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Objective: This systematic review and meta-analysis aims to assess the efficacy of
GBE in the treatment of IPF by evaluating its impact on total effective rate, blood
gas analysis, pulmonary function tests, and markers of inflammation and fibrosis.

Methods: We conducted a comprehensive search across seven databases,
including PubMed, EMBASE, Web of Science, CNKI, Wanfang DATA, VIP, and
CBM, without restrictions on publication date. Randomized controlled trials
(RCTs) that investigated the effects of GBE on IPF patients were eligible for
inclusion. Relevant literature was screened, and the data in the included studies
were extracted for quality assessment according to the Risk of bias tool.

Results: A total of 14 RCTs involving 1043 patients were included in the analysis.
GBE significantly improved the total effective rate, arterial oxygen partial pressure,
arterial oxygen saturation, forced vital capacity, forced expiratory volume in one
second, maximum voluntary ventilation, and 6-min walk test compared to the
control group. Additionally, there was a significant reduction in arterial carbon
dioxide partial pressure, interleukin-4, hyaluronan, and laminin levels.

Conclusion: GBE may offer therapeutic benefits in IPF by improving respiratory
function, modulating inflammation, and affecting fibrosis markers. These findings
support the potential use of GBE as an adjunct therapy in IPF and suggest that
further large-scale, multicenter trials are warranted to confirm its efficacy and
safety.

Ginkgo biloba extract, idiopathic pulmonary fibrosis, meta-analysis, systematic review,
RCT, randomized controlled trial

1 Introduction

Idiopathic Pulmonary Fibrosis (IPF) is a devastating interstitial lung disease characterized
by the progressive replacement of functional lung tissue with fibrotic scar tissue, leading to
impaired gas exchange and ultimately respiratory failure (Raghu et al., 2022). The etiology of
IPF remains obscure, and despite recent advances in understanding its pathogenesis, the
disease continues to carry a poor prognosis, with a median survival time of only three to
5 years following diagnosis (Liu et al., 2022a). The complexity of IPF’s pathogenesis, which
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encompasses chronic inflammation, dysregulated wound healing, and
microenvironmental changes that drive fibroblast proliferation and
extracellular matrix deposition, poses significant challenges for disease
management (Mei et al., 2021).

Current pharmacotherapeutic options for IPF are limited, primarily
focusing on slowing disease progression and alleviating symptoms. Anti-
fibrotic agents, such as pirfenidone and nintedanib, have demonstrated
modest benefits in slowing the decline in lung function (Flaherty et al,,
2019; Finnerty et al., 2021). However, these treatments are associated
with significant side effects and high costs, highlighting the need for
alternative or complementary therapeutic strategies.

Ginkgo biloba L. extract (GBE) is a mixture with various
pharmacological effects extracted and processed from Ginkgo
biloba leaves, and its main active ingredients are 22%-27%
flavonoids (quercetin, etc.), 5%-7% terpene lactones (ginkgolides,
bilobalide, etc.), organic acids and phenols (Kuli¢ et al., 2022). The oral
formulation contains 19.2 mg of total flavonoid glycoside and 4.8 mg
of terpenoid lactone or 9.6 mg of total flavonoid glycoside and 2.4 mg
of terpenoid lactone. Recently, it has gained scientific attention for its
potential anti-inflammatory, antioxidant, and vasorelaxant properties
(Hu et al., 2024; Liu et al., 2024a). Clinical trials have explored GBE’s
efficacy in enhancing memory, attention, and other cognitive
domains, with some studies indicating a positive impact in both
healthy individuals and those with mild cognitive impairment (Xiao
et al,, 2024). Beyond cognitive enhancement, GBE’s antioxidant and
vasodilatory properties have prompted investigations into its potential
role in treating cardiovascular diseases (Liu et al, 2024b).
Furthermore, its anti-inflammatory and antioxidant effects have
led to studies examining the use of GBE in respiratory conditions,
such as IPF. Preclinical studies suggest that GBE may modulate key
pathways involved in IPF pathogenesis, including the inhibition of
pro-inflammatory cytokines, reduction of oxidative stress, and
improvement of endothelial function (Zhu and Liu, 2024; Nie
et al, 2024). These findings have spurred clinical investigations
into the potential therapeutic benefits of GBE for patients with IPF.

Despite the growing body of literature on the use of GBE in IPF,
there is a lack of consensus regarding its efficacy and safety (Yao
et al.,, 2024). A systematic review and meta-analysis of the available
evidence is necessary to synthesize the results of these studies and
provide a comprehensive assessment of the potential benefits and
risks associated with GBE treatment in IPF patients.

2 Methods

The protocol for this systematic review and meta-analysis has
been registered with the International Prospective Register of
Systematic  Reviews (PROSPERO) under the identifier
CRD42024603534. We adhered to the Preferred Reporting Items
for Systematic Reviews and Meta-Analyses (PRISMA) guidelines for
reporting (Moher et al., 2015).

2.1 Search strategy
We conducted a comprehensive literature search across seven

databases: PubMed, EMBASE, Web of Science, CNKI, Wanfang
DATA, VIP, and CBM. The search was not restricted by publication
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date and was performed up to 23 October 2024 (Beijing time). We
employed a manual search strategy using the terms “ginkgo biloba”
and “pulmonary fibrosis” along with their variants. The detailed
search each database are

strategies  for provided in

Supplementary Material 1.

2.2 Eligibility criteria

2.2.1 Inclusion criteria
(1) Participants: Patients with a clinical diagnosis of IPF were
considered regardless of nationality, race, gender, occupation,
or educational background.

Although the causes of IPF are not limited, all patients should be
diagnosed with PF according to at least one of the current or past PF
definitions or guidelines, such as:

@ Guidelines (Draft) for the Diagnosis and Treatment of
Idiopathic Pulmonary Fibrosis (IPF) (Interstitial Lung
Diseases Group of the Chinese Medical Association, 2002).

®@ Consensus on the Diagnosis and Treatment of Idiopathic
Pulmonary Fibrosis (IPF) in China (Interstitial Lung Diseases
Group of the Chinese Medical Association, 2016).

(2) Intervention: Studies administering GBE alone or in
combination with Prednisone in the experimental group.

(3) Comparision: The control group was only given Prednisone.

(4) Outcomes: Studies reporting primary outcomes such as total
effective rate, blood gas analysis, and pulmonary function
tests; secondary outcomes including inflammatory mediators
and fibrosis markers.

(5) Study design: Randomized controlled trials (RCTs) involving
patients diagnosed with IPF.

2.2.2 Exclusion criteria
(1) Reviews,
conference papers.

case  reports, research  protocols  or

(2) Animal and in vitro studies.

Two reviewers Xuxin Sun and Ling Peng independently
screened the literature according to the above criteria, and the
different opinions encountered during the research screening
process were resolved through discussion or by the third
reviewer Sheng Chen.

2.3 Data extraction and quality assessment

Two reviewers (Xuxin Sun and Ling Peng) independently
extracted data from the included studies, including first author,
publication year, country, intervention and control measures,
duration of treatment, demographic information, outcome
The risk of bias
independently assessed by two reviewers (Xuxin Sun and Ling
Peng) using the Cochrane Bias Risk Assessment Tool (RoB2.0),

evaluating five aspects of the included RCTs: bias arising from

measures. in the included studies was

randomization, deviations from established interventions, missing
outcome data, outcome measurement, and selective reporting of
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FIGURE 1

The PRISMA flowchart of the literature search and selection.

results. Each aspect was rated as “low risk,” “high risk,” or “possibly
risky.” Divergent assessments were resolved through discussion or
by a third investigator, and the results are presented in a
bias risk map.

2.4 Statistical analysis

We performed a meta-analysis using Review Manager 5.4.1. For
continuous data, when using the same scale, weighted mean
differences (WMD) were calculated, and 95% confidence intervals
(CI) were reported. For binary categorical variables, the risk ratio
(RR) was used as the effect index for meta-analysis. Heterogeneity
tests were based on the p-value obtained from Q tests combined with
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the I° statistic. The I° statistic is an important indicator of
heterogeneity, with values of 25%, 50%, and 75% representing
low, medium, and high heterogeneity, respectively. Given the
potential for heterogeneity among the included studies in terms
of dosages, treatment durations, and study designs, a random effects
model (DerSimonian-Laird method) was used throughout the
analysis to account for this variability. Subgroup analysis and
regression analysis were conducted based on efficacy evaluation
criteria and treatment duration to determine the magnitude and
source of heterogeneity among studies. Sensitivity analysis was used
to evaluate the robustness of the meta-analysis results. Funnel plots
were created to assess whether publication bias existed in the
included literature, and Egger or Begg methods were used for
statistical testing (the number of studies should be >5). For
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TABLE 1 Basic Characteristics of the included studies.

References Sample Country  Male/ Intervening measure Main outcome Treatment
size female course
C E C
He et al. (2005) 30 15 China 11/ 7/8 53.96 + 47.33 + GBE (Bailudao): 1 g, orally, 3 times daily PDN: 30 mg, once daily DOeEO® 3 months
19 14.47 12.50
Hao (2006) 15 15 China 8/7 7/8 54.17 + 52.00 + GBE (Bailuda®): 1 g, orally, 3 times daily PDN: 15-30 mg, once daily [0]0]6]6]v) 6 months
13.33 11.09
Xing et al. (2012) 32 38 China 22/ 25/ 572+56 | 573 %7.1  GBE (Hanshen®): 0.25 g, orally, 3 times daily; PDN: PDN: 0.125-0.5 mg/kg, ® 2 months
10 13 0.125-0.5 mg/kg, once daily once daily
Guan (2015) 30 30 China 17/ 16/ 49.6 £87 | 525+9.1 GBE (Tapning”): 0.25 g, orally, 3 times daily; PDN: = PDN: 15-30 mg, once daily (0]} 3 months
13 14 15-30 mg, once daily
Guo (2015) 68 68 China 24/ | 36/ 53.87 + 52.34 GBE (Tapning’): 1g, orally, 3 times daily PDN: 30mg, once daily @D 3 months
44 42 2.09 2.19
Li (2015) 45 45 China 20/ | 22/ 459 %37 | 462 +40 GBE (999°):1g, orally, 3 times daily PDN: 30mg, once daily @D 3 months
25 23
Shi (2016a) 38 38 China 52/14 53.7 + 8.4 GBE (Hanshen"):1g, orally, 3 times daily; PDN: 0. PDN: 0.125-0.5 mg/kg, [016]0]6]6I6IO1C) 3 months
125-0.5 mg/kg, once daily once daily
Shi (2016b) 30 30 China 44/16 514 +9.1 GBE (Hanshen"):1g, orally, 3 times daily; PDN: 0. PDN: 0.125-0.5 mg/kg, ®EOOOHRBBBB®D® 3 months
125-0.5 mg/kg, once daily once daily
Pan and Liu (2017) 43 43 China 29/ | 27/ 479+80 | 485+82  GBE (Hanshen’): 1 g, orally, 3 times daily; PDN: 0. | PDN: 0.25-0.5 mg/kg, once @0OO®OOD® 3 months
14 16 25-0.5 mg/kg, once daily daily
Yang and Zhang 38 38 China 23/ 24/ 56.83 + 57.06 + GBE (Tapningo): 1 g, orally, 3 times daily; PDN: 0. PDN: 0.125-0.5 mg/kg, [CIEICIEIVIE) 3 months
(2017) 15 14 5.77 6.21 125-0.5 mg/kg, once daily once daily
Xu and Liang (2018) 37 37 China 21/ 21/ 53.29 + 53.45 + GBE (Tapningo): 1 g, orally, 3 times daily; PDN: 0. PDN: 0.125-0.5 mg/kg, OEOHR®® 3 months
16 16 4.87 5.24 125-0.5 mg/kg, once daily once daily
Zhang (2018) 40 40 China 25/ | 24/ 516+72 | 51.7+73 GBE (Hanshen"):1g, orally, 3 times daily; PDN: 0. PDN: 0.25-0.5 mg/kg, once n ®OO®D@®B®®®D® 3 months
15 16 25-0.5 mg/kg, once daily daily
Zou (2020) 40 40 China 25/ | 24/ 58.60 + 58.47 + GBE (Ginaton"): 80 mg, orally, 3 times daily; PDN: 0. PDN: 0.125-0.5 mg/kg, [elelulE) 3 months
15 16 4.43 4.36 125-0.5 mg/kg, once daily once daily
Liu et al. (2022a) 40 40 China 25/ | 23/ 4512 42.12 + GBE (Yuanzhitong):1g, orally, 3 times daily; PDN: PDN: 10mg, 3 times daily OOE®EO®O® 3 months
15 17 1.15 1.25 10mg, 3 times daily

@ Total effective rate @Pa02 @PaCO2 @$a02 ®Dlco ®VC DTLC ®FVC @FEVI/EVC @MVV @6MWT @IL-4 @ TNF-a ®INF-y ®HA ®Col Il @PC IIl @LN; GBE: ginkgo biloba extract; PDN: prednisone; E: experimental group; C: control group. Bailuda”
(Shanghai Sine Promod Pharmaceutical Co., Ltd.; China National Drug Approval No. Z20010169). Hanshen” (Hunan Hanshen Pharmaceutical Co., Ltd.; China National Drug Approval No. Z20026289). Tapning~ (Hangzhou Conba Pharmaceutical Co., Ltd.; China
National Drug Approval No. Z20063069). 999° (Huangshi Sanjiu Pharmaceutical Co., Ltd.; China National Drug Approval No. Z20040104). Yuanzhitong” (Wuhu Luye Pharmaceutical Co., Ltd.; China National Drug Approval No. Z20040097). Ginaton” (Dr. Willmar
Schwabe GmbH & Co. KG; Import Drug Registration No. HC20090014).

‘le 1@ ung
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results with significant publication bias, the trim and fill method was
used to measure the impact of publication bias on the results.

3 Results

3.1 Literature screening results and
flow charts

A total of 302 papers were retrieved from the initial database
search, and no additional studies were identified from the reference
scan. After removing duplicates, 226 articles were examined by title
and abstract. Of these, 211 articles were excluded because they did
not meet the inclusion criteria, 14 articles have been carefully
reviewed for full text. Finally, 14 studies were included in this
meta-analysis (He et al., 2005; Hao, 2006; Xing et al, 2012;
Guan, 2015; Guo, 2015; Li, 2015; Shi, 2016a; Shi, 2016b; Pan and
Liu, 2017; Yang and Zhang, 2017; Xu and Liang, 2018; Zhang, 2018;
Zou, 2020; Liu et al, 2022b). Figure 1 shows the literature
screening process.

3.2 Characteristics of included studies

The basic characteristics of the included studies are summarized
in Table 1, including first author, publication year, country,
intervention and control measures, duration of treatment,
demographic information, outcome measures. These fourteen
studies encompassed 1043 patients from China, with ages
ranging from 42.12 + 125 to 58.60 + 443 vyears. The
experimental group comprised 526 participants, while the control
group included 517 participants, with studies published between
2005 and 2022. The sample size across studies varied from 30 to
136 cases. The reported outcome indicators included total effective
rate (n = 4), partial pressure of oxygen (PaO2) (n = 8), partial
pressure of carbon dioxide (PaCO2) (n = 4), oxygen saturation
(Sa02) (n = 3), diffusing capacity of the lungs for carbon monoxide
(DIco) (n = 10), vital capacity (VC) (n = 8), total lung capacity (TLC)
(n=9), forced vital capacity (FVC) (n = 2), forced expiratory volume
in one second to forced vital capacity ratio (FEVI/FVC) (n = 2),
maximum voluntary ventilation (MVV) (n = 2), 6-min walk test
(6MWT) (n =2), interleukin-4 (IL-4) (n = 4), tumor necrosis factor-
alpha (INF-a) (n = 7), interferon-gamma (INF-y) (n = 4),
hyaluronan (HA) (n = 3), collagen type III (Collll) (n = 2),
procollagen type III (PCIll) (n = 5), and laminin (LN) (n = 5).
Additionally, the treatment duration ranged from 2 to 6 months.

3.3 Quality assessment

The risk of bias assessment for the 14 included studies is

presented in Figure 2. Regarding bias

randomization, all included studies demonstrated low risk due to

arising  from

proper randomization processes. For deviations from established
interventions, all studies were assessed as low risk after employing
reasonable analytical methods. Similarly, low risk was observed in
missing outcome data and outcome measurement across all studies.
However, the potential for selective reporting was unclear in all
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studies, indicating a possible risk of bias. Collectively, the risk of bias
within the included literature was small.

3.4 Results of meta-analysis

The results of the meta-analysis, along with key heterogeneity
statistics and overall effect estimates, are presented in Table 2.

3.4.1 Total effective rate

Four studies (He et al., 2005; Hao, 2006; Guan, 2015; Liu et al.,
2022b) reported total effective rate, and meta-analysis was
performed using a random-effect model (Figure 3). The results
showed that compared with prednisone alone, GBE could improve
the total effective rate (RR = 1.24; CIL: 1.09 to 1.41; p = 0.001).

3.4.2 Arterial blood gas analysis

Eight studies (He et al., 2005; Hao, 2006; Guo, 2015; Li, 2015; Shi,
2016a; Pan and Liu, 2017; Zou, 2020; Liu et al., 2022b) reported PaO2
(Figure 4A), and four studies (Shi, 2016a; Pan and Liu, 2017; Zou,
2020; Liu et al,, 2022b) reported PaCO2 (Figure 4B), the random-
effects model demonstrated a significant increase in PaO2 and a
decrease in PaCO2 following treatment with GBE, as compared to
prednisone monotherapy (WMD = 6.70; 95% CI: 3.65 to 9.76; p <
0.001, WMD = -2.91; 95% CI: -5.26 to —0.55; p = 0.02, respectively).

Three studies (Shi, 2016a; Pan and Liu, 2017; Liu et al., 2022b)
reported SaO2 (Figure 4C), and the pooled analysis indicated that
GBE treatment was associated with an improvement in SaO2 levels
among patients (WMD = 1.75; 95% CI: 0.49 to 3.00; p = 0.007).

3.4.3 Pulmonary function tests

Ten studies evaluated the impact of Ginkgo biloba leaf extract on
the Dlco in patients with pulmonary fibrosis. Six of these studies (He
et al,, 2005; Hao, 2006; Guo, 2015; Li, 2015; Zhang, 2018; Liu et al.,
2022b) utilized the percentage change (%) as a measure (Figure 5A),
while four (Shi, 2016a; Shi, 2016b; Pan and Liu, 2017; Xu and Liang,
2018) employed the absolute change in milliliters (mL) (Figure 5B).
The meta-analysis showed no statistically significant differences in
Dlco (WMD = 0.83;95% CI: -2.72 to 4.37; p = 0.65, WMD = 2.37; 95%
CL: -3.67 to 8.41; p = 0.44, respectively).

Six studies (He et al., 2005; Hao, 2006; Guo, 2015; Li, 2015;
Zhang, 2018; Liu et al., 2022b) assessed the effects on VC (Figure 5C)
and TLC (Figure 5D). The meta-analysis demonstrated no
statistically significant differences in VC and TLC (WMD = 2.59;
95% CI: -0.34 to 5.51; p = 0.08, WMD = 0.76; 95% CI: -3.30 to 4.82;
p = 0.71, respectively).

Two studies (Shi, 2016a; Pan and Liu, 2017) evaluated the
impact on FVC (Figure 5E), FEV1)/FVC (Figure 5F), and MVV
(Figure 5G). The results indicated significant improvements in these
pulmonary function parameters in the experimental group
compared to the control group (WMD = 0.36; 95% CI: 0.13 to
0.59; p = 0.002, WMD = 6.47; 95% CI: 4.63 to 8.31; p < 0.001,
WMD = 5.99; 95% CI: 4.16 to 7.82; p < 0.001, respectively).

Additionally, two studies (Shi, 2016a; Xu and Liang, 2018)
assessed the effect on 6MWT (Figure 5H). The findings revealed
significant improvements in 6MWT performance in the treatment
group compared to the control group (WMD = 57.52; 95% CI:
39.68 to 75.35; p < 0.001).
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Study ID

He et al.(2005)
Hao(2006)

Xing et al.(2012)
Guan(2015)
Guo(2015)
Li(2015)

Shi Z(2016)
Shi(2016)

Pan et al.(2017)
Yang et al.(2017)
Xu et al.(2018)
Zhang(2018)

Zou(2020)

‘ . ' ‘ ' . ‘ . ‘ . ' ' . . Randomization process
‘ ' . . . . . ' ' . . . . . Deviations from intended interventions
‘ ‘ ‘ ‘ . ‘ ‘ ‘ ‘ . ‘ ‘ ‘ 'Misiugoutcomedata

Liu et al.(2022)

FIGURE 2
Assessment of risk of bias in the included studies (RCTs).

3.4.4 Inflammatory factors

Two studies (Shi, 2016b; Xu and Liang, 2018) evaluated the
effects of Ginkgo biloba leaf extract on IL-4 and IFN-y levels in
patients with pulmonary fibrosis. The results demonstrated
significant reductions in IL-4 levels (Figure 6A) and increases in
IFN-vy levels (Figure 6B) in the treatment group compared to the
control group (WMD = -3.66; 95% CI: -6.31 to —1.02; p = 0.007,
WMD = 7.96; 95% CI: 5.49 to 10.43; p < 0.001, respectively).

Five studies evaluated the impact of Ginkgo biloba leaf extract
on TNF-a levels in patients with pulmonary fibrosis, with two
(Shi, 2016b; Xu and Liang, 2018) utilizing
bronchoalveolar lavage fluid specimens (Figure 6C) and three
(He et al., 2005; Xing et al., 2012; Guan, 2015) employing blood
samples (Figure 6D). The meta-analysis revealed that the differences

studies
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in TNF-a levels between the treatment and control groups were not
statistically significant. (WMD = -1.48; 95% CI: -6.02 to 3.05; p =
0.52, WMD = -5.09; 95% CI: -10.55 to 0.38; p = 0.07, respectively).

3.4.5 Fibrosis markers

Three studies (Shi, 2016b; Yang and Zhang, 2017; Zhang, 2018)
evaluated the impact of Ginkgo biloba leaf extract on HA levels in
patients with pulmonary fibrosis (Figure 7A). A meta-analysis using
arandom-effects model indicated significant reductions in HA levels
in the treatment group compared to the control group
(WMD = -35.35; 95% CI: —50.57 to —20.14; p < 0.001).

Five studies (Shi, 2016b; Pan and Liu, 2017; Yang and Zhang, 2017;
Zhang, 2018; Zou, 2020) assessed the effects on LN levels (Figure 7B). A
meta-analysis using a random-effects model revealed significant
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TABLE 2 The results of the meta-analysis.

10.3389/fphar.2025.1524505

Total effective rate 0.00 0.57 3 0.90 0 3.22 0.001

‘ Arterial blood gas analysis
PaO2 14.73 35.34 7 <0.001 80 4.30 <0.001
PaCO2 423 12.38 3 0.006 76 2.42 0.02
Sa02 0.27 2.48 2 0.29 19 227 0.007

‘ Pulmonary function tests
Dlco (%) 3.03 5.90 5 0.32 15 0.46 0.65
Dlco (mL) 37.32 228.32 3 <0.001 99 0.77 0.44
vC 0.00 2.77 5 0.73 0.0 1.73 0.08
TLC 8.50 7.57 5 0.18 34 0.37 0.71
FVC 0.00 0.03 1 0.87 0 3.04 0.002
FEVI/FVC 0.00 0.54 1 0.46 0 6.90 <0.001
MVV 0.00 0.07 1 0.79 0 6.43 <0.001
6MWT 20.71 1.14 1 0.29 12 6.32 <0.001
Inflammatory factors
IL-4 3.55 37.28 1 <0.001 97 2.71 0.007
TNF-a(Alveolar Lavage) 10.11 17.55 1 <0.001 94 0.64 0.52
TNF-a 1531 28.15 2 <0.001 93 1.82 0.07
IFN-y 2.84 9.34 1 0.002 89 6.32 <0.001
Fibrosis markers
HA 129.79 7.23 2 0.03 72 4.55 <0.001
Col I 931.70 34.33 1 <0.001 97 0.57 0.57
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FIGURE 3
Forest plot of total effective rate.

reductions in LN levels in the experimental group compared to the
control group (WMD = —22.38; 95% CI: —26.72 to —18.04; p < 0.001).

Two studies (Shi, 2016b; Zhang, 2018) evaluated the impact
of Ginkgo biloba leaf extract on the levels of Col III in patients
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with pulmonary fibrosis (Figure 7C), while another Four studies
(Shi, 2016b; Pan and Liu, 2017; Zhang, 2018; Zou, 2020)
assessed the levels of PCIII (Figure 7D). A meta-analysis
using a random-effects model indicated no statistically
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FIGURE 4
Forest plot of (A) PaO2, (B) PaCO2, (C) SaO2.

significant differences in both Col III and PCIII levels between
the treatment and control group (WMD = -12.44; 95% CI:
—-55.37t030.49; p = 0.57, WMD = -9.32;95% CI: -24.79 to 6.15;
p = 0.24, respectively).

3.4.6 Adverse events

Four studies (He et al., 2005; Hao, 2006; Li, 2015; Zhang,
2018) reported the recurrence of pulmonary infections (>1 time)
during the treatment period. Additionally, none of the studies
reported other adverse events (AEs) or serious adverse events
(SAEs). This lack of information limits our ability to
comprehensively assess the safety of the treatment.Meta -
analysis using a random - effects model showed that the
recurrence rate of pulmonary infections in the experimental
group was lower than that in the control group (Figure 8)
(RR = 0.70; 95% CI: 0.54 to 0.89; p < 0.001). However, due to
the absence of data on other AEs and SAEs, we are unable to
conduct a further analysis on the overall safety of the treatment.

3.5 Subgroup analysis

Subgroup analysis of PaO2 based on the use of combination
therapy indicated that both Ginkgo biloba extract monotherapy
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(p = 0.033) and its combination with prednisone (p < 0.001)

significantly increased PaO2 levels compared to the

control group.

3.6 Sensitivity analysis and publication bias

We have conducted sensitivity analyses for outcome indicators with
a study count of three or more. By excluding each study one by one, we
have ensured that the results are relatively stable. The sensitivity analysis
table is provided in Table 3. To validate the meta-analysis outcomes, we
focused on the total effective rate, PaO2, Dlco(%), TLC, VC, and LN as
primary outcome indicators, each reported in more than five included
studies. Publication bias was quantified employing Begg’s funnel plot
and Egger’s linear regression test. The results manifested that total
effective rate, PaO2, Dlco(%),TLC, VC, and LN had no significant
publication bias (p > 0.05).

4 Discussion

Our study found that GBE significantly improves the total
effective rate, PaO2, SaO2, FVC, FEV1/FVC, MVV, 6MWT, IFN-
V> and decreases PaCO2, IL-4, HA, and LN in patients with IPF.
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FIGURE 5

Forest plot of (A) Dlco(%), (B) Dico(ml), (C) VC, (D) TLC, (E) FVC, (F) FEV1/FVC, (G) MVV, (H) 6MWT.

These findings underscore the potential therapeutic benefits of GBE
in the management of IPF.

The observed improvements in blood gas analysis parameters,
particularly the increase in PaO2 and SaO2, suggest that GBE may
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enhance oxygenation in IPF patients, which is crucial given the
impaired gas exchange characteristic of the disease (Otoupalova
etal., 2020). This improvement is likely attributable to GBE’s potent
antioxidant capabilities, which are believed to mitigate oxidative
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FIGURE 6
Forest plot of (A) IL-4, (B) IFN-y, (C) TNF-a, (D) TNF-a (Alveolar Lavage)

stress and pulmonary inflammation, consequently facilitating
enhanced oxygen diffusion and utilization (Noor et al., 2022).
The reduction in PaCO2 levels observed in our study may
indicate improved ventilatory efficiency with GBE treatment,
which could be particularly beneficial the
respiratory acidosis often seen in advanced IPF (Wu et al,, 2022).

in  managing

This reduction may also indicate GBE’s beneficial impact on gas
exchange and ventilation, potentially mediated through its anti-
inflammatory effects, which could alleviate airway inflammation
and enhance lung compliance (Tao et al., 2019).

The positive effects on pulmonary function tests, including FVC
and FEVI/FVC, indicate that GBE may help to preserve or even
improve lung capacity and airflow, which are typically compromised
in IPF (Mori and Kondoh, 2021; Wuyts et al., 2020). Previous studies
suggest that a >5% decline in FVC is recognized as a predictor of
mortality in IPF (du Bois et al., 2011), implying that FVC improvement
may represent disease stabilization. This preservation or enhancement
may stem from GBE’s ability to modulate inflammatory pathways and
curtail fibrosis, thereby decelerating the deterioration of lung function
(Tian et al., 2018). Furthermore, The improvement in MVV and
6MWT scores further suggests that GBE may enhance the exercise
tolerance and overall physical performance of IPF patients, which is
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closely associated with their quality of life (Mori and Kondoh, 2021;
Oguz et al, 2024). These enhancements are likely due to improved
oxygenation, reduced pulmonary vascular resistance, and optimized
lung function, all of which contribute to an expanded exercise capacity
and elevated physical activity levels.

Inflammation plays a key role in the progression of IPF. In IPF,
the Th2-type immune response, characterized by the production of
IL-4, is associated with the promotion of fibrosis. IL-4 is known to
activate M2 macrophages (Kokubo et al., 2022), which are involved
in anti-inflammatory responses, tissue repair, and the deposition of
collagen and extracellular matrix (ECM) (Spagnolo et al., 2022). The
shift towards a Th2-dominant immune response in IPF is further
supported by the increased levels of IL-4 observed in patients, which
can lead to tissue inflammation and fibrosis (Heukels et al., 2019).
IFN-y, on the other hand, is a Thl-type cytokine that typically has
anti-fibrotic effects. It can inhibit the deposition of collagen by
fibroblasts, that between Thl
Th2 responses is crucial in the pathogenesis of IPF (Chang et al.,
2021; Carvalho et al., 2019).

Recurrent alveolar epithelial injuries triggering the early
development of fibrosis (Chambers and Mercer, 2015). These
combined with dysregulated wound

suggesting a Dbalance and

injuries, repair and
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FIGURE 7
Forest plot of (A) HA, (B) LN, (C) Col lll, (D) PC III.
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FIGURE 8
Forest plot of adverse events.

myofibroblast dysfunction, lead to sustained tissue remodeling and
fibrosis characteristic of IPF (Confalonieri et al., 2022; Younesi et al.,
2024). The decrease in IL-4, the fibrosis markers HA and LN, along
with the increase in IFN-y, suggests that GBE may modulate the
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inflammatory and fibrotic processes in IPF. This modulation is
supported by recent research indicating that GBE possesses anti-
inflammatory and anti-fibrotic properties (Chummun et al., 2024;
Lee et al, 2024), potentially mediated through the regulation of
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TABLE 3 The results of sensitivity analysis for meta-analysis outcomes.
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Outcome Study removed Tau? Chi? df p 12 (%) Z [
Total effective rate He et al. (2005) 0.00 0.57 2 0.75 0 3.09 0.002
Hao (2006) 0.00 0.56 2 0.76 0 3.11 0.002
Guan (2015) 0.00 0.01 2 1.00 0 2.67 0.008
Liu et al. (2022b) 0.00 0.41 2 0.81 0 2.19 0.03
Arterial blood gas analysis
PaO2 He et al. (2005) 16.33 35.34 6 <0.001 83 3.95 <0.001
Hao (2006) 15.78 34.97 6 <0.001 83 3.90 <0.001
Li (2015) 12.56 26.85 6 <0.001 78 4.82 <0.001
Guo (2015) 11.69 23.99 6 <0.001 75 4.91 <0.001
Shi (2016a) 15.68 31.73 6 <0.001 81 3.66 <0.001
Pan and Liu (2017) 20.78 35.20 6 <0.001 83 3.58 <0.001
Zou (2020) 18.09 32.67 6 <0.001 82 3.54 <0.001
Liu et al. (2022a) 9.11 21.88 6 <0.001 73 4.03 <0.001
PaCO2 Shi (2016b) 5.59 10.71 2 0.005 81 2.37 0.02
Pan and Liu (2017) 8.56 12.11 2 0.002 83 1.84 0.07
Zou (2020) 8.61 12.06 2 0.002 83 1.84 0.07
Liu et al. (2022b) 0.00 0.60 2 0.74 0 2.95 0.003
Sa02 Shi (2016a) 1.74 1.54 1 0.21 35 1.95 0.05
Pan and Liu (2017) 4.64 2.37 1 0.12 58 1.24 0.21
Liu et al. (2022a) 0.00 0.57 1 045 0 2.83 0.005
Pulmonary function tests
Dlco (%) He et al. (2005) 0.00 332 4 0.51 0 1.02 0.31
Hao (2006) 7.08 5.90 4 0.21 32 0.29 0.77
Guo (2015) 7.81 5.63 4 0.23 29 0.41 0.68
Li (2015) 7.62 5.75 4 0.22 30 0.38 0.700
Zhang (2018) 7.57 5.78 4 0.22 31 0.37 0.71
Liu et al. (2022b) 0.00 1.69 4 0.79 0 0.55 0.59
Dlco (mL) Shi (2016b) 40.68 205.84 2 <0.001 99 0.44 0.66
Shi (2016a) 4191 184.29 2 <0.001 99 041 0.68
Pan and Liu (2017) 0.00 0.04 2 0.98 0 10.14 <0.001
Xu and Liang (2018) 41.92 139.27 2 <0.001 99 0.40 0.69
vC He et al. (2005) 0.00 172 4 0.79 0 1.93 0.05
Hao (2006) 0.00 2.64 4 0.62 0 1.77 0.08
Guo (2015) 0.00 2.58 4 0.63 0 1.75 0.08
Li (2015) 0.00 2.64 4 0.62 0 1.75 0.08
Zhang (2018) 0.00 2.56 4 0.63 0 1.79 0.07
Liu et al. (2022a) 0.00 0.52 4 0.97 0 0.22 0.83
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TABLE 3 (Continued) The results of sensitivity analysis for meta-analysis outcomes.

Outcome Study removed Tau? Chi? df p 12 (%) z P

TLC He et al. (2005) 3.19 4.85 4 0.30 18 1.06 0.29
Hao (2006) 12.49 7.33 4 0.12 45 0.33 0.74
Guo (2015) 13.89 6.93 4 0.14 42 0.33 0.74
Li (2015) 13.57 7.33 4 0.12 45 0.29 0.78
Zhang (2018) 13.64 7.40 4 0.12 46 0.26 0.79
Liu et al. (2022b) 0.00 1.30 4 0.86 0 0.71 0.48

Inflammatory factors

TNE-a He et al. (2005) 15.94 28.15 1 <0.001 96 1.76 0.08
Xing et al. (2012) 0.00 0.01 1 0.93 0 20.67 <0.001
Guan (2015) 0.00 0.05 1 0.83 0 2.09 0.04

Fibrosis markers

HA Shi (2016a) 167.19 4.99 1 0.03 80 3.12 0.002
Yang and Zhang (2017) 0.00 0.01 1 0.91 0 7.72 <0.001
Zhang (2018) 184.11 453 1 0.03 78 2.97 0.003

PC III Shi (2016b) 271.44 62.58 2 <0.001 97 0.62 0.53
Pan and Liu (2017) 46229 56.55 2 <0.001 96 0.49 0.62
Zhang (2018) 0.00 0.09 2 0.95 0 10.67 <0.001
Zou (2020) 456.21 59.14 2 <0.001 97 0.50 0.62

LN Shi (2016a) 7.73 5.68 3 0.13 47 10.31 <0.001
Pan and Liu (2017) 14.74 5.77 3 0.12 48 8.52 <0.001
Yang and Zhang (2017) 30.50 7.76 3 0.05 61 6.48 <0.001
Zhang (2018) 4.03 436 3 0.22 31 11.79 <0.001
Zou (2020) 16.77 7.56 3 0.06 60 8.31 <0.001

various signaling pathways, including TGF-B1/Smad (Liang
et al.,, 2024).

The anti-inflammatory effects of GBE have been investigated in
various studies. Gargouri et al. found that GBE has anti-
neuroinflammatory effects in LPS-activated primary microglial
cells, which could be relevant to its effects in IPF given the role
of inflammation in the disease’s pathogenesis (Gargouri et al., 2018).
Additionally, the ability of GBE to modulate cytokine production, as
shown by Li et al., who demonstrated the anti-inflammatory effects
of GBE
RAW264.7 macrophages, further supports its potential role in

components on  lipopolysaccharide-stimulated
reducing inflammation in IPF (Li et al., 2019).

The variability in GBE formulations across studies may
influence therapeutic outcomes. As shown in Table 1, extracts
dosage (e.g., tablets, capsules)

standardization markers. Despite this variability, consistent

varied in forms and
improvements in oxygenation and fibrosis markers across most
studies suggest that core bioactive components (flavonoids and
terpene lactones) synergistically drive therapeutic benefits. Future
trials should prioritize standardized, high-quality extracts to

minimize variability and confirm dose-response relationships.
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The potential relevance of our findings extends beyond IPF.
Pulmonary fibrosis can also be a serious issue after SARS-CoV-
2 infections and may be relevant for post-COVID-19 symptoms.
The pathogenesis of post-COVID-19 pulmonary fibrosis involves
inflammation and oxidative stress, similar to IPF. Given the anti-
inflammatory and antioxidant properties of GBE, it may have
therapeutic potential in this context. Several publications have
suggested the efficacy of GBE in various symptoms related to
SARS-CoV-2 infection (e.g., doi: 10.12659/AJCR.937094). Future
research should explore the potential of GBE in treating post-
COVID-19 pulmonary fibrosis.

While our findings suggest that GBE could be a valuable adjunct
to conventional IPF therapy, it is essential to consider the study
limitations. The generalizability of our findings may be limited due
to the inclusion of single - center studies conducted exclusively in
China, which could affect the applicability of our results to diverse
populations. Moreover, the high heterogeneity observed across
studies, likely attributable to variations in drug dosage forms,
active ingredient content, and demographic characteristics of the
study populations, should be taken into account when interpreting
the results. In addition, most trials did not report all - cause adverse
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events or serious adverse events, which restricts the assessment of
overall safety. Future studies should adhere to harmonized AE
classification systems and prioritize transparency in safety data to
address these limitations and provide more comprehensive and
reliable evidence for the clinical application of GBE in IPF treatment.

5 Conclusion

Our study indicates that GBE may improve clinical outcomes in
patients with IPF, including oxygenation, lung function, and
exercise tolerance, while modulating inflammation and fibrosis
markers. These findings suggest that GBE could be a valuable
adjunct therapy for IPF, warranting further investigation in larger
clinical trials to confirm its efficacy and safety.
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