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Clinical Question Box

Are Bufei formula and Bufei Yishen formula effective in preventing chronic obstructive pul-
monary disease exacerbations?

Bufei and Bufei Yishen formulas demonstrated benefits, including a significant reduction in
chronic obstructive pulmonary disease exacerbations, improved dyspnea scores, and enhanced
daily activity levels measured by the 6-minute walking distance. However, long-term effectiveness
in prevention was identified only with the Bufei Yishen formula.

Abstract

Introduction: Chronic obstructive pulmonary disease (COPD) is a prevalent condition worldwide, and
standardized targeted treatments can effectively control its symptoms. However, the efficacy of the
Bufei formula or its modified versions as an adjuvant treatment for preventing COPD exacerbations
has not been well established. Methods: To evaluate the effectiveness of the Bufei and modified Bufei
formulas, a systematic review followed by a meta-analysis was conducted. In September 2024, four
databases were searched for randomized controlled trials investigating the use of the Bufei formula
and its variations in treating COPD. Results: Four studies were included in this meta-analysis: one
on the Bufei formula and three on the Bufei Yishen formula, encompassing 775 patients. The Bufei
and Bufei Yishen formulas demonstrated effectiveness in preventing COPD exacerbations, with mean
differences (MD) of —0.6 times/person-year (95% CI: —0.68 to —0.52, p < 0.001) and —0.39 (95% CI:
—0.47 to —0.32, p < 0.001; I? = 0%), respectively. The combined effect of both formulas in reducing
exacerbations was —0.45 (95% CI: —0.60 to —0.31, p < 0.001; 1> = 77%). For reducing dyspnea
as measured by the modified Medical Research Council dyspnea scale, the Bufei and Bufei Yishen
formulas showed mean differences of -0.39 points (95% CI: —0.62 to —0.16, p < 0.001) and —0.46
points (95% CI: —0.67 to —0.26, p < 0.001; I? = 48%), respectively. Additionally, two studies evaluated
the Bufei Yishen formula’s effectiveness in improving the 6-minute walking distance, showing a mean
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difference of 37.0 meters (95% CI: 21.1 to 52.9, p < 0.001; I2 = 0%). Conclusion: Bufei and Bufei
Yishen formulas are effective adjuvant treatments for COPD.
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Introduction

Chronic obstructive pulmonary disease (COPD) is a common, preventable, and treatable condition
characterized by persistent airflow limitation, which can progress to chronic pulmonary heart disease
and respiratory failure, resulting in high rates of disability and mortality." It is currently the fourth
leading cause of death worldwide.2 The exact cause of COPD is not fully understood but identified
risk factors can be broadly categorized into exogenous and endogenous.’ Exogenous factors include
smoking, inhalation of dust and chemicals, air pollution, and respiratory infections, with smoking
being the primary cause.* Endogenous factors include genetic predisposition, increased airway reac-
tivity, and poor lung development or growth due to various reasons. The main clinical manifestations
include breathlessness, fatigue, and cough, leading to a loss of functional capacity.>°

The pathological mechanisms of COPD involve direct damage to airway epithelial cells by cigarette
smoke, which triggers the release of endogenous molecules or danger signals.” Pattern recognition
receptors, including Toll-like receptors 4 and 2 on epithelial cells, detect these signals, initiating a
non-specific inflammatory response. Chronic inflammation in the small airways can cause cellular
infiltration, mucosal congestion, edema, thickening of airway walls, increased mucus production,
narrowing of the airway lumen, and heightened airway resistance.® Current clinical management of
COPD emphasizes symptom control, with strategies such as smoking cessation, avoiding exposure to
occupational dust and irritants, and the primary use of bronchodilators.’

Smoking cessation, vaccination, and pulmonary rehabilitation are first-line treatments recom-
mended for all patients with COPD.! Inhaled corticosteroids (ICS), long-acting beta-agonists
(LABA), and long-acting muscarinic antagonists (LAMA) are commonly used to prevent exacerba-
tions in COPD.!!:12 In addition to inhalers, expectorants, and antibiotics, such as macrolides, have
effectively reduced the number of exacerbations in patients with the frequent exacerbator phenotype.
However, patients with COPD in Asia generally experience high readmission rates.'? Several studies
have revealed the effectiveness of Chinese herbal medicine in preventing and treating COPD. %13

The Bufei formula positively affects COPD by regulating apoptosis-related pathways and targets.'®
Its main medicinal ingredients include Astragalus, Ginseng, Aster, Schisandra, Rehmannia, and
Mulberry Bark.!” Based on this formula, adding other herbs, such as in the Bufei Huoxue formula
and Bufei Yishen formula, has also shown effectiveness in preventing COPD exacerbations.'$:!° Many
randomized controlled trials have been conducted in China to evaluate the efficacy of the Bufei
formula and its modified versions. However, no meta-analysis has been performed to assess the overall
efficacy of the Bufei formula. This meta-analysis aims to analyze the effectiveness and safety of the
Bufei formula comprehensively.

Methods

Literature Search Strategy

This meta-analysis was registered with the University Hospital Medical Information Network
(UMIN), registration number UMIN000056044.2° A comprehensive search was conducted across
PubMed, Cochrane Library, Web of Science, and Embase for all articles related to COPD and
Bufei formula from the earliest available date up to September 14, 2024. The search terms included
“chronic obstructive pulmonary disease” or “COPD” for the patient population and “Bufei” or “Bufei
Formula” for the intervention. The detailed search formula is in Table S1. All variations and modified
versions of the Bufei formula were included. There were no restrictions on the publication type, but
only articles in English were considered.
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Inclusion and Exclusion Criteria

Studies were included if they met the following criteria: (1) randomized controlled trials; (2) patients
treated with Bufei formula or its modified versions; and (3) included relevant outcomes, such as
exacerbation rates. Studies were excluded if they: (1) were not available in full text; (2) were animal
or cellular studies; (3) involved patients without COPD; and (4) provided insufficient information
or data.

Quality Assessment and Data Extraction

The methodological quality of the included studies was assessed using the quality assessment criteria
recommended by the Cochrane Handbook for Systematic Reviews of Interventions. Two reviewers
(Y.H. and D.Y.) worked independently in data extraction. The main assessment criteria included:
(1) randomization method, (2) allocation concealment, (3) double-blinding, (4) blinding of outcome
assessment, (5) data integrity, (6) selective reporting, and (7) potential bias. The risk of bias for each
domain was rated as low, high, or unclear.

Outcomes

The primary outcome was the annual exacerbation rate. Secondary outcomes included the Modified
British Medical Research Council (mMRC) dyspnea scale, 6-minute walk distance (6MWD), and
forced expiratory volume in one second as a percentage of the predicted value (FEV1%). COPD
severity was classified according to the Global Initiative for Chronic Obstructive Lung Disease
(GOLD) criteria: GOLD 1 (%FEV1 > 80), GOLD 2 (%FEV1 50-79), GOLD 3 (%FEV1 30-49), and
GOLD 4 (%FEV1 < 30).

Statistical Analysis

The meta-analysis was performed using RevMan 5.4 software provided by the Cochrane Collabora-
tion. Data analysis included tests for heterogeneity, meta-analysis, and assessment of publication bias.
Statistical heterogeneity among the studies was evaluated using the Q-statistic and I statistics. An 12
value of <50% indicated low heterogeneity, while an 12 value of >50% indicated high heterogeneity.
A random-effects model was used for the meta-analysis. The mean difference (MD) was used for
continuous variables when measurement units and methods were consistent across studies, with a 95%
confidence interval (CI). A p-value of <0.05 was considered statistically significant. Publication bias
was assessed using funnel plot analysis.

Results

Literature Screening

An initial search of four databases identified 281 studies. After removing 64 duplicates using software,
the first and second screenings excluded 172 and 41 articles, respectively, based on the inclusion criteria.
Ultimately, four articles were included in the meta-analysis (Fig. S1). The risk of bias assessment is
shown in Fig. S2. All studies were well designed, with a low risk of bias. Due to imprecision and risk
of bias, the evidence level is graded as C according to the Grading of Recommendations, Assessment,
Development, and Evaluation (GRADE) approach.?!

Characteristics of Included Studies

Table 1 summarizes the characteristics of the included studies.?>>> All studies were conducted in
China, with 385 patients treated with Chinese herbal medicine and 390 patients receiving a placebo.
Three studies evaluated the effectiveness of the Bufei formula in patients with COPD stages GOLD 1
to 3, while one study focused on GOLD 3 and 4 status. Three studies specifically assessed a verified
variant of the Bufei formula (known as the Bufei Yishen formula); its components are detailed in Table
S2. Studies on the Bufei Yishen formula demonstrated its long-term effectiveness in preventing COPD
exacerbations. In contrast, only one study assessed the short-term efficacy of the Bufei formula. No
study reported the side effects of Bufei and Bufei Yishen formulas.
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Table 1. Background and characteristics of enrolled studies

Author No. in No. in GOLD Age (years) Male/Female Admission Follow-up

herbal control

Li 2021 68 66 1-3 64.6 (9.0)  99/35 Bufei Yishen 12m
formula

Guo 2014 70 70 2,3 N.S. N.S. Bufei Granule 12w

Xie 2013 112 109 1-3 66.2 (8.9) 140/81 Bufei Yishen 10 m
formula

Yu2023 135 145 3,4 65.2(7.8)  276/4 Bufei Yishen 52w
formula

Note: No. Number, GOLD: Global Initiative for Chronic Obstructive Lung Disease, N.S.: not specified, m: month,
w: week.

Annual Exacerbations Prevention

One study evaluated the Bufei formula’s effectiveness in preventing COPD exacerbations, showing
an MD of —0.6 times/person-year (95% CI: —0.68 to —0.52, p < 0.001) (Figure 1). Three studies
assessed the Bufei Yishen formula’s effectiveness in reducing the annual exacerbation rate, with a mean
difference of —0.39 (95% CI: —0.47 to —0.32, p < 0.001; 12 = 0%). The combined effect of both
formulas in reducing exacerbations was —0.45 (95% CI: —0.60 to —0.31, p < 0.001; I?> = 77%). No
significant publication bias was observed (Fig. S3).

Herbal Formula Placebo Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
1.1.1 Bufei Formula
Guo 2014 0.28 0.09 70 0.88 0.35 70  33.6% -0.60[-0.68,-0.52] —a
Subtotal (95% CI) 70 70  33.6% -0.60 [-0.68, -0.52] &

Heterogeneity: Not applicable
Test for overall effect: Z = 13.89 (P < 0.00001)

1.1.2 Bufei Yishen Formula

Li 2021 0.59 0.8 68 0.95 0.94 66 14.5% -0.36[-0.66, -0.06]

Xie 2013 1 0.15 112 1.4 0.41 109 33.9% -0.40[-0.48,-0.32] =

Yu 2023 0.47 0.85 135 0.83 1.23 145 17.9% -0.36[-0.61,-0.11] e
Subtotal (95% CI) 315 320 66.4% -0.39[-0.47, -0.32] L 2

Heterogeneity: Tau? = 0.00; Chi® = 0.14, df = 2 (P = 0.93); I = 0%
Test for overall effect: Z = 10.27 (P < 0.00001)

Total (95% CI) 385 390 100.0% -0.45 [-0.60, -0.31] -
Heterogeneity: Tau? = 0.01; Chi? = 12.91, df = 3 (P = 0.005); I> = 77% k + + 1
Test for overall effect: Z = 6.21 (P < 0.00001)

Test for subgroup differences: Chi? = 12.76, df = 1 (P = 0.0004), I> = 92.2%

-0.5 0.5
Favours [Herbal] Favours [Placebo]

Figure 1. The effect of Bufei formula and Bufei Yishen formula in annual exacerbation
prevention. CI: confidence interval.

Effectiveness on mMRC

One study examined the Bufei formula’s effectiveness in reducing the modified Medical Research
Council (mMRC) dyspnea scale, with a mean difference of —0.39 points (95% CI: —0.62 to —0.16, p
< 0.001) (Figure 2). Two studies evaluated the Bufei Yishen formula’s impact on mMRC, reporting a
mean difference of —0.46 (95% CI: —0.67 to —0.26, p < 0.001; I? = 48%). The overall effect of both
formulas in reducing mMRC scores was —0.44 (95% CI: —0.58 to —0.31, p < 0.001; I> = 11%). No
significant publication bias was detected (Fig. S4).

Effectiveness on 6 MWD

Two studies evaluated the Bufei Yishen formula’s effectiveness in improving the 6 MWD, showing a
mean difference of 37.0 meters (95% CI: 21.1 to 52.9, p < 0.001; I? = 0%) (Figure 3). No significant
publication bias was detected (Fig. S95).
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Herbal Formula Placebo Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
2.1.1 Bufei Formula
Guo 2014 1.22 0.7 70 1.61 0.69 70  29.4% -0.39[-0.62, -0.16] -
Subtotal (95% CI) 70 70 29.4% -0.39 [-0.62, -0.16] -

Heterogeneity: Not applicable
Test for overall effect: Z = 3.32 (P = 0.0009)

2.1.2 Bufei Yishen Formula

Li 2021 1.26 0.68 68 1.61 0.63 66 31.4% -0.35[-0.57,-0.13] —m—
Yu 2023 1.3 0.86 135 1.86 0.81 145 39.1% -0.56[-0.76,-0.36] —a—
Subtotal (95% CI) 203 211 70.6% -0.46 [-0.67, -0.26] L

Heterogeneity: Tau? = 0.01; Chi? = 1.93, df = 1 (P = 0.16); I* = 48%
Test for overall effect: Z = 4.41 (P < 0.0001)

Total (95% CI) 273 281 100.0% -0.44 [-0.58, -0.31] <o
Heterogeneity: Tau? = 0.00; Chi? = 2.25,df = 2 (P = 0.33); I? = 11% + 05 + +
Test for overall effect: Z = 6.62 (P < 0.00001)

Test for subgroup differences: Chi? = 0.21, df = 1 (P = 0.65), I = 0%

- -0. 0 .
Favours [Herbal] Favours [Placebo]

Figure 2. The effect of Bufei formula and Bufei Yishen formula in reducing mMRC. mMRC:
Modified British Medical Research Council dyspnea scale, CI: confidence interval.

Bufei Yishen Formula Placebo Mean Difference Mean Difference
Study or Subgroup Mean SD  Total Mean SD Total Weight 1V, d 95% CI 1V, Random, 95% CI
Li 2021 409.5  66.2 68 376.4 71.5 66 46.3% 33.10[9.75, 56.45] —a—
Yu 2023 416.8 92.68 135 376.4 92.43 145 53.7% 40.40 [18.70, 62.10] ——
Total (95% CI) 203 211 100.0% 37.02[21.12,52.91] e
i 2 _ . Chi? = - - T ! ; ; |
Heterogeneity: Tau® = 0.00; Chi’ = 0.20, df = 1 (P = 0.65); I = 0% oo 5 $ 5o 100

Test for overall effect: Z = 4.56 (P < 0.00001) Favours [Placebo] Favours [Bufei Yishen]

Figure 3. The effect of Bufei Yishen formula in the improvement of 6-minute walk distance.
CI: confidence interval.

Effectiveness on FEV1%

One study assessed the Bufei formula’s effectiveness in improving the percentage predicted forced
expiratory volume in one second (FEV1%), with a mean difference of 9.20% (95% CI: 4.51 to 13.89,
p < 0.001) (Figure 4). Two studies evaluated the Bufei Yishen formula’s impact on FEV1%, reporting
a mean difference of 1.18% (95% CI: —2.82 to 5.17, p = 0.56; 1> = 71%). The overall effect of both
formulas on FEV1% was 3.67% (95% CI: —1.64 to 8.89, p = 0.18; I? = 86%), with publication bias
detected (Fig. S6).

Bufei Formula Placebo Mean Difference Mean Difference
Study or Subgroup  Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
4.1.1 Bufei Formula
Guo 2014 51 12.3 70 41.8 15.8 70 30.1%  9.20[4.51, 13.89] . —
Subtotal (95% CI) 70 70 30.1% 9.20 [4.51, 13.89] B

Heterogeneity: Not applicable
Test for overall effect: Z = 3.84 (P = 0.0001)

4.1.2 Bufei Yishen Formula

Li 2021 52 9.7 68 48.6 10.7 66 33.7%  3.40[-0.06, 6.86] =
Yu 2023 34 11.3 135 34.69 10.21 145 36.1% -0.69[-3.22, 1.84] —
Subtotal (95% CI) 203 211 69.9% 1.18[-2.82,5.17]

Heterogeneity: Tau? = 5.97; Chi? = 3.50, df = 1 (P = 0.06); I = 71%
Test for overall effect: Z = 0.58 (P = 0.56)

Total (95% CI) 273 281 100.0% 3.67 [-1.64, 8.98]
Heterogeneity: Tau? = 18.63; Chi? = 14.02, df = 2 (P = 0.0009); I* = 86%

Test for overall effect: Z = 1.35 (P = 0.18)

Test for subgroup differences: Chi? = 6.52, df = 1 (P = 0.01), I = 84.7%

Figure 4. The effect of Bufei formula and Bufei Yishen formula in improving FEV1%. FEV1%:
forced expiratory volume % in one second, CI: confidence interval.

4 n
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Discussion

This meta-analysis evaluated the effectiveness of Bufei and Bufei Yishen formulas in managing COPD,
focusing on exacerbation prevention, dyspnea reduction, exercise capacity improvement, and lung
function enhancement. Our findings demonstrate significant benefits of Bufei and Bufei Yishen
formulas, including a significant reduction in COPD exacerbations, improvement in dyspnea scores,
and enhancement in daily activity levels. However, no significant improvement in lung function was
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observed. These results align with previous studies that have reported the efficacy of traditional
Chinese medicine (TCM) formulas in managing COPD symptoms and preventing exacerbations.2-27
Our findings provide new insights by highlighting the specific impact of Bufei Yishen formula on
reducing exacerbation rates as a long-term benefit, observed across all stages of COPD from GOLD
1 to 4. This underscores its value as an adjuvant treatment in the management of COPD. While
improvement in FEV1% was statistically significant in one study assessing the Bufei formula, this
significance was not observed when pooled with Bufei Yishen studies, suggesting that the impact on
lung function parameters may be variable or less pronounced compared to symptom control and
exacerbation prevention.

Bufei and Bufei Yishen formulas are widely used in TCM for respiratory diseases, particularly
COPD, where they are believed to strengthen lung function, improve immune response, and reduce
inflammation.?8-?° The Bufei formula is typically prescribed for patients across various stages of
COPD. It is mainly used to manage symptoms such as chronic cough and dyspnea, which are common
in this patient population.’? Bufei Yishen formula, a refined version of Bufei, is specifically designed
to address deficiencies in the lung and kidney systems according to TCM principles.! This formula is
often utilized in more advanced stages of COPD, as reflected in its application across GOLD stages 1
to 4 in the studies included in our meta-analysis. Integrating these formulas into COPD management
offers a complementary approach that aligns with holistic and patient-centered care paradigms. Both
formulas are administered orally, and their use is typically guided by TCM practitioners who tailor
treatments to the patient’s specific symptoms and underlying deficiencies.

The therapeutic effects of Bufei and Bufei Yishen formulas are based on their multifaceted
mechanisms of action. According to TCM theory, the Bufei formula consists of herbs that reinforce
lung function, enhance qi (vital energy), and clear phlegm. Key ingredients include Astragalus mem-
branaceus, which possesses immunomodulatory and anti-inflammatory properties,>? and Codonopsis
pilosula, which supports respiratory health by tonifying the lungs.’® These components work together
to reduce airway inflammation, enhance mucociliary clearance, and improve overall respiratory
function. Bufei Yishen formula, meanwhile, extends its action by addressing both lung and kidney
deficiencies. The inclusion of herbs like Rehmannia glutinosa and Cornus officinalis helps to nourish the
kidneys and support systemic balance, which is considered crucial in managing chronic conditions like
COPD.3*35 The formula also enhances systemic circulation, reduces oxidative stress, and modulates
immune responses, which are important in preventing exacerbations and improving the quality of
life in COPD patients. These mechanisms not only address the respiratory aspects of COPD but also
contribute to overall systemic resilience against disease progression.

This meta-analysis focused on the additional effects of Chinese herbal medicine as an adjuvant
therapy for COPD, rather than a direct comparison with Western medicine. Herbal medicine offers
potential advantages, including affordability and ease of use, which may enhance accessibility and
patient adherence. Furthermore, its holistic approach may provide supportive benefits in managing
chronic diseases. Further research is needed to clarify the specific roles of both herbal and Western
medicine in COPD care.

Despite the promising results, this meta-analysis has several limitations. First, all included studies
were conducted in China, which may limit the generalizability of our findings to other populations,
particularly in Western countries where differences in lifestyle, healthcare access, and genetic factors
may influence outcomes. Second, the sample sizes of the included studies were relatively small, and
variations in study quality and potential biases could affect the robustness of our conclusions. Third,
the high heterogeneity observed in subgroup analyses, such as for FEV1%, suggests variability in
patient populations, formula composition, and study methodologies that were not fully accounted for
in our analysis. Fourth, the literature search was limited to English-language databases due to language
restrictions and access. This limitation may introduce selection bias, as it could exclude relevant studies
published in Chinese-language journals, potentially impacting the comprehensiveness of our findings.

Conclusion

Bufei and Bufei Yishen formulas show significant potential in reducing COPD exacerbations and
improving symptom control. While these findings support the integration of TCM formulas into
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COPD management, further large-scale, multicenter trials are needed to confirm their long-term
efficacy and safety across diverse patient populations.
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