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in Patients With Moderate-to-Severe Chronic Obstructive Pulmonary Disease: 
A Systematic Review and Meta-Analysis

Nan Shanga , Yang Liub and Yueping Jina

aDepartment of Pharmacy, The First Hospital of Shanxi Medical University, Taiyuan, China; bDepartment of Pharmacy, Shanxi Medical University, 
Taiyuan, China

ABSTRACT
Background/objective:  To compare the efficacy of budesonide/formoterol (BF) versus fluticasone/
salmeterol (FS) in patients with moderate-to-severe chronic obstructive pulmonary disease (COPD).
Methods:  The PubMed, Embase, Cochrane Library, and Web of Science databases were searched for 
studies comparing BF versus FS in the treatment of COPD from inception to July 17, 2023. Outcomes, 
including exacerbations, hospitalizations, pneumonia, emergency department (ED) visits for COPD, 
length of hospitalization, and number of exacerbations, were compared using risk ratio (RR) with 
corresponding 95% confidence interval (CI) or weighted mean difference (WMD) with 95% CI. All 
statistical analyses were performed using Stata version 12.0.
Results:  Ten studies comprising a total of 136,369 participants were included. Compared with those 
treated with FS, patients with COPD treated with BF experienced a reduced number of exacerbations 
(RR 0.91 [95% CI 0.83–1.00]; p = 0.040), hospitalizations (RR 0.77 [95% CI 0.67–0.88]; p < 0.001), and 
frequency of pneumonia (RR 0.77 [95% CI 0.64–0.92]; p = 0.05). However, no significant difference 
was observed between BF and FS in terms of ED visits for COPD (RR 0.87 [95% CI 0.69–1.10]; 
p = 0.243), length of hospitalization (WMD −0.18 [95% CI −0.62–0.27]; p = 0.437), and number of 
exacerbations (WMD −0.06 [95% CI −0.28–0.16]; p = 0.602). Notably, no significant heterogeneity was 
noted in length of hospitalization between the two groups, whereas clear heterogeneity was 
observed in other outcomes (I2 > 50%, p < 0.05).
Conclusion:  Compared with FS, BF therapy appears to be a more promising treatment strategy for 
patients with moderate-to-severe COPD; however, this should be verified in further high-quality 
studies.
ABBREVIATIONS:
COPD: chronic obstructive pulmonary disease; BF: budesonide/formoterol; CI: confidence interval; 
ED: emergency department; FS: fluticasone/salmeterol; ICS: inhaled corticosteroid(s); LABA: 
long-acting β2-agonist; LAMA: long-acting muscarinic antagonist; RCT: randomized controlled trial; 
RR: risk ratio; WMD: weighted mean difference

Background

Chronic obstructive pulmonary disease (COPD) is a com-
mon respiratory tract disease, accounting for 0.5 billion 
cases globally, and is the third leading cause of death world-
wide due to its fatal pathology [1]. Generally, in patients 
with COPD, exacerbation is the leading cause of substantial 
impairment in quality of life and respiratory ability and may 
even cause death. Therefore, effective prevention and man-
agement strategies for COPD are urgently required.

Conventionally, combination therapy involving inhaled 
long-acting β2-agonist (LABA) and a long-acting muscarinic 
antagonist (LAMA) or inhaled corticosteroid(s) (ICS) has 
been the general recommendation for COPD [2]. In fact, 

according to the 2009 and 2010 GOLD reports, regular 
treatment with LABAs, ICS, and/or their combination is 
recommended to improve decline in lung function. 
Moreover, a report from 2017 reported that patients with a 
low rate of exacerbation commonly used LABA/LAMA 
combinations. In these patients, LABA/ICS treatment should 
be changed to LABA/LAMA therapy if ICS leads to 
increased side effects; however, the 2020 GOLD report sug-
gests that triple combinations of LABA, ICS, and LAMA 
may reduce mortality in the most severe stages of COPD 
[3]. Although the recent 2024 GOLD report discourages the 
use of LABA/ICS as a first-line treatment for COPD [4], 
the efficacy of LABA/LAMA versus LABA/ICS still needs to 
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be compared due to the large majority of medications for 
COPD being LABA/ICS.

In recent years, several different combinations of LABA/
ICS and LABA/LAMA have been used clinically, including 
budesonide/formoterol (BF) and fluticasone/salmeterol (FS). 
Although the two combination products have different phar-
macological properties, they exhibit similar benefits in terms 
of preventing the symptoms of COPD when combined at a 
fixed dose [5]. Regarding improvements in COPD, a more 
rapid onset of action has been shown among patients after 
treatment using the BF combination compared with that 
after treatment using the FS combination, which may be due 
to the faster onset of formoterol than that of salmeterol; 
however, evidence also supports that fluticasone is 25% more 
potent than budesonide [6]. Therefore, the effectiveness of 
these combination therapies for treating COPD exacerba-
tions remains controversial.

To address this gap in knowledge, we conducted a lit-
erature search to identify studies comparing the efficacy 
of BF versus FS in the treatment of COPD. Outcomes, 
including exacerbations, hospitalization(s), pneumonia, 
emergency department (ED) visits for COPD, length of 
hospitalization, and number of exacerbations, were com-
pared using risk ratio (RR) with their corresponding 95% 
confidence interval (CI) or weighted mean differences 
(WMD) with 95% CI. BF treatment improved exacerba-
tions, hospitalization, and pneumonia in patients with 
moderate-to-severe COPD.

Methods

Literature search

The current meta-analysis comparing BF and FS combination 
treatments for COPD was conducted in accordance with the 
principles of the Preferred Reporting Items for Systematic 
Reviews and Meta-Analyses (i.e. “PRISMA”) statement.

The PubMed, Embase, Cochrane Library, and Web of 
Science databases were searched for studies comparing BF 
and FS combination treatments for COPD from inception to 
July 17, 2023. The search was performed without language 
restrictions using the following key words: (“budesonide for-
moterol fumarate drug combination” OR “Budesonide” OR 
“formoterol” OR “fluticasone salmeterol drug combination” 
OR “fluticasone” OR “salmeterol”) AND “chronic obstructive 
pulmonary disease.” The reference lists of the retrieved arti-
cles were manually searched for additional relevant and 
potentially eligible studies.

Eligibility criteria

Studies fulfilling the following inclusion criteria were selected: 
patients diagnosed with COPD were included; a comparison 
of outcomes between the BF and FS groups was conducted; 
and data regarding exacerbations, hospitalizations, pneumo-
nia, ED visits for COPD, length of hospitalization, and num-
ber of exacerbations were reported.

Articles, including reviews, conference abstracts, comments, 
and self-controlled studies were excluded. Moreover, for duplicate 

publications, only those with the most complete research infor-
mation were included, while excluding all others.

Data selection and quality assessment

The following data were extracted from the included studies 
using a predesigned table: first author, year of publication, 
number and age of enrolled subjects, diagnostic criteria, 
study type, and outcomes of COPD. Data extraction was 
performed by two investigators who independently reviewed 
the full texts. A third investigator checked all the data and 
resolved any disagreements. Full-text studies fulfilling the 
inclusion criteria were selected for further analysis.

The methodological quality of the non-randomized clinical 
studies was evaluated using the Risk of Bias in Non-Randomized 
Studies of Interventions (ROBINS-I) tool [7], whereas the 
quality of the randomized controlled studies was evaluated 
using the Cochrane Risk of Bias Assessment Tool [8].

Statistical analysis

For categorical variables, the RR and corresponding 95% CI 
were calculated to assess the risk of BF compared to that of 
FS. In contrast, for continuous variables, WMD with corre-
sponding 95% CI was calculated. Heterogeneity among the 
included studies was assessed using the chi-square test and 
I2 statistic [9]. Studies with p < 0.1 or I2 > 50% were defined 
as having clear heterogeneity, and the random-effects model 
was adopted [10]; in contrast, a p > 0.1 or I2 < 50% indicated 
non-significant heterogeneity among studies, for which the 
fixed-effects model was used.

Egger’s test was used to evaluate publication bias between 
studies. Additionally, sensitivity analysis was performed by 
omitting one study at a time to evaluate the impact of indi-
vidual studies on the merged results. All statistical analyses 
were performed using Stata version 12.0 (StataCorp LLC, 
College Station, TX, USA).

Results

Studies included in the meta-analysis

The initial literature search retrieved 670 articles, of  
which 185 were duplicates and excluded, leaving 485 articles 
(Figure 1). After reviewing titles and abstracts, 471 addi-
tional articles were excluded. Moreover, after reading the full 
texts, four articles were removed, including three without 
control groups and one review. Ultimately, 10 studies were 
included in the final analysis [11–20]. Details of the search 
strategy and study retrieval from the PubMed, Embase, Web 
of Science, and Cochrane Library databases are summarized 
in Supplementary Tables 1–4.

Characteristics of the included studies

In total, 10 studies were included in the meta-analysis, 
including one RCT [13], one prospective cohort study [15], 
and eight retrospective cohort studies [11,12,14,16–20]. 

https://doi.org/10.1080/15412555.2024.2328708
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These studies were conducted in Asia, Europe, and North 
America, with sample sizes ranging from 60 to 86,224. In 
total, 136,369 subjects were enrolled in these studies, 

including 46,780 in the BF group and 89,589 in the SF 
group, with most included studies having a follow-up of 
≥1 year. Notably, no significant differences were noted in age 

Figure 1. F low diagram illustrating the study selection process.

Table 1.  Characteristics of the included studies in this meta-analysis.

Study Country Design Diagnosis of COPD Study period Groups n, M/F Age, years Patient selection

Altaf et  al. [15] India PCS GOLD 6 months BF 30, 21/9 62.50 ± 9.69 NA
FS 30, 22/8 60.50 ± 9.41

Blais et  al. [11] Canada RCS ICD-9 1 year BF 1,131, 589/542 ≥40 propensity 
matchingFS 1,131, 589/542 ≥40

Kalhan et  al. [16] USA RCS ICD-9 1 year BF 1,441, 805/636 71.9 (9.9) propensity 
matchingFS 1,194, 641/553 72.1 (10.0)

Kern et  al. [17] USA RCS ICD-9 1 year BF 3,697, 1,708/1,989 64.0 ± 11.8 NA
FS 3,697, 1,765/1,932 63.7 ± 11.5

Larsson et  al. [12] Sweden RCS ICD-10 3.5 ± 2.4 year BF 2,734, 1,288/1,446 67.6 ± 10.9 propensity 
matchingFS 2,734, 1,278/1,456 67.6 ± 10.4

Muiser et  al. [13] Netherland RCT Clinical diagnosis 1 year BF 103, 63/40 65 ± 7.83 propensity 
matchingFS 92, 73/19 65 ± 6.98

Perrone et  al. [18] Italy RCS ICD-9 ≥6 months BF 4,680, 2,340/2,340 63.7 ± 13.0 NA
FS 4,680, 2,340/2,340 63.7 ± 13.2

Roberts et  al. [19] USA RCS ICD-9 3-6 months BF 3,385, 1,501/1,884 61.6 ± 11.23 propensity 
matchingFS 3,385, 1,486/1,899 61.5 ± 11.51

Suissa et  al. [20] UK RCS ICD-10 1 year BF 24,973, 13,680/11,293 70.7 ± 10.1 NA
FS 61,251, 33,488/27,763 70.8 ± 10.2

Wang et  al. [14] China RCS ICD-9 1 year BF 4,606, 3,602/1,004 71.86 NA
FS 11,395, 8,786/2,609 71.79

BF: budesonide/formoterol; COPD: chronic obstructive pulmonary disease; F: female; FS: fluticasone/salmeterol; GOLD: The Global Initiative for Chronic Lung 
Disease; ICD: International Classification of Diseases; M: male; NA: not applicable; PCS: prospective cohort study; RCS: retrospective cohort study; RCT: randomized 
controlled trial.
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or sex between the two groups. The characteristics of the 
included studies are summarized in Table 1.

Quality evaluation results of the RCT are summarized in 
Supplementary Table 5. The included study did not describe 
relevant information hidden in the allocation and was con-
ducted in a single-blind manner. Therefore, there was a 
moderate risk of selection, performance, and detection 
biases. Low-quality data was defined based on published 
data and random sequence generation.

The quality evaluation results of the cohort studies are 
summarized in Supplemental Table 6. The results revealed 
that these included studies had moderate bias in confound-
ing factors, intervention, and selective reporting, and low 

quality was observed for selection bias, classification of 
interventions, missing data, and outcome(s) measurement. 
However, overall, moderate methodological quality was 
observed in the included studies.

Comparison of BF vs. FS in terms of exacerbations, 
hospitalizations, pneumonia, and ED visits for COPD

After treatment with BF, patients with COPD exhibited greater 
improvement in exacerbations (RR 0.91 [95% CI 0.83–1.00]; 
p = 0.040) (Figure 2A), hospitalizations (RR 0.77 [95% CI 
0.67–0.88]; p < 0.001) (Figure 2B), and pneumonia (RR 0.77 
[95% CI 0.64–0.92]; p = 0.05) (Figure 3A) than those treated 

Figure 2. F orest plots comparing exacerbations (A) and hospitalizations (B) between the budesonide/formoterol and fluticasone/salmeterol groups.

https://doi.org/10.1080/15412555.2024.2328708
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with FS. However, no significant differences were observed 
between the BF and FS groups in terms of ED visits for 
COPD (RR 0.87 [95% CI 0.69–1.10]; p = 0.243) (Figure 3B). 
Notably, a clear heterogeneity was observed between the two 
groups in terms of exacerbations (I2 = 92.6%, p = 0.000), hos-
pitalization (I2 = 62.2%, p = 0.032), pneumonia (I2 = 81.0%, 
p = 0.000), and ED visits for COPD (I2 = 84.3%, p = 0.002).

Comparison of BF vs. FS in terms of length of 
hospitalization and number of exacerbations

No significant difference was observed in length of hospitaliza-
tion (WMD −0.18 [95% CI −0.62–0.27]; p = 0.437) (Figure 4A) 

and number of exacerbations (WMD −0.06 [95% CI −0.28–
0.16]; p = 0.602) between the two groups (Figure 4B). 
Additionally, no significant heterogeneity existed between the 
two groups in terms of the length of hospitalization  
(I2 = 0%, p = 0.426). However, clear heterogeneity was noted 
between the two groups in terms of the number of exacerba-
tions (I2 = 71.3%, p = 0.031).

Sensitivity analysis and publication bias

In total, only two studies addressed the length of hospital-
ization; therefore, sensitivity analysis and Egger’s test could 
not be performed for this outcome. The results of the 

Figure 3. F orest plots comparing pneumonia (A) and emergency department visits for chronic obstructive pulmonary disease (B) between the budesonide/formo-
terol and fluticasone/salmeterol groups.
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analysis of other outcome indicators are summarized in 
Table 2 and Supplemental Figure 1A–E. Sensitivity analysis 
revealed that the pooled results for the risk of COPD exac-
erbation, ED visits for COPD, and pneumonia were unsta-
ble. After excluding individual studies, the combined results 
were reversed, and the risk of hospitalization for COPD and 
number of examinations were stable. Notably, Egger’s test 
revealed no significant publication bias when pooling the 
included studies (p > 0.05).

Discussion

Evaluation of human health in patients with COPD remains 
challenging due to the high morbidity and mortality 

associated with COPD. In the present analysis, the 10 stud-
ies including 136,369 patients with COPD were only of a 
moderate quality. When comparing patients treated with BF 
and those treated with FS, BF treatment resulted in improve-
ment in exacerbations, hospitalizations, and pneumonia, 
whereas no significant differences were observed between 
the BF and FS groups in terms of ED visits for COPD, 
length of hospitalization, and number of exacerbations. 
Notably, clear heterogeneity was observed between the BF 
and FS groups in terms of all outcomes, except for length of 
hospitalization.

Exacerbation is the primary cause of morbidity and mortal-
ity in patients with COPD. Therefore, improvements in exac-
erbations, hospitalizations, and pneumonia are the main goals 

Figure 4. F orest plots comparing the length of hospitalization (A) and number of exacerbations (B) between the budesonide/formoterol and fluticasone/salmeterol 
groups.

https://doi.org/10.1080/15412555.2024.2328708
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of preventive management of COPD. In patients with COPD, 
increased sputum production, dyspnea, and chest tightness 
would occur over several years, and the considerable impact of 
acute exacerbations on well-being and activities of daily living 
therefore cannot be ignored [21]. Conventionally, ICSs com-
bined with LABAs are recommended for preventing COPD 
exacerbation. In fact, previous studies have demonstrated that 
salmeterol and LABAs such as formoterol can significantly 
improve lung function [22]. Moreover, when BF is used for 
treatment, a faster onset of the effects can be induced by for-
moterol [23]. Therefore, the combination of steroids and 
β2-agonists may be the main components of BF treatment that 
are accountable for the improvement of lung function and 
severe exacerbations [24]. Formoterol is a β2-agonist with 
long-acting and fast-acting bronchodilators, while salmeterol is 
a type of short-acting β2-agonist with long-acting roles. 
Notably, our data showed that treatment with BF was only 
slightly inferior to that with FS in terms of preventing exacer-
bations (RR 0.91 [95% CI 0.83–1.00]; p = 0.040). However, of 
the seven included studies, only two showed improved exacer-
bations in patients after BF treatment compared with that after 
FS treatment, whereas five studies showed no significant dif-
ferences in exacerbations between the two groups. However, 
this might have been due to differences in the severity of 
COPD, medication adherence, and follow-up periods between 
the studies. Therefore, future multicenter prospective studies 
are warranted to better evaluate the effects of these factors.

One disadvantage of ICSs is that they are usually associated 
with side effects such as pneumonia in patients with COPD 
[25]. However, Tricco et  al. confirmed that 24 treatments for 
COPD, including BF and FS, were more effective than the pla-
cebo, although fluticasone is associated with a higher risk of 
pneumonia than is placebo [26]. In contrast, a previous 
meta-analysis by Halpin et  al. demonstrated that BF was asso-
ciated with fewer pneumonia events [27]. Similarly, we demon-
strated a reduced risk of pneumonia with BF than with FS.

Observational studies have led to controversial conclu-
sions regarding the comparative efficacy of BF versus FS. 
Previously, Muiser et  al. demonstrated that fixed-dose ther-
apy with BF and FS had similar efficacies in patients with 
COPD [13]. However, in the present study, the doses of BF 
and FS varied across different medical centers, which may 
explain these controversial conclusions. However, the pres-
ent meta-analysis included a relatively large sample size and 
wide region. Moreover, the methodological quality of the 
included studies was moderate and the risk of bias—such as 
loss to follow-up and reporting bias—was low. Therefore, 
collectively, our data clearly showed that BF treatment 

yielded greater benefits in improving the risk of exacerba-
tions, hospitalizations, and pneumonia than FS treatment.

However, the present meta-analysis has several limita-
tions. First, clear heterogeneity was observed between the 
two groups in the evaluation of exacerbations, hospitaliza-
tions, pneumonia, ED visits for COPD, and number of exac-
erbations. The effectiveness of these drugs can be affected by 
treatment length and dosing [28]. Moreover, other factors 
such as the background of the enrolled patients, region, and 
research type may affect the efficacy of BF or FS. However, 
owing to the lack of effective information and significant 
differences in covariates, it was not possible to evaluate the 
impact of factors such as region and research type on the 
results through subgroup analysis and meta-regression. 
Second, most of the included studies were retrospective. 
Therefore, although confounding factors were controlled for 
in sample matching and multi-factor correction, the merged 
results may still be influenced by confounding factors such 
as disease course and medication dosage. Third, the com-
bined results of some outcomes were unstable. Therefore, it 
is crucial to design and conduct higher-quality, large-scale, 
randomized controlled trials to verify the conclusions 
obtained in the present study.

In conclusion, our results suggest that BF is more effec-
tive than FS in the treatment of patients with moderate-to-se-
vere COPD. However, further high-quality studies are 
required to confirm this conclusion.
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Table 2.  Outcomes of the sensitivity analysis and test of publication bias.

Outcomes No. of studies

Sensitivity analysis Egger’s test

RRs or WMDs (95% CI) Robust p Value

Risk of COPD exacerbations 7 0.89 (0.80, 0.99)–0.96 (0.91, 1.01) No 0.296
Risk of COPD hospitalizations 5 0.74 (0.64, 0.84)–0.80 (0.68, 0.95) Yes 0.846
ED visits for COPD 3 0.78 (0.71, 0.87)–0.91 (0.64, 1.31) No 0.988
Risk of pneumonia 5 0.72 (0.58, 0.90)–0.78 (0.57, 1.07) No 0.831
Number of exacerbations 3 −0.14 (−0.39, 0.11)–0.04 (−0.19, 0.27) Yes 0.948

CI: confidence interval; COPD: chronic obstructive pulmonary disease; ED: emergency department; RR: risk ratio; WMD: weighted mean difference.
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