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Background: This meta-analysis was developed to explore the efficacy of using antagonists to the
chemokine receptor of T helper type 2 (Th2) cells (CRTH2) in the treatment of asthma, so as to provide
theoretical foundation and assistance for treatment of asthma.

Methods: The Boolean logic search method (Boolean method) was adopted to search the publications in
PubMed, Medline, and HowNet with “antagonist”, “asthma”, “competitive antagonist”, and “efficiency” as
the search terms. The publications taking placebo as control to treat the asthma were searched. The Review
Manager software was applied for meta-analysis.

Results: A total of 13 publications were included in this study, and most of them were low-risk bias
(medium-high quality). The results of Meta-analysis showed that the treatment methods of the two groups
of patients showed no statistically heterogeneous effects on the one-second forced expiratory volume (FEV1)
in the maximum exhalation after the maximum deep inhalation (Chi® =4.70, I’=0%, and P=0.79). The
FEV1 of the control group was much lower than that of the experimental group (Z=3.61, P=0.0003). There
was no great difference in the incidence of adverse events between the two groups (Z=0.46, P=0.64). No
statistical heterogeneity (Chi* =3.72, I’=0%, P=0.45) and difference (Z=1.57, P=0.12) were found in asthma
exacerbation between the two groups. The asthma control questionnaire (ACQ) score of the control group
was much lower than that of the experimental group (Z=3.20, P=0.001).

Conclusions: Competitive antagonists of CRTH?2 could effectively improve FEV1 and lower ACQ scores

in patients with asthma, and were therefore effective in treating asthma.
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Introduction

Asthma is a respiratory disease characterized by chronic
inflammation in the airways, which is affected by
eosinophils, mast cells, lymphocytes, neutrophils, airway
epithelial cells, and their components (1). Asthma can
cause narrowing of the airways and affect the gas exchange
in the lungs, which can lead to breathing difficulties.
Asthma symptoms can suddenly deteriorate and patients
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can present with wheezing, coughing, chest tightness,
abnormal breathing (rapid shallow breathing or dyspnea),
sleep disorders, and fatigue (2,3). Severe asthma can cause
a series of complications, such as pneumothorax (abnormal
accumulation of gas in the pleural cavity), mediastinal
emphysema, and atelectasis (obstructed abdominal
expansion). In addition, long-term asthma or persistent
infections can cause chronic obstructive pulmonary
disease and pulmonary heart disease (4,5). Patients show
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different degrees and types of the above symptoms due to
the severity of asthma and different physical conditions
(6,7). Related surveys have found that there are currently
more than 200 million people suffering from asthma
in the world, of which 29 million are from China (8).
However, the mechanisms and etiology of asthma has not
yet been fully elucidated. It is generally believed that the
pathogenesis of asthma is complicated and mostly related
to genetic and environmental factors. People with a family
history of asthma are more likely to develop asthma (9).
In addition, exposure to allergens (dust, pollen, harmful
gases, air pollution, and certain objects or drugs) in the
living environment may cause the body’s immune system
to release inflammatory factors, thereby causing allergic
reactions and asthma. Studies have found that women, after
the age of 40, are more likely to develop asthma than men
of the same age (10).

The high-level expression of CRTH2 can increase the
number of white blood cells (WBCs), cause destructive
damage to the tissues, and result in some diseases. In
addition, chemokines and their receptors can regulate the
infiltration and activation of allergic inflammatory cells
centered on eosinophils from the blood to the bronchial
mucosa and are closely related to the pathophysiological
process of asthma. Antagonists of Th2 cell chemokine
receptors can be used as new targets for asthma treatment.
The treatment of asthma is mainly to take medication
and control possible triggers (that is, to avoid the patient’s
contact with irritating substances that may cause allergic
reactions). Currently commonly used drugs for the
treatment of asthma include inhaled corticosteroids, oral or
injected corticosteroids (methylprednisolone, prednisone),
short-acting B2 receptor agonists (e.g., salbutamol), and
some long-term drugs (anticholinergics, leukotriene
modulators, and long-acting B2 receptor agonists) (11).
The drug exerts anti-inflammatory effects and anti-allergic
reactions, helps patients expand their airways, relieve asthma
symptoms, improve asthma control, and reduce their acute
attacks. Competitive antagonists can compete with the
agonist for the same receptor. By increasing the dose of
agonist and antagonist to compete for the binding site, it
can effectively prevent and reduce mucosal inflammatory
cell infiltration, improve the patient’s lung function, and
reduce the number of lymphocytes and macrophages (12).
Common competitive antagonist drugs include montelukast,
zafirlukast, and pranlukast. Although existing studies have
found that competitive antagonists can effectively prevent
the onset of symptoms in children and adults with asthma,
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the sample size of such studies is generally small, and the
research indicators are different, the research conclusions
are biased, and there is a lack of competitive systematic
review and evaluation of the effectiveness of the drug in the
treatment of asthma. Therefore, a Meta-analysis method
was applied in this study to explore the effectiveness of
competitive antagonists in the treatment of asthma.

We present the following article in accordance with the
PRISMA reporting checklist (available at http://dx.doi.
org/10.21037/apm-21-412).

Methods
Document retrieval

Relevant literature was selected by the Boolean method,
using “antagonist”, “asthma”, “competitive antagonist”,
and “efficiency” as search terms in PubMed, Medline,
EMbase, China Biomedical Literature Database, HowNet
Database, Wanfang Database, Weipu Database, and Google
Scholar. The time range of searched documents was from
the establishment of the database to October 30, 2020.
The quality of the documents was evaluated with the
RevMan 5.2 software provided by the Cochrane system.
The search terms were combined freely to search multiple
times to confirm the selected literature. In addition, the
latest research progress was obtained after consultation with
experts and researchers in the field.

Inclusion and exclusion criteria of the literature

Studies included in this meta-analysis met all the following
criteria: the report discussed the effectiveness of competitive
antagonists in the treatment of asthma; the patients in the
control group received conventional placebo treatment;
the patients in the experimental group received Zalust or
antagonist combination therapy; the included subjects had
been evaluated for small airway abnormalities; and short-
term oral hormones or inhaled short-acting B2 receptor
agonists were administered in cases of rapid asthma
deterioration.

The following exclusion criteria were applied: the
subjects showed symptoms of, or had been recently
diagnosed with and treated for respiratory tract infections;
the patients had recently been administered leukotriene
receptor antagonist drugs; the subjects suffered from other
chronic respiratory diseases such as chronic obstructive
pulmonary disease; the patients had a history of smoking
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for more than 10 years; the subjects or data overlapped with
each other; and the patients were not treated.

Two senior experts were invited to independently
screen the topics, abstracts, and full text articles. If there
were inconsistencies between the two experts, a consensus
conclusion was obtained through discussion, or a third
expert was invited to arbitrate.

Quality evaluation

In this study, the Newcastle-Ottawa Scale (NOS) of the
Cochrane system was used to evaluate the pathological
control studies, and the star system (a maximum of 9 stars)
was applied to evaluate the study objects, case comparisons,
and group-to-group comparisons. The selected literature
with 7 stars and above were considered high quality (low
risk bias); while literature with 1 star or no stars were
considered low quality (high risk bias); and studies with
2-6 stars were considered medium quality (medium risk
bias). The funnel chart method was adopted to identify
the positioning bias and publication bias of the literature.
Taking the sample size (or the inverse of the standard error
of the effect size) and the effect size (or the logarithm
of the effect size) as scatter plots, and the funnel chart
could be applied to directly observe the whether the effect
size of the original study was related to the sample size.
When there is publication bias, the funnel graph exhibited
asymmetry, showing a skewed distribution. The sensitivity
was analyzed based on the forest map. The studies that were
relatively different from the 95% confidential interval (CI)
distribution of the overall sample were excluded until the
fixed effects model (FEM) could be used for analysis. The I’
statistic test method was used to evaluate the heterogeneity
of the literature. For the I’ statistic test method, when I’ was
0, it meant that each study was completely homogeneous,
and if I’>50%, it meant that there was heterogeneity among
the studies.

Two senior experts were invited to independently
evaluate the quality of documents, and three preliminary
experiments were required before screening. If there were
inconsistencies between the two experts, a consensus
conclusion could be obtained through discussion, or a third
expert could be invited to arbitrate.

Data extraction

Two experts were invited to extract data independently
with unified Excel table, and three preliminary experiments
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should be performed before extraction. If there were
inconsistencies between the two experts, a consensus
conclusion could be obtained through discussion, or a third
expert could be invited to arbitrate. The data extracted and
included in the study covered the first author and the year of
publication, number of subjects, the duration and treatment
time of the subjects’ asthma, the grouping of subjects and
the intervention treatment methods in the experimental
group and the control group respectively, and evaluation
index and parameters on effectiveness for the treatment of
asthma, such as the one-second forced expiratory volume
(FEV1), asthma control questionnaire (ACQ) score, adverse
events, forced vital capacity (FVC), and peak expiratory flow
(PEF).

Statistical methods

The Review manager 5.3 software was adopted for meta-
analysis. Mean difference (MD) or standardized MD (SMD)
and 95% CI were used for the continuous variables of the
study data were selected for the efficacy analysis statistics
for the continuous variables. A heterogeneity test (Q test)
was performed on the included documents. The Review
Manager software was used to assess the risk bias of the
included studies. Each effect was expressed using a 95%
CIL. When P>0.1 and I’<50%, the fixed-effects model was
applied for meta-analysis. When P<0.1 and I’>50%, the
random effects model was used for meta-analysis.

Results
Literature results overview

From the 250 documents obtained, 140 articles were
eliminated through abstracts and titles, 97 articles were
eliminated after reading the full text. Finally, 13 studies
were obtained for this meta-analysis. The excluded
studies mainly included non-asthmatic patients or
asthmatic patients with other types of respiratory diseases
(48 articles), 19 articles related to animal experiments;
39 articles contained repeated subjects, 68 articles had
unavailable research information, 51 articles referred to
non-respiratory system or small airway parameters, and 17
articles lacked original research data. The basic information
of the included literature is shown in Table 1. The included
studies were published between 2012 and 2018, and the
duration of asthma ranged from 2-12 weeks. Figure 1 shows
the NOS rating. A total of 4 studies achieved 7 stars and
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above, 9 studies achieved 2—6 stars, and none had 0-2 stars,
suggested that all the included literature were of medium to
high quality.

Evaluating the risk bias of the included studies

The Review Manager software was used to evaluate
the risk bias of the included studies (Figures 2,3). The
random sequence generation (selection bias), allocation
hiding (selection bias), blind method of result evaluation
(measurement bias), incomplete result data (follow-up bias),
and selective reporting (reporting bias) showed low risk bias.
The blinding methods (implementation bias) of the subjects
and researchers and other biases were approximately 50%.
Except for the articles by Erpenbeck ez 4. [2016] (12) and
Pettipher er al. [2014] (13), the risk bias of all included

studies was obviously low.

<2

NOS (points)

0 2 4 6 8 10
Number of references

Figure 1 NOS score of literature.

Random sequence generation (selection bias)

Allocation concealment (selection bias)

Blinding of participants and personnel (performance bias)
Blinding of outcome assessment (detection bias)
Incomplete outcome data (attrition bias)

Selective reporting (reporting bias)

Other bias
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Incidences for adverse events of asthma

The adverse events that occurred during and after
treatment of asthma patients in the control group and the
experimental group were analyzed (Figure 4). The most
common adverse events were nasopharyngitis, headache,
asthma, respiratory infections, and gastrointestinal diseases.
Each type of adverse event was included in the meta-
analysis. The report by Pettipher et a/. (13) accounted for
the highest percentage of the final combined results (24.7%),
followed by Hall et a/. (trial 1) (22.1%) and Erpenbeck
et al. (12) (15.0%). In addition, the horizontal line of the
95% CI of most studies were in the right of the invalid
vertical line, and the horizontal line of the research crossed
the invalid vertical line. In a few studies, the horizontal line
of the 95% CI was in the left of the invalid vertical line. In
the included 13 studies, 915 subjects were analyzed in the
control group in total, and 543 subjects were researched
in the experimental group in total. There was no statistical
heterogeneity in the incidence of adverse events between
the control group and the experimental group (Chi’ =7.97,
I’=12%, and P=0.34). The combined effect size (diamond
block) was on the right side of the invalid line, the odds
ratio (OR) value was 1.06, and the 95% CI was (0.84, 1.33).
The fixed-effects model analysis indicated that there was no
statistically extreme difference in the occurrence of adverse
events between the control group and the experimental
group (Z=0.46, P=0.64).

Figure 5 shows a funnel chart for the distribution of
adverse events caused by asthma in the control group and
the experimental group. It revealed that the circles included
in the study were concentrated in the top area (showing

L 1 1 1 ]
0% 25% 50% 75% 100%

. Low risk of bias

D Unclear risk of bias

B Hioh risk of bias

Figure 2 The risk bias analysis of the included studies.
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Figure 3 Evaluation of multiple risk bias with multiple studies. Note:
referred to “high risk of bias”.

high accuracy), and they were distributed on both sides of
the midline, in a roughly symmetrical form. Therefore,
there was no publication bias in the included literature.

Comparison of FEV1 of patients in two groups

The effects of different treatment methods on FEV1
during the treatment were compared in the control
group and the experimental group, and the results were

© Annals of Palliative Medicine. All rights reserved.

“w,»

+” meant “low risk of bias”;

”, «y”

referred to “unclear risk of bias”; and “-”

illustrated in Figure 6. The research results of Pettipher
et al. [2014] (13) accounted for the highest percentage
(43.3%) of the final combined results, followed by the
research results of Wenzel er al. (14) (22.5%), and Barnes
et al. (15) (16.2%). In addition, the horizontal lines of
the 95% CI of most studies were in the left of the invalid
vertical line, only a few studies had no horizontal line
crossed with the invalid vertical line, and the horizontal
lines of the 95% CI of a few studies were in the right
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Odds Ratio

Experimental Control Odds Ratio
Study or Subgroup Events _ Total Events Total Weight M-H, Fixed, 956% CI M-H, Fixed, 95% CI
Barnes 2012 15 67 14 65 7.7% 1.05 [0.46, 2.40] i
Erpenbeck 2016 25 88 29 82 15.0% 0.73 [0.38, 1.39] T
Fowler 2017 15 21 53 63 5.3% 0.47 [0.15, 1.51] —
Hall(trial) 2015 32 78 109 239 22.1% 0.83 [0.49, 1.39] bl
Kuna(trial 1) 2016 26 56 29 57 10.7% 0.84 [0.40, 1.75] T
Pettipher 2014 53 123 106 296 24.7% 1.36 [0.88, 2.08] ™
Singh 2013 14 19 13 20 2.3% 1.51 [0.38, 5.96] i
Wenzel 2014 a5 91 35 93 12.2% 1.62 [0.90, 2.92] I
Total (95% CI) 543 9156 100.0% 1.06 [0.84, 1.33] 4
Total events 225 388
Heterogeneity: Chiz = 7.97, df = 7 (P = 0.34); I = 12% t f t t
0.01 0.1 1 10 100
Test for overall effect: Z = 0.46 (P = 0.64) )
Favours [experimental] Favours [control]
Figure 4 Incidence for adverse events of asthma. M-H, Mantel-Haenszel; CI, confidence interval.
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Figure 5 Funnel map for adverse events distribution of asthma. SE, standard error; OR, odds ratio.
Control Experimental Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD_Total Mean SD_Total Weight 1V, Fixed, 95% ClI 1V, Fixed, 95% CI
Barnes 2012 0.09 0.46 64 0.17 0.49 67 6.7% -0.17 [-0.51, 0.18] I
Bateman 2018 0.1393 0.3515 161 0.1728 0.3515 976 28.5% -0.10 [-0.26, 0.07] LN
Busse 2012 0.019 0.2844 79 0.0283 0.3578 317 13.0% -0.03 [-0.27, 0.22]
Gonem 2016 0.004 0.5222 30 0.08 0.3539 27 2.9% -0.17 [-0.69, 0.35]
Kuna(trial 1) 2016 0.02 0.9123 57 0.07 0.948 56 5.8% -0.05[-0.42, 0.32]
Kuna(trial 2) 2016 0.0845 0.5193 91 0.21 05191 277 14.0% -0.24 [-0.48, -0.00]
Pettipher 2014 0.057 0359 361 0.149 0408 116 18.0% -0.25 [-0.46, -0.04]
Singh 2013 -0.16 0.7451 16 0 0.6745 16 1.6% -0.22 [-0.91, 0.48]
Wenzel 2014 0.0171 0.2971 93 0.1199 0.2971 91 9.3% -0.34 [-0.64, -0.05]
Total (95% CI) 952 1943 100.0% -0.16 [-0.25, -0.08] ‘
f f f f
-1 -0.5 0 0.5 1

Heterogeneity: Chi2 = 4.70, df =8 (P = 0.79); 1= 0%
Test for overall effect: Z = 3.61 (P = 0.0003)

Figure 6 Comparison of FEV1. SD, standard deviation; CI, confidence interval.
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side the invalid vertical line. Among the 13 included
documents, there were 591 subjects in the control group
in total and 346 subjects in the experimental group in
total. The treatment methods of the control group and the
experimental group showed no statistical heterogeneous
in the effect on FEV1 (Chi’ =4.70, I’=0%, and P=0.79).
The combined effect size (diamond block) was on the
left side of the invalid line, the OR value was -0.16, and
the 95% CI was (-0.25, -0.08). The fixed-effects model
analysis indicated that the FEV1 in the control group was
obviously lower than in contrast to the experimental group
(Z=3.61, P=0.0003).

The funnel chart in Figure 7 shows the effects of
treatment or placebo on FEVI in the control group and
the experimental group, respectively. It revealed that the
circles included in the study were concentrated in the top
area (showing high accuracy), and they were distributed on
both sides of the midline, in a roughly symmetrical form.

SE(SMD)

0.1t

0.2

0.31

0.4+

SMD
0.5

-1 -0.5 0 0.5 1

Figure 7 Funnel map for change distribution of FEV1. Note: SE
(SMD) referred to standard error, and SMD referred to effect size.
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Therefore, there was no publication bias in the included
literature.

Comparison on ACQ score

The ACQ scores for patients in the two groups were
compared (Figure §). The research results of Miller et al.
[2017] (16) accounted for the highest percentage (29.7%) of
the final combined results, followed by the research results
of Bateman ez al. (17) (22.7%), and Erpenbeck ez al. (12).
(17.5%). In addition, the horizontal lines of the 95% CI
of most studies were in the left of the invalid vertical line,
only a few studies had no horizontal line crossed with the
invalid vertical line, and the horizontal lines of the 95% CI
of a few studies were in the right side the invalid vertical
line. Among the 13 included documents, there were 546
subjects in the control group in total and 1,686 subjects
in the experimental group in total. The ACQ scores of
the experimental group and the control group showed no
statistical heterogeneous (Chi’ =8.58, I’=42%, and P=0.13).
The combined effect size (diamond block) was on the
left side of the invalid line, the OR value was -0.12, and
the 95% CI was (-0.21, -0.03). The fixed-effects model
analysis indicated that ACQ score in the control group was
obviously lower than in contrast to the experimental group
(Z=2.60, P=0.009).

Figure 9 shows a funnel chart comparing the ACQ scores
for patients in the control group and the experimental
group. It revealed that the circles included in the study were
distributed on both sides of the midline, but they were not
symmetrical. Therefore, there was publication bias in the
included studies.

Mean Difference
1V, Fixed. 95% CI

Mean Difference
1V, Fixed. 95% Cl

Experimental Control
Study or Subgroup Mean SD_Total Mean SD_Total Weight
Bateman 2018 -0.8878 0.7626 976 -0.7786 0.7753 161 22.1%
Busse 2012 -0.5095 0.7798 317 -0.492 0.7643 79 10.3%
Erpenbeck 2016 -0.47 0.5239 74  -0.36 0.5239 84 13.7%
Gonem 2016 -0.18  0.91 27 0.14 0.8974 30 1.7%
Miller 2017 -0.6534 0.3823 199 -0.6002 0.3796 101 44.3%
Wenzel 2014 -0.68 0.7502 93  -0.31 0.7502 91 7.8%
Total (95% CI) 1686 546 100.0%

Heterogeneity: Chi? = 8.58, df =5 (P = 0.13); I =42%
Test for overall effect: Z = 3.20 (P = 0.001)
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Figure 8 Comparison on ACQ score of patients. SD, standard deviation; CI, confidence interval.
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A comparison of the PEF in astbma patients

Figure 10 shows the PEF results for patients in the two
groups. The research results of Pettipher et 4l. [2014] (13)
accounted for the highest percentage (31.9%) of the final
combined results, followed by the research results of
Wenzal et al. (14). (23.0%), and Busse et al. (18) (22.9%).
In addition, the horizontal lines of the 95% CI of most
studies were on the left of the invalid vertical line, and
only a few studies had no horizontal line crossed with the
invalid vertical line. The horizontal lines of the 95% CI
of a few studies were on the right side the invalid vertical
line. Among the 13 included documents, there were
a total of 397 subjects in the control group and 1,116
subjects in the experimental group. The PEF results of
the experimental group and the control group showed
statistical heterogeneity (Chi’ =7.87, '=49%, and P=0.10).
The combined effect size (diamond block) was on the left
side of the invalid line, the OR value was -0.04, and the
95% CI was -0.16 to 0.08. The fixed-effects model analysis

o SEMD)
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Figure 9 Funnel map for distribution of ACQ score. Note: SE
(SMD) referred to standard error, and SMD referred to effect size.
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indicated that the PEF results in the control group was not
significantly different to that observed in the experimental
group (Z=0.64, P=0.052).

Figure 11 shows a funnel chart comparing the PEF in
patients in the control group and the experimental group.
It revealed that the circles included in the study were
distributed on both sides of the midline, but they were not
symmetrical. Therefore, there was publication bias in the
included studies.

Asthma exacerbation

The asthma exacerbation experienced by patients in the
two groups was compared, and the results are illustrated
in Figure 12. The research results of Pettipher ez al.
[2014] (13) accounted for the highest percentage (31.7%)
of the final combined results, followed by the research
results of Busse et 4/. (18) (21.3%), and Wenzel et al. (14)
(21.0%). In addition, the horizontal lines of the 95% CI
of most studies were on the left of the invalid vertical line,
and only a few studies had no horizontal line crossed with
the invalid vertical line. The horizontal lines of the 95% CI
of a few studies were on the right side of the invalid vertical
line. Among the 13 included documents, there were a total
of 515 subjects in the control group and 1,816 subjects
in the experimental group. The asthma exacerbation of
the experimental group and the control group showed no
statistical heterogeneity (Chi’ =3.72, I’=0%, and P=0.45).
The combined effect size (diamond block) was on the left
side of the invalid line, the OR value was 0.69, and the
95% CI was 0.44 to 1.09. The fixed-effects model analysis
indicated that asthma exacerbation in the control group
was not significantly different to that observed in the
experimental group (Z=1.57, P=0.12).

Std. Mean Difference Std. Mean Difference

Study or Subgroup Mean SD Total Mean SD Total Weight IV, Fixed, 95% ClI 1V, Fixed, 95% CI
Barnes 2012 12.8 5566 64 83 56.31 67 11.9% 0.08 [-0.26, 0.42]
Busse 2012 -11.0138 505665 317 134 359705 79 229% -0.26 [-0.50, -0.01] - &
Kuna(trial 1) 2016 0 1155032 57 -10 1050571 56 10.3% 0.09 [-0.28, 0.46] N
Pettipher 2014 0.0213 00628 361 0013 0.0554 116 31.9% 0.14 [-0.07, 0.35] T
Wenzel 2014 -13.1651 47.4862 317 -4.79 394814 79 23.0% -0.18 [-0.43, 0.07] - |
Total (95% Cl) 1116 397 100.0% -0.04 [-0.16, 0.08] ’

| 1 | 1

Heterogeneity: Chi? = 7.87, df = 4 (P = 0.10); I = 49%
Test for overall effect: Z = 0.64 (P = 0.52)
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Figure 10 Comparison on EPF of patients. SD, standard deviation; CI, confidence interval.
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Figure 13 shows a funnel chart comparing asthma
exacerbation in patients in the control group and the
experimental group. It revealed that the circles included in
the study were concentrated in the top area (showing high
accuracy), and they were distributed on both sides of the
midline, in a roughly symmetrical form. Therefore, there
was no publication bias in the included literature.

Discussion

Of the 13 articles included, 12 adopted the randomized
controlled grouping method, and only 1 adopted the
retrospective analysis method, which resulted in bias in
the study. However, this had little effect on the results
of the meta-analysis in general. The research of a single
sample may be unstable. The meta-analysis was applied to
quantitatively synthesize each included study. This not only
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0.15

o]
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0.2 : ‘
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Figure 11 Funnel map for change distribution of PEF. Note: SE
(SMD) referred to standard error, and SMD referred to effect size.

Experimental Control

Study or Subgroup

Odds Ratio
Events Total Events Total Weight M-H, Fixed, 95% CI

avoids the differences among the studies caused by sampling
from different populations, but also assigns different
weights to the results according to the sample size of each
study, thereby increasing the sample size and improving
the credibility of the conclusions (19). The quality of
any meta-analysis mainly depends on the authenticity
and completeness of the analyzed literature. Due to the
objective influence of the included studies, the number of
included reports in this meta-analysis was limited. Future
investigations should use a larger sample size to prevent
bias.

This meta-analysis explored the efficacy of competitive
antagonists in the treatment of asthma. There was
no statistically heterogeneity on FEV1 between the
different treatment methods of the control group and the
experimental group (Chi’ =4.70, I’'=0%, and P=0.79), and
the FEV1 of the control group was much lower than that
of the experimental group (Z=3.61, P=0.0003). It indicated
that compared with placebo, competitive antagonists could
improve the FEV1 obviously before bronchodilator. There
was no statistical heterogeneity in the occurrence of adverse
events between the control group and the experimental
group (Chi*=7.97, I’=12%, and P=0.34), and the difference
in the occurrence of adverse events between the two groups
was not significantly different from each other (Z2=0.46,
P=0.64). These results indicated that the occurrence of
adverse events was not affected by asthma competitive
antagonists. There was no statistical heterogeneity in the
ACQ scores of the two groups of patients (Chi’ =8.58,
I’=42%, and P=0.13). The ACQ scores of the control group
were observably lower than those of the experimental group

Odds Ratio
M-H, Fixed, 95% CI

Barnes 2012 0 65 2 67 5.9%
Bateman 2018 32 976 5 161 20.1%
Busse 2012 26 317 6 79 21.3%
Pettipher 2014 14 365 9 117 31.7%
Wenzel 2014 4 93 9 91 21.0%
Total (95% CI) 1816 515 100.0%
Total events 76 31

Heterogeneity: Chi2 = 3.72, df = 4 (P = 0.45); I? = 0%
Test for overall effect: Z = 1.57 (P =0.12)
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Figure 12 Comparison on asthma exacerbation. M-H, Mantel-Haenszel; CI, confidence interval.
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Figure 13 Funnel map for incidence of asthma exacerbation. SE,
standard error; OR, odds ratio.

(Z2=2.60, P=0.009), indicating that competitive antagonists
of asthma reduced the patient’s ACQ score visibly. This
was consistent with the results of Kuna ez 4/. [2016] (20)
showing that competitive antagonists of CRTH2 effectively
improved FEV1 and lowered ACQ scores in patients with
asthma, and thus the competitive antagonists were effective
in treating asthma.

Conclusions

In this study, a meta-analysis was performed for documents
on competitive antagonists for treatment of asthma taking
placebo as a control, aiming to explore the effectiveness of
competitive antagonists in the treatment of asthma. The
results showed that competitive antagonists of CRTH?2
could effectively improve FEV1 and lower ACQ scores
in patients with asthma, and competitive antagonists were
effective in treating asthma. However, the meta-analysis
in this study also showed limitations due to the influence
of various confounding factors. The documents selected
were case-control, so there was a survival bias; there were
many predisposing factors for asthma, and many risk factors
and indicators may not be included in the study, so that
the combined effect size was greatly reduced. It will take
some follow-up analysis of patients with asthma in future to
explore the effectiveness of antagonists in treating asthma,
so as to improve the results of meta-analysis. In short, this
study provided theoretical basis and data support for clinical
treatment of asthma.
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