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Abstract: Objective: To perform a meta-analysis to study the rate of comorbidity of asthma and allergic rhinitis (AR) 
in children. Methods: A literature search of Chinese and English biomedical databases was conducted from 2007 
to 2017 for clinical studies on the relationship between AR and asthma in children. Inclusion and exclusion criteria 
were identified for the study. Relevant data of the included studies were extracted and all studies were graded. The 
retrieved data were examined by a test of heterogeneity and Hardy-Weinberg Equilibrium. A fixed effects model was 
therefore used to pool the odds ratio (OR). Publication bias was assessed using REVMAN5.3. Results: We obtained 
14 studies that met all of the inclusion criteria for this analysis, of which 9 were published in China and 5 in other 
countries. Of these studies, 8 were graded as A and 6 as B. The results from REVMAN5.3 showed that the studies 
showed no significant heterogeneity (P>0.05). A fixed effects model was then selected for this analysis. For the 
Chinese children in this analysis, the pooled OR was 3.007 with 95% confidence interval (CI)=1.705-3.349, test 
for overall effect, Z=11.83, P<0.0001; for the children in other countries in this analysis, the pooled OR was 3.013 
with 95% CI=1.687-3.305, test for overall effect, Z=10.56, P<0.0001. This indicated that asthma was an important 
causative factor of AR for children at home and abroad. Therefore, the study was of significance. The funnel plot 
suggested that there was no significant publication bias in the meta-analysis. AR was more prevalent in Chinese 
children with asthma than that in children with asthma in other countries. Conclusion: There was a positive correla-
tion between AR and asthma in children. Children with AR has a higher rate of suffering asthma than those with 
non-allergic rhinitis.
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Introduction

Allergic rhinitis (AR) and asthma are both com-
mon respiratory allergic conditions in children, 
and their prevalence has been growing in 
recent years. Since AR and asthma are both 
inflammatory conditions of the airways, there 
are a growing number of researchers and doc-
tors who have found the close relationship 
between them [1]. Previous studies showed 
that AR and asthma often occurred concomi-
tantly, which indicated that most AR patients 
suffered asthma, or vice versa [2]. The two con-
ditions are similar in pathogenesis and clinical 
features, though they affect different parts of 
the respiratory tract. For this reason, AR and 
asthma often occur concomitantly or in a suc-
cessive way [3]. Therefore, we searched bio-
medical databases for clinical studies on the 
relationship between AR and asthma. A total of 
14 studies published between 2007 and 2017 

were included for the meta-analysis. This analy-
sis on the clinical features of AR and asthma 
would provide a better understanding for physi-
cians towards the relationship and differences 
between the two conditions, helping them in 
the treatment of such conditions.

Materials and methods

Search strategy

A literature search of relevant clinical studies 
published from 2007 to 2017 was conducted. 
Relevent studies were identified from Pubmed, 
Medline, Springer, Embase, Science and Cochr- 
ane Library, and four Chinese biomedical data-
bases including VIP, Wanfang Data, CNKI and 
CBM. Chinese search terms used were “bi yan”, 
“guo min xing bi yan”, “bian ying xing bi yan”, 
“hua fen zheng”, “xiao chuan”, “bian ying xing 
xiao chuan”, “er tong/qing shao nian/xiao er”, 
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“zhi min xiao chuan”. English search terms 
used were “Rhinitis”, “Allergic”, “Asthma”, “chil-
dren/childhood/adolescent/pediatric”, “Allergic 
asthma”, “Hay fever”, “Sensitized asthma” (all 
were included in Medical Subject Headings). 
The search was conducted with the use of text 
words and subject headings. Reference lists of 
the included articles were manually searched 
to find additional studies. The reference period 
for the literature search was from January 2007 
to December 2017. Title was searched in CSCD, 
SCI and SCIE on the basis of the Boolean 
search string, which was ((Rhinitis OR Allergic 
OR Asthma OR Allergic asthma OR Hay fever OR 
Sensitized asthma) and (children OR childhood 
OR adolescent OR pediatric)). The filter was 
activated to include only studies published 
between January 2007 and December 2017.

Inclusion and exclusion criteria

To fulfill the analysis requirement and to reduce 
systematic and random errors, the eligibility of 
the retrieved studies was evaluated according 
to the inclusion and exclusion criteria.

Inclusion criteria: Studies adopted the widely 
applied clinical diagnostic criteria for AR and 
asthma; studies revealed the relationship 
between AR and asthma in children; studies 
based on randomized controlled trials and with 
the number of participants in each group; inde-
pendent studies that had odds ratio (OR) and 

95% confidence interval (CI); methods used in 
the study met the requirements of epidemiolo-
gy; studies with appropriate design and statisti-
cal analysis; subjects in the study were under 
the age of 16.

Exclusion criteria: Studies with data that could 
not be imported to Revman software; duplicate 
studies; retrospective studies; studies of inferi-
or quality; studies with unqualified statistical 
results.

Data extraction

Two reviewers independently screened the 
retrieved studies according to the inclusion and 
exclusion criteria, extracted data in a standard-
ized spreadsheet and assessed the method-
ological quality of the included studies. The 
extracted data were reviewed by the two review-
ers. All disagreements in data extraction were 
resolved by discussing according to the original 
study.

Quality assessment

Two researchers independently assessed the 
quality and bias risks of the included studies 
according to Combie criteria for cross-sectional 
studies, which contain the following seven 
domains: the study’s design is scientific; the 
data collection strategy is reasonable; the 
research reports sample response rates; the 

Table 1. Overview of the included studies

Study Age Range 
(year) Diagnostic Criteria Asthma 

(n)
AR with 

Asthma (n)
Quality  

Assessment
He et al., 2008 [4] 7-15 ARIA 467 152 A
Xiao, 2009 [5] 3-12 Scheme and Guideline 40 18 B
Chen, 2010 [6] 4-13 Scheme and Guideline 44 19 B
Yang et al., 2011 [7] 0-13 Scheme and Guideline 75 26 A
Chen et al., 2015 [8] 3-7 Scheme and Guideline 802 312 A
Lu et al., 2008 [9] 13-14 ARIA 2,104 738 A
Ma et al., 2013 [10] 0-14 ISAAC 319 111 B
Xu et al., 2014 [11] 7-11 Scheme and Guideline 151 38 B
Wang et al., 2007 [12] 7-11 ARIA 131 43 A
Garciaaymerich et al., 2015 [13] 3-10 ARIA 2,107 605 B
Westman et al., 2012 [14] 0-4 ISAAC 389 92 A
Yamauchi et al., 2009 [15] 0-16 ARIA 1,935 611 A
Ait-Khaled et al., 2007 [16] 13-14 ISAAC 6,385 2,014 B
Burgess et al., 2007 [17] 0-7 ISAAC 711 213 A
Note: ARIA refers to Allergic Rhinitis and its Impact on Asthma; ISAAC refers to International Study of Asthma and Allergies in 
Childhood; AR refers to allergic rhinitis; Scheme refers to Diagnostic and treatment principle for allergic rhinitis and a recom-
mended scheme and Guideline refers to Guideline for the diagnosis and management of pediatric asthma.
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representativeness of samples is very good; 
the research purpose and method are reason-
able; the study reports the statistical power of 
the data and the study has appropriate statisti-
cal analysis. Every domain was judged by Yes, 
No or Unclear. Yes stands for 1 point, No stands 
for 0 point and Unclear stands for 0.5 point. 
The total score of this assessment was 7.0 
point. Those studies with scores of 6.0-7.0 were 
graded as A; those studies with scores of 4.0-
5.5 were graded as B and those studies with 
scores of lower than 4.0 were graded as C.

Statistical analysis

Since the data of the included studies were all 
binary data, pooled ORs were calculated in the 
meta-analysis. The retrieved data were exam-
ined by a test of heterogeneity and Hardy-
Weinberg Equilibrium. If there was no heteroge-
neity among studies, we used a fixed effects 
model to pool the ORs; otherwise, a random 
effects model was selected. The 95% CIs for 
count variables were calculated. P<0.05 was 
considered to be statistically significant. 

Table 2. The results of skin prick test in Chinese children
Study Group Cases Dust mite positive cases (n, %) Pollen positive cases (n, %)
He et al., 2008 [4] Asthma (n) 467 422 (90.36) 424 (90.79)

AR with Asthma (n) 152 138 (90.79) 124 (81.58)
Xiao, 2009 [5] Asthma (n) 40 35 (87.50) 34 (85.00)

AR with Asthma (n) 18 16 (88.89) 17 (94.44)
Chen, 2010 [6] Asthma (n) 44 38 (86.36) 36 (81.82)

AR with Asthma (n) 19 17 (89.47) 18 (94.74)
Yang et al., 2011 [7] Asthma (n) 75 66 (88.00) 64 (85.33)

AR with Asthma (n) 26 24 (92.31) 23 (88.46)
Chen et al., 2015 [8] Asthma (n) 802 718 (89.53) 722 (90.02)

AR with Asthma (n) 312 287 (91.99) 292 (93.59)
Lu et al., 2008 [9] Asthma (n) 2,104 1,870 (88.88) 1,882 (89.45)

AR with Asthma (n) 738 667 (90.38) 681 (92.28)
Ma et al., 2013 [10] Asthma (n) 319 265 (83.07) 272 (85.27)

AR with Asthma (n) 111 98 (88.29) 100 (90.09)
Xu et al., 2014 [11] Asthma (n) 151 122 (80.79) 124 (82.12)

AR with Asthma (n) 38 35 (92.10) 34 (89.47)
Wang et al., 2007 [12] Asthma (n) 131 110 (83.97) 112 (85.50)

AR with Asthma (n) 43 36 (83.72) 38 (88.37)
Note: AR refers to allergic rhinitis.

Table 3. The results of skin prick test in children of other countries

Study Group Cases Dust mite positive cases 
(n, %)

Pollen positive cases 
(n, %)

Garciaaymerich et al., 2015 [13] Asthma (n) 131 115 (87.79) 109 (83.21)
AR with Asthma (n) 43 39 (90.70) 37 (86.05)

Westman et al., 2012 [14] Asthma (n) 2,107 1,882 (89.32) 1,843 (87.47)
AR with Asthma (n) 645 584 (90.54) 588 (91.16)

Yamauchi et al., 2009 [15] Asthma (n) 1,935 1,702 (87.96) 1,711 (88.42)
AR with Asthma (n) 674 611 (90.65) 608 (90.21)

Ait-Khaled et al., 2007 [16] Asthma (n) 6,385 5,703 (89.32) 5,726 (89.68)
AR with Asthma (n) 2,272 2,057 (90.54) 2,049 (90.18)

Burgess et al., 2007 [17] Asthma (n) 711 611 (85.94) 624 (87.76)
AR with Asthma (n) 235 215 (91.49) 218 (92.77)

Note: AR refers to allergic rhinitis.
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Publication bias was assessed using REVMA- 
N5.3.

Results

Search results and quality assessment

A total of 487 studies were retrieved upon ini-
tial database search, of which 274 were pub-
lished in Chinese and 213 in English. After 
deduplication, 292 studies were excluded in 
this study. The titles and abstracts of those 
studies were further screened against the 
inclusion and exclusion criteria. And 153 stud-
ies were excluded as irrelevant or unqualified 
studies. Finally, there were 14 studies met all of 
the inclusion criteria, of which 9 were published 
in China and 5 in other countries. Of these stud-
ies, 8 of them were graded A and 6 were graded 
B. See Table 1 [4-17].

was 3.007, 95% CI=1.705-3.349 (P<0.05), indi-
cating that asthma was a risk factor for AR. The 
study was of significance. See Table 4.

The relationship between AR and asthma in 
children was further analyzed. The forest plot 
showed that the results of horizontal lines of 
95% CI were located to the right of the line of no 
effect, which proved that the presence of asth-
ma would add to the risks of suffering AR. In the 
funnel plot, each dot represents an included 
study. The plot was not largely symmetric, sug-
gesting the possibility of publication biases in 
the included studies. See Figure 1.

The relationship between AR and asthma in 
children of other countries

Hardy-Weinberg Equilibrium was used to exam-
ine the 5 studies on children of other countries, 

Table 4. The relationship between AR and asthma in Chinese children

Study Events 
(n)

Total 
(n) Proportion 95% CI W  

(random)
He et al., 2008 [4] 152 467 0.33 1.698-3.257 9.8%
Xiao, 2009 [5] 18 40 0.45 1.712-3.351 3.8%
Chen, 2010 [6] 19 44 0.43 1.704-3.126 11.4%
Yang et al., 2011 [7] 26 75 0.35 1.703-3.419 17.6%
Chen et al., 2015 [8] 312 802 0.39 1.685-3.057 18.7%
Lu et al., 2008 [9] 738 2,104 0.35 1.557-3.126 15.3%
Ma et al., 2013 [10] 111 319 0.35 1.715-3.213 9.7%
Xu et al., 2014 [11] 38 151 0.25 1.721-3.058 6.5%
Wang et al., 2007 [12] 43 131 0.33 1.664-3.027 7.2%
Random effects model 4133 0.36 1.705-3.349 100%
Note: AR refers to allergic rhinitis; CI refers to confidence interval; Heterogeneity: 
ChiZ=23.85, df=23 (P=0.36), IZ=9%. Test for overall effect: Z=11.83 (P<0.0001).

Figure 1. Comparison of AR and asthma in Chinese children. A: The forest plot on 
the relationship between asthma and AR in children. B: The funnel plot. AR refers 
to allergic rhinitis; CI refers to confidence interval; OR refers to odds ratio.

Results of skin prick test

Dust mite and pollen are 
the two most common 
allergens for patients with 
rhinitis. The results of 
skin prick test showed 
that for the Chinese chil-
dren and children of other 
countries in this analysis, 
more than 80.00% of 
them with asthma or with 
asthma and concomitant 
AR were sensitized to pol-
len and dust mite. See 
Tables 2 and 3 [4-17].

The relationship between 
AR and asthma in chi-
nese children

Hardy-Weinberg Equilibri- 
um was used to examine 
the 9 studies on Chinese 
children, and the results 
showed that these stud-
ies had collected repre-
sentative samples (P> 
0.05). The results from 
REVMAN5.3 demonstrat-
ed that these studies 
showed no significant het-
erogeneity (P>0.05). The- 
refore, a fixed effects 
model was used in this 
analysis. The pooled OR 
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and the results showed that these studies had 
collected representative samples (P>0.05). 
The results from REVMAN5.3 showed that the 
studies showed no significant heterogeneity 
(P>0.05). Therefore, a fixed effects model was 
used in this analysis. The pooled OR was 3.013, 
95% CI=1.687-3.305 (P<0.05), indicating that 
asthma was a risk factor for AR. The study was 
of significance. See Table 5.

The forest plot showed that the results of hori-
zontal lines of 95% CI were located to the right 
of the line of no effect, which proved that the 
presence of asthma would add to the risks of 
suffering AR. In the funnel plot, each dot repre-
sents an included study. The plot was not large-
ly symmetric, suggesting the possibility of pub-
lication biases in the included studies. See 
Figure 2.

Differences in incidence in different countries

The results showed that the prevalence of AR 
in Chinese children with asthma was 35.25% 
(1,457/4,133), and the prevalence of AR in chil-

other countries [2, 18]. A previous study has 
identified environmental and genetic factors as 
causative factors of asthma, AR and other aller-
gic diseases [19]. The worsened air quality in 
China in recent years might account for the dif-
ference in the rates of comorbidity between 
children in China and children of other coun-
tries [20].

Nasal mucosa offers the body the first line of 
defense against a wide range of invading patho-
gens [21]. Studies proved that functional 
changes of nasal mucosa occurred in children 
with AR would stimulate the airways. That  
would promote the activation of T cells and 
antigen-presenting cells (APCs), which would 
lead to airway hyperresponsiveness [21, 22]. 
Airway hyperresponsiveness would, in turn, 
result in bronchoconstriction by stimulating  
trigeminal sensory endings, leading to asthma 
[23]. Children with AR, characterized by nasal 
obstruction, usually breathes through mouth. 
In such cases, nasal mucosa cannot play its 
due role of protecting lower airways and the 
lung, aggravating AR and complicating the dis-

Table 5. The relationship between AR and asthma in children of other countries
Study Events (n) Total (n) Proportion 95% CI W (random)
Garciaaymerich et al., 2015 [13] 605 2,107 0.29 1.698-3.341 16.2%
Westman et al., 2012 [14] 92 389 0.24 1.715-3.259 21.4%
Yamauchi et al, 2009 [15] 611 1,935 0.32 1.687-3.028 17.7%
Ait-Khaled et al., 2007 [16] 2,014 6,385 0.32 1.707-3.224 21.9%
Burgess et al., 2007 [17] 213 711 0.30 1.694-3.058 22.8%
Random effects model 11,527 0.294 1.687-3.305 100%
Note: AR refers to allergic rhinitis; CI refers to confidence interval; Heterogeneity: ChiZ=21.53, df=19 (P=0.41), IZ=8%. Test for 
overall effect: Z=10.56 (P<0.0001).

Figure 2. Comparison of AR and asthma in children of other countries. A: The 
forest plot on the relationship between asthma and AR in children. B: The 
funnel plot. AR refers to allergic rhinitis; CI refers to confidence interval; OR 
refers to odds ratio.

dren of other countries with 
asthma was 30.67% (3,535/ 
11,527). This suggested that 
asthma with concomitant AR 
was more prevalent in Chinese 
children than in children of 
other countries (X2=29.461, 
P<0.0001).

Discussion

Studies on asthma and AR 
showed that children with 
asthma often suffered AR and 
that the rate of comorbidity of 
asthma and AR was signifi-
cantly higher in Chinese chil-
dren than that in children of 
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ease with asthma and other diseases [24]. 
Linneberg et al. conducted the bronchial chal-
lenge test in children with asthma and AR. The 
results showed that airway hyperresponsive-
ness occurred in 76.9% of children with AR, 
while this number was 94.9% in children with 
asthma. This showed the close relationship 
between AR and asthma [25]. AR and allergic 
asthma are manifestations of one disease enti-
ty. The coexistence of the two conditions means 
that the treatment of one condition also has 
significance for the prevention and control of 
another condition. Therefore, a holistic thera-
peutic approach for AR and asthma is recom- 
mended.

A meta-analysis adopts a statistical approach 
to combine the results from several studies of 
the same kind [26]. It is useful in deriving a 
pooled estimate closest to the unknown com-
mon truth, especially when the results of those 
studies are inconsistent or have no statistical 
significance. The 14 studies included in our 
analysis were all about AR and asthma, of 
which 9 were published in China and 5 in other 
countries. According to these studies, most of 
the children with asthma were complicated by 
AR, which indicated the strong association 
between the two conditions. In this study, all 
children with AR or asthma received skin prick 
test. The results showed that over 80.00% of 
the tested children were sensitized to dust mite 
and pollen. Georgopoulos et al. have demon-
strated that dust mite and pollen are indepen-
dent risk factors for asthma and AR [27]. This 
proved that the two conditions shared common 
allergens. According to the fixed effects model, 
the pooled OR was calculated as 3.007, 95% 
CI=1.705-3.349, which revealed the relation-
ship between AR and asthma in children. Of the 
studies included in this analysis, all ORs 
crossed the Y-axis of the forest plot, indicating 
a close relationship between AR and asthma in 
children.

In conclusion, our study revealed a close rela-
tionship between asthma and AR. This will help 
physicians in the diagnosis of asthma and AR in 
children. Moreover, a therapeutic approach 
that combines the treatment of both AR and 
asthma appears to be effective and cost-effi-
cient. Nevertheless, this study still has some 
limitations. First, children with AR and asthma 
were not classified according to gender or age. 
Second, though the analysis included studies 

over the past 10 years, environmental factors 
and the rapid development of allergic condi-
tions would still contribute to the inherent bias-
es of the results. Therefore, prospective analy-
ses are warranted to study the relationship 
between AR and asthma.

Disclosure of conflict of interest

None.

Address correspondence to: Chen Jing, Department 
of Health and Nursing, Nanfang College of Sun Yat-
sen University, No.882 Wenquan Avenue, Conghua 
District, Guangzhou 510970, Guangdong Province, 
China. Tel: +86-020-61787398; Fax: +86-020-
61787398; E-mail: jingchen58tc@163.com

References

[1] Rahman MA, Chakraborty R, Ferdousi KR, 
Alam A, Chowdhury MK and Paul BK. New ther-
apeutic approach to treat allergic rhinitis & 
bronchial asthma, considering these two as 
one united airway disease. Mymensingh Med J 
2017; 26: 216-221.

[2] Pénard-Morand C, Raherison C, Kopferschmitt 
C, Caillaud D, Lavaud F, Charpin D, Bousquet J 
and Annesi-Maesano I. Prevalence of food al-
lergy and its relationship to asthma and aller-
gic rhinitis in schoolchildren. Allergy 2005; 60: 
1165-1171.

[3] Kumar R, Sharan N, Kumar M, Bisht I and Gaur 
SN. Pattern of skin sensitivity to various aeroal-
lergens in patients of bronchial asthma and/or 
allergic rhinitis in India. Indian Journal of Aller-
gy, Asthma and Immunology 2013; 26.

[4] He JG, Pan JH, Ni C, Zhou HQ, Liu H, Zhou L. 
Relationships between environmental factors 
and combined allergic rhinitis and asthma syn-
drome and asthma in children. Journal of Ap-
plied Clinical Pediatrics 2008; 23: 269-271.

[5] Xiao XX, Huang DM, Cui BY, Lai XX, Gjesing B, 
Spangfort M, Zhong NS. Influence of der p spe-
cific immunotherapy on der f specific igg in 
mite allergic patients. Chinese Journal of Aller-
gy & Clinical Immunology 2009; 3: 34-38.

[6] Chen J, Kong W, Xiang J, Shu H, Shi Q, Tan H, 
Lu Z, Zhou Y, Zhang X. Efficacy evaluation of 
specific immunotherapy with standardized der-
matophagoides pteronyssinus extract for aller-
gic rhinitis accompanied with asthma. Lin 
Chung Er Bi Yan Hou Tou Jing Wai Ke Za Zhi 
2010; 24: 57-59.

[7] Yang QT, Chen ZG, Huang XK, Chen YL, Zhang 
GH. Effects of specific immunotherapy on al-
lergic rhinitis children accompanied with asth-
ma. Chinese Journal of Pathophysiology 2011; 
3: 596-598.

mailto:jingchen58tc@163.com


A meta-analysis on the comorbidity of allergic rhinitis and asthma in children

10172 Int J Clin Exp Med 2018;11(9):10166-10172

[8] Chen S, Zeng X, Wang L, Chen B, Chen L, Wu S, 
Liao F, Feng X. Effects of house dust mite sub-
lingual immunotherapy in children with allergic 
rhinitis and asthma. Zhonghua Er Bi Yan Hou 
Tou Jing Wai Ke Za Zhi 2015; 50: 627-631.

[9] Lu DW, Yu B, Liu J, Liu YH, Li MY. Evidences 
from clinical epidemiological survey for the 
concept of allergic rhinitis and asthma as one 
disease. Chinese Journal of Clinical Otorhino-
laryngology Head and Neck Surgery 2008; 1: 
65-68.

[10] Ma Y, Fang P, Liu YH, Li XH, Sha Q, Yang KL. 
Allergens distribution and clinical significance 
with allergic rhinitis and asthma in Hefei of An-
hui province. Acta Universitatis Medicinalis An-
hui 2013; 10: 1249-1251.

[11] Xu WG, Li MH. The relationship between aller-
gic rhinitis and asthma. Chinese Journal for 
Clinicians 2014; 12: 5-6.

[12] Wang X, Deng YH, Meng ZL. A study on the re-
lationship between allergic rhinitis and asthma 
and other allergic conditions. Chinese Journal 
of Coal Industry Medicine 2007; 11: 1265-
1266.

[13] Garcia-Aymerich J, Benet M, Saeys Y, Pinart M,  
Basagaña X, Smit HA, Siroux V, Just J, Momas 
I, Rancière F, Keil T, Hohmann C, Lau S, Wahn 
U, Heinrich J, Tischer CG, Fantini MP, Lenzi J, 
Porta D, Koppelman GH, Postma DS, Berdel D, 
Koletzko S, Kerkhof M, Gehring U, Wickman M, 
Melén E, Hallberg J, Bindslev-Jensen C, Eller E,  
Kull I, Lødrup Carlsen KC, Carlsen KH, Lam-
brecht BN, Kogevinas M, Sunyer J, Kauffmann 
F, Bousquet J and Antó JM. Phenotyping asth-
ma, rhinitis and eczema in MeDALL popula-
tion-based birth cohorts: an allergic comorbid-
ity cluster. Allergy 2015; 70: 973-984.

[14] Westman M, Stjärne P, Asarnoj A, Kull I, van 
Hage M, Wickman M and Toskala E. Natural 
course and comorbidities of allergic and nonal-
lergic rhinitis in children. J Allergy Clin Immunol 
2012; 129: 403-408.

[15] Yamauchi K, Tamura G, Akasaka T, Chiba T, 
Honda K, Kishi M, Kobayashi H, Kuronuma T, 
Matsubara A, Morikawa T, Ogawa H, Ohta N, 
Okada M, Sasaki M, Saito J, Sano K, Satoh M, 
Shibata Y, Takahashi Y, Takanashi S and Inoue 
H. Analysis of the comorbidity of asthma and 
allergic rhinitis by questionnaire in 10,009 pa-
tients. Allergol Int 2009; 58: 55-61.

[16] Ait-Khaled N, Odhiambo J, Pearce N, Adjoh KS, 
Maesano IA, Benhabyles B, Bouhayad Z, Ba-
hati E, Camara L, Catteau C, El Sony A, Esamai 
FO, Hypolite IE, Melaku K, Musa OA, Ng’ang’a 
L, Onadeko BO, Saad O, Jerray M, Kayembe 
JM, Koffi NB, Khaldi F, Kuaban C, Voyi K, 
M’Boussa J, Sow O, Tidjani O, Zar HJ. Preva-
lence of symptoms of asthma, rhinitis and ec-
zema in 13- to 14-year-old children in africa: 
the international study of asthma and allergies 
in childhood phase III. Allergy 2007; 62: 247-
258.

[17] Burgess JA, Walters EH, Byrnes GB, Matheson 
MC, Jenkins MA, Wharton CL, Johns DP, 
Abramson MJ, Hopper JL and Dharmage SC. 
Childhood allergic rhinitis predicts asthma inci-
dence and persistence to middle age: alongitu-
dinal study. J Allergy Clin Immunol 2007; 120: 
863-869.

[18] Lee E, Si HL, Kwon JW, Kim Y, Cho HJ, Yang SI, 
Jung YH, Kim HY, Seo JH and Kim BJ. A rhinitis 
phenotype associated with increased develop-
ment of bronchial hyperresponsiveness and 
asthma in children. Ann Allergy Asthma Immu-
nol 2016; 117: 21-28.

[19] Zhu K, Hou XL, Huang HJ, Wang YR, Ren YX, Ni 
X and Xiang L. Distribution characteristics of 
serum specific IgE for inhaled allergens in chil-
dren with different airway allergic diseases. 
Zhongguo Dang Dai Er Ke Za Zhi 2017; 19: 
1185-1190.

[20] Qiu Y. Clinical observation of pidotimod in the 
treatment of allergic rhinitis with allergic asth-
ma in children. Chinese & Foreign Medical Re-
search 2018.

[21] Liu B, Xie Y, Lai KF and Luo W. Feno could be 
an effective predictor for lower airway eosino-
philic inflammation in nonasthmatic patients 
with allergic rhinitis, but not in patients with 
non-allergic rhinitis. Chest 2016; 149: A9-A9.

[22] Amaral R, Carneiro AC, Wandalsen G, Fonseca 
JA and Sole D. Control of allergic rhinitis and 
asthma test for children (CARATKids): valida-
tion in brazil and cutoff values. Ann Allergy 
Asthma Immunol 2017; 118: 551-556.

[23] Wang X, Liu C, Wu L and Zhu S. Potent amelio-
rating effect of hypoxia-inducible factor 1α 
(HIF-1α) antagonist YC-1 on combined allergic 
rhinitis and asthma syndrome (CARAS) in Rats. 
Eur J Pharmacol 2016; 788: 343-350.

[24] Alvarez MJ, Olaguibel JM, García BE, Rodríquez 
A, Tabar AI and Urbiola E. Airway inflammation 
in asthma and perennial allergic rhinitis. Rela-
tionship with nonspecific bronchial responsive-
ness and maximal airway narrowing. Allergy 
2000; 55: 355-362.

[25] Linneberg A, Henrik NN, Frølund L, Madsen F, 
Dirksen A, Jørgensen T; Copenhagen Allergy 
Study. The link between allergic rhinitis and al-
lergic asthma: a prospective population-based 
study. The copenhagen allergy study. Allergy 
2002; 57: 1048-1052.

[26] Rosati MG and Peters AT. Relationships among 
allergic rhinitis, asthma, and chronic rhinosi-
nusitis. Am J Rhinol Allergy 2016; 30: 44-47.

[27] Georgopoulos R, Krouse JH and Toskala E. 
Why otolaryngologists and asthma are a good 
match: the allergic rhinitis-asthma connection. 
Otolaryngol Clin North Am 2014; 47: 1-12.


