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Introduction
Asthma and Allergic Rhinitis (AR) are the two most common chronic airway disorders in 

children and adolescents. Studies have shown that between 60-80% of children with asthma also 
have AR and 20-38% of patients with AR have symptoms of asthma [1,2]. In China, depending 
on the regions, AR is found in 35-50% of children with asthma and asthmatic symptoms are 
experienced by 10-18% of children with AR [3]. The coexistence of these two conditions 
appears to be more common in younger than in older patients. AR has a significant impact on 
asthma. Uncontrolled AR is associated with more severe and more difficult to control asthma 
and substantially impaired quality of life [4,5]. AR is also a risk factor for asthma [6,7]. In up to 
30% of patients with AR who have no previous history of asthma, the provocative bronchial 
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Abstract
Asthma and allergic rhinitis often coexist and it is suggested that the second-generation H1 antihistamines 
may be a promising treatment for patients with allergic rhinitis and asthma. This study was conducted to 
investigate the efficacy and safety of oral cetirizine in children with coexisting allergic rhinitis and asthma. 
552 children, mean age 4.8 years, were randomized to receive daily oral cetirizine dihydrochloride drops 
plus inhaled corticosteroids (intervention group) or inhaled corticosteroids alone (control group) for 12 
weeks. Allergic rhinitis symptoms, recent asthma control, the occurrence of acute asthma attacks, use of 
rescue medications, and adverse events were recorded. The proportions of subjects with good asthma 
control in the intervention group were 90.5%, 90.7% and 95.6% at Weeks 12, 16 and 24, respectively, which 
were significantly higher than the proportions in the control group (61.3%, 68.5% and 78.2%, respectively). 
The proportions of subjects with asthma attacks were significantly lower in the intervention group than the 
control group at Weeks 12 and 16. The use of rescue medications was significantly less in the intervention 
group than in the control group. Nasal symptoms improved in both groups and the improvements were 
significantly more pronounced in the intervention group. Treatment with cetirizine in addition to inhaled 
corticosteroids significantly improved asthma control and reduced nasal symptoms in children compared 
to inhaled corticosteroids alone.
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challenge with methacholine can elicit bronchial hyperreactivity 
[8]. AR and asthma share similar allergic inflammatory mechanisms 
and may represent two manifestations of the same chronic allergic 
respiratory syndrome [9,10]. To emphasize the link of allergic 
disorder between the upper and lower respiratory tracks, a term 
called ‘Combined Allergic Rhinitis and Asthma Syndrome’ was 
proposed by the World Allergy Organization [11]. 

It has therefore, been suggested by the Allergic Rhinitis and its 
Impact on Asthma (ARIA) initiative that control of AR may improve 
symptoms of coexisting asthma [7,12]. The ARIA initiative in 2010 
recommended that the second-generation H1 antihistamines may 
be a promising treatment for patients with AR and asthma [13]. 
Cetirizine is a second-generation H1-receptor antagonist that 
does not cause sedation or interact with cytochrome P450. A few 
randomized controlled trials have shown that cetirizine is safe 
and effective in relieving both upper and lower respiratory tract 
symptoms in patients with coexisting AR and asthma [14-16]. 
Previous studies were mostly conducted in adolescents and adults. 
Clinical trials on the efficacy and safety of cetirizine on asthma 
control in children with asthma and AR are needed to test the 
hypothesis that effective control of AR could lead to better control 
of asthma symptoms. This randomized trial aimed to investigate 
the efficacy and safety of cetirizine dihydrochloride drops on 
asthma and AR outcomes in children with coexisting AR and asthma 
receiving inhaled corticosteroids. 

Method and Materials
Trial design and patients

This was a multicenter, open-label, randomized trial conducted 
between October 2015 and July 2017 in 18 hospitals from Beijing, 
Shanghai and Zhejiang in China. The study was approved by the 
Ethics Committee of Xin Hua Hospital Affiliated to Shanghai Jiao 
Tong University School of Medicine (No. XHEC-D-2020-034) and 
the study was in accordance with the Declaration of Helsinki. 
Informed consent was taken from all individual participants and 
their parents. Eligible study participants were children aged from 
6 months to 12 years old. Inclusion criteria were: a) a diagnosis of 
asthma according to the Guideline for the diagnosis and optimal 
management of asthma in children in China [17]; b) mild persistent 
and moderate persistent asthma according to Global Initiative for 
Asthma Classification of Asthma based on the severity of clinical 
features [18]; c) a concomitant diagnosis of AR according to the 
Guidelines for the Diagnosis and Treatment of Allergic Rhinitis 
in Children in China [19]; d) current regular use of inhaled 
corticosteroids for at least one month. Exclusion criteria were: 1) 
severe cardiovascular diseases, liver and kidney dysfunction, or 
diseases of the hematopoietic system; 2) severe chronic obstructive 
pulmonary disease, bronchiectasis, congestive heart failure, 
tuberculosis, or nasal ventilatory dysfunction caused by nasal 
septum deviation and nasal polyps; 3) allergic to the medication 
under investigation or hydroxyzine; 4) participation in other 
studies within one month before enrolment; 5) use of cetirizine, 
other kinds of antihistamines, leukotriene receptor antagonists, or 
immunotherapy in the previous month; 6) considered as unable to 

complete the trial or as an unsuitable subject for other reasons at 
the discretion of the study investigators.

Randomization

An independent statistician generated a randomization list 
using Stata, with random permuted blocks of random size stratified 
by recruitment centre in a 2: 1 (intervention group vs control group) 
ratio. At enrollment, the sequence was concealed from investigators 
and research staff who confirmed consent and eligibility before 
allocation was revealed. The 2: 1 ratio randomization was chosen 
because the subjects included in this study were seeking medical 
attention because of unsatisfactory outcomes when taking inhaled 
corticosteroids alone so it was considered appropriate to provide 
active treatment for the majority of subjects. Unfortunately, it was 
not possible to provide a placebo oral solution for the control group. 

Study protocol and interventions

Children in the intervention group received oral cetirizine 
dihydrochloride drops (Bright Future Pharmaceutical Laboratories 
Ltd., Hong Kong) and inhaled corticosteroids and those in the 
control group received inhaled corticosteroids alone. The dosage 
of cetirizine dihydrochloride drops (10mg/ml) was as follows: a) 
0.25mg/kg twice a day for 6 months to one year old; b) 0.25ml 
(2.5mg) twice a day for one to two years old; c) 0.5ml (5mg) daily 
for two to six years old; d) 1ml (10mg) daily for six to 12 years 
old. The most common choice of inhaled corticosteroids included 
fluticasone propionate aerosol, beclomethasone propionate aerosol, 
and budesonide aerosol. During the study period, children were 
allowed to use inhaled short-acting β-receptor agonists (SABAs) to 
relieve acute exacerbation of asthma or systemic corticosteroids for 
severe symptoms. The treatment period was 12 weeks, followed by 
a 12-week follow-up period. Study visits were at baseline, Week 4, 
Week 12, Week 16 and Week 24. 

Data collection and study outcomes

Data collection was performed at each study visit. Patients’ 
age, sex, duration of AR, and duration of asthma were recorded 
at baseline. Nasal symptoms of AR, including sneezing, runny 
nose, congestion, and itching were evaluated using a 0-10 visual 
analogue scale (VAS), with 0 indicating no symptom and 10 most 
severe symptoms. Mild symptoms referred to those of VAS from 0 to 
3. Recent asthma control was based on symptoms over the previous 
4 weeks [18]. A patient was considered in good control when all 
four of the following criteria were fulfilled: a) daytime symptoms 
≤2 days per week, lasting only a few minutes and rapidly relieved 
by rapid-acting bronchodilator; b) no limitation of activities; c) no 
symptoms during night or when waked up; d) need for SABA ≤2 
days per week. Partial control referred to any of the following: a) 
daytime symptoms >2 days per week; b) any limitation of activities; 
c) any symptoms during night or when waked up; d) need for SABA 
>2 days per week. Poor control referred to meeting ≥3 features 
of partial control within the same week. The occurrence of an 
acute asthma attack(s) and frequency of use of inhaled SABAs and 
systemic corticosteroids for acute exacerbation of asthma during 
the study period was recorded. An acute asthma attack referred 
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to sudden onset of symptoms such as wheezing, shortness of 
breath, coughing, or chest tightness, or exacerbation of the original 
symptoms, accompanied by dyspnea, or reduced flow of exhalation. 
Adverse events during the study period were observed and 
recorded by the treating physicians.

Statistical analyses and sample size calculation

Statistical analyses were performed using IBM Statistics 
Package for Social Science (SPSS 22.0). Analyses were performed 
on an intention-to-treat basis. Demographic and safety data were 
summarized using descriptive statistics. Comparisons of baseline 
characteristics between the two groups were performed using 
Student’s t-test or chi-square test, depending on the distribution. 
Continuous variables were analyzed using analysis of covariance 
models, with terms for the treatment group, the study cites, 
and baseline as covariates. Categorical variables were analyzed 
using Cochran-Mantel-Haenszel tests stratified by study site. All 
hypotheses were two-tailed and a p-value <0.05 was considered 
statistically significant. The sample size was calculated with α = 
0.05, β = 0.80, Nt: Nc = 2:1, Δ = 0.1, based on the different disease 
evaluation index, such as asthma control, and effect size in a 

previous study [16]. The sample size estimation ranged from 234 to 
915. It was expected to include at least 500 patients in the analysis 
and in this study, a total of 900 patients were screened and 552 
were finally included in the study. 

Result
Characteristics of study subjects

Figure 1 shows the CONSORT flow chart of the study. A total 
of 552 children were enrolled. Four subjects were excluded from 
analyses, including one in the intervention group who did not use 
the prescribed cetirizine and three in the control group who were 
ineligible but mistakenly randomized. The final analyses included 
548 children, 367 in the interventional group and 181 in the control 
group. Table 1 shows the baseline characteristics of the two groups. 
The two groups were comparable in terms of sex, age, body weight, 
height, duration of AR and asthma symptoms, and VAS scores 
of AR symptoms. However, the proportion of children with mild 
persistent asthma at baseline was significantly higher in the control 
group than in the interventional group (88.4% vs. 79.0%, p=0.005). 
This difference would weaken the advantage of intervention group 
to some extent, which was supported by subgroup analysis.

Figure 1: CONSORT diagram of the study.
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Table 1: Baseline characteristics of the study patients.

Results are mean ± standard deviation (SD) or number (%) unless otherwise indicated. AR: Allergic Rhinitis; C-ACT: 
Children-Asthma Control Test; VAS: Visual Analogue Scale.

Characteristics Intervention Group (n=367) Control Group (n=181) P-Value

Boys, n (%) 218 (59.4) 97 (53.6) 0.162

Age, years 4.8±2.3 4.8±2.4 0.844

Body weight, kg 21.7±8.5 22.2±8.6 0.652

Body height/length, cm 110.7±17.9 111.6±18.2 0.738

Duration of asthma, months 11.5±14.6 10.7±13.9 0.476

Duration of AR, months 11.7±14.8 11.1±13.4 0.547

Known source of allergy, n (%) 141(38.4) 68(37.6) 0.852

Classification of asthma   0.005

Mild persistent, n (%) 290(79.0) 160(88.4)  

Moderate persistent, n (%) 77(21.0) 21(11.6)  

Asthma control   0.291

Good control, n (%) 19(5.2) 15(8.3)  

Partial control, n (%) 283(77.1) 138(76.2)  

Poor control, n (%) 65(17.7) 28(15.5)  

C-ACT scores 17.7±3.7 17.7±3.8 0.958

VAS scores of AR symptoms    

Sneezing 5.4±1.6 5.3±1.4 0.697

Runny nose 5.5±1.4 5.3±1.3 0.101

Congestion 5.4±1.5 5.2±1.3 0.244

Itching 5.5±1.5 5.3±1.4 0.072

Mild AR symptoms, n (%) 33(9.0) 17(9.4) 0.878

Asthma control

Figure 2: Changes of proportions of children with good control (grey), partial control (pattern), and poor control 
(white) of the two groups.
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The proportion of subjects with good control increased and 
that of poor control decreased in both groups after randomized 
treatment. Although there was no significant difference in categories 
of recent asthma control between the two groups at Week 4 (p= 
0.121), the proportion with good control in the intervention group 
was greater than 90% at Weeks 12, 16 and 24 (90.5%, 90.7%, and 
95.6%, respectively) and these were significantly higher than the 
values in the control group (61.3%, 68.5% and 78.2%, respectively, 
all p<0.0001) (Figure 2). At baseline, all children had experienced 
acute asthma attacks recently. After systematic treatment, the 
proportion of subjects with asthma attacks decreased sharply 
in both groups at Week 4 (32.4% in the intervention group and 
23.2% in the control group, p=0.026). And the proportion with 
asthma attacks was numerically less in the intervention than in 

the control group at Weeks 12 (1.6 % vs. 13.3%), 16 (1.4% vs. 
6.1%) and 24 (1.9% vs. 4.4%), with differences at Weeks 12 and 
16 being statistically significant (p<0.0001 and <0.01, respectively) 
(Figure 3). Use of inhaled corticosteroids was required by all 
children during the treatment period until Week 16 (Figure 4A). 
Only 34.3% and 45.9% of children in the intervention and control 
group, respectively, required the use of inhaled corticosteroids at 
Week 16. The corresponding figures at Week 24 were 31.3% and 
43.1%, respectively. Significant between-group differences were 
found at Week 16 and 24 (both p <0.0001). The use of SABAs was 
comparable between the two groups at Week 4 but was significantly 
less in the intervention group than in the control group at Weeks 
12, 16 and 24 (all p <0.0001) (Figure 4B).

Figure 3: Proportions of children with asthma attacks in the interventional group (grey bar) and control group (white 
bar).

Figure 4: Proportions of using inhaled corticosteroids (A) and inhaled rapid-acting β-receptor agonists (B) during the 
study period in the interventional group (grey bar) and control group (white bar). 
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AR symptoms

Figure 5 shows changes in VAS scores of AR symptoms for 
both groups. Symptoms of sneezing, runny nose, congestion and 
itching improved during the treatment period and follow-up period 

and such improvements were significantly more pronounced in 
the intervention group than in the control group, reflected by 
the significantly lower VAS scores at all follow-up visits in the 
intervention group (all p <0.0001).

Figure 5: Changes of visual analogue scale scores of four allergic rhinitis symptoms - sneezing, congestion, runny 
nose and itching-during the study period in the intervention group (solid line) and control group (dashed line). 

*p <0.0001 comparing between the two groups.

Adverse events

There were only two adverse events during the study 
period, both of which occurred in the intervention group and 
were accidental falls that were deemed unrelated to the study 
medications. There were no adverse events noted of sedation, 
decreasing of attention and cognition, urinary retention, intestinal 
constipation, or hypotension.

Discussion
In this large-randomized trial, daily use of cetirizine 

dihydrochloride drops significantly improved asthma control and 
reduced asthma attacks and use of inhaled corticosteroids and 
SABAs in children between 6 months and 12 years old. These effects 
were accompanied by improved control of AR symptoms. Cetirizine 
was well tolerated with no significant adverse events noted. These 
results demonstrated the efficacy and lack of adverse effects of 
cetirizine in children with AR and concomitant asthma and provided 
evidence to support the potential utility of second-generation H1-
antagonists as a complementary treatment in the comprehensive 

management of these children. These findings further support the 
theory of a combined allergic respiratory syndrome [20]. Several 
large epidemiology studies have found a higher prevalence of 
rhinitis in asthma [21], whether allergic or non-allergic rhinitis, and 
that the presence of rhinitis increases the risk for development of 
asthma [6,7] and leads to a less favorable evolution in patients with 
asthma [22]. Apart from the epidemiology studies, it is postulated 
that the upper and lower airways function as a unit, and disease 
processes might be interrelated. Bronchial hyperresponsiveness 
and heightened reactivity to a variety of stimuli are shared 
physiology of AR and asthma [23,24]. The immunopathology of AR 
is also similar to the TH2-type immune response and eosinophilic 
inflammation in asthma [25]. 

On the therapeutic level of clinical evidence, studies have 
shown that effective control of AR was beneficial to reducing 
asthma symptoms [26], emergency room visits [27], primary 
care visits [28], hospitalization [28,29] and the severity of 
bronchial hyperresponsiveness [30]. Intranasal corticosteroids 
are considered the most effective drug for the pharmacologic 
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management of AR and have been shown in a few studies to reduce 
asthma symptoms and bronchial hyperresponsiveness in patients 
with coexisting AR and asthma [30-34]. However, these studies 
were mostly conducted in a small study cohort. A meta-analysis by 
Taramarcaz [5] in 2003 summarized results of 14 trials involving 
477 patients and showed that intranasal corticosteroids failed 
to achieve a statistically significant effect in improving asthma 
outcomes or hyperresponsiveness, despite a trend of favoring 
a beneficial effect [5]. A more recent meta-analysis by Lohia 
et al. [26] in 2013 performed several subgroup analyses [26]. 
Their findings showed that intranasal corticosteroids offered no 
additional beneficial effect when patients were already treated 
with orally inhaled corticosteroids but could significantly improve 
several asthma outcomes when patients were not on orally inhaled 
corticosteroids, or when corticosteroids were inhaled through the 
nose into the lungs. 

Most of these previous studies were conducted in an adult 
cohort or a mixed cohort of adults and adolescents. Our large clinical 
trial provided additional clinical evidence to support the concept of 
integrating the management of AR in asthma control in children. 
Antihistamines can be used as add-on therapy to improve efficacy 
and reduce glucocorticoid use. A small randomized controlled 
trial of 12 adult patients demonstrated a protective nasal effect 
of cetirizine against bronchial hyperresponsiveness measured 
six hours after nasal allergen challenge in patients with AR [35]. 
Cetirizine has been shown to significantly reduce symptoms of 
pollen-associated asthma [36,37]. Two large randomized controlled 
trials in patients with concomitant seasonal AR and asthma aged 12 
years or older showed that cetirizine could not only significantly 
relieve AR symptoms but also improve asthma symptoms compared 
with placebo [14,16]. Our findings are consistent with theirs by 
showing that cetirizine resulted in better asthma control and less 
use of rescue medications in children. 

In this study, cetirizine exerted a significant effect in the 
treatment of asthma and AR and the underlying mechanism might 
be related to its antihistamine and anti-inflammatory effects. 
Histamine is an important mast cell and basophil-derived mediator 
in allergic diseases, which can cause smooth muscle contraction and 
increased vascular permeability leading to mucosal oedema. For 
asthma, histamine concentrations are higher in bronchoalveolar 
lavage as a result of increased peripheral basophil and mast cell 
degranulation, which contribute to airway hyperreactivity. It 
has been well demonstrated that the antihistamine cetirizine 
is very effective in histamine-induced bronchoconstriction 
[38]. Cetirizine is also a first-line treatment for AR because of 
its strong antihistamine effect. Furthermore, cetirizine has an 
anti-inflammatory effect that cannot be entirely explained by 
antagonism of the H1 receptor [39]. Cetirizine could inhibit antigen-
induced eosinophil recruitment in the nose and lung, protect 
against the asthmatic late-phase reaction and decrease eosinophil 
and neutrophil infiltration and eosinophil cationic protein and 
eosinophil peroxidase in nasal lavage from patients with allergic 
rhinitis [39,40]. A recent meta-analysis performed that cetirizine 
could improve clinical improvement and quality of life in children 

with AR and is well tolerated in the pediatric population [41]. In a 
previous study, the therapeutic effect of cetirizine, nasal fluticasone 
and the combination of cetirizine and nasal fluticasone were 
compared in AR patients [42]. The study showed that patients who 
received the combination treatment achieved the best results on 
all symptoms including obstruction, which continued even after 
interrupting the treatment with fluticasone. This suggested there 
may be a synergistic action of cetirizine and the corticosteroid [42]. 
In the present study, patients in the intervention group required 
less ICS and achieved better disease control, which also suggests 
a synergistic effect of cetirizine with ICS and this may be related to 
the antihistamine effect and anti-inflammatory effect of cetirizine. 
Further study is needed to investigate the underlying mechanisms 
of the synergistic effect between antihistamine and ICS in asthma.

This study has several limitations. Bias might arise because the 
study adopted an open-label design, lacking a placebo and objective 
outcome measures. The age of the subjects ranged from 6 months 
to 12 years, and there is some heterogeneity in disease severity 
or clinical manifestations of different ages. For example, transient 
wheezing and infections are more common in the younger group, 
which may cause bias. In addition, the results may be influenced by 
some confounding factors. For example, the proportion of subjects 
with acute asthma attack decreased sharply in both groups after 
four weeks of treatment. Levels of asthma control also improved 
significantly in both groups in week 4. These improvements might 
reflect a natural course of disease in patients with mild persistent 
and moderate persistent asthma. Meanwhile, most patients visit 
at baseline due to clinical progression, which may be related to 
seasonal effect or substandard medication. The improvements in 
week 4 may be attributed more to systematic treatment, while the 
advantage of cetirizine emerged during the long-term treatment 
phase. An additional limitation is that we did not measure the exact 
dosage change of inhaled corticosteroids. We used recent asthma 
control as the primary outcome to reflect the overall severity 
and/or activity of the disease. Two important outcomes were not 
assessed: Asthma-related quality of life and pulmonary function. 
In a four-week randomized placebo-controlled study, Nathan et al. 
[16] showed that patients treated with cetirizine had significantly 
greater improvements in the Asthma Quality of Life Questionnaire 
[16]. Studies have shown that treatment with cetirizine was not 
associated with significant changes in pulmonary function tests 
[14-16]. Nonetheless, we included the occurrence of an asthma 
attack as one of the outcomes and the results showed a significant 
reduction in the risk of an acute asthma attack in children treated 
with cetirizine.

Conclusion
In conclusion, this study found that daily cetirizine 

dihydrochloride significantly reduced symptoms of AR and asthma, 
improved asthma control and reduced asthma attacks and use of 
rescue medications in children aged between 6 months and 12 years 
suffering from concomitant AR and asthma. The collective evidence 
from this study and previous ones corroborates the importance of 
assessing and treating AR in asthmatic patients. Second-generation 
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H1-antagonists could be considered as a complementary treatment 
in the comprehensive management of patients with AR and asthma. 
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