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Abstract
Background  An improper host immune response to Mycoplasma pneumoniae generates excessive inflammation, 
which leads to the impairment of pulmonary ventilation function (PVF). Azithromycin plus inhaled terbutaline has 
been used in the treatment of Mycoplasma pneumoniae pneumonia (MPP) in children with impaired pulmonary 
function, but previous randomized controlled trials (RCTs) showed inconsistent efficacy and safety. This study is aimed 
to firstly provide a systematic review of the combined therapy.

Methods  This study was registered at the International Prospective Register of Systematic Reviews (PROSPERO 
CRD42023452139). A PRISMA-compliant systematic review and meta-analysis was performed. Six English and four 
Chinese databases were comprehensively searched up to June, 2023. RCTs of azithromycin sequential therapy plus 
inhaled terbutaline were selected. The revised Cochrane risk of bias tool for randomized trials (RoB2) was used to 
evaluate the methodological quality of all studies, and meta-analysis was performed using Stata 15.0 with planned 
subgroup and sensitivity analyses. Publication bias was evaluated by a funnel plot and the Harbord’ test. Certainty 
of evidence was assessed using the Grading of Recommendations, Assessment, Development and Evaluation 
recommendations.

Results  A total of 1,938 pediatric patients from 20 RCTs were eventually included. The results of meta-analysis 
showed that combined therapy was able to significantly increase total effectiveness rate (RR = 1.20, 95%CI 1.15 to 
1.25), forced expiratory volume in one second (SMD = 1.14, 95%CIs, 0.98 to 1.29), the ratio of forced expiratory volume 
in one second/forced vital capacity (SMD = 2.16, 95%CIs, 1.46 to 2.86), peak expiratory flow (SMD = 1.17, 95%CIs, 
0.91 to 1.43). The combined therapy was associated with a 23% increased risk of adverse reactions compared to 
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Introduction
Mycoplasma pneumoniae (M. pneumoniae) is one of 
the most important pathogens for community-acquired 
pneumonia in hospitalized children [1]. As reported, M 
pneumoniae was detected in nearly 50% of the specimens 
of hospitalized children with acute respiratory infection 
in some cities of China [2]. It is estimated that approxi-
mately 5–12% of the hospitalized children with Myco-
plasma pneumoniae pneumonia (MPP) were admitted 
to the intensive care unit [3]. An improper host immune 
response to M. pneumoniae generates excessive inflam-
mation, which causes the impairment of pulmonary ven-
tilation function (PVF) affecting both the large and small 
airways [4, 5].

According to the latest guidelines for MPP in China, 
macrolides represented by azithromycin have been 
the first-line antibiotics against M. pneumoniae [6]. To 
reduce complications such as pain and infection caused 
by intravenous injection, azithromycin sequential ther-
apy (sequential switch from intravenous formulation to 
oral formulation) is applied as a new mode of antibiotic 
use in clinic. It is currently believed that MPP is a combi-
nation of a direct pathogen invasion and immune injury 
[7, 8].Thus, seeking for medication to reduce excessive 
immune reactions and improve PVF is urgently needed. 
Terbutaline has been widely used to improve lung resis-
tance and reduce the incidence of respiratory distress, for 
example in asthma [9]. This β2-agonist can relax bron-
chial smooth muscles, inhibit the release of endogenous 
spasmogenic substances and endogenous neurotransmit-
ter-induced edema, and improve the clearance ability of 
bronchial mucosa cilia [10]. Terbutaline was well toler-
ated without irreversible adverse effects [9], and could 
decrease the incidence of acute respiratory failure in chil-
dren with severe asthma exacerbations [11].

Currently, aerosols of terbutaline have been widely 
used in China [10], and there have been increasing num-
ber of randomized controlled trials (RCTs) on the effi-
cacy and safety of azithromycin sequential therapy plus 
inhaled terbutaline for pediatric MPP, but they showed 
inconsistent results. This study is aimed to firstly provide 
a well-powered support on the combination therapy for 
MPP through a systematic review and meta-analysis.

Materials and methods
Protocol registration and reporting
The study protocol was registered at the Interna-
tional Prospective Register of Systematic Reviews 
(CRD42023452139). This systematic review was designed 
based on the Cochrane Handbook for Systematic 
Reviews of Interventions [12] and was reported in accor-
dance with the Preferred Reporting Items for Systematic 
Reviews and Meta-analyses (PRISMA) statement [13] 
(see Appendix S11).

Eligibility criteria
The strict PICOS framework is as follows:

(P) Participants  After laboratory tests and imaging tests, 
children (aged ≤ 16 years old) were diagnosed with MPP 
without any underlying serious disease or other acute 
infectious disease. Only the studies in which the clinical 
diagnostic criteria followed clinical guidelines or expert 
consensus were considered [14, 15]. Alternatively, the 
diagnosis of MPP was based on relevant clinical symp-
toms and chest imaging tests plus microbiologic tests by 
one of the following methods: culture, polymerase chain 
reaction (PCR) testing or serologic tests [6].

(I) Intervention  Azithromycin sequential therapy 
(sequential switch from intravenous formulation to oral 
formulation of azithromycin when the patient has an ade-
quate clinical response and can efficiently absorb orally 
administered medication [16]) plus inhaled terbutaline 
was used for intervention group.

(C) Control  Azithromycin sequential therapy alone was 
used for control group. There was no restriction on drug 
dose in either group. When necessary, researchers should 
administer basic treatments such as reducing fever, reliev-
ing cough, expectoration, and so on.

(O) Outcomes  The primary outcomes were total effec-
tiveness rate (TER) and the incidence of total adverse 
events (TAEs). The clinical responses were classified as 
cure (complete disappearance of all signs and symptoms 
of pneumonia with complete regression of infiltrate on 

azithromycin therapy alone, but no significant differences were found. Harbord regression showed no publication bias 
(P = 0.148). The overall quality of the evidence ranged from moderate to very low.

Conclusions  This first systematic review and meta-analysis suggested that azithromycin sequential therapy plus 
inhaled terbutaline was safe and beneficial for children with MPP. In addition, the combined therapy represented 
significant improvement of PVF. Due to lack of high-quality evidence, our results should be confirmed by adequately 
powered RCTs in the future.

Keywords  Azithromycin, Terbutaline, Mycoplasma pneumoniae pneumonia, Pulmonary ventilation function, Meta-
analysis
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control chest radiograph), improvement (defervescence 
with incomplete disappearance of other signs and symp-
toms of pneumonia with partial regression of infiltrate 
on control chest radiograph, and without need for addi-
tional antimicrobial therapy), or failure (lack of improve-
ment or progression or recurrence of signs and symptoms 
of pneumonia after the treatment) [16]. Total effective 
rate = (number of cured patients + number of improved 
patients)/total number of patients× 100% [17]. TAEs 
mainly include nausea, vomiting, abdominal distension, 
abdominal pain, diarrhea, headache, rash and so on. 
The secondary outcomes included pulmonary function 
indexes, such as forced expiratory volume in one second 
(FEV1), the ratio of forced expiratory volume in one sec-
ond/forced vital capacity (FEV1/FVC) and peak expiratory 
flow (PEF); Clinical symptom indexes: time to disappear-
ance of fever, cough as well as lung rales, time to relief of 
asthma and return to normal of chest X-ray; Inflamma-
tion indicators: C-reactive protein (CRP), tumor necrosis 
factor-alpha (TNF-α), interleukin-2 (IL-2), interleukin-4 
(IL-4), interleukin-6 (IL-6) and interleukin-8 (IL-8).

(S) Study design  RCTs published in English or Chinese. 
For different studies with the same research object, the 
latest research results were adopted.

Exclusion criteria
The exclusion criteria are as follows:

1)	 Patients were treated with detailed interventions 
other than azithromycin and terbutaline in their 
studies, such as glucocorticoids, special nursing, and 
traditional Chinese medicine;

2)	 The treatment duration or efficacy assessment was 
unclear;

3)	 Patients who did not receive a clear standard of 
diagnosis or treatment;

4)	 Clinical studies that did not correctly describe 
randomized grouping methods. Their design was 
actually retrospective, observational study with 
controls.

5)	 There were no full text, incomplete articles, or 
duplicate publications.

Search methods for identification of studies
Medline, Embase, Web of Science, Science Direct, 
Cochrane Library, Epistemonikos, CBM, CNKI, Wan-
Fang and CQVIP databases were comprehensively 
searched up from database inception to June 2023. The 
search terms included: Mycoplasma pneumonia, Myco-
plasma infection, MPP, primary atypical pneumonia, 
Mycoplasma ovipneumoniae infection, Mycoplasma 

dispar infection, azithromycin, and terbutaline (see 
Appendix S1 for full details of the search strategy).

All relevant studies were retrieved based on consensus, 
and the reference lists of the selected articles were fur-
ther searched for additional relevant studies.

Data collection and extraction
Two researchers (YCS and YL) independently completed 
the study screening, data extraction by using NoteExpress 
and Excel. Disagreements were resolved through discus-
sion or with the assistance of DYK. Studies were initially 
screened based on the title and abstract, followed by full-
text screening. The following basic data were extracted: 
(1) year of publication and first author’s name; (2) patient 
age; (3) course of disease; (4) sample size; (5) sex ratio; (6) 
therapy regime of the intervention and control groups; 
(7) treatment duration; and (8) details of outcomes.

Assessment of risk of bias in included studies
The risk of bias of each included study was assessed using 
five dimensions of the revised Cochrane risk of bias tool 
for randomized trials (RoB2) [18]. Studies were graded as 
“low risk”, “some concerns”, or “high risk”, resulting in an 
overall bias assessment. YCS and YL independently rated 
all the articles. Conflicting ratings were discussed and 
resolved by consensus.

Statistical analysis
The full meta-analysis was performed using Stata 15.0 
and the results are represented as forest maps. Relative 
risk (RR) was used to calculate the effect for dichotomous 
variables, while standardized mean difference (SMD) was 
used for continuous variables. Each effect size provides a 
95% confidence interval (CI). The heterogeneity among 
the studies was evaluated by Chi-square test (α = 0.1), and 
the differences in heterogeneity were evaluated by I2. If 
there was no significantly statistical heterogeneity among 
the results, the fixed-effect model was used for statistical 
analysis. On the contrary, the main sources of relevant 
heterogeneity should be further analyzed. After exclud-
ing the influencing factors of clinical heterogeneity, the 
random-effect model was used for the statistical analy-
sis. A rough choice between fixed- and random-effect 
meta-analysis was as follows: whenI2 < 50%, a fixed-
effect model was chosen to analyze the data. In contrast, 
when I2≥ 50%, a random-effect model was used for sta-
tistical analysis. For all the test in these analyses, the sta-
tistical significance level was set in P < 0.05. If there was 
significant clinical heterogeneity, subgroup analysis or 
leave-one-out sensitivity analysis was used. A subgroup 
analysis with treatment durations was conducted. In 
addition, considering the quality of the original studies, 
we performed sensitivity analyses excluding trials at high 
risk of bias.
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Assessment of publication bias
To assess the risk of publication bias, we used funnel 
plots for visual inspection. Harbord regression was per-
formed to assess publication bias, and if the hypothesis 
test P > 0.1, there was no significant publication bias.

GRADE approach assessment
The Grading of Recommendations, Assessment, Devel-
opment and Evaluation (GRADE) approach [19, 20] was 
used to assess the certainty of evidence in primary out-
comes and pulmonary function indexes. The assessment 
criteria in the previous study were referred [21]. The 
GRADE approach categorizes the quality of evidence on 
four levels ranging from high to very low, with low levels 
of evidence indicating that future trials with high quality 
are likely to change the estimates.

Results
Description of studies
The search process revealed 598 articles, and a total of 
20 RCTs were ultimately included, as shown in Fig. 1 (see 
Appendix S2 for the full reference list). A total of 1,938 
children (1,061 boys and 877 girls) participated, including 
969 patients in the intervention group and 969 patients 
in the control group. They all came from China. All 
included children were patients with general MPP. The 

median age of the enrolled children was 5.32 years with 
a range of 0.33 ~ 13 years. The median course of disease 
was 4.00 days with a range of 1 ~ 28 days. Sixteen RCTs 
were conducted on one cycle of azithromycin sequential 
therapy (14 days) while 4 studies doubled the cycle of 
sequential therapy, that was 28 days. The common regi-
men of azithromycin sequential therapy was as follows: 
(1) azithromycin: 10  mg/(kg·d), qd (for 3–5 consecutive 
days), and ivgtt; (2) azithromycin therapy was stopped for 
4 days; (3) azithromycin dry suspension: 10  mg/(kg·d), 
qd (for 3 days), and po; (4) azithromycin was stopped 
for 4 days. Terbutaline inhalation regimen was as fol-
lows: 2.5  mg (in 5 mL of 0.9% sodium chloride) at one 
time, and bid (the treatment time was the same as that 
of azithromycin). The basic characteristics of all included 
studies are shown in Table 1(see Appendix S3 for infor-
mation on the diagnostic criteria and therapy regimens 
for each included RCT; see Appendix S4 for the charac-
teristics of patient age and course among the 20 RCTs).

Risk of bias in included studies
Figure  2 showed an overview of the risk of bias assess-
ment, and the quality of the included RCTs was overall 
moderate according to the intention-to-treat principle. A 
more detailed description of the risk of bias assessment 
for each study can be found in Appendix S5. Six studies 

Fig. 1  Flow diagram of studies considered for inclusion
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(30%) were assessed to have an overall high risk of bias 
while fourteen (70%) were assessed to have “some con-
cerns” regarding their overall bias. The most common 
reason for a high risk was missing outcome data (for 
incomplete drop-out information). However, there are 
several some potential risks of bias, such as inadequate 
blinding of assessors and selection of the reported result, 
due to the lack of pre-registration of RCTs.

Results of primary outcomes
TER
A total of 18 RCTs reported TER, and the analysis 
included 885 patients in each group. The meta-analysis 
revealed no obvious heterogeneity (I2=26.5%, P = 0.145). 
Therefore, the fixed-effect model was selected for meta-
analysis. The results showed that TER of the intervention 

group was significantly higher than that of the control 
group for the treatment of pediatric MPP (RR = 1.22, 
95%CI 1.17 to 1.27, Z = 9.64, P < 0.001; Appendix S6.1 A). 
In fact, fixed-effect meta-analyses ignore heterogene-
ity. However, there are often many clinical character-
istics that vary across studies. Thus, a random-effect 
model would be better for meta-analyses and we found 
that the result based on random-effect model changed 
slightly (RR = 1.20, 95%CI 1.15 to 1.25, Z = 8.06, P < 0.001; 
Fig. 3A).

Incidence of TAEs
The incidence of TAEs was evaluated according to the 
outcomes from 14 RCTs with 702 patients in each group. 
Regarding no obvious heterogeneity (I2=0.0%, P = 0.805), 
meta-analysis of fixed-effect model showed that the 

Fig. 3  Results of meta-analysis for primary outcomes. A, Total effectiveness rate (TER); B, Incidence of total adverse events (TAEs)

 

Fig. 2  Overview of risk of bias assessment according to the revised Cochrane risk of bias tool for randomized trials (Rob2). Each colored area represents 
the percentage of studies in the respective bias assessments categories
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incidence of TAEs in the intervention group was higher 
than that of the control group in the treatment of MPP, 
but there was no significant difference between the two 
groups (RR = 1.20, 95%CI 0.91 to 1.59, Z = 1.27, P = 0.205; 
Appendix S6.1B). According to random-effect model, 
the confidence interval estimates were wider (RR = 1.23, 
95%CI 0.92 to 1.64, Z = 1.41, P = 0.159; Fig. 3B). The main 
adverse events, such as nausea and vomiting, abdomi-
nal distension, abdominal pain, diarrhea, headache and 
rash, were common (1–10%) according to the criteria of 
the Council for International Organizations of Medical 
Sciences. These adverse reactions were mild and disap-
peared spontaneously after stopping the medication, and 
there was no significant difference in different adverse 
events between the two groups (see Appendix S10).

Results of secondary outcomes
Outcomes of pulmonary function indexes
FEV1  Eight RCTs with 354 patients in each group were 
included to investigate how azithromycin sequential 

therapy plus inhaled terbutaline affected FEV1. As no sig-
nificant interstudy heterogeneity (I2=0%, P = 0.962) was 
observed, the fixed-effect model was used and the results 
showed that FEV1 of the intervention group was signifi-
cantly higher than that of the control group (SMD = 1.14, 
95%CI 0.98 to 1.29, Z = 9.64, P < 0.001; Fig. 4A).

Ratio of FEV1/FVC  Seven studies were included to 
investigate the difference in the ratio of FEV1/FVC 
between the two groups. The analysis showed that there 
were 314 patients in each group. There was obvious het-
erogeneity (I2=92.0%, P< 0.001), and meta-analysis results 
of random-effect model showed that the ratio of FEV1/
FVC in the intervention group was significantly higher 
than that in the control group (SMD = 2.16, 95%CI 1.46 to 
2.86, Z = 6.04, P < 0.001; Fig. 4B).

PEF  Eight RCTs with 354 patients in each group reported 
PEF. The random-effect model was selected for meta-

Fig. 4  Results of meta-analysis for outcomes of pulmonary function indexes. A, Forced expiratory volume in one second (FEV1); B, the ratio of Forced 
expiratory volume in one second/Forced vital capacity (FEV1/FVC); C, Peak expiratory flow (PEF)
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analysis because of its obvious heterogeneity (I2=61.6%, 
P = 0.011) and PEF in the intervention group was signifi-
cantly higher than that in the control group (SMD = 1.17, 
95%CI 0.91 to 1.43, Z = 8.84, P < 0.001; Fig. 4C).

Outcomes of clinical symptom indexes
A total of 13, 13, 13, 5 and 3 RCTs reported the time to 
disappearance of clinical symptoms, in term of fever, 
cough, lung rales, asthma relief, and return to a normal 
chest X-ray, respectively. The random-effect model was 
used due to relatively high heterogeneity, and the results 
demonstrated that the intervention group had signifi-
cantly shorter time than the control group. The pooled 
results are shown in Table 2 and Appendix S6.

Outcomes of inflammatory indicators
There were respectively 6, 8, 5, 4, 5 and 4 RCTs reported 
levels of inflammatory indicators, namely, CRP, TNF-α, 
IL-2, IL-4, IL-6 and IL-8. Two indicators had no obvious 
heterogeneity but four outcomes did. The meta-analysis 
results of random-effect model showed an obviously 
increased level of IL-4 and lower levels of other inflam-
matory indicators in the intervention group than those 
in the control group. The pooled results are shown in 
Table 3 and Appendix S6.

Subgroup analysis of different treatment durations
We conducted subgroup analysis based on treatment 
duration using data from 14 RCTs with a duration of 
14 days and 4 RCTs of with a duration of 28 days (see 
Appendix S7). Regarding the duration of 14 days, a 
random-effect meta-analysis using data from 14 RCTs 
yielded an RR of 1.22 for TER by the intervention group 
compared with the control group (95% CI 1.17 to 1.28, 

Z = 8.75, P < 0.001) with no heterogeneity (I2=0.0%, P for 
heterogeneity = 0.998). However, regarding the duration 
of 28 days, the pooled RR for TER in the intervention 
group compared with the control group was 1.17 (95%CI 
1.01 to 1.25, Z = 2.16, P < 0.001) with substantial hetero-
geneity (I2=71.7%, P = 0.014). This subgroup analysis 
suggested that TER at14 days was higher than that at 28 
days, and TER of both subgroups was significantly higher 
than that of the control group.

Sensitivity analysis
We found that high heterogeneity appeared when con-
ducting meta-analyses. Therefore, we further conducted 
leave-one-out sensitivity analysis to explore the poten-
tial source of heterogeneity, and there was no substantial 
modification of our estimates after the exclusion of indi-
vidual studies one by one (see Appendix S8.1-2). The sen-
sitivity analysis showed that the results were statistically 
robust. A further sensitivity analysis excluding all trials 
judged to be at high risk of bias confirmed these substan-
tial results (see Appendix S8.3-6). Thus, we believe that 
the high heterogeneity may arise from the following fac-
tors: course of disease, treatment duration and the differ-
ences in measurements of the included trials.

Publication bias
The funnel plot of TER was asymmetrical upon visual 
inspection while the funnel plot of the incidence of TAEs 
was symmetric. The results of the Harbord linear regres-
sion showed that there was a potential risk of publication 
bias in TER (P < 0.001) and no significant publication bias 
in the incidence of TAEs (P = 0.148; see Appendix S9).

Table 2  Meta-analysis of clinical symptom indexes
Outcomes Studies (n) patients (n) Pooled Test of SMD Heterogeneity

SMD (95% CI) Z value, P value I2(%) P value

Time to disappearance of fever 13 1278 -1.25, 95%CI -1.62 to -0.88 Z = 6.60, P < 0.001 89.0 < 0.001
Time to disappearance of cough 13 1282 -2.24, 95%CI -2.89 to -1.60 Z = 6.81, P < 0.001 95.3 < 0.001
Time to disappearance of lung rales 13 1300 -1.55, 95%CI -1.93 to -1.18 Z = 8.08, P < 0.001 88.5 < 0.001
Time to relief of asthma 5 468 -1.50, 95%CI -2.04 to -0.96 Z = 5.42, P < 0.001 84.8 < 0.001
Time for return to normal of chest X-ray 3 252 -1.50, 95%CI -2.48 to -0.51 Z = 2.97, P = 0.003 91.7 < 0.001

Table 3  Meta-analysis of inflammatory indicators
Outcomes Studies (n) patients (n) Pooled Test of SMD Heterogeneity

SMD (95% CI) Z value, P value I2(%) P value

CRP 6 530 -1.48, 95%CI -2.07 to -0.90 Z = 4.96, P < 0.001 88.7 < 0.001
TNF-α 8 740 -1.27, 95%CI -1.65 to -0.89 Z = 6.55, P < 0.001 82.0 < 0.001
IL-2 5 456 -1.68, 95%CI -1.89 to -1.47 Z = 15.37, P < 0.001 0.0 0.927
IL-4 4 352 0.78, 95%CI 0.56 to 0.99 Z = 7.01, P < 0.001 0.0 0.525
IL-6 5 424 -2.00, 95%CI -3.14 to -0.86 Z = 3.44, P < 0.001 95.6 < 0.001
IL-8 4 408 -1.87, 95%CI -2.56 to -1.18 Z = 5.33, P < 0.001 88.2 < 0.001
C-reactive protein (CRP); Tumor necrosis factor alpha (TNF-α); Interleukin-2 (IL-2); Interleukin-4 (IL-4); Interleukin-6 (IL-6); Interleukin-8 (IL-8)
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GRADE Certainty of evidence
The certainty of the evidence for the primary outcomes 
and pulmonary function indexes ranged from moderate 
to very low, as tabulated in the summary of findings table 
(Table  4). The reasons for downgrading the evidence 
included reporting bias, publication bias, inadequate pre-
cision, and heterogeneity.

Discussion
In our study, the results showed that azithromycin 
sequential therapy plus inhaled terbutaline had higher 
efficacy (low-certainty evidence) and no more adverse 
reactions (moderate-certainty evidence) than azithromy-
cin therapy alone.

This study showed that the combined therapy could 
increase the total efficacy by 20% compared to azithro-
mycin therapy alone, suggesting that active treatment 
for MPP is highly important. Subgroup analysis of TER 
showed that different treatment durations could be 
potential causes of heterogeneity, but more RCTs of 
28-day duration are needed to confirm these finding. In 
addition, no increase in efficacy was found after 28 days 
of therapy, which indicated that macrolide-resistant M. 
pneumoniae might develop after longer durations of 
azithromycin therapy and that patients cannot benefit 
from this therapy.

To avoid damage to pulmonary function, terbutaline 
was added to azithromycin sequential therapy to dilate 
the bronchus and promote pulmonary ventilation. Com-
pared with the control treatment, the combined therapy 
improved FEV1 and the ratio of FEV1/FVC. Studies have 
shown that PEF can be used to screen impaired pulmo-
nary function when spirometry is unavailable [22]. Our 

pooling results also showed that the intervention group 
had better PEF than the control group. The improvement 
in FVF could be confirmed by the time to the disappear-
ance of cough, lung rales and asthma. The time of other 
clinical symptoms, such as fever and chest X-ray, also 
showed good improvement.

Host protein assays based on CRP are widely used in 
the diagnosis of community-acquired pneumonia, but 
CRP alone cannot be used to precisely separate bacterial 
from viral infection and mild from severe disease [23]. 
In the context of M. pneumoniae infection, it stimulates 
epithelial cells and macrophages to release a variety of 
cytokines, including pro-inflammatory cytokines (TNF-
α, IL-2, IL-6, and IL-8) and anti-inflammatory cytokines 
(for example, IL-4) [7, 24]. The induction of pro-inflam-
matory cytokines is extensively involved in MPP devel-
opment and can cause excessive immune inflammation, 
which includes local inflammation, airflow obstruc-
tion, air-way remodeling, emphysema and impaired 
lung function [24]. In our study, the levels of these pro-
inflammatory cytokines in the intervention group were 
lower than those in the control group, suggesting that 
the combined therapy could downregulate the levels of 
pro-inflammatory factors and prevent the aggravation 
of MPP. Cytokines produced by Th1 cells can be blocked 
by IL-4 produced by Th2 cells and the Th1/Th2 balance 
plays a significant role in anti-infectious immunity [25]. 
Therefore, the level of IL-4 in the intervention group 
was higher than that in the control group. The levels of 
pro-inflammatory cytokines decreased and anti-inflam-
matory cytokines increased in children with MPP, indi-
cating that these cytokines are promising biomarkers 

Table 4  GRADE summary of findings
Outcome Certainty assessment Certainty

№ of 
studies

Study 
design

Risk of 
bias

Inconsistency Indirectness Imprecision Publication
Bias

TER 18 randomised 
trials

seriousa not serious not serious not serious publication bias 
strongly suspectedb

⨁⨁◯◯
Low

Incidence of TAEs 14 randomised 
trials

seriousa not serious not serious not serious none ⨁⨁⨁◯
Moderate

FEV1 8 randomised 
trials

seriousa not serious not serious seriousc publication bias 
strongly suspectedd

⨁◯◯◯
Very Low

Ratio of FEV1/FVC 7 randomised 
trials

seriousa seriouse not serious seriousc publication bias 
strongly suspectedd

⨁◯◯◯
Very Low

PEF 8 randomised 
trials

seriousa seriouse not serious seriousc publication bias 
strongly suspectedd

⨁◯◯◯
Very Low

Explanations

a. Downgraded owing to risk of bias: Most information is from studies at low or unclear risk of bias, but potential limitations are likely to lower confidence in the 
estimate of effect

b. Downgraded owing to publication bias: The funnel plot was asymmetrical upon visual inspection

c. Downgraded owing to imprecision: Less than 400 participants included in meta-analysis

d. Downgraded owing to publication bias: Not possible to assess publication bias (less than 10 trials included)

e. Downgraded owing to inconsistency: P < 0.05(Chi-square test) and I2value > 50%
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for the diagnosis and treatment of this disease in clinical 
practice.

Compared with previous meta-analyses for MPP, there 
are a few points to be noted: Firstly, most of studies 
seemed to have unclear definitions of the diagnostic cri-
teria for MPP [26–28], while the clinical symptoms of this 
disease are similar to those of viral and bacterial respira-
tory tract infections [5, 27], and Zhang et al [29]. even 
recruited patients regardless of the disease intensity. Sec-
ondly, the included interventions for MPP were not strict 
because extra medications such as acupuncture or special 
nursing were used in some studies [28, 30]. Thirdly, an 
observational study with controls, in which the patients 
were grouped by therapy regimens [27], could not be 
identified as an RCT, because it is highly likely that this 
was a retrospective analysis of clinical cases. In contrast, 
our study proposed a clear PICOS framework to decrease 
clinical and methodological heterogeneity.

To the best of our knowledge, this is the first system-
atic review and meta-analysis of azithromycin sequential 
therapy plus inhaled terbutaline for children with MPP. 
A comprehensive search was performed to obtain all 
relevant RCTs in our study and we paid more attention 
to pulmonary function indexes. Previous meta-analyses 
have reported overall response rate, total safety, improve-
ment time of clinical symptoms and levels of inflamma-
tory factors [31–33], while our study involved FEV1, the 
ratio of FEV1/FVC and PEF, which are the gold standards 
for the diagnosis of impaired pulmonary function [22]. To 
avoid misdiagnosis, pathogen identification was added as 
one of the inclusion criteria, which has never been high-
lighted before. We excluded some observational studies 
with controls to reduce methodological heterogeneity, 
which was different from previous meta-analyses [27]. 
This study was registered ahead of writing and performed 
in accordance with the PRISMA Checklist to reduce 
reporting bias as much as possible.

However, there were some limitations in our study. 
Firstly, the main limitation was the significant hetero-
geneity observed across the included studies. This het-
erogeneity remained in subgroup analyses of children 
stratified by treatment duration, which indicated that 
clinical characteristics such as age, onset time of MPP, 
and outcome measurements might be potential sources 
of bias. Although significant heterogeneity was detected, 
sensitivity analyses showed that the pooled results were 
statistically robust. Secondly, due to the overall mod-
erate risk of bias and moderate to very low certainty of 
evidence, the results of this study should be interpreted 
with caution and high-quality RCTs are urgently needed. 
Thirdly, there was some risk in publication bias of TER 
and all included RCTs were conducted in China, whose 
underrepresentation could lead to inapplicable or non-
generalizable results. More publications of relevant trials 

performed by researchers from different language back-
grounds are needed to confirm the findings of the study. 
Fourthly, what element of any benefits attributed to ter-
butaline may in fact be a placebo in nature is difficult to 
estimate without blinded RCTs [34]. Fifthly, the inflam-
matory indicators including CRP, TNF-α, and IL-2 have 
potential prognostic value as diagnostic biomarkers for 
MPP, as well as make meta-analyses more valuable [35]. 
However, only a few studies have examined inflamma-
tory indicators, which makes it difficult to analyze the 
immune response patterns of the host [36].

Conclusions
This is the first systematic review and meta-analysis of 
azithromycin combined with terbutaline, which has 
shown good efficacy and safety. In addition, PVF and the 
levels of relevant indexes were significantly improved. 
However, there was no high-quality evidence and the 
results of this study should be interpreted with cau-
tion. Thus, we conditionally recommend azithromycin 
sequential therapy plus inhaled terbutaline for children 
with MPP. High-quality RCTs are needed to ensure safe 
medication practices for the combined therapy. In addi-
tion, the precise mechanism underlying effects of the 
combined therapy and inflammatory factors requires fur-
ther in-depth study.
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