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• TOPIC: This systematic review and meta-analysis 
(SRMA) addresses the clinical question: In patients with 

presbyopia, how does pilocarpine compare to a vehicle in 

improving near-vision acuity over a minimum follow-up 

of 2 weeks? Randomized clinical trials (RCTs) were in- 
cluded to assess the effectiveness of pilocarpine, an FDA- 
approved pharmacological alternative to traditional cor- 
rective measures. 
• CLINICAL RELEVANCE: Presbyopia is a progressive age- 
related condition affecting near vision, impacting approx- 
imately 1.8 billion people worldwide. Glasses and con- 
tact lenses have limitations and can cause discomfort. In 

2021, the FDA approved 1.25% pilocarpine hydrochlo- 
ride ophthalmic solution (Vuity R ©) as a pharmacological 
alternative. Pilocarpine acts on muscarinic receptors to 

improve accommodation and depth of focus. Its efficacy 

and safety, however, require further investigation. 
• METHODS: This SRMA followed the Cochrane Hand- 
book and PRISMA guidelines. RCTs comparing pilo- 
carpine to a vehicle in presbyopic patients were included. 
Efficacy outcomes were the gain of ≥3 lines and ≥2 lines 
in mesopic, high-contrast binocular distance-corrected 

near visual acuity (DCNVA) at 3 hours postdose after 
≥14 days of treatment. Safety analyses focused on the 
most consistently reported reactions: headache, blurred 

vision, eye pain, and pupil size variation. 
• RESULTS: Four RCTs with 1531 participants were in- 
cluded. Pooled data showed 33% of pilocarpine users 
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gained ≥3 lines in DCNVA versus 12% in the vehicle 
group (OR 3.69, 95% CI [2.66-5.14], P < .001) and 

63% of pilocarpine users gained ≥2 lines versus 36% 

(OR 2.94, 95% CI [2.30-3.74], P < .001). Pilocarpine 
increased the risk of headache ( + 6.9%; OR 3.02, 95% 

CI 1.53-5.93), blurred vision ( + 3.1%; OR 4.93, 95% 

CI 1.92-12.65), and eye pain ( + 2.4%; OR 4.26, 95% CI 
1.73-10.49), mostly mild and transient. A marked miotic 
effect was also observed, with a mean pupil size reduction 

of 1.38 mm versus 0.02 mm in the vehicle group. Sensi- 
tivity analysis indicated that removing the VIRGO study 

reduced heterogeneity, suggesting dosing frequency influ- 
ence. 
• CONCLUSION: Pilocarpine demonstrated short-term ef- 
ficacy in improving near vision in presbyopic patients, 
with an increased incidence of specific, mostly mild and 

transient adverse events and a consistent miotic effect. 
Further large-scale, long-term RCTs are warranted to 

confirm benefits, optimize dosing, and fully characterize 
its safety profile. (Am J Ophthalmol 2025;280: 298–
307. © 2025 Elsevier Inc. All rights are reserved, includ- 
ing those for text and data mining, AI training, and similar 
technologies.) 
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resbyopia is characterized by a progressive
decline in near vision due to age-related changes in
the lens, which typically becomes noticeable from

he age of 40. 1-3 It is a condition that affects approximately
.8 billion people worldwide. 4 

In developing countries, most presbyopes do not receive
roper correction due to lack of awareness and limited ac-
essibility. Although in developed countries, the number of
resbyopes without adequate correction is also significantly
igh, showing that it is a globally prevalent health issue. 5 

Traditionally, presbyopia correction has relied on nonsur-
ical methods, such as reading glasses and contact lenses,
hether they are single-vision or multifocal, and surgical
ethods, such as monovision photorefractive keratectomy,

aser-assisted in situ keratomileusis (LASIK), conductive
eratoplasty, intraocular lenses, and corneal inlays. All cur-
ent presbyopia treatments involve trade-offs in visual qual-
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ity across distances, which may increase fall risk in older
adults—a notable public health concern. Multifocal glasses
can impair distance vision and depth perception, contribut-
ing to higher fall rates. 6 A prospective study of 156 adults
aged 63 to 90 found multifocal users were twice as likely
to fall as nonusers, due to reduced depth perception and
contrast sensitivity. 7 Another study has shown that glasses
are associated with negative physical sensations around the
eyes/head, as well as undesirable psychosocial impacts in
daily life. 8 

In this context, new therapeutic measures are being
sought to provide better quality of life for patients. Thus,
the United States Food and Drug Administration (FDA), in
2021, approved the use of 1.25% pilocarpine hydrochloride
ophthalmic solution (Vuity®, Allergan, North Chicago,
Illinois) for the treatment of presbyopia, providing a phar-
macological alternative to corrective lenses and surgery. 9 , 10 

Pilocarpine is a muscarinic cholinergic receptor agonist
that has been investigated for its ability to improve both
depth of focus and accommodation, 11 , 12 and is well known
for its use in glaucoma treatment. 3 Its action occurs through
muscarinic M3 receptors in the iris sphincter, constricting
the pupil and improving depth of focus. 13 , 14 The mecha-
nism of pilocarpine consists of inducing a sustained con-
traction of the ciliary muscle, leading to an accommoda-
tive spasm that maintains near focus without reproducing
the dynamic and reversible process of physiological accom-
modation. 15 , 16 

Currently, information regarding the half-life and dura-
tion of action remains a subject of debate. Studies show that
after topical application, pilocarpine begins its miotic ac-
tion in approximately 15 to 30 minutes, reaching its max-
imum effect in about 1 to 2 hours. The half-life of pilo-
carpine in the eye is relatively short, which implies a limited
duration of action. 17 

However, pilocarpine eye drops have shown some side
effects, the most common being blurred or cloudy vision,
headache, eye pain, temporary reduction in night vision,
excessive tearing, redness, eye irritation, and Rhegmatoge-
nous Retinal Detachment (RRD). Less common effects in-
clude eyelid spasms, increased salivation, and sweating. 18 , 19 

Prolonged use of pilocarpine can cause long-term effects.
A permanent miosis may occur due to loss of tone in the
iris radial muscles and fibrosis of the pupillary sphincter, po-
tentially leading to posterior synechiae and making it diffi-
cult to achieve adequate pupil dilation for retinal periph-
eral examination or cataract surgery. 20 Furthermore, the
direct-acting cholinergic agent may affect lens permeabil-
ity, resulting in altered distribution of lens cations and wa-
ter accumulation. These changes can disrupt intraocular
metabolism and potentially accelerate the development of
lens opacities. 21 

Thus, this systematic review and meta-analysis aims to
evaluate the effectiveness of pilocarpine in improving pres-
byopia. 
o

VOL. 280 PILOCARPINE SOLUTION FOR P
METHODS 

his systematic review and meta-analysis was performed
nd reported in accordance with the Cochrane Collabora-
ion Handbook for Systematic Review of Interventions and
he Preferred Reporting Items for Systematic Reviews and

eta- Analysis (PRISMA) Statement guidelines. 
Inclusion in this meta-analysis was restricted to stud-

es that met the following eligibility criteria: (1) random-
zed clinical trials (RCT); (2) comparing eye drops of pi-
ocarpine to vehicle; (3) enrolling patients who were diag-
osed with presbyopia; and (4) with follow-up of at least
 weeks. In addition, studies were included only if they re-
orted any of the clinical outcomes of interest, and the vi-
ual acuity were measured on mesopic distance-corrected
ear visual acuity (DCNVA) at 40 cm. 
The authors systematically searched PubMed, Embase,

linicalTrials.gov and Cochrane Central Register of Con-
rolled Trials from inception to August 2024 with the fol-
owing search terms: ("Pilocarpine Hydrochloride" OR "mi-
tics" OR " miotics agents" OR "Pilocarpine HCI" OR "car-
achol" OR "parasympathomimetic" OR "echothiophate
odide" O R "physostigmine" O R "demecarium bromide"

R "acetylcholine") AND ("presbyopia"). 
The references from all included studies, previous sys-

ematic reviews, and meta-analysis were also searched man-
ally for any additional studies. Two authors (GNL and
AI) independently extracted the data following prede-
ned search criteria and quality assessment. the prospective
eta-analysis protocol was registered on PROSPERO on 31

f May 2024, under protocol #CRD42024551335. 
Outcomes included gain of 3 lines or more lines, 2 or
ore lines; both 3 hours after the last drop of the day, in
esopic, high-contrast, binocular DCNVA, without losing
ore than 5 letters of mesopic, high contrast, binocular
DVA with the same refractive correction after at least 2
eeks of trials. Three lines of gain was the efficacy outcome
f interest. No results were reported for gains of 2 or more
ines on GEMINI II, even though GEMINI I and GEMINI
I are identical studies. 

Different concentrations of pilocarpine were used in each
CT. GEMINI I and II used 1.25% once daily. NEAR used
.4% twice daily. VIRGO used 1.25% twice daily. 

A leave-one-out sensitivity analysis was performed to en-
ure the results were not dependent on a single study. This
rocedure involves systematically excluding 1 study at a
ime from the meta-analysis and recalculating the pooled
ffect size. By doing so, it allows for the assessment of the
nfluence of individual studies on the overall findings and
nsures the robustness of the results. This method is bene-
cial for identifying outlier studies that may disproportion-
tely affect the overall conclusions, providing greater confi-
ence in the consistency and reliability of the meta-analytic

utcomes. 

RESBYOPIA: A META-ANALYSIS 299



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

FIGURE 1. Flow diagram shows the selection process for in- 
clusion of studies in the meta-analysis. 
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The risk of bias was evaluated in randomized studies using
version 2 of the Cochrane Risk of Bias assessment tool. Two
independent authors completed the risk of bias assessment
(GNL and LDS). Disagreements were resolved through a
consensus after discussing reasons for the discrepancy, and
a third author (LMS) performed a blinded review to en-
sure consistency and accuracy. Publication bias was investi-
gated by funnel-plot analysis of point estimates in relation
to study weights. All studies follow Consolidate Consoli-
dated Standards of Reporting Trials (CONSORT) report-
ing guideline, leading to less risk of bias in general. 

Odds-ratios (OR) with 95% CIs were used to compare
treatment effects for categorical endpoints. Heterogeneity
was assessed with I2 statistics and Cochran Q test; P -values
< .10 and I2 > 25% were considered significant for hetero-
geneity. 

The authors employed the DerSimonian and Laird
random-effects model." DerSimonian and Laird random-
effects model. R Studio 4.1.1 was used for statistical analy-
sis. 

For studies that did not report summary statistics,
individual-level data was extracted when available. If stan-
dard deviations were missing, they were estimated using in-
terquartile ranges or imputation methods based on simi-
lar studies. Data conversions followed Cochrane Handbook
recommendations. 

Results were tabulated for individual studies and synthe-
sis and presented using forest plots for meta-analyses, and
a Summary of Findings Table was prepared following the
GRADE approach to summarize the key efficacy and safety
outcomes of interest. The selection of outcomes and the as-
sessment of the certainty of evidence were conducted ac-
cording to GRADE guidelines, considering domains such
as risk of bias, inconsistency, indirectness, imprecision, and
publication bias. 

RESULTS 

The initial search yielded 241 results. After removal of du-
plicate records and ineligible studies, 11 remained and were
fully reviewed based on inclusion criteria. Of these, a total
of 4 studies were included, comprising 1531 patients from 4
randomized controlled trials 3 , 22 , 23 , 24 ( Figure 1 ). 

A total of 763 (49.8%) patients received pilocarpine and
768 (50.2%) received vehicle. The mean age of participants
in the pilocarpine group was 51.6 years, while in the vehi-
cle group it was 51.8 years. Baseline characteristics were re-
ported individually in each trial but were not consistently
available across all studies in a format that would allow data
pooling into a unified Table. Study design characteristics are
reported in Table 1 . Two studies carried out their research
with a time measurement of 14 days (VIRGO and NEAR),
and the other 2 studies were realized with 30 days of follow-
up (GEMINI I and GEMINI II). 
300 AMERICAN JOURNAL OF OPHT
The risk of bias for each included study was evaluated us-
ng version 2 of the Cochrane Risk of Bias tool (RoB 2),
ndependently performed by 2 reviewers (GNL and LDS),
ith disagreements resolved by consensus. A third author

YAI) conducted a blinded re-evaluation to ensure the reli-
bility of judgments. All 4 studies showed low risk of bias
cross all domains, including the randomization process,
eviations from intended interventions, missing outcome
ata, measurement of the outcome, and selection of the re-
orted result. While it is uncommon to observe universally
ow risk across all domains, this outcome is justified by the
igh methodological rigor of the included trials: all followed
reregistered protocols, implemented adequate randomiza-
ion and masking strategies, had complete outcome data,
nd consistently applied validated measurement methods.
 detailed overview of the domain-specific assessment is

resented in Table 2 . 
Two outcomes were related. In the patients receiving pi-

ocarpine, the proportion achieving a gain of 3 or more lines
n mesopic DCNVA at 3 hours after the last drop of the
ay was significantly higher than in those receiving vehi-
le (33% vs 12%; OR 3.69; 95% CI [2.66-5.14]; P < .001;
 ² = 32.4%) ( Figure 2 ). Despite the great heterogeneity, all
tudies individually showed a relevant improvement in the
HALMOLOGY MONTH 2025



TABLE 1. Characteristics of Studies Included in the Meta-Analysis 

Study Type of Study Location Follow Up 

(days) 

Sample size Mean age Outcomes 

NEAR RCT USA 14 613 54.6 3 and 2 lines DCNVA 

VIRGO RCT USA 14 230 50.3 3 and 2 lines DCNVA 

GEMINI I RCT USA 30 322 49.5 3 and 2 lines DCNVA 

GEMINI II RCT USA 30 427 49.7 3 lines DCNVA 

RCT = randomized clinical trial; USA = United States of America; DCNVA = distance-corrected near visual acuity. 

TABLE 2. Risk of Bias Assessment 

Study Risk of Bias Domain 

D1 D2 D3 D4 D5 Overall 

NEAR � � � � � �

VIRGO � � � � � �

GEMINI I � � � � � �

GEMINI II � � � � � �

D1: Bias arising from the randomization process. 

D2: Bias due to deviations from intended intervention. 

D3: Bias due to missing outcome data. 

D4: Bias in measurement of the outcome. 

D5: Bias in selection of the reported result. 

Judgement. 

� Low. 

FIGURE 2. Forest plot demonstrating the odds ratio (OR) for achieving a gain of 3 or more lines in mesopic distance-corrected 
near visual acuity (DCNVA) in patients receiving Pilocarpine versus vehicle. 
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vision of the population observed. Furthermore, the sec-
ondary outcome—a gain of 2 or more lines—was also more
frequent in the pilocarpine group compared with the ve-
hicle group (63% vs 37%; OR 2.94; 95% CI [2.30-3.74];
P < .001; I ² = 25%) ( Figure 3 ). 

Due to high heterogeneity, the researchers performed a
leave-one-out sensitivity analysis, reported in the Supple-
mentary Material (Supplemental Figures 1 to 4) of this ar-
ticle. Overall, the removal of each study from the pooled
analysis did not affect the line gain outcome. 

In addition to that, treatment-related side effects were
analyzed across the included studies and are summarized in
Table 3 . The meta-analysis focused on 3 outcomes consis-
tently reported in all trials: headache, eye pain and vision
VOL. 280 PILOCARPINE SOLUTION FOR P
lurred. Headache was the most frequent adverse event, oc-
urring in 10.9% (87/797) of patients receiving pilocarpine
ersus 4.0% (32/795) in the vehicle group, correspond-
ng to an absolute difference of 6.9% (69 per 1000; OR
.02, 95% CI 1.53-5.93; P < .01) (Supplementary Figure
). Blurred vision was reported in 3.8% (30/797) compared
ith 0.6% (5/795) (absolute difference 3.1%, 32 per 1000;
R 4.93, 95% CI 1.92-12.65; P < .01) (Supplementary

igure 6), while eye pain occurred in 3.1% (25/797) ver-
us 0.8% (6/795) (absolute difference 2.4%, 24 per 1000;
R 4.26, 95% CI 1.73-10.49; P < .01) (Supplementary Fig-

re 7). Another adverse effect reported in all studies, ex-
ept GEMINI II, was pupil size variation measured 3 hours
ostinstillation. The pilocarpine group showed a mean re-
RESBYOPIA: A META-ANALYSIS 301



FIGURE 3. Forest plot showing the odds ratio (OR) for achieving a gain of 2 or more lines in mesopic distance-corrected near 
visual acuity (DCNVA) in patients receiving Pilocarpine versus vehicle. GEMINI II does not evaluate this outcome. 
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duction of 1.38 mm (baseline: 3.82 mm; 3 hours: 2.44 mm),
whereas the vehicle group exhibited a negligible change of
0.02 mm (baseline: 3.85 mm; 3 hours: 3.83 mm) ( Table 4 ).
These findings support the conclusion that pilocarpine is
associated with a higher incidence of specific, mostly mild
and transient adverse events when compared with vehicle.

It should be highlighted that the total sample size was
not identical across all outcomes. In two of the included
trials (GEMINI II and NEAR), a small number of partici-
pants were not evaluated for DCNVA due to reasons such
as missed follow-up visits, loss of contact, or, in 1 case, ex-
clusion of data from a site that had measured the variable
incorrectly. These situations affected only the visual acuity
endpoints and did not influence the collection of adverse
event data. As a result, the total n for efficacy analyses is
slightly lower than for safety outcomes, which explains the
differences observed in the forest plots. 

A Summary of Findings Table ( Table 5 ) presents the
pooled results for the 6 key outcomes selected in this re-
view, including both efficacy and safety measures. These in-
clude the improvement in mesopic DCNVA and the inci-
dence of the main adverse events. The table also displays
the GRADE assessment of the certainty of evidence for
each outcome. 

DISCUSSION 

Pilocarpine seems effective in improving presbyopia in the
short term. This meta-analysis and systematic review an-
alyzed the use of different concentrations of pilocarpine
in treating presbyopia versus vehicle. Total 763 patients
(49.84%) were treated with 0.4% and 1.25% pilocarpine,
while 768 (50.16%) were treated with vehicle. The main
findings from the study results were (1) significant efficacy of
pilocarpine in the gain of at least 3 or more lines in mesopic
DCNVA 3 hours after administering the last drop compared
to vehicle (33% vs 12% improvement; OR 3.69; P < .001)
and (2) significant efficacy of pilocarpine in the gain of at
least 2 or more lines in mesopic DCNVA 3 hours after ad-
ministering the last drop (63% vs 36% improvement; OR
2.94; P < .001). Particularly, this meta-analysis represents
302 AMERICAN JOURNAL OF OPHT
n important addition to the field, considering the changes
uring the recent years in the landscape of presbyopia treat-
ent. Also, to the best of the authors knowledge, this is the

rst meta-analysis on this topic. 
This meta-analysis found that administered concentra-

ions of 0.4% twice daily (2-3 hours apart), 1.25% once
aily, and 1.25% twice daily (6 hours apart) of pilocarpine
ignificantly improved patients’ visual acuity with the gain
f 3 or more lines, and 2 or more lines 3 hours after admin-
stering the last drop at least 14 days of treatment compared
o vehicle. This result is probably due to pilocarpine’s mus-
arinic receptor agonist ability, which prompts pupillary
phincter contraction, causing miosis. 25 , 26 Notably, there is
o consensus yet in the literature on the real impact and the

deal dose of this medication, as different formulations of pi-
ocarpine have been tested in individuals with presbyopia.
 previous randomized, double-masked, dose-finding study

ssessed the efficacy and safety of small concentrations of
ilocarpine hydrochloride (0.2 and 0.4%) alone and com-
ined with diclofenac sodium to determine their beneficial
ffect. 27 Results showed the minimum effective dose of pilo-
arpine to achieve near vision improvement was 0.4%, the
ddition of diclofenac did not significantly improve safety
or efficacy, and the most common adverse events reported
ere blurred vision, instillation-site pain, and conjunctival
yperemia. In a similar manner, previous uncontrolled stud-

es have suggested that pilocarpine can improve visual focus
nd accommodation. 11 , 12 , 28 , 29 

No cases of Rhegmatogenous Retinal Detachment
RRD) were reported in the evaluated studies. This might
e due to the studies’ short follow-up period, as the longer
he use of topical pilocarpine for presbyopia treatment, the
igher the chance of development of RRD. However, other
esearch has demonstrated an association between the use
f pilocarpine eye drops and RRD. Elhusseiny et al 19 in-
estigated this relationship in patients over 40 years and
ound that pilocarpine use was associated with a 3.14-fold
ncreased risk of RRD compared to the control group. A

ulticenter case series also found retinal detachments in
atients that used topical pilocarpine for presbyopia. 30 Pub-
ic concern on this issue has grown in recent years, indi-
ating population fears of the potential side effects of pilo-
arpine treatment. 31 
HALMOLOGY MONTH 2025



TABLE 3. Adverse Effects 

Side Effect GEMINII 

(Pilo) 

GEMINI I 

(Vehicle) 

GEMINI II 

(Pilo) 

GEMINI II 

(Vehicle) 

VIRGO (Pilo) VIRGO 

(Vehicle) 

NEAR (Pilo) NEAR 

(Vehicle) 

Side Effects 

Pilo/ Patients 

Evaluated 

Side Effects 

Vehicle/ 

Patients 

Evaluated 

Vision blurred 4 (2.5%) 2 

(1.3%) 

13 (6.1%) 1 

(0.5%) 

2 (1.8%) 0 

(0.0%) 

11 (3.6%) 2 

(0.7%) 

30/797 

(3.8%) 

5/795 

(0.6%) 

Eye pain 4 (2.5%) 1 

(0.6%) 

12 (5.7%) 3 

(1.4%) 

3 (2.6%) 1 

(0.9%) 

6 (1.9%) 1 

(0.3%) 

25/797 

(3.1%) 

6/795 

(0.8%) 

Headache 23 

(14.1%) 

15 

(9.4%) 

33 

(15.6%) 

11 

(5.1%) 

10 (8.8%) 4 

(3.5%) 

21 (6.8%) 2 

(0.7%) 

87/797 

(10.9%) 

32/795 

(4.0%) 

Dysphagia 0 

(0.0%) 

1 

(0.5%) 

0/212 

(0.0%) 

1/215 

(0.5%) 

Guillain-barre 

syndrome 

0 

(0.0%) 

1 

(0.5%) 

0/212 

(0.0%) 

1/215 

(0.5%) 

Conjuntival 

hyperaemia 

4 (2.5%) 4 

(2.5%) 

15 (7.1%) 11 

(5.2%) 

5 (1.8%) 1 

(0.4%) 

24/683 

(3.5%) 

16/679 

(2.4%) 

Eye irritation 4 (2.5%) 1 

(0.6%) 

7 (2.3%) 0 

(0.0%) 

0 

(0.0%) 

11/471 

(2.3%) 

1/464 

(0.2%) 

Instillation site pain 18 (5.8%) 1 

(0.3%) 

18/308 

(5.8%) 

1/305 

(0.3%) 

Nausea 4 (2.5%) 0 

(0.0%) 

4 (1.3%) 0 

(0.0%) 

8/471 

(1.7%) 

0/464 

(0.0%) 

Instillation site 

pr ur itus 

3 (1.0%) 1 

(0.3%) 

3/308 

(1.0%) 

1/305 

(0.3%) 

Visual impairment 7 (4.3%) 1 

(0.6%) 

5 (4.4%) 0 

(0.0%) 

3 (1.0%) 0 

(0.0%) 

15/585 

(2.6%) 

1/580 

(0.2%) 

Lacr imation incr iased 4 (2.5%) 0 

(0.0%) 

4/163 

(2.5%) 

0/159 

(0.0%) 

Punctate keratitis 1 (0.4%) 5 

(1.8%) 

4 (1.9%) 3 

(1.4%) 

5/277 

(1.8%) 

8/275 

(2.9%) 

Vitreous floaters 2 (1.8%) 0 

(0.0%) 

2/114 

(1.8%) 

0/116 

(0.0%) 

Total patients 

evaluated in each 

research group 

163 159 212 215 114 116 308 305 

Vehicle = vehicle treated group; Pilo = pilocarpine treated group. 

TABLE 4. Mean Pupil Diameter (mm) 

Timepoint GEMINI I 

(Pilo) 

GEMINI I 

(Vehicle) 

VIRGO 

(Pilo) 

VIRGO 

(Vehicle) 

NEAR 

(Pilo) 

NEAR 

(Vehicle) 

Total Average 

(Pilo) 

Total Average 

(Vehicle) 

Baseline (0H) 4.3 4.3 4.3 4.2 3.4 3.5 3.82 3.85 

3 H (3H) 2.5 4.2 2.5 4.2 2.4 3.5 2.44 3.83 

Mean reduction 1.38 0.02 

Vehicle = vehicle treated group; Pilo = pilocarpine treated group. 
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The pooled analysis demonstrated that pilocarpine sig-
nificantly increases the risk of specific treatment-related re-
actions, particularly headache, blurred vision, and eye pain,
with absolute risk increases ranging from 2.4% to 6.9%.
These events were generally mild and transient. Headaches
were the most frequently reported, occurring in 14.1%,
VOL. 280 PILOCARPINE SOLUTION FOR P
5.6%, and 8.8% of patients in the GEMINI 1, GEMINI 2,
nd VIRGO trials, respectively. 3 , 22 , 23 Ocular side effects,
uch as eye irritation, conjunctival hyperemia, blurred vi-
ion, and eye pain, were generally mild and reported in
.5% to 7.1% of participants. Importantly, no serious ad-
erse events were reported in any of the trials, support-
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TABLE 5. Summary of Findings 

Outcomes No. of Participants 

(studies) 

Comparative risks (95% CI) Absolute 

difference 

Relative Effect 

(95% CI) 

Certainty of Evidence (GRADE) and 

Comments 
Assumed risk 

(Vehicle) 

Corresponding 

risk (Pilo) 

Gain ≥3 lines DCNVA 

(3 h postdose) 

1531 (4 RCTs) 125 per 1000 337 per 1000 212 per 1000 OR 3.69 

(2.66-5.14) 

���� High—Consistent 

improvement across trials 

Gain ≥2 lines DCNVA 

(3 h postdose) 

1132 (3 RCTs) 370 per 1000 631 per 1000 261 per 1000 OR 2.94 

(2.30-3.74) 

���� High—Clinically relevant 

benefit 

Headache 1592 (4 RCTs) 40 per 1000 109 per 1000 69 per 1000 OR 3.02 

(1.53-5.93) 

���� High—Most common 

adverse event (8.8%-15.6%) 

Eye pain 1592 (4 RCTs) 8 per 1000 31 per 1000 23 per 1000 OR 4.26 

(1.73-10.49) 

���� High—Low frequency, 

typically mild and nonlimiting 

Vision blurred 1592 (4 RCTs) 6 per 1000 38 per 1000 32 per 1000 OR 4.93 

(1.92-12.65) 

���� High—Mild and 

transient 

Pupil diameter variation 

(3 h postdose) 

1165 (3 RCTs) 0.02 mm 

(mean 

reduction) 

1.38 mm 

(mean 

reduction) 

���� High—Difference of 

1.36 mm in mean reduction; may 

affect dim light vision 

GRADE = GRADE Working Group grades of evidence; Vehicle = Vehicle treated group; Pilo = Pilocarpine treated group; DCNVA = distance- 

corrected near visual acuity; RCT = randomized clinical trial; OR: odds ratio. 

Population: Adults (mean age ≈ 52 years) with presbyopia, without significant ocular comorbidities. 

Settings: Multicenter randomized controlled trials, with follow-up ranging from 14 to 30 days. 

Inter vention: Topical pilocar pine ophthalmic solution, administered for at least 14 consecutive days. 

Control: Matching vehicle (placebo) eye drops, identical in appearance and dosing schedule. 
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ing a favorable safety profile for pilocarpine 1.25% in the
treatment of presbyopia. However, pilocarpine’s miotic ef-
fect may impair visual performance under mesopic (dim)
and scotopic (dark) lighting conditions. Specifically, pilo-
carpine 1.25% has been shown to reduce pupil diameter by
approximately 1.34 mm under mesopic conditions over a
30-day period in individuals with moderate presbyopia, po-
tentially affecting activities such as night driving. 32 Data
on scotopic pupil size reduction are limited, however the
miotic effect is expected to persist in dark environments,
exacerbating difficulties with low-light vision tasks. 

The Benozzi et al study 12 treated patients with a 1% pi-
locarpine and 0.1% diclofenac eye drop solution and had
a follow-up time of 8 years. Significant improvement was
reported in uncorrected near visual acuity (UNVA) and
uncorrected distance visual acuity (UDVA). However, re-
lated side effects to instillation were reported as ocular dis-
comfort, burning sensation, headaches and dimness. Renna
et al 11 treated patients with an ophthalmic formulation
containing 0.247% pilocarpine, among other substances.
They reported improved UNVA of 2 to 3 lines in each eye,
and no ocular complications during the follow-up period.
Study limitations were a small population (n = 14) and
short follow-up period (1 month). Another investigation by
Petkar and Chaitra, 28 conducted as a cross-sectional obser-
vational study in 2024, evaluated the efficacy of 0.5% pilo-
carpine in presbyopia after 2 hours of instillation. This small
304 AMERICAN JOURNAL OF OPHT
tudy saw positive results of improvement in 1 line with
ery minimal side effects, such as brow ache. Additionally,
he randomized study by Price et al 29 tested different con-
entrations of pilocarpine, and pilocarpine combined with
xymetazoline (oxy). Pilocarpine concentrations of 1% and
.5% had a similar mean change in mesopic, high contrast
NVA of 5 letters, participants were able to maintain that

mprovement for up to 8 hours, and the addition of oxy did
ot seem to improve the efficacy of pilocarpine. 
Presbyopia typically progresses with age at an estimated

ate of + 0.10 D per year. 33 , 34 The overall mean age of par-
icipants in the included studies is 50 years. It can be hy-
othesized that, over time, the side effects of pilocarpine
ay outweigh its benefits, as the medication alone may no

onger adequately correct presbyopia-related visual impair-
ent, necessitating additional correction. Further studies

re needed to clarify the relationship between drug dosage
nd diopter improvement. 

Despite presbyopia’s increasing incidence, its treatment
ptions remain limited. The most common being read-
ng, bifocal and multifocal glasses as well as contact lenses.

hile these options have proven effective with minimal
isks, multifocal glasses, for instance, can impair depth per-
eption in older adults, potentially increasing the risk of
alls. 7 Multifocal glasses impair edge-contrast sensitivity
nd depth perception and increase the risk of falls in older
eople. Surgical treatments are also available but carry in-
HALMOLOGY MONTH 2025
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herent risks, such as infection, loss of contrast sensitivity,
diminished vision quality, and retinal detachment. 35 , 36 , 37 

Surgical options for the treatment of presbyopia include
PresbyLASIK and corneal inlays. The advantage of Pres-
byLASIK lies in its ability to simultaneously correct re-
fractive errors such as myopia, hyperopia, and astigmatism,
without the need for an implanted device, while offering
a permanent correction. However, age-related changes to
the corneal surface may still occur over time. 38 A system-
atic review and meta-analysis of 28 nonrandomized con-
trolled trials (15 861 eyes) found that PresbyLASIK pro-
vides satisfactory near vision improvement, with 94% of
eyes achieving a postoperative spherical equivalent within
±1.00 diopter. 39 Nonetheless, a slight reduction in distance
visual acuity was observed. Limitations of PresbyLASIK in-
clude the irreversibility of the procedure, the potential for
visual disturbances, and its unsuitability for certain patients,
particularly those with early cataract development. As for
corneal inlays, their primary advantage lies in being a mini-
mally invasive procedure that does not involve the removal
of corneal tissue. The procedure is reversible, allowing the
lens to be removed if results are unsatisfactory or if compli-
cations arise. Additionally, corneal inlays can be combined
with other procedures to address multiple vision issues. 40 A
review of 10 case series (308 eyes) reported that 77.5% of
patients achieved a postoperative uncorrected near visual
acuity (UNVA) of 20/32 or better. 41 However, an impor-
tant limitation of corneal inlays is their unilateral applica-
tion, typically in the nondominant eye, which may affect
binocular vision. 41 

Complication rates for both procedures vary depending
on the technique employed and the surgeon’s expertise.
PresbyLASIK has an overall complication rate of 1% to
5%, with the most common being a loss of 2 or more lines
of best-corrected visual acuity (BCVA) (0.5%-1.5%). 42 

Corneal inlays have a slightly higher overall complication
rate of 3% to 10%, with the most frequent complications
including explantation (8%-10%) due to haze, visual dis-
comfort, and continued dependence on spectacles, as well
as corneal scarring or haze (1%-3%) and refractive regres-
sion or decentration (2%-5%). 43 , 44 Considering this, the
side effects associated with pilocarpine appear to be milder
compared to those of surgical interventions, supporting its
role as a favorable alternative treatment option. 

This study has notable limitations. Outcomes were eval-
uated only after a minimum of 2 to 4 weeks of pilocarpine
use, preventing assessment of long-term efficacy. Addi-
tionally, varying concentrations and daily dosages of pi-
locarpine were combined to derive the study’s outcomes,
which may have influenced the results. Random-effects
modeling, quality assessment, and sensitivity analyses were
employed to address these limitations. 

Furthermore, the total sample size differed between effi-
cacy and safety analyses due to participant loss to follow-up
or data exclusion in some of the original trials. These cases
affected only the visual acuity endpoints and not adverse
VOL. 280 PILOCARPINE SOLUTION FOR P
vent reporting. While this did not compromise the valid-
ty of the pooled estimates, it should be considered when
omparing participant numbers across outcomes. 

Another limitation of this systematic review is the ab-
ence of patient-reported outcome measures (PROMs) and
bjective assessments of reading performance, such as the
NREAD charts. This limitation arises from the fact that

one of the included studies incorporated these variables
nto their methodologies, which made it impossible to eval-
ate them in the present analysis. Considering the recom-
endations from the BCLA CLEAR consensus initiative—

articularly the article “Evaluation and Diagnosis”— the
uthors acknowledge that such measures are highly relevant
or assessing the effectiveness of interventions for presby-
pia, as they more accurately reflect the clinical impact on
atients’ quality of life. 45 Therefore, it is recommended that
uture studies prioritize the inclusion of these outcomes in
rder to contribute to a more comprehensive and patient-
entered understanding of treatment efficacy. 

Finally, the relatively small number of studies included in
his meta-analysis—only 4 randomized controlled trials—
epresents an inherent limitation to the generalizability and
obustness of the findings. Although the analysis was con-
ucted in accordance with Cochrane methodology and sup-
orted by rigorous risk of bias assessments, this limited ev-
dence base may restrict the external validity of the re-
ults. The consistency of effect sizes and low heterogene-
ty observed across studies offer some reassurance; nonethe-
ess, further high-quality randomized trials are essential to
trengthen the evidence regarding the efficacy and safety of
ilocarpine in presbyopia treatment. 

CONCLUSION 

ilocarpine shows short-term efficacy in treating presby-
pia, with statistically significant gains in both 3 or more
nd 2 or more lines DCNVA compared to vehicle. Its use
s associated with a higher incidence of specific, mostly
ild and transitory adverse effects—particularly headache,

lurred vision, and ocular pain—as well as a consistent mi-
tic effect. However, additional randomized studies with
arger sample sizes, extended follow-up periods, and stan-
ardized safety reporting are required to understand its long-
erm effectiveness, optimize dosing strategies, and charac-
erize its safety profile. 

CREDIT AUTHORSHIP CONTRIBUTION 

STATEMENT 

Gabriel Nery Lima: Writing – review & editing, Writ-
ng – original draft, Visualization, Validation, Supervi-
ion, Software, Resources, Project administration, Method-
RESBYOPIA: A META-ANALYSIS 305



 

 

 

 

 

 

 

d  

i  

v  

P  

E  

G

ology, Investigation, Funding acquisition, Formal analy-
sis, Data curation, Conceptualization. Dillan Cunha Ama-
ral: Writing – original draft, Project administration.
Yuri Aleksander Ivanov: Writing – original draft, In-
vestigation, Formal analysis, Data curation. Lucas Dias
Silva: Writing – original draft, Formal analysis, Data cu-
ration. Leticia Ribeiro dos Santos: Writing – original
cts of  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

1  

 

1  

 

1  

 

 

 

1  

1  

 

 

1  

 

1  

1  

 

 

2  

 

2  

 

 

2  

 

 

 

 

2  

 

 

 

306 AMERICAN JOURNAL OF OPHT
raft. Carlos Augusto Ferraresi Sampaio: Writing – orig-
nal draft. Leonardo Machado Sampaio: Writing – re-
iew & editing, Writing – original draft. Denisse J Mora-
aez: Supervision. Bruno Machado Fontes: Supervision.
dmundo Frota de Almeida Sobrinho: Supervision. Jaime
uedes: Supervision. 

interest. All authors attest that they meet the current ICMJE criteria for

2. Benozzi G, Perez C, Leiro J, Facal S, Orman B. Presbyopia
treatment with eye drops: an eight year retrospective study.
Transl Vis Sci Technol . 2020;9(7):25. doi: 10.1167/tvst.9.7.25 . 

3. Ostrin LA, Glasser A. Comparisons between pharmacolog-
ically and Edinger-Westphal-stimulated accommodation in
rhesus monkeys. Invest Ophthalmol Vis Sci . 2005;46(2):609–
617. doi: 10.1167/iovs.04-0990 . 

4. Wendt M, Croft MA, McDonald J, Kaufman PL, Glasser A.
Lens diameter and thickness as a function of age and phar-
macologically stimulated accommodation in rhesus monkeys.
Exp Eye Res . 2008;86(5):746–752. doi: 10.1016/j.exer.2008.
01.022 . 

5. Parsa CF. New sight for old: commentary on the use of pilo-
carpine for presbyopia. J Ophthalmic Vis Res . 2024;19(4):392–
396. doi: 10.18502/jovr.v19i4.17786 . 

6. Koeppl C, Findl O, Kriechbaum K, Drexler W. Comparison of
pilocarpine-induced and stimulus-driven accommodation in
phakic eyes. Exp Eye Res . 2005;80(6):795–800. doi: 10.1016/j.
exer.2004.12.004 . 

7. Direta Saude. Pilocan 2% e 4% – bula. SaudeDireta Pub-
lished https://www.saudedireta.com.br/catinc/drugs/bulas/
pilocan2e4.pdf. 

8. US Food and Drug Administration. Fda.gov Published https:
//www.fda.gov . 

9. Elhusseiny AM, Chauhan MZ, Jabbehdari S, et al. Using real-
world data to assess the association of retinal detachment with
topical pilocarpine use. Am J Ophthalmol . 2024 6;271:1–6.
doi: 10.1016/j.ajo.2024.10.035 . 

0. Mansoori T. Pilocarpine 1.25% for the treatment of presby-
opia. Indian J Ophthalmol . 2023;71:308–309. doi: 10.4103/ijo.
IJO_1901_22 . 

1. Klauber A. In vitro investigations on the effect of pilo-
carpine on the metabolism in pig lenses illustrated with
some intermediate metabolites. Acta Ophthalmol (Copenh) .
1977;55:597–604 . 

2. ClinicalTrials.gov. ClinicalTrials.gov identifier: NCT03857542 .
A phase 3, multicenter, double-masked, randomized, vehicle-
controlled, parallel-group study evaluating the safety and effi-
cacy of AGN-190584 in participants with presbyopia; 2021
Accessed January 12, 2025 https://clinicaltrials.gov/ct2/show/
NCT03857542 . 

3. Kannarr S, El-Harazi SM, Moshirfar M, et al. Safety and Effi-
cacy of Twice-Daily Pilocarpine HCl in Presbyopia: the Virgo
Phase 3, Randomized, Double-Masked, Controlled Study. Am
J Ophthalmol . 2023;253:189–200. doi: 10.1016/j.ajo.2023.05.
008 . 
Funding/Support: This study received no funding. 
Financial Disclosures: The authors indicate no financial support or confli
authorship. 

REFERENCES 

1. Mercer RN, Milliken CM, Waring GO, Rocha KM.
Future trends in presbyopia correction. J Refract Surg .
2021;37(S1):S28–S34. doi: 10.3928/1081597X- 20210408- 06 .

2. American Optometric Association. Optometric Clinical Prac-
tice guideline: care of the patient with presbyopia . American Op-
tometric Association; 2011 . 

3. Waring GO, Price FW, Wirta D, et al. Safety and effi-
cacy of AGN-190584 in individuals with presbyopia: the
GEMINI 1 phase 3 randomized clinical trial. JAMA Oph-
thalmol . 2022;140(4):363–371. doi: 10.1001/jamaophthalmol.
2022.0059 . 

4. Fricke TR, Tahhan N, Resnikoff S, et al. Global prevalence of
presbyopia and vision impairment from uncorrected presby-
opia: systematic review, meta-analysis, and modelling. Oph-
thalmology . 2018;125(10):1492–1499. doi: 10.1016/j.ophtha.
2018.04.013 . 

5. Muhit M, Minto H, Parvin A, et al. Prevalence of refractive
error, presbyopia, and unmet need of spectacle coverage in a
northern district of Bangladesh: rapid assessment of refrac-
tive error study. Ophthalmic Epidemiol . 2018;25(2):126–132.
doi: 10.1080/09286586.2017.1370119 . 

6. Katz JA, Karpecki PM, Dorca A, et al. Presbyopia - a re-
view of current treatment options and emerging therapies.
Clin Ophthalmol . 2021;15:2167–2178. doi: 10.2147/OPTH.
S259011 . 

7. Lord SR, Dayhew J, Howland A. Multifocal glasses im-
pair edge-contrast sensitivity and depth perception and
increase the risk of falls in older people. J Am Geriatr
Soc . 2002;50(11):1760–1766. doi: 10.1046/j.1532-5415.2002.
50502.x . 

8. Stokes J, Shirneshan E, Graham CA, Paulich M, Johnson N.
Exploring the experience of living with and managing presby-
opia. Optom Vis Sci . 2022;99(8):635–644. doi: 10.1097/OPX.
0000000000001913 . 

9. Meghpara BB, Lee JK, Rapuano CJ, Mian SI, Ho AC.
Pilocarpine 1.25% and the changing landscape of presby-
opia treatment. Curr Opin Ophthalmol . 2022;33(4):269–274.
doi: 10.1097/ICU.0000000000000864 . 

10. Vuity - pilocarpine ophthalmic solution for presbyopia. Med
Lett Drugs Ther . 2022;64(1643):17–18 . 

11. Renna A, Vejarano LF, De la Cruz E, Alió JL. Pharmaco-
logical treatment of presbyopia by novel binocularly instilled
eye drops: a pilot study. Ophthalmol Ther . 2016;5(1):63–73.
doi: 10.1007/s40123- 016- 0050- x . 
HALMOLOGY MONTH 2025

https://doi.org/10.3928/1081597X-20210408-06
http://refhub.elsevier.com/S0002-9394(25)00439-8/sbref0002
https://doi.org/10.1001/jamaophthalmol.2022.0059
https://doi.org/10.1016/j.ophtha.2018.04.013
https://doi.org/10.1080/09286586.2017.1370119
https://doi.org/10.2147/OPTH.penalty -@M S259011
https://doi.org/10.1046/j.1532-5415.2002.50502.x
https://doi.org/10.1097/OPX.0000000000001913
https://doi.org/10.1097/ICU.0000000000000864
http://refhub.elsevier.com/S0002-9394(25)00439-8/sbref0010
https://doi.org/10.1007/s40123-016-0050-x
https://doi.org/10.1167/tvst.9.7.25
https://doi.org/10.1167/iovs.04-0990
https://doi.org/10.1016/j.exer.2008.01.022
https://doi.org/10.18502/jovr.v19i4.17786
https://doi.org/10.1016/j.exer.2004.12.004
https://www.saudedireta.com.br/catinc/drugs/bulas/pilocan2e4.pdf
https://www.fda.gov
https://doi.org/10.1016/j.ajo.2024.10.035
https://doi.org/10.4103/ijo.IJO_1901_22
http://refhub.elsevier.com/S0002-9394(25)00439-8/sbref0021
https://clinicaltrials.gov/ct2/show/NCT03857542
https://doi.org/10.1016/j.ajo.2023.05.008


24. Holland E, Karpecki P, Fingeret M, et al. Efficacy and safety 
of CSF-1 (0.4% pilocarpine hydrochloride) in presbyopia: 
pooled results of the NEAR phase 3 randomized, clinical trials. 
Clin Ther . 2024;46(2):104–113. doi: 10.1016/j.clinthera.2023. 
12.005 . 

25. Haghpanah N, Alany R. Pharmacological treatment of pres- 
byopia: a systematic review. Eur J Transl Myol . 2022;32(3). 
doi: 10.4081/ejtm.2022.10781 . 

26. Grzybowski A, Kapitanovaite L, Zemaitiene R. An updated 
systematic review of pharmacological treatments for presby- 
opia. Adv Ophthalmol Pract Res . 2024;4(4):220–225. doi: 10. 
1016/j.aopr.2024.09.001 . 

27. Farid M, Rowen SL, Moshirfar M, et al. Combination low- 
dose pilocarpine/diclofenac sodium and pilocarpine alone 
for presbyopia: results of a randomized phase 2b clini- 
cal trial. Clin Ophthalmol . 2024;18:3425–3439. doi: 10.2147/ 
OPTH.S476658 . 

28. Petkar S, Chaitra MC. Correction of presbyopia using 
0.5% pilocarpine eye drops among Indians. Bioinformation . 
2024;20(5):532–536. doi: 10.6026/973206300200532 . 

29. Price FW, Hom M, Moshirfar M, et al. Combinations of pilo- 
carpine and oxymetazoline for the pharmacological treatment 
of presbyopia: two randomized phase 2 studies. Ophthalmol Sci . 
2021;1(4):100065. doi: 10.1016/j.xops.2021.100065 . 

30. Wakabayashi T, Mansour HA, Abishek RM, et al. Google 
Search Trends to assess public interest in and concern 

about Vuity for treating presbyopia. PLoS One . 2023 
26;18(10):e0293066. doi: 10.1371/journal.pone.0293066 . 

31. Al-Khersan H, Jr Flynn HW, Townsend JH. Retinal detach- 
ments associated with topical pilocarpine use for presbyopia. 
Am J Ophthalmol . 2022;242:52–55. doi: 10.1016/j.ajo.2022.05. 
011 . 

32. Lievens C, McGee S, Micheletti M, Zhang Z, Schachter S. In- 
creased depth of focus from pilocarpine HCl ophthalmic solu- 
tion 1.25% in mild and moderate presbyopia. Invest Ophthal- 
mol Vis Sci . 2023;64(8):2509 . 

33. Pointer JS. The presbyopic add. I. Magnitude and dis- 
tribution in a historical context. Ophthalmic Physiol Opt . 
1995;15:235–240 . 

34. Pointer JS. The presbyopic add. II. Age-related trend and a 
gender difference. Ophthalmic Physiol Opt . 1995;15:241–248 . 

35. Abdelkader A. Improved presbyopic vision with miotics. 
Eye Contact Lens . 2015;41(5):323–327. doi: 10.1097/ICL. 
0000000000000137 . 

36. Seyeddain O, Hohensinn M, Riha W, et al. Small-aperture 
corneal inlay for the correction of presbyopia: 3-year follow- 
up. J Cataract Refract Surg . 2012;38(1):35–45. doi: 10.1016/j. 
jcrs.2011.07.027 . 

37. Seyeddain O, Bachernegg A, Riha W, et al. Femtosecond 
laser-assisted small-aperture corneal inlay implantation for 
corneal compensation of presbyopia: two-year follow-up. J 
Cataract Refract Surg . 2013;39(2):234–241. doi: 10.1016/j.jcrs. 
2012.09.018 . 

38. Lai LY, Walter KA. PresbyLASIK techniques and out- 
comes. Curr Ophthalmol Rep . 2015;3:9–15. doi: 10.1007/ 
s40135- 015- 0062- z . 

39. Zhang G, Cao H, Qu C. Efficacy, safety, predictability, and 
stability of LASIK for presbyopia correction: a systematic re- 
view and meta-analysis. J Refract Surg . 2023;39(9):627–638. 
doi: 10.3928/1081597X- 20230802- 02 . 

40. Moshirfar M, Henrie MK, Payne CJ, et al. Review of pres- 
byopia treatment with corneal inlays and new develop- 
ments. Clin Ophthalmol . 2022;16:2781–2795. doi: 10.2147/ 
OPTH.S375577 . 

41. Sánchez-González JM, Borroni D, Rachwani-Anil R, Rocha- 
de-Lossada C. Refractive corneal inlay implantation out- 
comes: a preliminary systematic review. Int Ophthalmol . 
2022;42(2):713–722. doi: 10.1007/s10792- 021- 02024- 4 . 

42. Vargas-Fragoso V, Alió JL. Corneal compensation of pres- 
byopia: presbyLASIK: an updated review. Eye Vis (Lond) . 
2017;4:11. doi: 10.1186/s40662- 017- 0075- 9 . 

43. Balgos MJTD, Vargas V, Alió JL. Correction of presbyopia: an 

integrated update for the practical surgeon. Taiwan J Ophthal- 
mol . 2018;8(3):121–140. doi: 10.4103/tjo.tjo_53_18 . 

44. Kohnen T, Lwowski C, Böhm M, Hemkeppler E, Jandew- 
erth T. Visual outcomes and safety of a refractive corneal inlay 
for presbyopia: one-year results. J Refract Surg . 2024;40(1):e1–
e9. doi: 10.3928/1081597X- 20231204- 02 . 

45. Wolffsohn JS, Berkow D, Chan KY, et al. BCLA clear pres- 
byopia: evaluation and diagnosis. Contact Lens Anterior Eye . 
2024;47(4):102156. doi: 10.1016/j.clae.2024.102156 . 

VOL. 280 PILOCARPINE SOLUTION FOR PRESBYOPIA: A META-ANALYSIS 307

https://doi.org/10.1016/j.clinthera.2023.12.005
https://doi.org/10.4081/ejtm.2022.10781
https://doi.org/10.1016/j.aopr.2024.09.001
https://doi.org/10.2147/OPTH.S476658
https://doi.org/10.6026/973206300200532
https://doi.org/10.1016/j.xops.2021.100065
https://doi.org/10.1371/journal.pone.0293066
https://doi.org/10.1016/j.ajo.2022.05.011
http://refhub.elsevier.com/S0002-9394(25)00439-8/sbref0032
http://refhub.elsevier.com/S0002-9394(25)00439-8/sbref0033
http://refhub.elsevier.com/S0002-9394(25)00439-8/sbref0034
https://doi.org/10.1097/ICL.0000000000000137
https://doi.org/10.1016/j.jcrs.2011.07.027
https://doi.org/10.1016/j.jcrs.2012.09.018
https://doi.org/10.1007/s40135-015-0062-z
https://doi.org/10.3928/1081597X-20230802-02
https://doi.org/10.2147/OPTH.S375577
https://doi.org/10.1007/s10792-021-02024-4
https://doi.org/10.1186/s40662-017-0075-9
https://doi.org/10.4103/tjo.tjo_53_18
https://doi.org/10.3928/1081597X-20231204-02
https://doi.org/10.1016/j.clae.2024.102156

	Short-Term Efficacy and Safety of Pilocarpine Ophthalmic Solution for Presbyopia: A Systematic Review and Meta-Analysis
	METHODS
	RESULTS
	DISCUSSION
	CONCLUSION
	CRediT authorship contribution statement
	References


