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Abstract
Objective: Sublingual immunotherapy (SLIT) has been widely applied to treat patients with allergic rhinitis (AR). However,

meta-analyses on the efficacy of SLIT in AR patients with asthma are still limited.

Methods: Literature without language limitation published before October 28, 2022, were retrieved from PubMed, EMBASE,

and Cochrane Library. STATA 16.0 software was used for the meta-analysis of the extracted data. The results reported were

symptom scores, drug scores, adverse effects rates, and cost of treatment.

Results: Ten studies involving 1722 patients met the inclusion criteria. The total rhinitis score (TRSS) (weighted mean dif-

ference [WMD]=−1.23, 95% CI: −1.39-−1.06, P< .001) and total asthma symptom score (TASS) (WMD=−1.00, 95%
CI: −1.12–0.89, P< .001) were significantly lower in the SLIT group than the placebo group. The SLIT group had higher

rates of treatment-related adverse events (relative risk [RR]= 2.82, 95% CI: 1.77-4.48, P< .001) and total costs of treatment

(standardized mean difference [SMD]= 0.71, 95% CI: 0.45-0.97, P< .001). There was no significant difference in inhaled cor-

ticosteroids (ICS) dose (P= .195), fractional exhaled nitric oxide (FeNO) (P= .158), forced expiratory volume in 1 s (FEV1) (P
= .237), and direct costs of treatment (P= .630) between the SLIT and placebo groups.

Conclusion: SLIT may be a therapeutic method for improving rhinitis symptoms and asthma symptoms in AR patients with

asthma. However, as there was significant heterogeneity in results, more high-quality and well-designed studies are needed in

the future to elucidate the efficacy of SLIT.
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Introduction
Allergic diseases caused by abnormal reactions of the
immune system to allergens are prevalent in children and
adults, and the prevalence is on the increase.1,2 Allergic rhi-
nitis (AR) is one of the most widespread allergic diseases,
affecting about 10% to 30% of the global population.3 The
combined incidence of AR and asthma is very high. It is
reported that 10% to 60% of patients with AR have
asthma, and 28% to 84% of asthmatic patients experience
symptoms of AR.4–7

AR is a global health problem with a substantial economic
burden. Recurrent sneezing, runny nose, nasal congestion,
itching, and itchy eyes will affect sleep, study, work, etc.,
thereby reducing AR patients’ quality of life.8 Allergy to
house dust mites (HDM), pollen, mold, and certain types of
animal dander are the main cause of AR.2

Allergy immunotherapy (AIT) is currently considered the
only treatment for allergic diseases with potential long-term

therapeutic effects.9,10 Repeated allergen administrations
can increase the tolerance to causal allergens, thereby modu-
lating the immunological response.11 The administration
routes of AIT include subcutaneous immunotherapy (SCIT)
and sublingual immunotherapy (SLIT). SCIT and SLIT
have been shown to have good efficacy.12,13 The mild
events in the oral cavity and upper respiratory tract are the
main side effects related to SLIT. Even with these adverse
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events, SLIT, without frequent doctor visits or injections, has
become a more popular method of administration because of
its comfort and convenience.14

Several randomized controlled trials (RCTs) and meta-
analyses have approved that SLIT has a palliative effect on
AR.15,16 Moreover, SLIT not only reduces inhaled corticoste-
roids (ICS) in patients with mild to moderate allergic asthma
but also improves lung function and airway inflammation in
adults with asthma.17,18 To date, there is no meta-analysis of
the efficacy of SLIT in AR patients with asthma. Our current
meta-analysis was designed to evaluate the efficacy of SLIT
on outcomes in AR patients with asthma, including rhinitis
symptoms, asthma symptoms, ICS dose, adverse events,
and cost of treatment.

Method
Preferred Reporting Items for Systematic Reviews and
Meta-Analyses (PRISMA) was used to guide the implemen-
tation of this systematic review and meta-analysis.19

Retrieval Strategy
PubMed, Embase, and Cochrane Library online databases
were searched from inception to October 28, 2022. The
search keywords were “(‘sublingual immunotherapy’ OR
‘SLIT’ OR ‘sublingual immunotherapies’) AND (‘allergic
rhinitides’ OR ‘allergic rhinitis’ OR ‘allergic rhinopathy’
OR ‘rhinallergosis’ OR ‘eosinophil rhinitis’ OR ‘eosinophile
rhinitis’ OR ‘eosinophilic rhinitis’ OR ‘eosinophilous rhini-
tis’ OR ‘allergic rhinitis’ OR ‘eosinophilia rhinitis’ OR
‘pollen allergy’ OR ‘pollen allergies’ OR ‘pollinosis’ OR
‘pollinoses’ OR ‘hay fever’ OR ‘pollen hypersensitivity’
OR ‘seasonal rhinitis’) AND (‘asthma’ OR ‘bronchial
asthma’ OR ‘asthmas’).”

Inclusion Criteria
After deleting repeated articles, two researchers respectively
screened out potential studies based on the titles and abstracts.
The final included studies were determined via full-text review.
There were no restrictions on country/region or language. The
Population Intervention Comparison Outcome Study design
(PICOS) strategy was used to define eligible studies.20

Population
Reports should include patients with AR and asthma.
Including patients was not limited by race, gender, age,
nationality, or occupation.

Intervention
Patients received any dose and formulation of SLIT for
treatment.

Comparison
The study should include a control group. Patients in the
control group received a placebo or conventional medication.

Outcomes
The measured outcomes included total rhinitis score (TRSS),
total asthma symptom score (TASS), ICS dose, fractional
exhaled NO (FeNO), forced expiratory volume in 1 s
(FEV1) predicted value, treatment-related adverse events,
and cost of treatment. The TRSS is a four-point symptom
scale for rhinitis, including sneezing, itching, rhinorrhea,
and nasal blockage. The TASS is a four-point symptom
scale for asthma including cough, wheezing, breathlessness,
and dyspnea. In this study, the ICS dose was evaluated based
on the average daily dose of budesonide (µg/day).

Study Design
RCTs and non-randomized controlled clinical trials (CCTs)
would be selected.

Data Extraction
Data on authors, year of publication, region, study design,
sample size, subject characteristics, interventions, and clini-
cal outcomes were extracted from eligible studies. Two inde-
pendent researchers used a standardized form for data
extraction. If there were different opinions, the two research-
ers discussed or consulted a third researcher.

Bias Risk Assessment of Included Studies
For RCTs, the risk of bias was assessed according to
Cochrane Collaboration Risk of Bias Tool 2.0.21 The risk
of bias was assessed according to the following five
aspects, the randomization process, deviations from intended
interventions, missing outcome data, measurement of the
outcome, and selection of the reported result. For CCTs,
the Newcastle-Ottawa Scale (NOS) was used for evalua-
tion.22 The scoring range was 0 to 9 points. Studies scored
6 to 9 were considered at low risk of bias, studies scored 3
to 5 were assessed at unclear risk of bias, and studies
scored 0 to 2 were considered at high risk of bias.23

Data Combination and Analysis
Statistical analysis was performed using STATA 16.0 soft-
ware. Two-tailed P values less than 0.05 were used as statis-
tical significance. Continuous variables at the same
measurement scale were evaluated using the corresponding
95% confidence interval (95% CI) of weighted mean differ-
ence (WMD). The standardized mean difference (SMD)
and 95% CI were calculated for continuous variables with
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different measurement scales. Relative risk (RR) and 95% CI
were calculated for dichotomous variables.

Heterogeneity was assessed using the I2 statistic (percent-
age of total variability due to heterogeneity between
studies).24 I2 < 40% indicated that heterogeneity was insignif-
icant. 40%≤ I2 < 60% indicated moderate heterogeneity.
60%≤ I2 < 90% indicated a considerable degree of heteroge-
neity, and 90%≤ I2 < 100% indicated substantial heterogene-
ity.25 We used random-effects or fixed-effects models to
summarize data from studies. Subgroup analysis was con-
ducted to investigate possible resources of heterogeneity.

Results

Studies Identification and Selection
Figure 1 shows the process of literature screening. We
identified 1073 studies that may be relevant. However,
979 studies were excluded after the titles and abstracts
were screened. After a full-text review of 94 studies,
further 84 studies were excluded. Finally, 10 studies

met our inclusion criteria, including seven RCTs2,26–31

and three non-randomized CCTs.32–34

Study Characteristics and Quality Assessment
The ten studies conducted between 2004 and 2022 were con-
firmed, including 1722 participants. Seven studies were con-
ducted in Europe,2,27–31,34 two in Japan,26,32 and one in
China.33 The duration of treatment ranged from 6 months
to 3 years). Eight studies reported the gender of the subjects,
including 265 females and 328 males. The average age of
patients was 33.78 years. Five studies used SLIT
tablets,2,26–28,31 one used drop,33 one used oral lyophiliza-
tion,29 and three were not reported.30,32,34 Table 1 summa-
rizes the essential characteristics of the included studies.

For the bias risk assessment of CCTs, the average NOS
score of the three studies was more than 6 points, indicating
a low risk of bias.32–34 Bias risk assessment for seven RCTs
was shown in Figure 2. Four studies were rated at low risk for
the overall risk of bias,2,27,28,31 one study was considered as

Figure 1. Flowchart of literature search strategy in this systematic review and meta-analysis.
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some concerns based on the selection of the reported result,30

and the other two studies were considered as some concerns
with the randomization process.26,29

Symptom Score
Two studies reported related data on TRSS. The results were
shown in Figure 3A. The TRSS of the SLIT group was

significantly lower (WMD=−1.23, 95% CI: −1.39-−1.06, P
< .001, I2= 0.0%, fixed-effects model) than that in the placebo
group. Two studies involving 122 subjects compared the
TASS between the SLIT and placebo groups. The results
showed that the TASS of the SLIT group was significantly
lower than that of the placebo group (WMD=−1.00, 95% CI:
−1.12-−0.89, P<0.001, I2= 0.0%, Fixed-effects Model)
(Figure 3B).

Table 1. Characteristics of the Eligible Study in this Meta-analysis.

Author Year Region Study design

Sample size

SLIT/

placebo

Gender

(F/M)

Age

(years) Formulation

NOS

score

Calderon et al 2004 UK RCT 32/11 16/27 24.65 Tablet NA

Berto et al 2008 Italy retrospective study 17/27 21/23 32.36 NR 6

Voltolini et al 2010 France RCT 13/9 9/13 42.20 NR NA

Mosbech et al 2014 8 European

countries

RCT 140/126 NR NR Oral

lyophilizate

NA

Emminger et al 2017 Europe RCT 434/429 NR NR Tablet NA

Wang et al 2016 China retrospective study 86/117 61/142 4-60 Drop 7

Hoshino et al 2020 Japan RCT 54/58 64/48 42.04 Tablet NA

Bozek et al 2022 Poland RCT 16/14 16/14 34.73 Tablet NA

Morita et al 2021 Japan retrospective study 36/35 50/21 49.08 Tablet 7

Marogna et al 2011 Italy RCT 34/34 28/40 11.40 NR NA

RCT, randomized controlled trial; SLIT, sublingual immunotherapy; NR, not reported; NA, not applicable; F, female; M, male.

Figure 2. Risk of bias assessment of included studies. Green (+), low risk of bias; red (-), high risk of bias; Yellow (!), some concerns.
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ICS Dose
Two studies reported ICS doses, with 156 patients in the
SLIT group and 140 in the placebo group. The ICS used in
the included studies were all budesonide (µg/day). The
pooled WMD was −110.10 (95% CI: −276.48-56.27, P=
.195, I2= 93.5%, random-effects model), indicating that no
significant difference was found in the daily ICS dose
between the SLIT group and the placebo group (Figure 4).
Due to the small number of included studies for the results,
we did not conduct subgroup analyses to explore the
sources of heterogeneity.

FeNO and Lung Function
Two studies involving 90 patients compared FeNO between
the SLIT and placebo groups. The pooled results showed no
difference between the two groups (WMD=−5.77, 95% CI:
−13.78-2.25, P= .158, I2= 56.1%, random-effects model)

(Figure 5A). Due to the small number of included studies
for the results, subgroup analyses could not be performed
to explore the source of heterogeneity. We used FEV1 to
assess lung function. Four studies reported FEV1. The
results are shown in Figure 5B. There was no difference
between the SLIT and placebo groups (WMD= 0.03, 95%
CI: −0.02-0.08, P= .237, I2= 92.3%, random-effects
model). We performed subgroup analysis to explore the
sources of heterogeneity. The results suggested that study
design, the ratio of male to female, region, and sample size
may not be the sources of heterogeneity (Table 2).

Treatment-Related Adverse Events
Five studies involving 1161 patients reported rates of
treatment-related adverse events. The rate of treatment-
related adverse events was 16.70% in the SLIT group and
6.03% in the placebo group. The pooled RR was 2.82

Figure 3. Forest plot comparing TRSS (A) and TASS (B) in patients between the SLIT group and the placebo group. TRSS, total rhinitis

score; TASS, total asthma symptom score; SLIT, sublingual immunotherapy.
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Figure 4. Forest plot comparing daily ICS dose in patients between the SLIT group and the placebo group. ICS, inhaled corticosteroids;

SLIT, sublingual immunotherapy.

Figure 5. Forest plot comparing FeNO (A) and FEV1 (B) in patients between the SLIT group and the placebo group. FeNO, fractional

exhaled nitric oxide. FEV1, forced expiratory volume in 1 s; SLIT, sublingual immunotherapy.
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(95% CI: 1.77-4.48, P< .001, I2= 27.1%, fixed-effects
model), indicating that the rate of treatment-related adverse
events was significantly higher in the SLIT group than in
the placebo group (Figure 6). Oral pruritus, throat irritation,
and mouth edema were the most commonly reported
treatment-related adverse events. The incidence of oral pruri-
tus in the SLIT group (20.42%) was higher than that in the
placebo group (1.05%). The probability of throat irritation
in the SLIT group (9.51%) was higher than that in the
placebo group (2.28%). However, in these included studies,
mouth edema occurred only in the SLIT group (8.63%).

Cost of Treatment
Two studies compared the total and direct costs of treatment
between the SLIT and placebo groups. The pooled SMD was
0.71 (95% CI: 0.45-0.97, P< .001, I2= 0.0%, Fixed-effects
Model), suggesting that the yearly total costs of treatment
in the SLIT group were significantly higher (Figure 7A).
Direct costs included testing fees, transportation fees, and
pharmaceutical fees. There was no significant difference in
yearly direct costs of treatment between the SLIT group
and the placebo group (SMD= 0.57, 95% CI: −1.74-2.87,
P= .630, I2= 97.7%, random-effects model) (Figure 7B).
Because there were few included studies for this outcome,
subgroup analysis could not be performed to explore the
source of heterogeneity.

Discussion
This systematic review and meta-analysis identified seven
RCTs and three CCTs. A total of 862 AR patients with
asthma receiving SLIT and 860 patients receiving placebo
were included. This meta-analysis reported that SLIT treat-
ment might improve rhinitis and asthma symptoms of AR
patients with asthma. However, SLIT would increase the

treatment-related adverse events and yearly total cost of
treatment.

AR with allergic asthma mainly refers to allergic diseases
that occur simultaneously on the nasal mucosa and bronchial
mucosa. AR and allergic asthma often occur together.33 The
previous meta-analysis has shown that HDM SLIT tablets are
an effective treatment for AR patients.15,16 A meta-analysis
of nine studies has found that asthma symptoms in children
with HDM allergy were significantly improved after SLIT
treatment and steroid-saving effects were observed.35 This
meta-analysis obtained similar results, with significant
improvements in rhinitis symptoms and asthma symptoms
of the SLIT group compared with the placebo group.

ICS therapy is the foundation of asthma treatment in chil-
dren and adults because it targets airway inflammation.36 A
large RCT using SQ HDM SLIT tablet demonstrated signifi-
cantly lower daily ICS doses in asthma patients receiving
SLIT compared to placebo.37 For patients with partly con-
trolled asthma, 6 SQ-HDM treatment for 1-year increased
asthma control, reduced daily budesonide dose, and
improved asthma-related quality of life.36 In this meta-
analysis, we pooled two studies to compare daily ICS (bude-
sonide) doses in the SLIT and placebo groups. The results
showed no significant differences between the daily ICS
doses in the SLIT and placebo groups. This might be due
to the different SLIT tablets used by patients in the two
studies.

Nitric oxide (NO) plays an important role as an inflamma-
tory mediator in upper/lower airway inflammation. Recently,
a study observed a significant reduction of nasal NO (nNO)
in children with AR after 6 months of treatment with
SLIT.38 They suggested that nNO could be a valuable bio-
marker to predict the efficacy of SLIT. FeNO is a simple
and safe method for measuring airway inflammation,39 as it
is often considered to be associated with elevated FeNO.40

An RCT by Hoshino et al found that SLIT could reduce
FeNO levels in patients.26 Another study from China
reported a significant reduction of FeNO in asthmatic chil-
dren undergoing SLIT.41 However, our results showed no
statistical difference in the reported FeNO levels for patients
treated with SLIT and placebo. It might be due to the lack of
data in the placebo group during the pollen dispersal
period.32 In terms of lung function, the pooled results
showed no difference in FEV1 prediction between the
SLIT and placebo groups. However, a Chinese study
showed that SLIT treatment significantly improved both
lung function and FeNO in AR children with or without
asthma.42 Another meta-analysis suggested that SLIT
applied to HDM allergy could significantly improve allergic
symptoms and FEV1.43

The side effects associated with SLIT were mainly oral
cavity and upper respiratory tract-related events. In this
study, we reported a higher incidence of oral pruritus,
throat irritation, and mouth edema in the SLIT group of
20.42%, 9.51%, and 8.63% than that in the placebo group.

Table 2. Subgroup Analysis of Length of FEV1 to Study Design, the

Ratio of Male to Female, Region, and Sample Size.

Subgroup WMD (95% CI) Heterogeneity I2 (%), P

Study design
RCT 0.05 (−0.02, 0.11) 94.7%, P< .001
Retrospective study 0.07 (−0.02, 0.17) NA

The ratio of male to female
F <M 0.05 (−0.06, 0.15) 96.9%, P< .001
F >M 0.01 (−0.05, 0.08) 80.1%, P= .015

Region
Europe 0.05 (−0.06, 0.15) 96.9%, P< .001
Asia 0.01 (−0.05, 0.08) 83.1%, P= .015

Sample size
<100 0.03 (−0.04, 0.09) 94.0%, P< .001
≥100 0.05 (0.01, 0.09) NA

FEV1, forced expiratory volume in 1 s; WMD, weighted mean difference; CI,

confidence interval; RCT, randomized controlled trial; F, female; M, male.
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The pooled results were consistent with previous studies,
with a higher rate of treatment-related adverse events
reported by the SLIT group compared to the placebo
group.27,31 The majority of the reported adverse events
were transient mild or moderate local reactions.2,26,30 A
study reported worsening respiratory symptoms in one of
the SLIT-treated subjects.27 The subject made a full recovery
after treatment and discontinued the trial. In the study of
Calderon et al,31 one patient treated with placebo reported
aggravated asthma. No cases of death, anaphylactic shock,
or systemic allergic reactions were reported in the included
studies of this meta-analysis. SLIT is safe for patients with
mild to moderate asthma and well-controlled rhinitis. In clin-
ical applications, to reduce the risk of adverse events, SLIT
starts from a low dose and increases over the first few
weeks to several months of treatment (cumulative dose
phase) until the maintenance dose is reached.44

Allergic diseases are related to great costs to the healthcare
system and society. AR and asthma may have a considerable
negative impact on patient productivity and quality of life,
resulting in a substantial economic burden. The results of
this meta-analysis showed that yearly total cost was signifi-
cantly higher for patients in the SLIT group than in the
placebo group, but there was no significant difference in
direct costs between the two groups. This was probably
due to the short study period (1-2 years) of the included arti-
cles. A study from China showed that the total and direct
costs of treatment for 2 years were RMB 9360.19 and
RMB 8323.10 in the SLIT group and RMB 8268.06 and
RMB 6103.00 in the placebo group.33 A 1-year Italian
study reported a total cost of Euros 362.4 for AR patients
with asthma receiving SLIT and Euros 229.6 for those receiv-
ing placebo.34 The SLIT group had a 34% decrease in drug

costs compared to the placebo group.34 The current guide-
lines recommend using SLIT for at least 3 years.45 A study
with a 10-year follow-up found that the advantages of
SLIT treatment began to unfold after 6 years, with direct
and indirect costs of Euros 2400 and Euros 1913 in the
SLIT group, and Euros 3026 and Euros 3400 in the conven-
tional treatment group.46 A pharmacoeconomic study con-
cluded that SLIT significantly reduced the economic
burden of asthma and AR patients from year 3 onwards
and that the economic advantage was long-lasting and still
present in the fifth year of the follow-up.47

Even though more than half of the studies included in
this meta-analysis were RCTs, it still involved some chal-
lenges and limitations. First, there was considerable hetero-
geneity in the allergens, dose of SLIT, dosage, formulation,
duration of treatment, and the reports and scores of out-
comes in the included studies. For some results, we could
not explain the source of heterogeneity through sensitivity
and subgroup analysis because of the small number of
studies. The significant heterogeneity indicated that the
analysis results were exploratory, so the results need to be
treated cautiously. Second, even though 10 studies were
included, most of them lacked data of interest for this meta-
analysis, such as asthma or rhinitis symptom scores, ICS
doses, and lung function-related indicators. Furthermore,
because there was no restriction on the language of
studies and researchers’ familiarity with different languages
was different, it might lead to potential bias. In addition, the
studies included were conducted only in European coun-
tries, Japan, and China, so there were limits on generaliz-
ability to other populations. These limitations highlight
the need for in-depth research and carrying out higher-
quality research in this field.

Figure 6. Forest plot comparing treatment-related adverse events in patients between the SLIT group and the placebo group. SLIT,

sublingual immunotherapy.
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Although research in this field continues, evidence on the
outcomes such as serum-specific IgE levels, lung function,
and cost-effectiveness is still too limited. Therefore, the con-
clusion on the effect of SLIT in AR patients with asthma
remains to be proved. The potential benefits of SLIT
should be weighed against the risk of adverse events and
the inconvenience and cost of a long-term treatment
course.48 Due to the different ages of the affected population
and the differences in SLIT tablets and drops, future research
can focus on the optimal treatment dose, frequency, and dura-
tion of treatment with SLIT. In addition, the long-term effect
of SLIT should also be evaluated.

Conclusion
In conclusion, the current systematic review and meta-
analysis suggested that SLIT might be a therapeutic approach
to improve rhinitis symptoms and asthma symptoms in AR

patients with asthma. Although SLIT had a high incidence
of treatment-related adverse events, most of them were
mild and temporary. Due to significant heterogeneity, the
benefits of SLIT require further evidence from higher-quality
studies.

Acknowledgments

None.

Author Contributions

MDJ, ZQL, and HWD conceived and designed the study. MDJ,
ZQL, SJN, and TSJ performed the scientific literature search.
MDJ, ZQL, SJN, and TSJ did literature screening. MDJ, ZQL,
SJN, TSJ, and HWD extracted data. MDJ, SJN, and TSJ did
quality assessment of the included studies. ZQL, SJN, and TSJ
did the analyses. MDJ, ZQL, and SJN wrote the first draft. All
authors contributed to interpretation and edited the draft report.
All authors have approved the final version of the manuscript.

Figure 7. Forest plot comparing yearly total cost (A) and yearly direct costs (B) of treatment in patients between the SLIT group and the

placebo group. SLIT, sublingual immunotherapy.

774 American Journal of Rhinology & Allergy 37(6)



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.

Funding

The author(s) disclosed receipt of the following financial support for
the research, authorship, and/or publication of this article: This work
was supported by the the Science and Nature Foundation of Ningbo,
Subject of Yuyao Science and Technology Bureau, (grant number
2019A610324, 2021YPT06).

ORCID iD

Wudan He https://orcid.org/0000-0001-8809-1637

References
1. Fritzsching B, Contoli M, Porsbjerg C, et al. Long-term real-

world effectiveness of allergy immunotherapy in patients with
allergic rhinitis and asthma: results from the REACT study, a
retrospective cohort study. Lancet Reg Health Eur. 2022;
13:100275.

2. Bozek A, Galuszka B, Gawlik R, et al. Allergen immunother-
apy against house dust mites in patients with local allergic rhi-
nitis and asthma. J Asthma. 2022;59(9):1850–1858.

3. Pichler CE, Helbling A, Pichler WJ. Three years of specific
immunotherapy with house-dust-mite extracts in patients with
rhinitis and asthma: significant improvement of allergen-
specific parameters and of nonspecific bronchial hyperreactivity.
Allergy. 2001;56(4):301–306.

4. Okubo K, Kurono Y, Ichimura K, et al. Japanese guidelines for
allergic rhinitis 2020. Allergol Int. 2020;69(3):331–345.

5. Brozek JL, Bousquet J, Agache I, et al. Allergic rhinitis and its
impact on asthma (ARIA) guidelines-2016 revision. J Allergy
Clin Immunol. 2017;140(4):950–958.

6. Pawankar R, Bunnag C, Khaltaev N, Bousquet J. Allergic rhi-
nitis and its impact on asthma in Asia Pacific and the ARIA
update 2008. World Allergy Organ J. 2012;5(Suppl 3):S212–
S217.

7. Bousquet J, Reid J, van Weel C, et al. Allergic rhinitis manage-
ment pocket reference 2008. Allergy. 2008;63(8):990–996.

8. 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, GA(2)LEN and
AllerGen). Allergy. 2008;63(Suppl 86):8–160.

9. Bousquet J, Pfaar O, Togias A, et al. 2019 ARIA Care pathways
for allergen immunotherapy. Allergy. 2019;74(11):2087–2102.

10. Geller-Bernstein C, Pibourdin JM, Dornelas A, Fondarai J.
Efficacy of the acaricide: Acardust for the prevention of
asthma and rhinitis due to dust mite allergy, in children.
Allerg Immunol (Paris). 1995;27(5):147–154.

11. Larsen JN, Broge L, Jacobi H. Allergy immunotherapy: the
future of allergy treatment. Drug Discov Today. 2016;21(1):
26–37.

12. Kim JY, JangMJ, Kim DY, Park SW, Han DH. Efficacy of sub-
cutaneous and sublingual immunotherapy for house dust mite
allergy: a network meta-analysis-based comparison. J Allergy
Clin Immunol Pract. 2021;9(12):4450–4458. e4456.

13. Durham SR, Creticos PS, Nelson HS, et al. Treatment effect of
sublingual immunotherapy tablets and pharmacotherapies for
seasonal and perennial allergic rhinitis: pooled analyses. J
Allergy Clin Immunol. 2016;138(4):1081–1088. e1084.

14. Durham SR, Penagos M. Sublingual or subcutaneous immuno-
therapy for allergic rhinitis? J Allergy Clin Immunol.
2016;137(2):339–349. e310.

15. Kulalert P, Phinyo P, Lao-Araya M. Efficacy and safety of
house dust mite sublingual immunotherapy tablets in allergic
rhinitis: a systematic review and meta-analysis. World Allergy
Organ J. 2022;15(9):100691.

16. Li Y, Yu SY, Tang R, Zhao ZT, Sun JL. Sublingual immuno-
therapy tablets relieve symptoms in adults with allergic rhinitis:
a meta-analysis of randomized clinical trials. Chin Med J (Engl.
2018;131(21):2583–2588.

17. Wongsa C, Phinyo P, Sompornrattanaphan M, Krikeerati T,
Lumkul L, Thongngarm T. Efficacy and safety of house dust
Mite sublingual immunotherapy tablet in allergic asthma: a sys-
tematic review of randomized controlled trials. J Allergy Clin
Immunol Pract. 2022;10(5):1342–1355. e1324.

18. Xu K, Deng Z, Li D, et al. Efficacy of add-on sublingual immu-
notherapy for adults with asthma: a meta-analysis and system-
atic review. Ann Allergy Asthma Immunol. 2018;121(2):186–
194.

19. Moher D, Liberati A, Tetzlaff J, Altman DG, Group P.
Preferred Reporting Items for Systematic Reviews and
Meta-Analyses: the PRISMA statement. J Clin Epidemiol.
2009;62(10):1006–1012.

20. Estevez-Lopez F, Maestre-Cascales C, Russell D, et al.
Effectiveness of exercise on fatigue and sleep quality in fibro-
myalgia: a systematic review and meta-analysis of randomized
trials. Arch Phys Med Rehabil. 2021;102(4):752–761.

21. Sterne JAC, Savovic J, Page MJ, et al. Rob 2: a revised tool for
assessing risk of bias in randomised trials. Br Med J. 2019;366:
l4898.

22. Stang A. Critical evaluation of the Newcastle-Ottawa scale for
the assessment of the quality of nonrandomized studies in meta-
analyses. Eur J Epidemiol. 2010;25(9):603–605.

23. Yang X, Liang W, Li J, Liu P. A meta-analysis and systematic
review of the therapeutic effects of arthroscopy combined with
intra-articular injection of sodium hyaluronate in the treatment
of knee osteoarthritis. Ann Palliat Med. 2021;10(9):9859–9869.

24. Higgins JP, Thompson SG, Deeks JJ, Altman DG. Measuring
inconsistency in meta-analyses. Br Med J. 2003;
327(7414):557–560.

25. Howe AS, Lynch DA. Cytokine alterations in pediatric internal-
izing disorders: systematic review and exploratory multi-variate
meta-analysis. Brain Behav Immun Health. 2022;24:100490.

26. Hoshino M, Akitsu K, Kubota K, Ohtawa J. Association
between biomarkers and house dust mite sublingual immuno-
therapy in allergic asthma. Clin Exp Allergy. 2020;
50(9):1035–1043.

27. Emminger W, Hernandez MD, Cardona V, et al. The SQ house
dust mite SLIT-tablet is well tolerated in patients with house
dust mite respiratory allergic disease. Int Arch Allergy
Immunol. 2017;174(1):35–44.

28. Mosbech H, Deckelmann R, de Blay F, et al. Standardized
quality (SQ) house dust mite sublingual immunotherapy
tablet (ALK) reduces inhaled corticosteroid use while maintain-
ing asthma control: a randomized, double-blind, placebo-

Ma et al. 775

https://orcid.org/0000-0001-8809-1637
https://orcid.org/0000-0001-8809-1637


controlled trial. J Allergy Clin Immunol. 2014;134(3):568–575.
e567.

29. Marogna M, Massolo A, Colombo F, Isella P, Bruno M,
Falagiani P. Children passive smoking jeopardises the efficacy
of standard anti-allergic pharmacological therapy, while sublin-
gual immunotherapy withstands. Allergol Immunopathol
(Madr). 2011;39(2):60–67.

30. Voltolini S, Troise C, Incorvaia C, et al. Effectiveness of high
dose sublingual immunotherapy to induce a stepdown of
seasonal asthma: a pilot study. Curr Med Res Opin. 2010;26(1):
37–40.

31. Calderon M, Essendrop M. Specific immunotherapy with
high dose SO standardized grass allergen tablets was safe
and well tolerated. J Investig Allergol Clin Immunol.
2006;16(6):338–344.

32. Morita K, Morishima T, Yoshimura C, et al. Effectiveness of
add-on sublingual immunotherapy for the treatment of
Japanese cedar pollinosis-associated allergic asthma is it
possible to reduce the dose of inhaled corticosteroid by
adding sublingual immunotherapy? Arerugi. 2021;70(8):
955–964.

33. Wang MS, Wu HT, Huang XB. Efficacy and economic evalu-
ation of sublingual immunotherapy with dermatophagoides
farinae drops in patients with allergic rhinitis and allergic
asthma. Lin Chung Er Bi Yan Hou Tou Jing Wai Ke Za Zhi.
2016;30(7):538–542.

34. Berto P, Frati F, Incorvaia C, et al. Comparison of costs of sub-
lingual immunotherapy and drug treatment in grass-pollen
induced allergy: results from the SIMAP database study. Curr
Med Res Opin. 2008;24(1):261–266.

35. Compalati E, Passalacqua G, Bonini M, Canonica GW. The
efficacy of sublingual immunotherapy for house dust mites
respiratory allergy: results of a GA2LEN meta-analysis.
Allergy. 2009;64(11):1570–1579.

36. de Blay F, Kuna P, Prieto L, et al. SQ HDM SLIT-tablet (ALK)
in treatment of asthma–post hoc results from a randomised trial.
Respir Med. 2014;108(10):1430–1437.

37. Virchow JC, Backer V, Kuna P, et al. Efficacy of a house dust
mite sublingual allergen immunotherapy tablet in adults with
allergic asthma: a randomized clinical trial. JAMA. 2016;
315(16):1715–1725.

38. Parisi GF, Manti S, Papale M, et al. Nasal nitric oxide and nasal
cytology as predictive markers of short-term sublingual
allergen-specific immunotherapy efficacy in children with aller-
gic rhinitis. Am J Rhinol Allergy. 2022;36(3):323–329.

39. Dweik RA, Boggs PB, Erzurum SC, et al. An official ATS clin-
ical practice guideline: interpretation of exhaled nitric oxide
levels (FENO) for clinical applications. Am J Respir Crit
Care Med. 2011;184(5):602–615.

40. A. Respiratory Allergy Group of Chinese Society of, C.M.A.
Asthma Group of Chinese Thoracic Society. Chinese guidelines
for the diagnosis and treatment of allergic asthma (2019, the
first edition). Zhonghua Nei Ke Za Zhi. 2019;58(9):636–655.

41. Wang L, Ai T, Luo R, Fan Y, Duan Y. Benefit effect of sublin-
gual dust mite drops on the control of asthma in children. Int J
Gen Med. 2021;14:3431–3438.

42. Ai T, Wang L, Luo R, et al. Effects of sublingual-specific
immunotherapy on pulmonary function and exhaled nitric
oxide levels in asthmatic children with and without allergic rhi-
nitis. Transl Pediatr. 2020;9(5):686–694.

43. Lin SY, Azar A, Suarez-Cuervo C, et al. Role of sublingual
immunotherapy in the treatment of asthma: an updated system-
atic review. Int Forum Allergy Rhinol. 2018;8(9):982–992.

44. James C, Bernstein DI. Allergen immunotherapy: an updated
review of safety. Curr Opin Allergy Clin Immunol. 2017;
17(1):55–59.

45. Greenhawt M, Oppenheimer J, Nelson M, et al. Sublingual
immunotherapy: a focused allergen immunotherapy practice
parameter update. Ann Allergy Asthma Immunol. 2017;118(3):
276–282. e272.

46. Berto P, Passalacqua G, Crimi N, et al. Economic evaluation of
sublingual immunotherapy vs symptomatic treatment in adults
with pollen-induced respiratory allergy: the Sublingual
Immunotherapy Pollen Allergy Italy (SPAI) study. Ann
Allergy Asthma Immunol. 2006;97(5):615–621.

47. Ariano R, Berto P, Incorvaia C, et al. Economic evaluation of
sublingual immunotherapy vs. symptomatic treatment in aller-
gic asthma. Ann Allergy Asthma Immunol. 2009;103(3):254–
259.

48. Passalacqua G, Nowak-Wegrzyn A, Canonica GW. Local side
effects of sublingual and oral immunotherapy. J Allergy Clin
Immunol Pract. 2017;5(1):13–21.

776 American Journal of Rhinology & Allergy 37(6)


	 Introduction
	 Method
	 Retrieval Strategy
	 Inclusion Criteria
	 Population
	 Intervention
	 Comparison
	 Outcomes
	 Study Design
	 Data Extraction
	 Bias Risk Assessment of Included Studies
	 Data Combination and Analysis
	 Results
	 Studies Identification and Selection
	 Study Characteristics and Quality Assessment
	 Symptom Score
	 ICS Dose
	 FeNO and Lung Function
	 Treatment-Related Adverse Events
	 Cost of Treatment

	 Discussion
	 Conclusion
	 Acknowledgments
	 References


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile ()
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 5
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Average
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Average
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Average
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /PDFX1a:2003
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError false
  /PDFXTrimBoxToMediaBoxOffset [
    33.84000
    33.84000
    33.84000
    33.84000
  ]
  /PDFXSetBleedBoxToMediaBox false
  /PDFXBleedBoxToTrimBoxOffset [
    9.00000
    9.00000
    9.00000
    9.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV <>
    /HUN <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames false
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks true
      /AddColorBars false
      /AddCropMarks true
      /AddPageInfo true
      /AddRegMarks false
      /BleedOffset [
        9
        9
        9
        9
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


