Original Research

Correlation Between SNOT-22, Nasal
Cytology, and Mood Disorders in Patients
With Allergic Rhinitis Treated With a
Liposomal Nasal Spray

Allergy & Rhinology
Volume 10: 1–8
! The Author(s) 2019
Article reuse guidelines:
sagepub.com/journals-permissions
DOI: 10.1177/2152656719866809
journals.sagepub.com/home/aar

Maria Lauriello, MD1 , Vittoria Di Rubbo, MD2,
Gaia Sinatti, MD1, Marina Pasqua, MD2, Cinzia Tucci, MD2,
Gian-Piero di Marco, MD3, Stefano Necozione, MD4, and
Alberto Eibenstein, MD1

Abstract
Patients with allergic rhinitis (AR) can suffer from mood disorders. The aim of this study was to investigate the clinical effect
of a liposomal nasal spray (LN) containing vitamins A and E on the nasal mucosa in patients suffering from AR who had
refused any type of anti-allergic treatment. For this purpose, the results of nasal cytology, Visual Analog Scale (VAS), SinoNasal Outcome Test-22 (SNOT-22), and Hospital Anxiety and Depression Scale (HADS) test were analyzed. Moreover, we
evaluated the relationship between SNOT-22 and nasal cytology and between nasal symptoms and HADS scores. Statistical
analysis revealed a significant decrease of scores at T1 in the LN treatment group as concerns VAS, SNOT-22, HADS-Anxiety
test and a remarkable reduction of inflammatory cells detected with nasal cytology. Our study showed that higher levels of
SNOT-22 corresponded to a higher level of HADS-Anxiety. The mechanisms underlying this relationship in AR patients are
currently unknown, but we can suppose that improving mucosal trophism may contribute to the decrease of nasal symptoms
and anxiety scores. The improvement of nasal symptoms, as measured by SNOT-22, was significantly correlated with the
objective results of nasal cytology. These relationships between SNOT-22 and nasal cytology and between anxiety and
cytology were investigated for the first time in our research.
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Introduction
Allergic rhinitis (AR) is defined as when an immunoglobulin E (IgE)-mediated inflammatory response
occurs in sensitized subjects challenging nasal symptoms
such as rhinorrhea, blockage, sneezing, and itching. The
most common tests for AR diagnosis are the percutaneous skin test and allergen-specific IgE antibody testing
(radioallergosorbent testing).1–3
AR is a common problem with a negative impact on
physical, social, and psychological well-being.4–9 AR is
often part of a systemic inflammatory process associated
with diseases such as allergic conjunctivitis, rhinosinusitis, and asthma.1,10
The impact of AR on the patient’s Quality of Life
(QoL) (quality of sleep and psychological status) has

received much more attention in recent years. Several
studies have shown that a relationship exists between
psychological factors and atopic disorders.6,8,11–16 The
goal of this study was to investigate the clinical effect
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of a liposomal nasal spray (LN) containing vitamins A
and E on the nasal mucosa in patients suffering from AR
who had refused any type of anti-allergic treatment. For
this purpose, the results of nasal cytology, Visual Analog
Scale (VAS), Sino-Nasal Outcome Test-22 (SNOT-22),
and Hospital Anxiety and Depression Scale (HADS) test
were analyzed. Moreover, we evaluated the relationship
between SNOT-22 and nasal cytology, HADS scores
and nasal cytology, and between nasal symptoms and
HADS scores.

Methods
This is a prospective, double-blind controlled study.
Approval was received from the Ethical Committee (version 2, 10/23/2017). Written informed consent was
obtained from all patients at the beginning of the study.
This study included 106 outpatients with perennial
AR (56 females and 50 males), who had refused any
type of anti-allergic treatment such as antihistamines,
steroids,
decongestants,
anticholinergics,
and
leukotrienes.
They came from the outpatient Ear Nose Throat
(ENT) Clinic of “San Salvatore” Hospital of L’Aquila
(Italy). The patients were recruited between February
2017 and August 2018. Allergy was diagnosed by a positive prick test with common perennial allergens: Felis
domesticus, Canis familiarus, Dermatophagoides sp.,
Alternaria alternata, Aspergillus fumigatus, and by
nasal cytology.17 Only patients whose AR diagnosis
was formulated at least 1 year before were included.
The exclusion criteria were tumor of sinuses, radiation therapy on head and neck, nose surgery, obstructive
sleep apnoea syndrome surgery, turbinectomy, chronic
sinusitis, nasal septum perforation, nasal fracture in the
previous 3 months, untreated adenoidal hypertrophy,
untreated asthma, sarcoidosis, Wegener’s granulomatosis, collapse of the nasal valve, smokers, and subjects
younger than 18 years old.
The patients were randomly assigned to the study
group (LN treatment group) of 53 patients treated
with a liposomal (1000% w/w [100 g]) nasal spray with
vitamin A (0.058% w/w [100 g]) and vitamin E (0.018%
w/w [100 g]) and to the control group (rhynological
saline solution [RH] control group) of 53 patients treated
with 2.5 mL of sodium chloride 0.9% solution 2 times a
day, in the morning and in the evening, in both the nasal
cavities for 28 days.
The study lasted 30 days (1 day for the patient’s
recruitment, 28 days of treatment, and 1 day for a
follow-up visit). The first visit (T0) was performed on
the day of the patient’s recruitment, and the follow-up
visit (T1) was performed after 28 days of treatment with
LN or saline solution.
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At T0 and T1 a complete ENT examination, VAS,
nasal cytology, SNOT-22 test, and HADS test were performed with the aim of evaluating all the variables taken
into consideration.
The VAS was used in order to evaluate the severity of
the nasal obstruction by scoring it on a continuous
10-cm horizontal line on which 0 cm and 10 cm represented no complaints and serious complaints associated
with rhinitis, respectively.
Nasal cytology is a very useful diagnostic tool to
detect cellular elements of the nasal epithelium due to
allergen exposure, challenging stimuli, or inflammation.
The diagnosis of nasal disorders by nasal cytology is
based on the consideration that in healthy subjects the
nasal mucosa is composed of ciliated, mucous-secreting,
and basal cells, which are the common constituent of the
pseudo-stratified epithelium. Besides small number of
neutrophils, no other cells are detected in healthy individuals. In AR, the triggering event is allergen—IgE—
mast cell interaction that leads to the early-phase
response (mainly mediated by histamine). An intense
infiltrate of eosinophils and mast cells (with lymphocytes
and neutrophils) can be observed, strictly related to
symptoms and exposure to allergens.18
The SNOT-22 test is used in order to evaluate the
severity of nasal symptoms and their influence on the
QoL. The questionnaire is composed by 22 chronic rhinosinusitis (CRS)-related questions, which evaluate the
severity of symptoms and their influence on the QoL.
The questionnaire is divided in 2 parts: 12 questions
investigate physical symptoms (rhynologic symptoms,
ear, and facial symptoms) and 10 the QoL (sleep function and psychological issues). All questions are based
on a scale from 0 to 5, where 0 defines no problem and 5
defines maximal problems. The application of SNOT-22
in everyday clinical practice gives the opportunity to
have more information for the clinician and facilitates
the diagnosis and the treatment.19
The psychological status of each participant was
assessed at T0 and T1 using the HADS test.20 The
HADS test was proposed by Zigmoud and Snaith at
the beginning of the 1980s in order to evaluate the psychological state of hospitalized patients. This test uses 2
sets of 7 questions each; the first one evaluates the anxious component (HADS-A), and the second one the
depressive component (HADS-D). Questions about anxiety are number 1, 3, 5, 7, 9, 11, and 13; questions about
depression are number 2, 4, 6, 8, 10, 12, and 14. The
average time to fill the test is about 2 to 5 minutes.
Each question is graded on a 3-point scale. For each
question, the following answers may be given: 0—not
at all, 1—infrequently, 2—lots of time, and 3—most of
the time. Scores are obtained by adding the score of all
questions for each set. The graduation is as follows:
scores 0 to 7 are considered to be in the standard
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range (NON CASES); scores 7 to 11 are considered to be
BORDERLINE; and scores > 11 are considered to be
confirmed cases (CASES). The observer was trained in
order to have fully consistent responses.21

Statistical Analysis
Data were analyzed and registered using the SAS 9.4 statistical software. The level of significance was set
at P <.05.
The HADS-A variable has been re-encrypted by
recording it in 3 dimensions with an ordinal qualitative
character (normal <7; borderline 7–11; and pathological
>11) as for the HADS-D variable.

VAS, SNOT-22, cytology and HADS-A; conversely,
no significant correlation was found between the
HADS-D and any other variable.
At T0, the comparison between the 2 groups showed
similar VAS scores. At T1, the LN group exhibited
remarkable improvement of the nasal congestion (3.75
 1.14 vs 6.57  1.68 at T0). Conversely, no significant
Table 2. Correlations Between Variables Using Pearson’s
Coefficient.

DVAS

DVAS

Dcyto

1.00000

.32294
.0007
1.00000

Dcyto

Results
Ultimately, 106 patients were enrolled in the study:
53 patients were included in the LN treatment group
and 53 patients in the RH control group. The treatment
group consisted of 27 female and 26 male patients, while
24 female and 29 male patients were included in the
RH group.
Patient ages ranged from 21 to 74 years, and the average age being 40.93  13.84 years. Age distribution was
similar in the 2 groups and averaged 39.66  15.20 years
in the LN group and 42.21  12.35 years in the
RH group.
All the discrete variables (VAS, SNOT-22, cytology,
anxiety, and depression) were analyzed as frequencies
and percentages in order to examine the differences
between the 2 groups. Continuous variables were
expressed as statistical average and standard deviation.
At T0, similar average values for each variable were
found in both groups (Table 1).
Each Dvariable was compared and related to others
using Pearson’s coefficient (Table 2) and Spearman’s
coefficient (Table 3).
The statistical analysis, performed using Pearson’s
coefficient (Table 2) and Spearman’s coefficient
(Table 3), showed significant correlations between

.32294
.0007
DSNOT-22 .60036
<.0001
Danxiety
.42361
<.0001
Ddepress
.0027
.9780

.36916
<.0001
.18784
.0538
.0953
.3312

DSNOT-22 Danxiety Ddepress
.60036
<.0001
.36916
<.0001
1.00000
.62392
<.0001
.07681
.4229

.42361
<.0001
.18784
.0538
.62392
<.0001
1.00000
.11015
.2610

Abbreviations: SNOT-22, Sino-Nasal Outcome Test-22; VAS, Visual
Analog Scale.

Table 3. Correlations Between Variables Using Spearman’s
Coefficient.

DVAS
Dcyto

DVAS

Dcyto

1.00000

.48777
<.0001
1.00000

.48777
<.0001
DSNOT-22 .65607
<.0001
Danxiety
.48619
<.0001
Ddepress
.0154
.8753

.57042
<.0001
.38725
<.0001
.0745
.4481

DSNOT-22 Danxiety Ddepress
.65607
<.0001
.57042
<.0001
1.00000
.59578
<.0001
.08957
.3612

.48619
<.0001
.38725
<.0001
.59578
<.0001
1.00000
.05327
.2610

RH Group

LN Group
Media  SD T1

42.21  12.35
6.47  1.88
8.11  1.69
44.08  17.49
8.09  3.12
1.68  2.08

42.21  12.35
6.51  2.00
8.70  3.45
43.81  17.16
8.28  2.34
1.32  1.52

.01542
.8753
.07446
.4481
.08957
.3612
.05327
.5876
1.00000

Abbreviations: SNOT-22, Sino-Nasal Outcome Test-22; VAS, Visual
Analog Scale.

Table 1. Statistical Results for Each Variable at T0–T1.

Media  SD T0

.00271
.9780
.09529
.3312
.07681
.4339
.11015
.2610
1.00000

AGE
VAS
CYTOLOGY
SNOT-22
HADS-A
HADS-D

Media  SD T0

Media  DS T1

39.66  15.20
6.57  1.68
10.21  7.02
49.70  12.88
8.49  2.79
3.74  3.50

39.66  15.20
3.75  1.41
5.57  2.22
34.32  12.79
6.40  2.12
3.28  3.42

Abbreviations: SD, standard deviation; HADS, Hospital Anxiety and Depression Scale; LN, liposomal nasal spray; RH, rhynological
saline solution; SNOT-22, Sino-Nasal Outcome Test-22; VAS, Visual Analog Scale.
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differences were recorded at T1 in the group treated with
saline solution (6.51  2.00 vs 6.47  1.88 at T0)
(Figure 1)
As regards the inflammatory cell count, no significant
differences were found comparing the 2 groups at T0. At
T1, the LN group showed a significant decrease of cell
counts (5.57  2.22 vs 10.21  7.02 at T0). By contrast,
the RH group showed no significant variations (8.70
 3.45 vs 8.11  1.69 at T0; Figure 2).
From the scatter, which relates the cytology to the
VAS results, it may be inferred that the decrease of
nasal inflammatory cells at T1 corresponds to the
decrease of VAS values (Figure 3). A lower number of
inflammatory cells corresponded to lower values of the
VAS, therefore to less severe nasal obstructive symptoms.
As far as delta SNOT-22 (T1–T0) is concerned, no
significant results emerged in RH group because the
SNOT-22 scores at T0 and at T1 were almost overlapping. Conversely, as regards the LN group, the SNOT22 score at T0 was about 50 and decreased to 35 at T1
(Figure 4).
From the scatter, which relates the nasal cytology to
the SNOT-22 results, it may be inferred that the decrease
of nasal inflammatory cells at T1 corresponds to the
decrease of SNOT-22 scores. A lower number of inflammatory cells corresponded to lower values of the SNOT22 (Figure 5).
Concerning the HADS test, a simple descriptive
analysis showed different variations in the 2 groups.
As regards the anxious component, the score
decreased in the LN group in comparison with the
RH group (6.40  2.12 vs 8.49  2.79 at T0).
Conversely, as regards the depressive component, no
significant differences were found comparing the 2
groups. (Table 1)

Figure 2. Cyto in RH group versus LN group at T0/T1. cyto,
cytology; LN, liposomal nasal spray; RH, rhynological
saline solution.

RH GROUP (1)
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Figure 1. VAS in LN group versus RH group at T0/T1. LN,
liposomal nasal spray; RH, rhynological saline solution; VAS, Visual
Analog Scale.
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Figure 3. Scatter Dcytology—DVAS. cyto, cytology; LN, liposomal nasal spray; RH, rhynological saline solution; VAS, Visual
Analog Scale.

Figure 4. SNOT-22 T0/T1 in LN group versus RH group. LN,
liposomal nasal spray; RH, rhynological saline solution; SNOT,
Sino-Nasal Outcome Test.
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Figure 5. Scatter cyto/SNOT-22. cyto, cytology; SNOT, SinoNasal Outcome Test.
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Figure 7. Scatter DSNOT-22—anxiety. LN, liposomal nasal spray;
RH, rhynological saline solution; SNOT, Sino-Nasal Outcome Test.
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Figure 6. Scatter correlation between anxiety and cytology.
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The comparison between the anxiety values and the
number of inflammatory cells in the 2 groups showed
that a direct relation between anxiety and cytology
exists (Figure 6).
The relationship between mood disorders and nasal
symptoms was assessed by comparing the HADS test
and the SNOT-22 test results. Our statistical analysis
revealed a direct correlation between DSNOT-22 and
DHADS-A (Figure 7).
Conversely, no direct correlation was detected between
DSNOT-22 and Ddepressive component (Figure 8).

Discussion
According to Allergic Rhinitis and its Impact on Asthma
guidelines,1 the standard care in the treatment of AR
includes antihistamines, nasal decongestants or/and corticosteroids, cromones, antileucotrienes, and specific
immunotherapy. We enrolled in the study 106 patients,
who had refused the standard care to treat AR. We prescribed a liposomal spray solution containing vitamin A
and vitamin E. Liposomes are phospholipid vesicles with
dimensions varying between 25 nm and 1 mm, formed by
a closed double lipid bilayer with an aqueous solution
inside. This structure allows it to incorporate both
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Figure 8. Scatter DSNOT-22—Ddepressive component. SNOT,
Sino-Nasal Outcome Test.

hydrophilic and hydrophobic molecules, such as vitamins A and E, which are positioned within the lipid
bilayer. In order to release the molecules transported
to the action site, the lipid bilayer of the liposomes
must merge with another lipid layer, such as the cell
plasma membrane. The quality of the liposomes to be
absorbed by each cell and to slowly release their content
has made them an excellent tool for the administration
of drugs, especially vitamins A and E which, being fatsoluble, are subject to rapid degradation by free radicals.
Vitamins A and E stabilized and made more bioavailable
by liposomes, play an antioxidant, epithelia-protective
role, and contribute to improve the symptoms associated
with allergic diseases.
Liposomes have been widely used in the pharmaceutical and food industries because of their biocompatibility, biodegradability, absence of toxicity, small size, and
ability to carry a wide variety of bioactive compounds
due to the amphiphilicity of the phospholipid encapsulating material.22 Several studies showed significantly
higher absorption rates as well as greater pharmacological effects for drugs entrapped in liposomes,23–25 and
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the good mucosal targeting properties of liposomes have
also been demonstrated.26
A liposomial nasal spray, containing vitamins A and
E, was able to improve in vitro the survival and morphology of nasoseptal cartilage.27 Another LN containing vitamin E was better tolerated and improved the
QoL more than dexpanthenol or isotonic NaCl spray
in patients with rhinitis sicca.28 The prominent effects
that vitamins A and E are well known for are their lubricating and moisturizing abilities.29 We assumed that
vitamins A and E, associated with liposomes, could contribute to a better nasal trophism of the nasal mucosa
and to a reduced response to allergic inflammation mediators in patients with AR.
The first goal of this study was to investigate the clinical effect of an LN containing vitamins A and E in
patients with AR, by analyzing the results of VAS,
nasal cytology, SNOT-22, and HADS test. The second
goal was to evaluate the relationship between SNOT-22
and nasal cytology, HADS scores and nasal cytology,
and between nasal symptoms and HADS scores.
At T0, no significant differences were found comparing the 2 groups as regards the VAS score. At T1,
a remarkable reduction of the nasal obstruction was
recorded in the LN treatment group. No improvements
were recorded in the RH control group.
As regards the nasal cytology, the comparison
between the 2 groups did not reveal noteworthy differences at T0. At T1, the LN-treated group showed a significant decrease in eosinophils, neutrophils, and
basophils. Conversely, the RH control group showed
no variations.
Analyzing the relationship between the nasal cytology
and the VAS results, it may be inferred that the decrease
of nasal inflammatory cells at T1 corresponded to the
decrease of the VAS values, therefore to less severe nasal
obstructive symptoms.
SNOT-22 was tested in AR patients and had been
previously correlated with VAS for the seriousness
of sino-nasal symptoms and mood disturbance. In
Doulaptsi et al.’s study,30 VAS for sino-nasal symptoms
in CRS showed a strong correlation with SNOT-22
scores. Farhoodet et al.31 assessed SNOT-22 scores in
control population without CRS in order to define “a
normal healthy score.” Other studies32,33 used the
SNOT-22 test to assess the relationship between sinonasal symptoms in CRS and QoL. These studies revealed
that depression and anxiety were significantly more
common in patients with CRS compared to healthy controls. In our study, the SNOT-22 score decreased in the
LN-treated group at the end of the study.
Our data showed a relationship between SNOT-22
and nasal cytology. No other studies can be found in
the literature about this relationship.
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Previous studies had proposed an LN as a nonpharmacological therapy concept for allergic rhinoconjunctivitis. In Bohm et al.’s study,34 the LN led to significant
nasal symptoms relief, but QoL did not improved significantly. Weston and M€
osges compared the LN to a steroid spray35 and revealed a similar significant reduction
of symptoms and improvement in QoL in both treatments. Andersson et al. compared an intranasal lipidic
microemulsion to isotonic saline solution and pointed
out not only reduced allergen challenge-induced effects
but also a reduction of plasma exudation in AR.36 Our
study showed the effectiveness of a liposomal nasal solution containing vitamin A and vitamin E in reducing the
inflammatory cells counts and in improving the nasal
symptoms related to AR.
One possible hypothesis to explain these results is that
this solution provides mechanical cleansing, and consequently, it removes antigens and improves the mucociliary clearance. Another possible theory takes into
consideration the prominent effect of vitamins A and E,
which are well known for their lubricating and moisturizing abilities. Furthermore, vitamins A and E, associated
with liposomes, could contribute to a reduced response to
allergic inflammation mediators in patients with AR.
Several scientific studies have shown that a relationship exists between psychological factors and atopic disorders.4–9 Patients with AR suffer from depression, sleep
problems, and anxiety status more than people without
allergic disease.6,11–16 Mental disorders affect about 1 in
4 adults annually.15 Depression is a common but serious
mood disorder.37 It causes severe symptoms that affect
how people feel, think, and handle daily activities, such
as sleeping, eating, or working. To be diagnosed with
depression, the symptoms must be present for at least
2 weeks.38 Anxiety is an unpleasant state of inner turmoil, often accompanied by nervous behaviors, such as
pacing back and forth, somatic complaints, and rumination. It is often accompanied by restlessness, fatigue,
problems in concentration, and muscular tension.37
At T0, the HADS test scores of the treated group
were similar to the scores of the control group as regards
both the anxious and the depressive components. In the
treated group at T1, remarkable results were recorded
referring to the anxious component but not to the
depressive component. A direct correlation was detected
between DSNOT-22 and DHADS-A—that is to say that
severe nasal symptoms, which correspond to higher
levels of SNOT-22, were closely correlated with higher
scores of HADS-A: this suggests a greater predisposition
to anxiety in patients with AR. Concerning the control
group, no significant results emerged referring to each
component. The results at T1 were comparable to those
reported previously at T0; it may be inferred that RH
group patients had no significant improvement of symptoms at the end of the study.
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According with the literature, nasal obstruction may
play a prominent role in increasing anxiety scores in
patients suffering from AR,11 and our study showed a
direct relationship between nasal symptoms and anxiety.
Conversely, no direct correlation was detected between
with DSNOT-22 and Ddepressive component.
The exact mechanisms underlying this effect in AR
patients are currently unknown, but it is possible that
increased Th2 cytokine and endocrine function may be
involved, as stress-induced anxiety has been shown to be
associated with significant interleukin 6, cortisol, and
epinephrine production39–43 in AR patients.
Our statistical analysis revealed that higher levels of
SNOT-22 correspond to higher level of HADS-A.
Therefore, it may be inferred that a direct relation
exists between nasal symptoms and anxiety.
Our study showed a significant relationship among
the clinical improvement of nasal symptoms, the
decrease of inflammatory cells counts, and the decrease
of HADS-A score.
In order to better define the clinical situation of AR
patient, we propose the use of the HADS questionnaire,
which has proved to be a handy and reliable tool, useful
in the mid-long term management of the patient with
allergic nasal disease especially in aperiodic forms.

Conclusions
This study demonstrated the effectiveness of a liposomal
nasal solution containing vitamin A and vitamin E in
improving nasal symptoms and decreasing inflammatory
cells counts in AR patients compared with a homogenous group of patients who used a saline solution.
The improvement of nasal symptoms, as measured by
SNOT-22, was significantly correlated with the objective
results of nasal cytology. This relationship between
SNOT-22 and nasal cytology was investigated for the
first time in our research.
A significant direct relationship emerged between
nasal symptoms (DSNOT-22) and anxiety (HADS-A
score) and between nasal cytology and anxiety
(HADS-A score).
The exact mechanisms underlying this effect in AR
patients are currently unknown, but we can suppose
that a better condition of the nasal mucosa may decrease
nasal symptoms and consequently the anxiety score.
These results suggest the use of HADS test for the
evaluation of aperiodic AR patients.
Declaration of Conflicting Interests
The author(s) declared no potential conflicts of interest with
respect to the research, authorship, and/or publication of
this article.

7
Ethical Approval
This study was approved by our institutional review board.

Funding
The author(s) received no financial support for the research,
authorship, and/or publication of this article.

ORCID iD
Maria Lauriello

https://orcid.org/0000-0003-1085-0490

Statement of Human and Animal Rights
This article does not contain any studies with human or
animal subjects.

Statement of Informed Consent
There are no human subjects in this article and informed consent is not applicable.

References
1. Lombardi C, Passalacqua G, Baiardini I, et al., eds.
Allergic Rhinitis and its Impact on Asthma (Italian
Section). http:/www.progetto-aria.it/materiale/2017/slidekit-aria-2017.ppt. Accessed July 17, 2019.
2. Mims JW. Epidemiology of allergic rhinitis. Int Forum
Allergy Rhinol. 2014;4(Suppl 2):S18–S20.
3. Passali D, Cingi C, Staffa P, Passali F, Bayar Muluk N,
Bellussi ML. The International Study of the Allergic
Rhinitis Survey: outcomes from 4 geographical regions.
Asia Pac Allergy. 2018;8(1):e7.
4. Dykewicz MS, Hamilos DL. Rhinitis and sinusitis.
J Allergy Clin Immunol. 2010;125:S103–S115.
5. Lack G. Pediatric allergic rhinitis and comorbid disorders.
J Allergy Clin Immunol. 2001;108(1 Suppl):S9–S15.
6. Sih T, Mion O. Allergic rhinitis in the child and
associated comorbidities. Pediatr Allergy Immunol.
2010;21(1 Pt 2):e107–e113.
7. Zhang L, Zhang X, Zheng J, et al. Co-morbid psychological dysfunction is associated with a higher risk of asthma
exacerbations: a systematic review and meta-analysis.
J Thorac Dis. 2016;8:6.
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