor A and endostatin levels in induced sputum and
relationship to bronchial hyperreactivity in patients with seasonal
allergic rhinitis. Am J Rhinol Allergy 27:181–186, 2013.

32. Kalpaklioglu AF, and Kalkan IK. Comparison of orally exhaled nitric
oxide in allergic versus nonallergic rhinitis. Am J Rhinol Allergy
26:e50–e54, 2012.

33. Marcon A, Cerveri I, Wjst M, et al. Can an airway challenge test
predict respiratory diseases? A population-based international study.
J Allergy Clin Immunol 133:104–110, 2014. e

Figure 2. Evaluation of sensitivity and specificity of fractioned exhaled
nitric oxide (FeNO) by a receiving operator characteristic (ROC) curve for
a diagnosis of bronchial hyperreactivity (BHR).

e218 November–December 2014, Vol. 28, No. 6

DO N
OT C

OPY



Copyright of American Journal of Rhinology & Allergy is the property of OceanSide
Publications Inc. and its content may not be copied or emailed to multiple sites or posted to a
listserv without the copyright holder's express written permission. However, users may print,
download, or email articles for individual use.


