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RESUMO

Objetivo: Comparar o efeito da ingestao de extrato de Ginkgo Biloba versus placebo como terapia
adjuvante para glaucoma de pressédo normal.

Métodos: As bases de dados PubMed®, Cochrane, Embase e Web of Science foram

consultadas em busca de ensaios clinicos randomizados e estudos observacionais prospectivos ou
retrospectivos que compararam extrato de Ginkgo Biloba versus

placebo em pacientes com glaucoma de presséo normal. Os desfechos incluiram desvio médio do
campo visual, desvio padrdo do padrdo do campo visual e eventos

adversos. A heterogeneidade foi avaliada usando a estatistica 12, e um modelo de efeitos aleatérios foi
aplicado para anélise. A analise estatistica foi conduzida usando o Review Manager 5.3.

Resultados: Quatro estudos (trés ensaios clinicos randomizados e um retrospectivo observacional),
compreendendo 285 pacientes com glaucoma de pressdo normal (146 no grupo extrato de Ginkgo
Biloba e 139 no grupo placebo) foram incluidos. A duracdo do acompanhamento variou de 1 a 24
meses. Os resultados combinados revelaram diferencas significativas na alteracdo média do desvio
médio do campo visual, favorecendo o grupo que usou extrato de Ginkgo Biloba em comparacdo
ao grupo placebo (desvio médio de -1,74 dB; 1C95% -2,97 a -0,51; p = 0,006; 12 = 0%). Nao foram
observadas diferencas significativas entre os grupos no desvio médio do campo visual. Nenhum evento
adverso foi relatado no grupo que usou extrato de Ginkgo Biloba.

Conclusédo: O extrato de Ginkgo Biloba como terapia adjuvante para normal tension glaucoma (NTG)
parece melhorar significativamente o desvio médio do campo visual, com um excelente perfil de
seguranca.

ABSTRACT

Purpose: To compare the effect of Ginkgo Biloba extract (GBE) intake versus placebo as adjunctive
therapy for normal tension glaucoma (NTG).

Methods: PubMed, Cochrane, Embase and Web of Science databases were queried for randomized
controlled trials (RCTs) and observational prospective or retrospective

studies that compared GBE versus placebo in the settings of NTG. Outcomes included visual field mean
deviation (MD), visual field pattern standard deviation (PSD), and adverse events. Heterogeneity was
assessed using |2 statistics, and a random-effects model was applied for analysis. Statistical analysis was
conducted using the Review Manager 5.3.

Results: A total of 4 studies (3 RCTs and 1 observational retrospective study)

comprising 285 eyes with NTG (146 in the GBE group and 139 in the placebo group) were included. The
follow-up duration ranged from 1 to 24 months. Pooled results revealed significant differences in mean
change of visual field MD favoring the GBE group compared to the placebo group (MD: -1.74 dB; 95%Cl
-2.97 to -0.51; p = 0.006; 12 = 0%). No significant differences were observed between groups in visual
field PSD. No adverse events were reported in the GBE group.

Conclusion: GBE as adjunctive therapy for NTG may be associated with improvement in visual field MD
and appears to have a favorable safety profile; however, further studies are needed to confirm these
findings.
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INTRODUCTION

Normal-tension glaucoma (NTG) was first described
by von Graefe back in 1857.%? More than 160 years have
passed since then, and NTG remains a diagnostic and
therapeutic challenge for ophthalmologists. NTG, also
known as normal or low-pressure glaucoma, is defined as
atype of chronic open-angle glaucoma with a statistically
normal intraocular pressure (IOP).®

While elevated IOP represents the main risk factor
for progressive visual field loss in open-angle glaucoma,
the progression of NTG involves diverse and multifacto-
rial mechanisms, ultimately leading to the common final
pathway of retinal ganglion cell loss. Several investigations
have placed greater emphasis on the vascular theory over
the mechanical theory, given that IOP falls within statisti-
cally normal ranges, with compromised blood flow being
more pronounced in NTG compared to high-tension glau-
coma."” Low blood pressure, orthostatic hypotension, noc-
turnal hypotension, migraine, Raynaud phenomenon, and
sleep apnea have been identified as risk factors for NTG. >
Other proposed non IOP-dependent mechanisms include
metabolic and neurodegenerative alterations, excitotoxic-
ity, oxidative stress, autoimmunity, and abnormal biome-
chanics of the lamina cribrosa. o

IOP reduction remains a beneficial treatment for NTG.
12 The Collaborative Normal-Tension Glaucoma Study
(CNTGS) demonstrated that a 30% IOP reduction signifi-
cantly decreased the risk of glaucoma progression in treated
patients compared to untreated patients."2) However, on-
going research is exploring other treatment strategies that
do not involve IOP reduction, including nutritional supple-
ments and phytochemicals as adjunctive therapies.

Ginkgo Biloba extract (GBE), derived from a tree spe-
cies native to China, Korea and Japan, is among the most
commonly studied phytochemicals. It has been used for
treatment of vascular and neurological disorders for hun-
dreds of years and is considered one of the most widely
used herbal supplements worldwide."

GBE consists mainly of flavonoids and terpenoids,
which have been proven to possess vasorelaxant, antiox-
idant, and neuroprotective effects.®s*® While there are
no approved indications for GBE by the Food and Drug
Administration (FDA), it has been used as adjunctive ther-
apy for cardiovascular diseases," diabetes,® ischemic
stroke,® dementia,®® psychiatric disorders,®! vertigo,®!
tinnitus,” and vitiligo.” In ophthalmology, GBE has been
used for age-related macular degeneration,? and glau-
coma.® Preclinical studies have demonstrated that GBE
exerts neuroprotective effects on retinal ganglion cells in

rat models of chronic high-tension glaucoma.? However,
the absence of available animal models for NTG presents
a challenge. Nonetheless, several clinical studies have ex-
plored the impact of GBE treatment in NTG, with conflict-
ing results.°3% Therefore, the aim of this meta-analysis
was to investigate the efficacy of GBE compared to placebo
in the treatment of NTG.

METHODS

This meta-analysis was performed according to the guide-
lines of the Declaration Preferred Reporting Items for
Systematic Reviews and Meta-Analysis (PRISMA) and the
recommendations of the Cochrane Collaboration. The
protocol was registered in the International Prospective
Register of Systematic Reviews (PROSPERO) under regis-
tration number (CRD42024548235).

Eligibility criteria

Studies that met the following eligibility criteria were
included: randomized clinical trial (RCT) or observa-
tional studies (retrospective or prospective); comparing
Ginkgo Biloba to placebo; patients aged > 18 years with
normal tension glaucoma; any follow-up duration; and
reporting any of the clinical outcomesofinterest. Studies
with overlapping populations, case reports, animal stud-
ies, and in vitro experiments were excluded.

Information source

Two authors independently searched PubMed, Embase,
Web of Science, and Cochrane Library from inception to
April 2024. Additionally, the references from all includ-
ed studies were searched manually for any additional
relevant studies. Any conflicts were resolved through
consensus among the authors.

Search strategy

The following terms were used in this search strate-
gy: (“mormal tension glaucoma” OR “normal-tension
glaucoma” OR “normal-pressure glaucoma” OR “normal
pressure glaucoma” OR NTG OR NPG OR “Low Tension
Glaucomas” OR “Normal Tension Glaucomas” OR “Low
Tension Glaucoma”) AND (“Ginkgo biloba” OR GBE OR
Gingko OR biloba OR “Maidenhair Tree”). We did not
use any publication date or language restrictions in our
electronic search for the studies.

Study selection
We imported search results into the Zotero software,
and duplicate records were excluded. Two independent
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authors screened the titles and abstracts based on eligi-
bility criteria. Subsequently, the full texts of potentially
eligible studies were assessed. Any disagreements were
resolved by consulting the senior author.

Data extraction

Two authors extracted the following data from selected
studies: country, type of study, number of patients and
eyes allocated for each arm, patient’s baseline charac-
teristics, treatment duration, follow-up duration, and
pre-specified outcome measures.

Outcome measures

The outcomes of interest included the mean change in
visual field mean deviation (MD), the mean change in vi-
sual field pattern standard deviation (PSD), and the mean
change in IOP in the GBE and placebo groups. Any report-
ed adverse events were also analyzed.

Risk of bias assessment

We evaluated the risk of bias in RCTs using version 2 of
the Cochrane Risk of Bias assessment tool (ROB-2).55¢
Non-randomized studies were assessed with the Risk of
Bias in Non-randomized Studies-of Interventions tool
(ROBINS-I).(37) Two independent authors completed the
risk of bias assessment.

Statistical analysis

Statistical analysis was performed using Review
Manager (version 5.4).(38) Treatment effects for binary
endpoints were compared using pooled oddsratios (OR)
with 95% confidence intervals. Mean difference were
used to analyze continuous outcomes. The Cochrane
Q-test and I* statistics were used to assess heteroge-
neity; 1% values > 50% were considered indicative of
significant heterogeneity. Statistical significance was
defined as p-values < 0.05. The Sidik-Jonkman esti-
mator was used to calculate the tau® variance between
studies. We used a random-effects model for all pooled
outcomes.

Table 1. Studies’ Details and Baseline Characteristics.

RESULTS

Study selection and baseline characteristics
As outlined in figure 1, our initial search yielded 103 arti-
cles, with 16 from PubMed®, 28 from Embase (Elsevier), 49
from Web of Science, and 10 from Cochrane databases. Of
these, 39 were identified as duplicates and subsequently re-
moved. Following removal of duplicate records and screen-
ing for eligibility, six articles remained for thorough review
based on inclusion criteria. Subsequently, two articles were
excluded based on our exclusion criteria. Ultimately, four
studies were included in the analysis, comprising three
RCTs, and one observational retrospective study. A total of
285 eyes were analyzed, with 146 (51.2%) in GBE group and
139 (48.8%) in placebo group, over a follow-up duration
ranging from 1 month to 24 months. Others study charac-
teristics are reported in table 1.

| PubMed search: 16 results |
| Embase search: 28 results |
| Web of Science search: 49 results

v

| Cochrane search: 10 results |

| Number screened: 103 results |

Identification

Screening

E— | Duplicate reports: 39 |

—>| Excluded by title / abstract: 58 |

Y

Full-text reviewed: 6 studies |

Eligibility

E—

Article with the same population: 2 |

Y

4 studies |

| Included ||

Figure 1. PRISMA flow diagram of included studies.

Treatment

Country Type of study Therapy Duration

(Months)
Guo 201484 China RCT 40 mg, TID 1

Shim 20126" Korea Retrospective controlled 80 mg, BID 23.8+10.4
Park 201163 Korea RCT 80 mg, BID 1
Quaranta 2003%2 Italy RCT 40 mg, TID 1

Follow-up Number of Eyes Ginkgo Biloba Placebo

Monthy _ Ginkgo Placsbo ST g, Spier s
4 14 14 7/7 62.3£5.5 9/5 65.1£7.2
23.8+9.8 103 97 NA 47.0£12.5 NA 52.3+16.0
1 15 15 7/8 NA 4/11 NA
1 14 13 NA NA NA NA

M: Male. F: Female. RCT: Randomized clinical trial. BID: Twice daily. TID: 3 times daily. NA: Not available

Rev Bras Oftalmol. 2026;85:e0063.
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SD: standard deviation; 95%Cl: 95% confidence interval

Figure 2. Pooled mean difference in visual field mean deviation changes in the Ginkgo Biloba group versus the Placebo group

at the final follow-up visit.

SD: standard deviation; 95%Cl: 95% confidence interval

Figure 3. Pooled mean difference in visual field pattern standard deviation changes in the Ginkgo Biloba group versus the Pla-

cebo group at the final follow-up visit.

SD: standard deviation; 95%Cl: 95% confidence interval.

Figure 4. Pooled mean difference in intraocular pressure changes in the Ginkgo Biloba group before and after the treatment.

Visual field mean deviation

The pooled results revealed significant differences in
mean change of visual field MD favoring the GBE group
compared to the placebo group (MD: -1.74 dB; 952%CI -2.97
to-0.51; p = 0.006; I? = 0%; Figure 2).

Visual field pattern standard deviation

The pooled results revealed no significant differences in
mean change of visual field PSD between the GBE and pla-
cebo groups (MD: 1.18; 95%Cl -1.17 to 3.53; p = 0.32; [* =
78%; Figure 3).

Single-arm Analysis
Intraocular pressure
In the GBE group, the pooled results revealed no signifi-

cant changes in IOP before and after treatment with GBE

Rev Bras Oftalmol. 2026;85:e0063.

(MD: -0.37 mmHg; 95%CI -0.91 to 0.17; p = 0.18; I? = 0%;
Figure 4).

Visual field mean deviation

In the GBE group, the pooled results revealed significant
improvement in visual field MD after treatment with GBE
compared to baseline (MD: -1.68 dB; 95%(CI -2.75 to -0.60;
p = 0.002; I*=0%, Figure 5A). In the placebo group, the
pooled results revealed no significant changes in visual
field MD before and after treatment (MD: -0.19 dB; 95%CI
-1.25t0 0.86; p = 0.72; [?’=0%; Figure 5B).

Visual field pattern standard deviation

In the GBE group, the pooled results revealed no signifi-
cant changes in PSD before and after treatment with GBE
(MD: 1.28 dB; 95%CI1 -0.71 t0 3.28; p = 0.21; [*= 80%; Figure
6A). In the placebo group, the pooled results revealed no
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Figure 5. Pooled mean difference in visual field mean deviation changes before and after treatment. (A) In the Ginkgo Biloba

group. (B) In the placebo group.

Figure 6. Pooled mean difference in visual field pattern standard deviation changes before and after treatment. In the Ginkgo

Biloba group. (B) In the placebo group.

significant changes in PSD before and after treatment (MD:
0.15dB; 95%CI-0.68 t0 0.99; p = 0.72; 1? = 0%,; Figure 6B).

Adverse events

No adverse events were reported in the GBE group across
all studies. Inthe placebo group, one patient reported gas-
tric discomfort, and another developed urticaria.

Risk of bias
Among the included RCTs (n = 3), one had some con-
cerns due to bias from missing outcome data, while the

other two studies were categorized as having a low risk of
bias using ROB-2.5%9 The remaining retrospective study
was categorized as having a moderate risk of bias using
ROBINS-I57 (Figure 7).

DISCUSSION

Management of NTG could be more challenging than
high-tension glaucoma, necessitating a greater reliance
on non-IOP-dependent strategies to reduce the risk of
glaucoma progression. This meta-analysis aims to help
clinicians and patients in deciding whether to use the

Rev Bras Oftalmol. 2026;85:e0063.
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Risk of bias domains

D3

D4 D5 Overall

Study D1 D2
Gw2013 @ @
Park2011 | @ @

®

Quaranta 2003

Domains: Judgement
D1: Bias arising from the randomization process.
D2: Bias due to deviations from intended intervention. = Some concerns
D3: Bias due to missing outcome data.
Ls
D4: Bias in measurement of the outcome. @ Low
D5: Bias in selection of the reported result.
E Risk of bias domains
Study D1 D2 D3 D4 D5 D6 D7 Overall
sim2012 @ @D @ O O O O @
Domajns: . Judgement
D1: Bias due to confounding.
D2: Bias due to selection of participants. @ Serious
D3: Bias in classification of interventions. . Low

D4: Bias due to deviations from intended intervention.
D5: Bias due to missing outcome data.

Dé: Bias in measurement of the outcome.

D7: Bias in selection of the reported result.

Figure 7. (A) Risk of bias assessment of randomized clinical trials using the ROB-2 tool. (B) Risk of bias assessment of non- ran-

domized controlled trials using the Robins-I.

adjunctive treatment GBE alongside IOP-lowering medi-
cations. Given the few RCTs with limited sample sizes on
the efficacy of GBE in NTG, our goal was to incorporate
data from various study designs that compared the use of
GBE versus placebo in the settings of NTG. The four stud-
ies we identified included a total of 285 eyes and allowed
for a comparison between GBE and placebo in terms of
changes in visual field MD, visual field PSD, and IOP, over
a follow-up duration ranging from 1 month to 24 months.
The present analysis suggests that use of GBE resulted in
significantly better visual field MD in patients with NTG
compared to the use of placebo. Additionally, the GBE
group experienced no adverse events, indicating a strong
safety profile. Changes in visual field PSD and IOP were
similar between groups.

The main finding of the present analysis is that the
visual field MD was significantly better in the GBE group
compared to the Placebo groups, with a mean difference
of 1.7 dB. Given that no significant changes in IOP were
observed in the GBE group following treatment, these re-
sults suggest potential neuroprotective effects of GBE.
These effects may be linked to its antioxidant and anti-in-
flammatory properties reported in previous studies.“?)
Additionally, since reduced optic nerve blood flow can

contribute to glaucomatous visual field damage,* and
considering that GBE can has been shown to improve ocu-
lar blood flow,3454%) this could explain the beneficial effect
of GBE on the visual field. These mechanisms may help
mitigate neuronal damage and preserve visual function,
particularly in the context of NTG where IOP-independent
factors play a crucial role in disease progression.™

On the other hand, there were no significant differ-
ences between the GBE and placebo groups in terms of
changesin visual field PSD. PSD measures the irregularity
orvariability in visual field sensitivity patterns.“” The lack
of difference in PSD between the GBE and placebo groups
suggests that while GBE may improve the overall average
sensitivity, as represented by visual field MD, it may not
significantly affect the specific patterns of sensitivity loss
in the visual field. The beneficial effect of GBE on visual
field MD, attributed to its antioxidant, anti-inflammatory,
and neuroprotective properties,“°“3 may help maintain
optic nerve function, reduce overall loss of visual sensi-
tivity, and improve global measures of visual function.
However, these effects may not extend to altering the lo-
calized patterns of damage that contribute to PSD.

The study carries several limitations. Firstly, it is based
on a small number of studies involving a total of 285 eyes,

- Rev Bras Oftalmol. 2026;85:e0063.
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which may limit the generalizability of the findings.
Additionally, the studiesincluded had relatively short treat-
ment and follow-up durations, which restricts the ability to
assess the long-term sustainability of the benefits observed
with GBE. Moreover, there is a risk of publication bias, as
unpublished studies, particularly those with negative re-
sults may not have been included, potentially skewing the
overall findings. Other outcome measures such as changes
in ocular blood flow or contrast sensitivity were not ana-
lyzed due to insufficient data availability. Lastly, studies
were included regardless of their quality assessment to
enable a thorough review of the available evidence. On the
other hand, this study also has notable strengths; three out
of four studies were RCTs, indicating a robust study design.
Only one study was retrospective and had a moderate risk
of bias, suggesting a generally high methodological quality
among the included studies.
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