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o 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.

e 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®) 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.

o 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%
CI11.92-12.65), 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.

e 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, Al training, and similar
technologies.)

decline in near vision due to age-related changes in

the lens, which typically becomes noticeable from
the age of 40."” It is a condition that affects approximately
1.8 billion people worldwide.*

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

Traditionally, presbyopia correction has relied on nonsur-
gical methods, such as reading glasses and contact lenses,
whether they are single-vision or multifocal, and surgical
methods, such as monovision photorefractive keratectomy,
laser-assisted in situ keratomileusis (LASIK), conductive
keratoplasty, intraocular lenses, and corneal inlays. All cur-
rent 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. 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.” 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.®

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.”'°

Pilocarpine is a muscarinic cholinergic receptor agonist
that has been investigated for its ability to improve both
depth of focus and accommodation,'"'” and is well known
for its use in glaucoma treatment.’ Its action occurs through
muscarinic M3 receptors in the iris sphincter, constricting
the pupil and improving depth of focus.'”'* 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.'”1°

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.!’

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.'®!”

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.’’ 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.’!

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

This systematic review and meta-analysis was performed
and reported in accordance with the Cochrane Collabora-
tion Handbook for Systematic Review of Interventions and
the Preferred Reporting Items for Systematic Reviews and
Meta- Analysis (PRISMA) Statement guidelines.

Inclusion in this meta-analysis was restricted to stud-
ies that met the following eligibility criteria: (1) random-
ized clinical trials (RCT); (2) comparing eye drops of pi-
locarpine to vehicle; (3) enrolling patients who were diag-
nosed with presbyopia; and (4) with follow-up of at least
2 weeks. In addition, studies were included only if they re-
ported any of the clinical outcomes of interest, and the vi-
sual acuity were measured on mesopic distance-corrected
near visual acuity (DCNVA) at 40 cm.

The authors systematically searched PubMed, Embase,
ClinicalTrials.gov and Cochrane Central Register of Con-
trolled Trials from inception to August 2024 with the fol-
lowing search terms: ("Pilocarpine Hydrochloride" OR "mi-
otics" OR " miotics agents" OR "Pilocarpine HCI" OR "car-
bachol" OR "parasympathomimetic" OR "echothiophate
iodide" OR "physostigmine" OR "demecarium bromide"
OR "acetylcholine") AND ("presbyopia").

The references from all included studies, previous sys-
tematic reviews, and meta-analysis were also searched man-
ually for any additional studies. Two authors (GNL and
YAI) independently extracted the data following prede-
fined search criteria and quality assessment. the prospective
meta-analysis protocol was registered on PROSPERO on 31
of May 2024, under protocol #CRD42024551335.

Outcomes included gain of 3 lines or more lines, 2 or
more lines; both 3 hours after the last drop of the day, in
mesopic, high-contrast, binocular DCNVA, without losing
more than 5 letters of mesopic, high contrast, binocular
CDVA with the same refractive correction after at least 2
weeks of trials. Three lines of gain was the efficacy outcome
of interest. No results were reported for gains of 2 or more
lines on GEMINI II, even though GEMINI I and GEMINI
I1 are identical studies.

Different concentrations of pilocarpine were used in each
RCT. GEMINI I and II used 1.25% once daily. NEAR used
0.4% twice daily. VIRGO used 1.25% twice daily.

A leave-one-out sensitivity analysis was performed to en-
sure the results were not dependent on a single study. This
procedure involves systematically excluding 1 study at a
time from the meta-analysis and recalculating the pooled
effect size. By doing so, it allows for the assessment of the
influence of individual studies on the overall findings and
ensures the robustness of the results. This method is bene-
ficial for identifying outlier studies that may disproportion-
ately affect the overall conclusions, providing greater confi-
dence in the consistency and reliability of the meta-analytic
outcomes.
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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% Cls were used to compare
treatment effects for categorical endpoints. Heterogeneity
was assessed with I? statistics and Cochran Q test; P-values
< .10 and I* > 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’*>*%** (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).
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Figure 1. PRISMA flow diagram of study screening and selection

FIGURE 1. Flow diagram shows the selection process for in-
clusion of studies in the meta-analysis.

The risk of bias for each included study was evaluated us-
ing version 2 of the Cochrane Risk of Bias tool (RoB 2),
independently performed by 2 reviewers (GNL and LDS),
with disagreements resolved by consensus. A third author
(YAI) conducted a blinded re-evaluation to ensure the reli-
ability of judgments. All 4 studies showed low risk of bias
across all domains, including the randomization process,
deviations from intended interventions, missing outcome
data, measurement of the outcome, and selection of the re-
ported result. While it is uncommon to observe universally
low risk across all domains, this outcome is justified by the
high methodological rigor of the included trials: all followed
preregistered protocols, implemented adequate randomiza-
tion and masking strategies, had complete outcome data,
and consistently applied validated measurement methods.
A detailed overview of the domain-specific assessment is
presented in Table 2.

Two outcomes were related. In the patients receiving pi-
locarpine, the proportion achieving a gain of 3 or more lines
in mesopic DCNVA at 3 hours after the last drop of the
day was significantly higher than in those receiving vehi-
cle (33% vs 12%; OR 3.69; 95% CI [2.66-5.14]; P < .001;
12 =32.4%) (Figure 2). Despite the great heterogeneity, all
studies individually showed a relevant improvement in the
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TABLE 1. Characteristics of Studies Included in the Meta-Analysis

Study Type of Study Location Follow Up Sample size Mean age Outcomes
(days)
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 | RCT USA 30 322 49.5 3 and 2 lines DCNVA
GEMINI Il 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 ® (3] (3] (3] <] @
VIRGO ® (3] (3] (] 53] @
GEMINI | ® (&3] [<3] <] 52 o
GEMINI 11 ® (3] (3] (3] <] @
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.
PILOCARPINE VEHICLE Odds Ratio
Study Events Total Events Total Weight OR 95% CI MH, Random, 95% CI
GEMINI | 2022 50 163 13 160 19.5% 5.00 [2.59; 9.66] —I—
GEMINI Il 2022 51 196 22 203 25.7% 2.89 [1.68; 4.99] ——
NEAR 2023 116 290 52 289 40.1% 3.04 [2.08; 4.45] l
VIRGO 2023 40 114 9 116 14.8% 6.43 [2.94; 14.04] +
Total (95% CI) 257 763 96 768 100.0% 3.69 42.66; 5.14] ‘
Heterogeneity: Tau® = 0.0330; Chi’ = 4.44, df = 3 (P = 0.2176); I = 32.4% ! ‘ ' !
Test for overall effect: Z=7.76 (P < 0.001) 0.1 05 1 2 10

Favors VEHICLE Favors PILOCARPINE

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.

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> = 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
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blurred. Headache was the most frequent adverse event, oc-
curring in 10.9% (87/797) of patients receiving pilocarpine
versus 4.0% (32/795) in the vehicle group, correspond-
ing to an absolute difference of 6.9% (69 per 1000; OR
3.02, 95% CI 1.53-5.93; P < .01) (Supplementary Figure
5). Blurred vision was reported in 3.8% (30/797) compared
with 0.6% (5/795) (absolute difference 3.1%, 32 per 1000;
OR 4.93, 95% CI 1.92-12.65; P < .01) (Supplementary
Figure 6), while eye pain occurred in 3.1% (25/797) ver-
sus 0.8% (6/795) (absolute difference 2.4%, 24 per 1000;
OR 4.26,95% CI 1.73-10.49; P < .01) (Supplementary Fig-
ure 7). Another adverse effect reported in all studies, ex-
cept GEMINI I, was pupil size variation measured 3 hours
postinstillation. The pilocarpine group showed a mean re-
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Pilocarpine Vehicle Odds Ratio
Study Events Total Events Total Weight OR 95% CI MH, Random, 95% CI
GEMINI | 2022 95 163 58 160 29.5% 2.46 [1.57;3.85] -
NEAR 2023 194 290 121 289 51.7% 2.81 [2.00;3.94] -
VIRGO 2023 69 114 30 116 18.9% 4.40 [2.51;7.70] =
Total (95% Cl) 358 567 209 565 100.0% 2.94 [2.30; 3.74]

Heterogeneity: Tau® < 0.0001; Chi® = 2.67, df = 2 (P = 0.26); I° = 25% ‘ ! ' :

Test for overall effect: Z=8.68 (P < 0.001)

02 05 1 2 5
Favors Vehicle Favors Pilocarpine

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.

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
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an important addition to the field, considering the changes
during the recent years in the landscape of presbyopia treat-
ment. Also, to the best of the authors knowledge, this is the
first meta-analysis on this topic.

This meta-analysis found that administered concentra-
tions of 0.4% twice daily (2-3 hours apart), 1.25% once
daily, and 1.25% twice daily (6 hours apart) of pilocarpine
significantly improved patients’ visual acuity with the gain
of 3 or more lines, and 2 or more lines 3 hours after admin-
istering the last drop at least 14 days of treatment compared
to vehicle. This result is probably due to pilocarpine’s mus-
carinic receptor agonist ability, which prompts pupillary
sphincter contraction, causing miosis.””»*® Notably, there is
no consensus yet in the literature on the real impact and the
ideal dose of this medication, as different formulations of pi-
locarpine have been tested in individuals with presbyopia.
A previous randomized, double-masked, dose-finding study
assessed the efficacy and safety of small concentrations of
pilocarpine hydrochloride (0.2 and 0.4%) alone and com-
bined with diclofenac sodium to determine their beneficial
effect.”’ Results showed the minimum effective dose of pilo-
carpine to achieve near vision improvement was 0.4%, the
addition of diclofenac did not significantly improve safety
nor efficacy, and the most common adverse events reported
were blurred vision, instillation-site pain, and conjunctival
hyperemia. In a similar manner, previous uncontrolled stud-
ies have suggested that pilocarpine can improve visual focus
and accommodation.'!»1#28:2

No cases of Rhegmatogenous Retinal Detachment
(RRD) were reported in the evaluated studies. This might
be due to the studies’ short follow-up period, as the longer
the use of topical pilocarpine for presbyopia treatment, the
higher the chance of development of RRD. However, other
research has demonstrated an association between the use
of pilocarpine eye drops and RRD. Elhusseiny et al'” in-
vestigated this relationship in patients over 40 years and
found that pilocarpine use was associated with a 3.14-fold
increased risk of RRD compared to the control group. A
multicenter case series also found retinal detachments in
patients that used topical pilocarpine for presbyopia.’® Pub-
lic concern on this issue has grown in recent years, indi-
cating population fears of the potential side effects of pilo-
carpine treatment.’!
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TABLE 3. Adverse Effects

Side Effect GEMINII GEMINI | GEMINIIl  GEMINIIl  VIRGO (Pilo)  VIRGO  NEAR (Pilo) NEAR Side Effects  Side Effects
(Pilo) (Vehicle) (Pilo) (Vehicle) (Vehicle) (Vehicle) Pilo/ Patients Vehicle/
Evaluated Patients
Evaluated
Vision blurred 4 (2.5%) 2 13 (6.1%) 1 2 (1.8%) 0 11 (3.6%) 2 30/797 5/795
(1.3%) (0.5%) (0.0%) (0.7%) (3.8%) (0.6%)
Eye pain 4 (2.5%) 1 12 (5.7%) 3 3 (2.6%) 1 6 (1.9%) 1 25/797 6/795
(0.6%) (1.4%) (0.9%) (0.3%) (3.1%) (0.8%)
Headache 23 15 33 1 10 (8.8%) 4 21 (6.8%) 2 87/797 32/795
(14.1%) (9.4%) (15.6%) (5.1%) (3.5%) (0.7%) (10.9%) (4.0%)
Dysphagia 0 1 0/212 1/215
(0.0%) (0.5%) (0.0%) (0.5%)
Guillain-barre 0 1 0/212 1/215
syndrome (0.0%) (0.5%) (0.0%) (0.5%)
Conjuntival 4 (2.5%) 4 15 (7.1%) 1 5 (1.8%) 1 24/683 16/679
hyperaemia (2.5%) (5.2%) (0.4%) (3.5%) (2.4%)
Eye irritation 4 (2.5%) 1 7 (2.3%) 0 0 11/471 1/464
(0.6%) (0.0%) (0.0%) (2.3%) (0.2%)
Instillation site pain 18 (5.8%) 1 18/308 1/305
(0.3%) (5.8%) (0.3%)
Nausea 4 (2.5%) 0 4 (1.3%) 0 8/471 0/464
(0.0%) (0.0%) (1.7%) (0.0%)
Instillation site 3 (1.0%) 1 3/308 1/305
pruritus (0.3%) (1.0%) (0.3%)
Visual impairment 7 (4.3%) 1 5 (4.4%) 0 3 (1.0%) 0 15/585 1/580
(0.6%) (0.0%) (0.0%) (2.6%) (0.2%)
Lacrimation incriased 4 (2.5%) 0 4/163 0/159
(0.0%) (2.5%) (0.0%)
Punctate keratitis 1(0.4%) 5 4 (1.9%) 3 5/277 8/275
(1.8%) (1.4%) (1.8%) (2.9%)
Vitreous floaters 2 (1.8%) 0 2/114 0/116
(0.0%) (1.8%) (0.0%)
Total patients 163 159 212 215 114 116 308 305

evaluated in each
research group

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

TABLE 4. Mean Pupil Diameter (mm)

Timepoint GEMINI | GEMINI | VIRGO VIRGO NEAR NEAR Total Average  Total Average
(Pilo) (Vehicle) (Pilo) (Vehicle) (Pilo) (Vehicle) (Pilo) (Vehicle)

Baseline (OH) 4.3 4.3 4.3 4.2 3.4 3.5 3.82 3.85

3 H (3H) 25 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.

The pooled analysis demonstrated that pilocarpine sig- 15.6%, and 8.8% of patients in the GEMINI 1, GEMINI 2,

nificantly increases the risk of specific treatment-related re- and VIRGO trials, respectively.”?**> Ocular side effects,
actions, particularly headache, blurred vision, and eye pain, such as eye irritation, conjunctival hyperemia, blurred vi-
with absolute risk increases ranging from 2.4% to 6.9%. sion, and eye pain, were generally mild and reported in
These events were generally mild and transient. Headaches | 2.5% to 7.1% of participants. Importantly, no serious ad-
were the most frequently reported, occurring in 14.1%, | verse events were reported in any of the trials, support-
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TABLE 5. Summary of Findings

Outcomes No. of Participants Comparative risks (95% Cl) Absolute Relative Effect Certainty of Evidence (GRADE) and
(studies) difference (95% Cl) Comments
Assumed risk Corresponding
(Vehicle) risk (Pilo)
Gain >3 lines DCNVA 1531 (4 RCTs) 125 per 1000 337 per 1000 212 per 1000 OR 3.69 Sdd® High—Consistent
(3 h postdose) (2.66-5.14) improvement across trials
Gain >2 lines DCNVA 1132 (3 RCTs) 370 per 1000 631 per 1000 261 per 1000 OR2.94 epd® High—Clinically relevant
(3 h postdose) (2.30-3.74) benefit
Headache 1592 (4 RCTs) 40 per 1000 109 per 1000 69 per 1000 OR 3.02 dDdd High—Most common
(1.53-5.93) adverse event (8.8%-15.6%)
Eye pain 1592 (4 RCTs) 8 per 1000 31 per 1000 23 per 1000 OR 4.26 od@d High—Low frequency,
(1.73-10.49) typically mild and nonlimiting
Vision blurred 1592 (4 RCTs) 6 per 1000 38 per 1000 32 per 1000 OR 4.93 Dpd® High—Mild and
(1.92-12.65) transient
Pupil diameter variation 1165 (3 RCTs) 0.02 mm 1.38 mm ®dd® High—Difference of
(3 h postdose) (mean (mean 1.36 mm in mean reduction; may
reduction) reduction) 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.

Intervention: Topical pilocarpine ophthalmic solution, administered for at least 14 consecutive days.

Control: Matching vehicle (placebo) eye drops, identical in appearance and dosing schedule.

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.’> 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'” 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'! 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,”® 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
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study saw positive results of improvement in 1 line with
very minimal side effects, such as brow ache. Additionally,
the randomized study by Price et al’’ tested different con-
centrations of pilocarpine, and pilocarpine combined with
oxymetazoline (oxy). Pilocarpine concentrations of 1% and
1.5% had a similar mean change in mesopic, high contrast
UNVA of 5 letters, participants were able to maintain that
improvement for up to 8 hours, and the addition of oxy did
not seem to improve the efficacy of pilocarpine.

Presbyopia typically progresses with age at an estimated
rate of +0.10 D per year.””>** The overall mean age of par-
ticipants in the included studies is 50 years. It can be hy-
pothesized that, over time, the side effects of pilocarpine
may outweigh its benefits, as the medication alone may no
longer adequately correct presbyopia-related visual impair-
ment, necessitating additional correction. Further studies
are needed to clarify the relationship between drug dosage
and diopter improvement.

Despite presbyopia’s increasing incidence, its treatment
options remain limited. The most common being read-
ing, bifocal and multifocal glasses as well as contact lenses.
While these options have proven effective with minimal
risks, multifocal glasses, for instance, can impair depth per-
ception in older adults, potentially increasing the risk of
falls.” Multifocal glasses impair edge-contrast sensitivity
and depth perception and increase the risk of falls in older
people. Surgical treatments are also available but carry in-
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herent risks, such as infection, loss of contrast sensitivity,
diminished vision quality, and retinal detachment.’>?%"
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.”® 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.”” 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.*’ 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.*' However, an impor-
tant limitation of corneal inlays is their unilateral applica-
tion, typically in the nondominant eye, which may affect
binocular vision.*!

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%).%’
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%).*** 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
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event reporting. While this did not compromise the valid-
ity of the pooled estimates, it should be considered when
comparing participant numbers across outcomes.

Another limitation of this systematic review is the ab-
sence of patient-reported outcome measures (PROMs) and
objective assessments of reading performance, such as the
MNREAD charts. This limitation arises from the fact that
none of the included studies incorporated these variables
into their methodologies, which made it impossible to eval-
uate them in the present analysis. Considering the recom-
mendations from the BCLA CLEAR consensus initiative—
particularly the article “Evaluation and Diagnosis”— the
authors acknowledge that such measures are highly relevant
for assessing the effectiveness of interventions for presby-
opia, as they more accurately reflect the clinical impact on
patients’ quality of life.*’ Therefore, it is recommended that
future studies prioritize the inclusion of these outcomes in
order to contribute to a more comprehensive and patient-
centered understanding of treatment efficacy.

Finally, the relatively small number of studies included in
this meta-analysis—only 4 randomized controlled trials—
represents an inherent limitation to the generalizability and
robustness of the findings. Although the analysis was con-
ducted in accordance with Cochrane methodology and sup-
ported by rigorous risk of bias assessments, this limited ev-
idence base may restrict the external validity of the re-
sults. The consistency of effect sizes and low heterogene-
ity observed across studies offer some reassurance; nonethe-
less, further high-quality randomized trials are essential to
strengthen the evidence regarding the efficacy and safety of
pilocarpine in presbyopia treatment.

CONCLUSION

Pilocarpine shows short-term efficacy in treating presby-
opia, with statistically significant gains in both 3 or more
and 2 or more lines DCNVA compared to vehicle. Its use
is associated with a higher incidence of specific, mostly
mild and transitory adverse effects—particularly headache,
blurred vision, and ocular pain—as well as a consistent mi-
otic effect. However, additional randomized studies with
larger sample sizes, extended follow-up periods, and stan-
dardized safety reporting are required to understand its long-
term effectiveness, optimize dosing strategies, and charac-
terize its safety profile.
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