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Abstract: To investigate whether prostaglandin analogue (PGA) eyedrops have a significant effect
on central corneal thickness (CCT), we conducted a systematic search of literature published from
2000 to 2021. Among the studies conducted on topical PGA therapy in open-angle glaucoma or
ocular hypertension patients over 18 years old, prospective studies with CCT change as an outcome
were included. A single-arm meta-analysis was conducted to assess the overall effect on CCT, and
subgroup analysis according to exposure time of PGA eyedrops was also performed. We counted the
number of articles that reported on severe events (CCT reduction of 25 pm or more) and obtained
their proportion. The methodological quality was assessed by the McHarm tool. Twenty-two reports
of prospective studies were selected. The results of the single-arm meta-analysis showed very high
heterogeneity. Still, in subgroup analysis, when PGA was used for more than 6 months, heterogeneity
was low, and a significant decrease in CCT was observed. Severe events were reported in two reports
and occurred in 3.8% to 14.8% of participants. PGA eyedrop use may cause a clinically significant
CCT decrease, requiring CCT follow-up.

Keywords: prostaglandin analogue; Latanoprost; Travoprost; Bimatoprost; Tafluprost; central corneal
thickness; glaucoma; ocular hypertension

1. Introduction

Prostaglandin (PG) is a lipid-signaling substance in the family of eicosanoids and is
found in almost all tissues of humans and animals. Structural differences between PGs
result in variable biological actions. Depending on the type of receptor to which even the
same PG binds, the opposite action may appear in one tissue than in another. The PG F
receptor in the eye is distributed in the ciliary muscle and trabecular meshwork. When
it binds to PG F2a, it promotes the outflow of aqueous humor through the uveoscleral
pathway, reducing intraocular pressure (IOP). Although the exact mechanism of this action
is not well known, the PG F2a analogue (PGA), an agonist of the PG F receptor, upregulates
matrix metalloproteinase (MMP) and degrades the extracellular matrix (ECM) of the ciliary
muscle and sclera, reducing the resistance of uveoscleral outflow [1-5].

In 1996, Latanoprost, the first PGA eye drop, was approved for clinical use for glau-
coma in the United States. After that, the FDA approved Travoprost, Bimatoprost, and
Tafluprost as eye drops for glaucoma. PGA eye drops are currently the most widely used in-
traocular pressure-lowering agents. According to a meta-analysis, PGA eye drops showed
a 24-33% reduction in IOP and, as a single agent, showed a stronger IOP lowering effect
than other conventional glaucoma eye drops [6-8].

In glaucoma, central corneal thickness (CCT) has two important implications. The
Ocular Hypertension Treatment Study (OHTS) suggested that CCT is a risk factor for
glaucoma. In that study, for every 40 ym decrease in CCT, the incidence of glaucoma
increased 1.71 times [9]. Second, since CCT affects the results of IOP measurement, a
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formula correcting for the effect of CCT is used. According to this, in CCT above 550 pm,
the IOP increases by 2 mmHg for every 50 pm thickening [10]. Conversely, if the CCT is
thinned, the measured IOP will be lower than the actual, underestimating the IOP. If this
occurs while using glaucoma eye drops, the effect of the medication could be overestimated.

Lass et al. (2001) performed a randomized controlled trial (RCT) of the effects of PGA
eyedrops on the cornea. In that study, CCT increased by 0.2 + 3.1% in the group using
Timolol eyedrops for one year, whereas CCT decreased by 1.1 £ 2.5% in the group using
Latanoprost eye drops. Although the researchers concluded that there was no significant
difference between the two groups because this reduction in CCT did not meet the pre-
established criteria for significant change, this was the first report of a decrease in CCT
with PGA eye drops [11]. Since then, several clinical trials and observational studies have
reported that PGA eyedrops affect the cornea, and the CCT tends to decrease with use. Still,
the significance of the change is inconsistent, and some studies have reported an increase.
In 2016, Liu et al. reported CCT reduction as an adverse event in a systematic review (SR)
of PGA eyedrops but cited only one RCT by Lass et al. [12]. Since then, CCT changes were
not included as a safety issue in SRs for PGA eye drops until 2022.

If the CCT is significantly reduced with PGA eye drops, clinical consideration is
necessary when prescribing it and during follow-up. Therefore, through a systematic
review, the purpose of this study is to investigate whether the use of PGA eye drops has a
significant effect on central corneal thickness change.

2. Materials and Methods
2.1. Search Strategy

We conducted a systematic search in MEDLINE, EMBASE, and Cochrane CENTRAL
on literature published from 1 January 2000, to 14 June 2021. Although Latanoprost was
first marketed in 1996, Lass et al. (2001) first raised the possibility that PGA eye drops
could cause CCT reduction. Therefore, the literature search in this study started in 2000.
In addition, reports found through Website search results (Google) and reports that met
the criteria from the reference list of related SRs were included. Among the studies con-
ducted on topical prostaglandin analogue therapy (Latanoprost, Travoprost, Bimatoprost,
Tafloprost) in glaucoma (open-angle glaucoma (OAG), ocular hypertension (OHT)) those
with patients over 18 years of age, and with central corneal thickness (CCT) change as an
outcome were included. PGA eyedrops are used to lower intraocular pressure. Since CCT
reduction corresponding to adverse effects is a safety issue, randomized controlled trials
(RCTs), non-randomized studies (NRS: prospective observational study (cohort study),
case-control, cross-sectional study), a systematic review (SR), a case report, and a case
series were all included. The search terms and search formulas for each DB are attached in
Appendix A (Tables A1-A3).

2.2. Ethical Approval and Study Registration

This systematic review is subject to IRB review exemption, and the study protocol was
exempted from participant consent from the Institutional Review Board of the Catholic
University of Korea in May 2021. This systematic review protocol has been registered with
PROSPERO, CRD42021258359.

2.3. Study Eligibility

For the primary outcome of CCT change after medication use, which is a safety-
related subject, we conducted analysis and synthesis of only prospective studies (RCTs
and prospective observational studies among the NRS), and the related case reports were
reported separately.

Inclusion criteria were studies of the effect of PGA eyedrops on CCT for patients with
OAG and OHT over 18 years of age. Studies were excluded for: (1) written in languages
other than English, (2) not measuring CCT change, (3) non-prospective studies (case-control
study, cross-sectional study, letter, review), (4) co-intervention (using only combination
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eyedrop of PGA and other ingredients, or undergoing surgical or laser treatment), (5) in-
complete or unclear data, and (6) subjects with corneal abnormalities.

2.4. Types of Outcome Measure

Changes in CCT when using PGA eye drops were adverse events. Since CCT is
a continuous variable, the mean, standard deviation (SD), and total number (N) were
extracted, and the unit was micrometers. Finally, the mean difference was calculated and
compared [13]. There are various methods to measure CCT, such as ultrasound pachymeter
(USP), non-contact specular microscopy (NCSM), rotating Scheimpflug camera, optical
low-coherence reflectometry (OLCR), and anterior OCT. USP is most commonly used as the
gold standard. When measuring CCT with these five devices, intra-operator repeatability
of each device in previous studies was evaluated by intraclass correlation coefficient (ICC),
which was excellent at 0.9 or higher, indicating high repeatability [14,15]. Overall, strong
agreement was shown between USP and each of the other four instruments with a Bland-
Altman plot [15,16]. In the Bland—Altman plot between USP and NCSM, the 95% LoA
range is relatively wide, so the agreement is weak. Therefore, measurement results are not
interchangeable between devices, so CCT should not be measured with any other device
during the study [14,17].

The concept of clinically significant CCT reduction is not yet established, but a change
of 25 um can be considered. With an average CCT of 550 um, 25 um corresponds to about
5% of the total thickness. In such a case, for every 25 pm decrease, the intraocular pressure
is underestimated by about 1 mmHg [10]. Therefore, we consider a reduction of 25 um or
more as a clinically significant CCT decrease and defined it here as a severe event.

2.5. Study Selection

Two reviewers independently conducted the literature selection process for the identi-
fied records and the retrieved reports according to preset criteria. In the event of disagree-
ment in the literature selection process, a third researcher was consulted, and a consensus
was achieved.

2.6. Data Collection

Data collection was performed independently by two reviewers. From each document,
authors, publication year, journal name, study design, study duration, total number of
participants, inclusion criteria, clinical setting of the study, country, mean age, sex, number
of intervention groups, primary outcome of the study, measurement method of CCT,
time-point of measurement, scale of measurement, information of inspector, information
of missing participants, key conclusions of authors, and funding source were extracted.
The ingredient of eye drops used, exposure time to eyedrops, baseline IOP, number of
participants allocated, baseline CCT, and change in CCT (mean, standard deviation) were
collected from the PGA treatment group. For Meda et al. (2017), in which CCT variation
was presented only as a graph rather than a numerical value, the graph was directly
measured with WebPlotDigitizer version 4.4 (https://automeris.io/WebPlotDigitizer/,
accessed on 8 June 2021), and the value was estimated and extracted.

2.7. Quality Assessment
Assessment of Methodological Quality

As a study for safety evaluation, quality assessment was performed with the McMaster
Quality Assessment Scale of Harms (McHarm) tool [18]. Among the 15 items of the
McHarm tool, 9 suitable for this study were selected and applied. The nine selected
McHarm elements are: whether (1) the harm was pre-defined, (2) severe events were
defined precisely, (3) the study specified who collected the harm, (4) the study specified the
training or background of who ascertained the harm, (5) the study specified the timing and
frequency of collecting the harm, (6) the standard scale was used when collecting harm,
(7) the number of participants that withdrew or were lost to follow-up was specified, (8) the
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total number of participants affected by harm was specified, and (9) the type of analyses
undertaken for harms data was specified. Two reviewers evaluated all literature based on
these selected questions.

2.8. Data Analysis and Synthesis

The extracted data were narratively synthesized and analyzed to assess the overall
effect of PGA eyedrops on CCT change. Baseline CCT and follow-up CCT value, SD, and
total N of the PGA treatment group underwent single-arm meta-analysis. A forest plot
was drawn and visually shown to explore heterogeneity, and the i-square test was also
performed. If the i-square value was greater than 25%, meta-analysis was performed using
a random-effect model. To determine the effect of the duration of PGA eyedrop use on
CCT change, a subgroup analysis was performed on studies that presented results within
4 months, 6 months, 12 months, and 24 months or more of eyedrop use. Since this study
aimed to show the effect of PGA eye drops on CCT change, if each of the four kinds of
PGA drugs was used as an independent treatment arm, the results of each PGA eyedrop
were merged into one outcome and analyzed. Second, as a safety issue, we counted the
reports that separately reported a reduction of 25 um or more, which is considered here
a clinically significant change in CCT. The proportion of subjects who showed a decrease
of 25 um or more among the total number of participants in the PGA treatment group
from the counted reports was calculated. To evaluate publication bias for studies included
in the meta-analysis, funnel plots were drawn. Statistical analysis was performed using
Comprehensive Meta-Analysis (CMA) version 3 (Biostat, Inc., Englewood, NJ, USA).

3. Results
3.1. Search Results

Of 14,148 records searched via database and registers, 8913 were chosen. Among them,
eligibility was assessed for 1018 reports, among which 20 reports were selected. Two reports
were selected by assessing eligibility for ten reports out of eleven records retrieved from
other sources. A systematic review was conducted on 22 prospective studies (Figure 1).

3.2. Study Characteristics

There were 22 prospective studies (n = 3880 participants). Among them, seven were
RCTs, and one of the seven compared PGA with TML. Two of fifteen NRSs were secondary
analyses of RCTs. These studies were conducted in 12 countries in Asia, Europe, and
North and South America. Five studies were funded by pharmaceutical companies that
manufacture PGA eye drops. In the 22 studies, the duration of medication use ranged
from 1 month to 8 years. The components of PGA eyedrops used in the studies were LTP
in 16 studies, TVP in 9, BMT in 7, and TAF in 1. However, three studies did not mention
the eyedrop ingredients. For CCT measuring devices, USP was used in 15 studies, and
non-contact type devices were used in six. Only Johny et al. (2020) did not mention the
measurement instrument, or method, or the investigator who measured it [19] (Table 1).

3.3. McHarm Scale Assessment

The results of evaluating methodological quality with the McHarm tool are attached in
Appendix A (Table A4). Of nine evaluation items, two reports scored seven points (highest),
and five scored four (lowest). In only two studies, severe events precisely defined were
reported [20,21].

3.4. Primary Outcome: Change in CCT

As a result of single-arm meta-analysis of CCT changes in the PGA eyedrop group in
22 reports (Figure 2), the overall CCT value showed a slight tendency to decrease. However,
the i-square value was 95%, and the heterogeneity was quite high. We conducted subgroup
analysis according to duration of PGA medication use to explore heterogeneity. As a result
of subgroup analysis according to PGA eyedrop exposure period (Figure 3), i-square was



J. Clin. Med. 2023, 12, 44 50f 16

96% within 4 months. The heterogeneity was very high, so the synthesis result became
meaningless. The heterogeneity was significantly lower in the results of subgroup analysis
at 6 months, 12 months, and 24 months or more.
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—
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3 D::::F::sfnﬁa?ﬁ} > g:i%lgf ;? records removed Records identified from:
? RE;:;?: (n=6835) Records removed for other Websites (n=11)
= Cochrane (n=2068) reasons (n=1320)
) '
Records screened Records excluded
—
(n=8913) (n=T778)
A4
Reports sought for retrieval »| Reports not retrieved Reports sought for retrieval Reports not retrieved
2 (n=1137) (n=119) (n=11) (=t
; ' I
—_— Reponts excluded:
Reports assessed for eligibility pStud jos num for CCT change Reports assessed for eligibility | Reports excluded: .
(n=1018) ¥ (n=976) (n=10) = Written in other than English
Non-prospective studies (r=2)
(n=1 E, P Non-prospective studies
Study on co-intervention (n=4)
(n=1 ;’r Incomplete or unclear data
Incomplete of unclear data }.\‘:FU icle (n=1
— ! (n=4) eview article (n=1)
3 Studies included in review
(n=22)
% Reports of included studies ki
£ (n=22)
e

Figure 1. PRISMA 2020 flow diagram of the literature search process for identifying studies. CCT—

central corneal thickness.

Study name Statistics for each study Difference in means and 95% Cl

Difference  Standard Lower Upper

in means error Variance  limit limit ZValue p-Value
2001 Lass -7.000 5013 25127 -1682%5 2825 -13% 0163 —i
2008 Brandt -5.100 2954 8725 -10889 0689 -1.727 0.084 —-
2009 Schicte -14.330 4172 17408 -22508 -6.152 -3435 0001 ——
2009 Hetanaka -4590 7.002 49025 -18313 9133  -06% 0512 ——
2012 Park -8.760 8823 77830 -26052 8532 0993 0321 =
2013 Panos -14.240 3.961 15667 -220038 -6477 -3595  0.000 ——
2013 Viswanathan -15.900 5628 31673 -26930 4870 285 0005 -+
2020 Johny 40900 2358 5561 36278 45622 17344 0000 -
2021 Gunes -9650 3.956 15650 -17404 -1.896 -2439 0.015 ——
2021 Park -11.140 9291 8318 -2030 7070 -119 0231 L
2015 Sorkhabi -19.600 5115 26168 -29716 -0664 -3849 0000 ——
2006 Herasymowy -6.940 3045 9271 -12908 -0972 2279 0023 i
2008 Arcieri -1.730 5.583 31165 -12672 9212 -0310 0.757 ——
2008 Sen 7140 4891 2891 -1676 2446 1460 0144 —i—
2011 Zhong -16.970 3304 11822 22623 9317 4705 0000 I
2012 Sawada -7.350 4731 2382 -1662 192 -1554 0.120 ——+
2013 Tsikripis 2770 5637 31774 -B27B 13818 0491 0623
2015 Cavdarli -4.400 7072 50020 -18262 0462 062 0534
2017 Meda 0870 10260 105269 -19230 20979 0085 0932
2020 Wisely -1.300 4.260 18150 -9650 7080 -0305 0.760
2021 Scott 0.000 10521 110697 -20621 20621 0,000 1.000
2011 Altan -6.600 8230 67885 -22749 9549  -0801 0423
Random effect model -5.296 4311 18587 -13746 3134 -1.228 0219

-45.00 -2250 0.00 22.50 45.00
Decrease Increase

Figure 2. Single-arm meta-analysis of CCT change after topical prostaglandin analogue treatment.
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Table 1. Characteristics of the selected 22 prospective studies.

. . The
L. Baseline Ingredients of .
Author Publication Study Design Country Tot'al. n of Age Sex Diagnosis j(0) 4 Eyedrops Dura'tlor.l of Instrumex}t for Funding Source
Year Participants Medication Measuring
(mmHg) Used
CCT
Lass 2001 RCT Us 369 61 +12 hg:llg 63 OAG, OHT 19.6 £35 LTp 12 mon usp Pharmacia corp.
Brandt 2008 Secondary analysis of RCT Us 1191 604 +9.1 ooy OHT 250+ 2.6 PGA 50427 yrs UsP NEI
Schlote 2009 Prospective NRS Switzerland 94 66.24 £+ 13.73 1;4:95 Glaucoma NM TVP 12 mon OLCR none
Hatanaka 2009 RCT Brazil 73 68.5 +9.2 NM OAG NM LTP, TVP, BMT 8 wks uspP none
Park 2012 retrospective cohort study  <CRUoLC Of 4 6374498 paed Glaucoma  18.63+491  LTETVEBMT 247 + 0.66 yrs UsP none
Panos 2013 Prospective NRS Switzerland 90 67.8 153 1;4319 POAG 22.58 +2.94 TAF 12 mon NCSM none
Viswanathan 2013 Prospective NRS Austrailia 287 68 4 10.14 P POAG,NTG  21.68 + 4.64 PGA 6.92 £ 1.67 yrs UsP none
Johny 2020 Prospective NRS India 80 46.6 & 8.88 NM POAG, OHT 25.57 £1.28 LTP 4 mon NM none
Gunes 2021 Prospective NRS Turkey 222 54.1+4.30 I;/[ 33 f POAG 24.6 +2.2 LTP 36 mon OoCT none
Park 2021 Prospective NRS Re%‘(‘;g; of 65 5135+ 13.27 NM POAG 179 £38 PGA 12 mon NCSM Korea University
Sorkhabi 2015 prospective NRS Iran 90 64.5 +10.86 1;4 14 66 OAG NM LTP 12 mon USP NM
Harasymowycz 2006 Prospective NRS Canada 379 67.0+ 114 II:/I 212527 OAG, OHT 24.66 + 5.16 TVP 6 wks uspP Alcon Canada
Arcieri 2008 RCT (cross-over) Brazil 34 578+96 M: 14 POAG,OHT  226+33  BMT,LTpTvp *Wksforeach USP Alcon, Norvatis,
F: 20 medication Pfizer
M: 37 OAG, PXG,
Sen 2008 RCT Turkey 94 56.05 £ 11.76 F-57 NTG, OHT 23.38 £4.11 LTP, BMT 24 mon usp NM
Zhong 2011 RCT China 69 51.04 + 1231 M: 35 OAGNTG, 53534344 LTRTVEBMT /2041568 UsP none
F: 34 OHT mon
M: 23 12 wks for
Sawada 2012 RCT (cross-over) Japan 42 532 +11.8 F'.19 OAG 144 +26 LTP, TVP each uspP none
: medication
Tsikripis 2013 RCT Greece 108 61.82 + 10 NM OAG 17.59 + 3.91 LTP m";‘;i‘a“ USP none
Cavdarli 2015 Prospective NRS Turkey 24 58.5+12.6 NM POAG, PXG 25.0+4.2 LTP 6 mon uspP NM
Meda 2017 Prospective NRS Canada 35 69.0 + 1.6 1;41196 POAG 22.23 +0.95 BMT, LTP, TVP  3.99 4+ 0.28 yrs usp Allergan and Alcon
Wisely 2020 Post-hoc analysis of RCT USA 415 63 +112 M: 156 OAG, OHT NM LTP 3 mon UsP Aerie
F: 259 Pharmaceuticals
. 60 M: 12 Columbus
Scott 2021 Prospective NRS USA 21 (36~79) F: 21 OAG 21.7+62 LTP, BMT, TVP 4 mon RSC Foundation
Altan 2011 Prospective NRS Turkey 54 592 4126 M:21 OAG,OHT 214472 LTP 6 mon Corneal NM
F:33 Topography

n (number), yrs (years), mon (months), wks (weeks), IOP (intraocular pressure), RCT (randomized controlled trial), NRS (non-randomized study), NM (not mentioned), OAG (open-angle
glaucoma), OHT (ocular hypertension), POAG (primary open-angle glaucoma), NTG (normal tension glaucoma), PXG (pseudoexfoliative glaucoma), PGA (prostaglandin analogue), LTP
(Latanoprost), TVP (Travoprost), BMT (Bimatoprost), TAF (Talfuprost), USP (ultrasonic pachymetry), OCT (optical coherence tomography), OLCR (optical low coherence reflectometry),

NCSM (non-contact specular microscopy), RSC (rotating Scheimfplug camera).
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Figure 3. Subgroup analysis according to duration of topical prostaglandin analogue treatment.

Of the 22 prospective studies, only 2 reported the number of participants with CCT
reductions above a certain level [20,21]. At 12 months with PGA eye drops, about 5% of
subjects showed a decrease of 25 um or more in Panos et al. (2013). Approximately 5% of
subjects showed a reduction of 30 pm or more, and 12% showed a 21-30 um decrease in
Schlote et al. (2009). To estimate a proportion of subjects whose CCT reduction was greater
than 25 um, the proportions were calculated by dividing the cases in which all 23 eyes that
decreased by 21-30 pm in Schlote et al. (2009) were included or not. The rate of severe
events was estimated at a maximum of 14.8 £ 1.6% when all 23 eyes were included and at
a minimum of 5.1 £ 0.6% when all of them were excluded. (Table 2).

Table 2. Frequency of severe events after 12 months of PGA medication in two studies reporting

severe events.

2009 Schlote (136 Eyes)

2013 Panos (100 Eyes)

Decrease in CCT !

21 to <30 um 23 eyes (16.9%) 12 eyes (12.0%)
>30 um 7 eyes (5.1%) 2 eyes (2.0%)
>25 um * 7-30 eyes (5.1-22.0%) 2 5 eyes (5.0%)

* Definition of severe events in this SR. ! CCT (central corneal thickness). 2 Schlote et al. (2009) [20] did not
separately report a reduction of more than 25 um. To estimate the proportion of subjects whose CCT reduction
was greater than 25 um, the proportions were calculated by dividing the cases in which all 23 eyes that decreased

by 21-30 um were included or not.
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3.5. Publication Bias

The funnel plot of the 22 studies subjected to meta-analysis showed no publication
bias (Figure Al).

4. Discussion

Long-term use of PGA eyedrops results in a decrease in CCT. This decrease was
—5.30 £ 4.31 um in the pooled estimate of prospective studies, which is small compared
to the average CCT of 520-580 pm and seems to indicate low clinical significance. This
suggests that long-term use of PGA eyedrops for glaucoma treatment is generally safe.
However, since CCT reduction is a safety issue, general safety alone is not sufficient.
Moreover, the heterogeneity of the synthesized result was very high. Among the expected
causes of heterogeneity, clinical factors include PGA drug exposure time and type of
PGA eyedrop, and methodological aspects include quality of literature. Therefore, we
conducted a subgroup analysis of PGA medication exposure time. In the subgroup analysis,
heterogeneity was significantly low from 6 months of use. That is, the CCT reduction effect
of PGA within 4 months was unclear, but the significant decrease in CCT appeared after
6 months. According to these heterogeneity changes, CCT follow-up is necessary for
glaucoma patients who have been using PGA eye drops for more than 6 months.

Although exposure time to the medication increases with time, CCT change also
should be considered by the age of the subject. Brandt et al. (2008) and Viswanathan et al.
(2013) analyzed the CCT change with aging. In a previous cross-sectional study of OHTS,
CCT decreased by 0.63 um per year [22], while that in a subsequent 3.8-year retrospective
study, decreased by 0.74 £ 0.35um per year [23]. In Viswanathan et al. (2013), CCT
decreased by 0.45-0.55 pm per year [24]. Even considering such age-related CCT reduction,
the decrease in CCT by PGA appears to be significant.

A clinically significant decrease of 25 um or more, a severe event, would take 40 years
or more to occur naturally, considering a reduction of 0.63 um/year with aging. Clinically
significant corneal thinning was not reported among 668 RCTs with PGA eyedrops, and
severe events were reported by only 2 NRS among 22 published prospective studies on CCT
changes of PGA eye drops. The proportion of subjects who showed a clinically significant
decrease of 25 um or more in these 2 studies ranged from 5.1 & 0.6% to 14.8 + 1.6% among
PGA eyedrops users for 12 months. Considering that 1 mmHg of IOP is underestimated
for every 25 um decrease in CCT [10], 1 mmHg of IOP reduction may be overestimated
in about 5 to 16% of PGA eyedrop users. The normal value of IOP is 10 to 21 mmHg,
and in general, a 30% reduction is expected from PGA eyedrops, which is about 3 to
6 mmHg. Therefore, if 1 mmHg reduction is overestimated, 17-33% of the original treatment
response is overestimated. However, since both studies were conducted on Caucasians in
Switzerland, this 5% ratio cannot be directly applied to other population groups [20,21].
For some patients using PGA eyedrops, there is a possibility that the IOP-lowering effect
may be significantly overestimated by CCT reduction, so regular CCT measurement is
necessary during follow-up.

CCT reduction by exposure to PGA eyedrops appears to be reversible. In Meda et al.
(2017), CCT increased after 6 weeks of discontinuation in subjects who had been using
PGA eyedrops for more than 1 year and decreased again after 6 weeks of re-use. There
were no baseline data before using PGA eyedrops, so we cannot know whether CCT
had recovered to the level before the first use of the eyedrop. However, after 6 weeks of
re-use, CCT decreased to the level of that achieved with use for more than 1 year [25].
Another retrospective study showed a decrease in CCT in patients with NTG who used
PGA eyedrops for 5 years. Then, after 2 years of discontinuation, the CCT increased again,
returning to the level before using PGA eyedrops [26].

There are three proposed mechanisms for CCT changes following PGA eyedrop
instillation. First, PGA eyedrops increase the expression of IL (interleukin)-1 and IL-6,
which are inflammatory cytokines on the ocular surface, and changes in these cytokines
increase the production of MMP [27-29]. Increase in MMP-1 and MMP-9 and decrease
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in TIMP-1 occur on the ocular surface [30]. In Park et al. (2012) in which PGA eyedrops
were administered to rabbits, MMP increased, and TIMP decreased in corneal stroma.
This imbalance of MMP and TIMP reduced the extracellular matrix of the corneal stroma,
including type 1 collagen, and caused a decrease in corneal thickness [27]. However, this
reduction largely took place within 6 months of use of the medication, and there was little
change after 2 years. Therefore, it is speculated that continued use of PGA eyedrops induces
desensitization of PG F receptors and slows the increase in MMP [31]. Second, Liu et al.
suggested that PGA eye drops, especially Latanoprost, could induce corneal fibroblast
contraction in an in vitro study and affect corneal thickness reduction [32,33]. Finally,
Shen et al. reported that Latanoprost might have a cytotoxic effect on corneal stromal cells,
inducing apoptosis and thus reducing corneal thickness [32,34]. The proposed mechanism
for CCT increase during PGA eyedrop use is as follows. Latanoprost instillation increases
the intracellular calcium ion concentration and activates the Protein Kinase C pathway.
Then, the cell shape changes to round, which may change the corneal cells and increase the
CCT [35].

In a cross-sectional study using Casia OCT by Amano et al. in 2019, when PGA
eyedrops were used in patients with open-angle glaucoma without corneal disease or
surgery, there were changes in the biomechanical factors of the cornea, including CCT.
Still, there was no change in the shape itself [36]. However, due to the effects of PGA
eyedrops on the cornea other than CCT reduction, Amano et al. in 2008 reported a case in
which the disease progressed after PGA eyedrop treatment in a keratoconus patient [37].
In 2009, Nowroozzadeh et al. said that PGA eyedrop treatment adversely affected the
progression of myopic regression in patients who underwent corneal refractive surgery [38].
In 2020, Rodrigo-Rey, S. et al. reported a case in which, with open-angle glaucoma without
corneal disease such as keratoconus or previous corneal surgery, visual acuity decreased
after using PGA eyedrops for 1 year due to mild corneal ectasia, but visual acuity and
cornea returned to normal after changing the medication [39]. This means that long-term
PGA use may, although rarely, change the shape of the cornea, in addition to changes in
corneal biomechanical factors including CCT. In long-term use of PGA eye drops, regular
monitoring of corneal topography is necessary in addition to CCT measurements Moreover,
when selecting PGA eye drops for patients with underlying diseases such as pathologic
corneal thinning involving keratoconus or after refractive surgery, it is necessary to consider
the possibility of such changes and provide sufficient prior explanation to the patient.

The limitations of this study are that, first, the analysis was not able to be conducted
on comparative studies between the two groups. In the studies for PGA eye drops, TML
eyedrops were usually used as a control group, which is appropriate to evaluate the effect
of lowering IOP. However, in studies for CCT change, since TML is also known to affect
CCT change, it is not suitable as a control. Therefore, this study performed a single-arm
meta-analysis only on the PGA treatment group. Second, there is a lack of studies on CCT
changes with PGA eyedrops. Two studies which reported severe events were NRS, and no
RCT reported severe events. In future prospective studies on PGA eye drops, it is necessary
to consider CCT changes in advance. Third, in this SR, analysis according to type of PGA
medication could not be performed. Finally, although this review’s pooled estimate of CCT
change was small compared to the average corneal thickness, only 2 NRS studies reported
the proportion of subjects who showed a clinically significant decrease. Therefore, it is
necessary to conduct a large-scale RCT for CCT change following PGA eyedrop use over
2 years. In that RCT, it will be essential to identify the percentage of subjects showing a
clinically significant decrease in CCT after classifying the subjects according to whether
CCT has decreased and the amount of decline.
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Appendix A

Table Al. Search terms and formula for Pubmed DB.

DB Search Search Term/Search Formula

#1 “Ocular Hypertension” [Mesh]
“Ocular Hypertension” [TW] OR “Hypertension, Ocular” [TW] OR “Hypertensions, Ocular” [TW] OR “Ocular Hypertensions” [TW] OR

# “Glaucoma, Suspect” [TW] OR “Glaucomas, Suspect” [TW] OR “Suspect Glaucoma” [TW] OR “Suspect Glaucomas” [TW] OR “intraocular
hypertension” [TW] OR “eye hypertension” [TW] OR “hypertension, eye” [TW] OR “intraocular hypertensions” [TW] OR “eye
hypertensions” [TW] OR “hypertensions, eye” [TW]

#3 “Glaucoma” [Mesh]

#4 “Glaucoma” [TW] OR “Glaucomas” [TW]

#5 “Glaucoma, Open-Angle” [Mesh]
“Glaucoma, Open-Angle” [TW] OR “Open-Angle Glaucomas” [TW] OR “Glaucoma, Compensated” [TW] OR “Compensated Glaucoma”
[TW] OR “Open-Angle Glaucoma” [TW] OR “Glaucoma, Open Angle” [TW] OR “Open Angle Glaucoma” [TW] OR “Open Angle
Glaucomas” [TW] OR “Glaucoma, Pigmentary” [TW] OR “Pigmentary Glaucoma” [TW] OR “Glaucoma, Simple” [TW] OR “Simple

#6 Glaucoma” [TW] OR “Glaucoma Simplex” [TW] OR “Simplex, Glaucoma” [TW] OR “Simplices, Glaucoma” [TW] OR “Glaucoma,
Compensative” [TW] OR “Compensative Glaucoma” [TW] OR “Glaucoma, Primary Open Angle” [TW] OR “Primary Open Angle Glaucoma”
[TW] OR “Chronic Primary Open Angle Glaucoma” [TW] OR “Secondary Open Angle Glaucoma” [TW] OR “Glaucoma, Secondary Open
Angle” [TW] OR “wide angle glaucoma” [TW]

#7 “Intraocular Pressure” [Mesh]
“Intraocular Pressure” [TW] OR “Intraocular Pressures” [TW] OR “Pressure, Intraocular” [TW] OR “Pressures, Intraocular” [TW] OR “Ocular
Tension” [TW] OR “Ocular Tensions” [TW] OR “Tension, Ocular” [TW] OR “Tensions, Ocular” [TW] OR “eye ball pressure” [TW] OR “eye

4 internal pressure” [TW] OR “eye pressure” [TW] OR “eye ball pressures” [TW] OR “eye internal pressures” [TW] OR “eye pressures” [TW]

PubMed OR “eye tension” [TW] OR “eye tensions” [TW] OR “eyeball pressure” [TW] OR “intra ocular pressure” [TW] OR “eyeball pressures” [TW]

OR “intra ocular pressures” [TW] OR “intraocular tension” [TW] OR “ocular pressure” [TW] OR “intraocular tensions” [TW] OR “ocular
pressures” [TW]

#9 “Low Tension Glaucoma” [Mesh]

#10 “Low Tension Glaucoma” [TW] OR “Glaucoma, Low Tension” [TW] OR “Low Tension Glaucomas” [TW] OR “Normal Tension Glaucoma”
[TW] OR “Glaucoma, Normal Tension” [TW] OR “Normal Tension Glaucomas” [TW]

#IL 41 OR #2 OR #3 OR #4 OR #5 OR #6 OR #7 OR #8 OR #9 OR #10

Combine

#12 “Prostaglandins, Synthetic” [Mesh]
“Prostaglandins, Synthetic” [TW] OR “PG Analogs” [TW] OR “Analogs, PG” [TW] OR “Prostaglandin Analogues” [TW] OR “Analogues,
Prostaglandin” [TW] OR “Prostaglandin Analogs” [TW] OR “Analogs, Prostaglandin” [TW] OR “Synthetic Prostaglandins” [TW] OR

#13 “prostaglandin analog” [TW] OR “Prostaglandin analogue” [TW] OR “prostaglandin eyedrop” [TW] OR “prostaglandin ophthalmic solution”
[TW] OR “topical prostaglandin” [TW] OR “prostaglandin ophthalmic” [TW] OR “prostaglandin derivative” [TW] OR “16, 16
dimethylprostaglandin” [TW] OR “8 methylprostaglandin derivative” [TW] OR “dimethylprostaglandin” [TW] OR “methylprostaglandin”
[TW] OR “prostaglandin 1”7 [TW]

#14 “Prostaglandins F, Synthetic” [Mesh]
“Prostaglandins F, Synthetic” [TW] OR “PGF Synthetic” [TW] OR “Synthetic, PGF” [TW] OR “Prostaglandin F Analogues” [TW] OR

#15 “Analogues, Prostaglandin F” [TW] OR “Prostaglandin F Analogs” [TW] OR “Analogs, Prostaglandin F” [TW] OR “Synthetic Prostaglandins
F” [TW] OR “prostaglandin F” [TW] OR “prostaglandins f” [TW]

#16 “Latanoprost” [Mesh]
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Table Al. Cont.

DB Search Search Term/Search Formula
“Latanoprost” [TW] OR “PhXA34” [TW] OR “PHXA41” [TW] OR “Xalatan” [TW] OR “akistan” [TW] OR “arulatan” [TW] OR “catioprost”
[TW] OR “de 130a” [TW] OR “de130a” [TW] OR “droplatan” [TW] OR “droxal (drug)” [TW] OR “eylasol” [TW] OR “gisolom” [TW] OR
“glaukodoc” [TW] OR “iopize” [TW] OR “jaskroptic” [TW] OR “jb 004” [TW] OR “jb004” [TW] OR “lanotan” [TW] OR “latacris” [TW] OR
“latadin” [TW] OR “latadin pf” [TW] OR “latalux” [TW] OR “latan-ophtal” [TW] OR “latanelb” [TW] OR “lataniston” [TW] OR “latano pos”
[TW] OR “latano vision” [TW] OR “latano-vision” [TW] OR “latanomed” [TW] OR “latanopos” [TW] OR “latanostad” [TW] OR “latanostill”
#17 [TW] OR “latanotears” [TW] OR “latanovision” [TW] OR “latapres” [TW] OR “latizolil” [TW] OR “latop” [TW] OR “louten” [TW] OR
“medizol” [TW] OR “medizol (latanoprost)” [TW] OR “microprost” [TW] OR “monopost” [TW] OR “monoprost” [TW] OR “nova 21027”
[TW] OR “nova21027” [TW] OR “ocusynt” [TW] OR “oftastad” [TW] OR “optopress” [TW] OR “pharmaprost” [TW] OR “pharmecol” [TW]
OR “polat 001” [TW] OR “polat001” [TW] OR “polprost” [TW] OR “proxal (drug)” [TW] OR “rozaprost mono” [TW] OR “sifitan” [TW] OR
“tonlit” [TW] OR “visobar” [TW] OR “vlepolin” [TW] OR “xalmono” [TW] OR “xaloptic” [TW] OR “xaloptic free” [TW] OR “xalost” [TW] OR
“xelor” [TW] OR “xelpros” [TW] OR “zakoprost” [TW]
#18 “travoprost” [Mesh]
#19 “Travoprost” [TW] OR “Travatan Z” [TW] OR “Z, Travatan” [TW] OR “Travatan” [TW] OR “AL-6221” [TW] OR “AL 6221” [TW] OR
“AL6221” [TW] OR “fluprostenol isopropyl ester” [TW] OR “izba” [TW] OR “travoprostin” [TW]
#20 “Bimatoprost” [Mesh]
PubMed #21 “Bimatoprost” [TW] OR “Latisse” [TW] OR “Lumigan” [TW] OR “AGN 192024” [TW] OR “192024, AGN” [TW] OR “agn192024” [TW]
#22 “tafluprost” [Supplementary Concept]
43 “tafluprost” [TW] OR “AFP-168"” [TW] OR “afp168” [TW] OR “de 085” [TW] OR “de085” [TW] OR “saflutan” [TW] OR “taflotan” [TW] OR
“taflotan multi” [TW] OR “tapros” [TW] OR “zioptan” [TW]
#24 “Antihypertensive Agents” [Mesh]
#25 “Cloprostenol” [Mesh]
“Cloprostenol” [TW] OR “Oestrophan” [TW] OR “ICI-80,966” [TW] OR “ICI 80,966 [TW] OR “ICI80,966” [TW] OR “Cloprostenol Sodium”
#26 [TW] OR “Sodium, Cloprostenol” [TW] OR “Cloprostenol Monosodium Salt” [TW] OR “Monosodium Salt, Cloprostenol” [TW] OR “Salt,
Cloprostenol Monosodium” [TW] OR “Estrumate” [TW] OR “estrumat” [TW] OR “ici 80996” [TW] OR “ici80996” [TW] OR “planate” [TW]
#Czo7mbine #12 OR #13 OR #14 OR #15 OR #16 OR #17 OR #18 OR #19 OR #20 OR #21 OR #22 OR #23 OR #24 OR #25 OR #26
#28
Combine #11 AND #27
Table A2. Search terms and formula for EMBASE DB.
DB Search Search Term/Search Formula

#1 ‘intraocular hypertension’/exp
‘ocular hypertension’:ti,ab,kw,de OR "hypertension, ocular:ti,ab,kw,de OR "hypertensions, ocular:ti,ab,kw,de OR “ocular

" hypertensions’:ti,ab,kw,de OR “glaucoma, suspect”:ti,ab,kw,de OR ‘glaucomas, suspect”:ti,ab,kw,de OR ‘suspect glaucoma’:ti,ab,kw,de OR
‘suspect glaucomas'’:ti,ab,kw,de OR ‘intraocular hypertension”:ti,ab,kw,de OR ‘eye hypertension”:ti,ab,kw,de OR ‘hypertension,
eye’:ti,ab,kw,de OR “intraocular hypertensions’:ti,ab,kw,de OR ‘eye hypertensions’:ti,ab,kw,de OR “hypertensions, eye’:ti,ab,kw,de

#3 ‘glaucoma’/exp

#4 ‘glaucoma’:ti,ab,kw,de OR ‘glaucomas’:ti,ab,kw,de

#5 ‘open angle glaucoma’/exp
‘glaucoma, open-angle”:ti,ab,kw,de OR ‘open-angle glaucomas’:ti,ab,kw,de OR ‘glaucoma, compensated:ti,ab,kw,de OR ‘compensated
glaucoma’:ti,ab,kw,de OR ‘open-angle glaucoma’:ti,ab,kw,de OR ‘glaucoma, open angle”:ti,ab,kw,de OR ‘open angle glaucoma’:ti,ab,kw,de
OR ‘open angle glaucomas’:ti,ab,kw,de OR ‘glaucoma, pigmentary’:ti,ab,kw,de OR “pigmentary glaucoma’:ti,ab,kw,de OR ‘glaucoma,

#6 simple’:ti,ab,kw,de OR ‘simple glaucoma’:ti,ab,kw,de OR ‘glaucoma simplex”:ti,ab,kw,de OR ‘simplex, glaucoma’:ti,ab,kw,de OR ‘simplices,
glaucoma’:ti,ab,kw,de OR ‘glaucoma, compensative’:ti,ab,kw,de OR ‘compensative glaucoma’:ti,ab,kw,de OR ‘glaucoma, primary open
angle”:ti,ab,kw,de OR “primary open angle glaucoma’:ti,ab,kw,de OR ‘chronic primary open angle glaucoma:ti,ab,kw,de OR ‘secondary

EMBASE open angle glaucoma’:ti,ab,kw,de OR ‘glaucoma, secondary open angle”:ti,ab,kw,de OR ‘wide angle glaucoma’:ti,ab,kw,de

#7 ‘intraocular pressure’/exp
‘intraocular pressure’:ti,ab,kw,de OR ‘intraocular pressures’:ti,ab,kw,de OR “pressure, intraocular’:ti,ab,kw,de OR “pressures,
intraocular’:ti,ab,kw,de OR “ocular tension’:ti,ab,kw,de OR ‘ocular tensions’:ti,ab,kw,de OR “tension, ocular’:ti,ab,kw,de OR ‘tensions,
ocular’:ti,ab,kw,de OR “eye ball pressure”:ti,ab,kw,de OR ‘eye internal pressure”:ti,ab,kw,de OR ‘eye pressure”:ti,ab,kw,de OR “eye ball

#38 pressures”:ti,ab,kw,de OR ‘eye internal pressures’:ti,ab,kw,de OR ‘eye pressures’:ti,ab,kw,de OR ‘eye tension”:ti,ab,kw,de OR ‘eye
tensions’:ti,ab,kw,de OR ‘eyeball pressure”:ti,ab,kw,de OR ‘intra ocular pressure”:ti,ab,kw,de OR ‘eyeball pressures’:ti,ab,kw,de OR ‘intra
ocular pressures’:ti,ab,kw,de OR ‘intraocular tension’:ti,ab,kw,de OR ‘ocular pressure’:ti,ab,kw,de OR ‘intraocular tensions’:ti,ab,kw,de OR
‘ocular pressures’:ti,ab,kw,de

#9 ‘low tension glaucoma’/exp

#10 ‘low tension glaucoma’:ti,ab,kw,de OR ‘glaucoma, low tension’:ti,ab,kw,de OR “low tension glaucomas’:ti,ab,kw,de OR ‘normal tension
glaucoma’:ti,ab,kw,de OR ‘glaucoma, normal tension”:ti,ab,kw,de OR ‘normal tension glaucomas’:ti,ab,kw,de

#IL 41 OR #2 OR #3 OR #4 OR #5 OR #6 OR #7 OR #8 OR #9 OR #10

Combine

#12 ‘prostaglandin derivative’/exp
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Table A2. Cont.

DB Search Search Term/Search Formula
‘prostaglandins, synthetic’:ti,ab,kw,de OR ‘pg analogs’:ti,ab,kw,de OR “analogs, pg’:ti,ab,kw,de OR ‘prostaglandin analogues”:ti,ab,kw,de
OR “analogues, prostaglandin’:ti,ab,kw,de OR ‘prostaglandin analogs’:ti,ab,kw,de OR ‘analogs, prostaglandin’:ti,ab,kw,de OR ‘synthetic
#13 prostaglandins’:ti,ab,kw,de OR ‘prostaglandin analog:ti,ab,kw,de OR ‘prostaglandin analogue’:ti,ab,kw,de OR “prostaglandin
eyedrop:ti,ab,kw,de OR “prostaglandin ophthalmic solution”:ti,ab,kw,de OR ‘topical prostaglandin’:ti,ab,kw,de OR ‘prostaglandin
ophthalmic’:ti,ab,kw,de OR “prostaglandin derivative’:ti,ab,kw,de OR ‘16, 16 dimethylprostaglandin’:ti,ab,kw,de OR ‘8 methylprostaglandin
derivative’:ti,ab,kw,de OR ‘dimethylprostaglandin”:ti,ab,kw,de OR ‘methylprostaglandin”:ti,ab,kw,de OR “prostaglandin 1":ti,ab,kw,de
#14 ‘prostaglandin f’/exp
‘prostaglandins f, synthetic’:ti,ab,kw,de OR ‘pgf synthetic’:ti,ab,kw,de OR ‘synthetic, pgf’:ti,ab,kw,de OR ‘prostaglandin f
#15 analogues’:ti,ab,kw,de OR “analogues, prostaglandin f":ti,ab,kw,de OR “prostaglandin f analogs’:ti,ab,kw,de OR “analogs, prostaglandin
f’:ti,ab,kw,de OR ‘synthetic prostaglandins f’:ti,ab,kw,de OR “prostaglandin f":ti,ab,kw,de OR “prostaglandins f’:ti,ab,kw,de
#16 ‘latanoprost’/exp
“latanoprost’:ti,ab,kw,de OR ‘phxa34:ti,ab,kw,de OR ‘phxa41”:ti,ab,kw,de OR ‘xalatan’:ti,ab,kw,de OR “akistan’:ti,ab,kw,de OR
‘arulatan’:ti,ab,kw,de OR “catioprost’:ti,ab,kw,de OR ‘de 130a":ti,ab,kw,de OR “de130a":ti,ab,kw,de OR ‘droplatan’:ti,ab,kw,de OR “droxal
(drug)’:ti,ab,kw,de OR “eylasol’:ti,ab,kw,de OR ‘gisolom:ti,ab,kw,de OR “glaukodoc’:ti,ab,kw,de OR ‘iopize”:ti,ab,kw,de OR
‘jaskroptic’:ti,ab,kw,de OR ‘jb 004":ti,ab,kw,de OR ‘jb004:ti,ab,kw,de OR ‘lanotan’:ti,ab,kw,de OR ‘latacris’:ti,ab,kw,de OR
‘latadin’:ti,ab,kw,de OR ‘latadin pf’:ti,ab,kw,de OR ‘latalux’:ti,ab,kw,de OR ‘latan-ophtal’:ti,ab,kw,de OR ‘latanelb’:ti,ab,kw,de OR
‘lataniston”:ti,ab,kw,de OR ‘latano pos’:ti,ab,kw,de OR ‘latano vision”:ti,ab,kw,de OR ‘latano-vision’:ti,ab,kw,de OR ‘latanomed:ti,ab, kw,de
#17 OR ‘latanopos’:ti,ab,kw,de OR ‘latanostad’:ti,ab,kw,de OR ‘latanostill":ti,ab,kw,de OR ‘latanotears’:ti,ab,kw,de OR ‘latanovision”:ti,ab, kw,de
OR ‘latapres’:ti,ab,kw,de OR ‘latizolil’:ti,ab,kw,de OR ‘latop”:ti,ab,kw,de OR “louten’:ti,ab,kw,de OR ‘medizol”:ti,ab,kw,de OR ‘medizol
(latanoprost)”:ti,ab,kw,de OR ‘microprost’:ti,ab,kw,de OR ‘monopost’:ti,ab,kw,de OR “monoprost”:ti,ab,kw,de OR ‘nova 21027":ti,ab,kw,de
OR ‘nova21027":ti,ab,kw,de OR ‘ocusynt”:ti,ab,kw,de OR “oftastad:ti,ab,kw,de OR ‘optopress:ti,ab,kw,de OR “pharmaprost’:ti,ab,kw,de OR
‘pharmecol’:ti,ab,kw,de OR ‘polat 001":ti,ab,kw,de OR ‘polat001":ti,ab,kw,de OR ‘polprost”:ti,ab,kw,de OR “proxal (drug):ti,ab,kw,de OR
‘rozaprost mono':ti,ab,kw,de OR ’sifitan:ti,ab,kw,de OR “tonlit":ti,ab,kw,de OR “visobar’:ti,ab,kw,de OR “vlepolin’:ti,ab,kw,de OR
“xalmono’:ti,ab,kw,de OR ‘xaloptic”:ti,ab,kw,de OR “xaloptic free”:ti,ab,kw,de OR ‘xalost”:ti,ab,kw,de OR “xelor:ti,ab,kw,de OR
“xelpros’:ti,ab,kw,de OR ‘zakoprost’:ti,ab, kw,de
EMBASE #18 ‘travoprost’/exp
#19 ‘travoprost’:ti,ab,kw,de OR ‘travatan z’:ti,ab,kw,de OR ‘z, travatan’:ti,ab,kw,de OR ‘travatan’:ti,ab,kw,de OR ‘al-6221":ti,ab,kw,de OR ‘al
6221":ti,ab,kw,de OR “al6221":ti,ab,kw,de OR ‘fluprostenol isopropyl ester:ti,ab,kw,de OR ‘izba”:ti,ab,kw,de OR ‘travoprostin”:ti,ab,kw,de
#20 ‘bimatoprost’/exp
‘bimatoprost’:ti,ab,kw,de OR ‘latisse”:ti,ab,kw,de OR ‘lumigan’:ti,ab,kw,de OR ‘agn 192024":ti,ab,kw,de OR ‘192024, agn:ti,ab,kw,de OR
#21 P S
agn192024":ti,ab kw,de
#22 ‘tafluprost’/exp
43 “tafluprost’:ti,ab,kw,de OR “afp-168:ti,ab,kw,de OR “afp168:ti,ab,kw,de OR “de 085":ti,ab,kw,de OR ‘de085":ti,ab,kw,de OR
‘saflutan’:ti,ab,kw,de OR ‘taflotan’:ti,ab,kw,de OR ‘taflotan multi’:ti,ab,kw,de OR ‘tapros’:ti,ab,kw,de OR ‘zioptan’:ti,ab,kw,de
#24 ‘antihypertensive agent’/de
#25 ‘cloprostenol’/exp
‘cloprostenol’:ti,ab,kw,de OR ‘oestrophan’:ti,ab,kw,de OR ‘ici-80,966":ti,ab,kw,de OR “ici 80,966":ti,ab,kw,de OR “ici80,966":ti,ab,kw,de OR
46 ‘cloprostenol sodium’:ti,ab,kw,de OR ‘sodium, cloprostenol’:ti,ab,kw,de OR ‘cloprostenol monosodium salt’:ti,ab,kw,de OR ‘monosodium
salt, cloprostenol’:ti,ab,kw,de OR ‘salt, cloprostenol monosodium’:ti,ab,kw,de OR ‘estrumate”:ti,ab,kw,de OR ‘estrumat’:ti,ab,kw,de OR ‘ici
80996":ti,ab,kw,de OR “ici80996:ti,ab,kw,de OR ‘planate’:ti,ab,kw,de
2207mbine #12 OR #13 OR #14 OR #15 OR #16 OR #17 OR #18 OR #19 OR #20 OR #21 OR #22 OR #23 OR #24 OR #25 OR #26
#28
Combine #11 AND #27
#29 .
Limi #11 AND #27 AND [embase]/lim
imit
Table A3. Search terms and formula for Cochrane library.
DB Search Search Term/Search Formula
#1 [mh “Ocular Hypertension”]
“Ocular Hypertension”:ti,ab,kw OR “Hypertension, Ocular”:ti,ab,kw OR “Hypertensions, Ocular”:ti,ab,kw OR “Ocular
# Hypertensions”:ti,ab,kw OR “Glaucoma, Suspect”:ti,ab,kw OR “Glaucomas, Suspect”:ti,ab,kw OR “Suspect Glaucoma”:ti,ab,kw OR
“Suspect Glaucomas”:ti,ab,kw OR “intraocular hypertension”:ti,ab,kw OR “eye hypertension”:ti,ab,kw OR “hypertension, eye”:ti,ab,kw
OR “intraocular hypertensions”:ti,ab,kw OR “eye hypertensions”:ti,ab,kw OR “hypertensions, eye”:ti,ab,kw
#3 [mh “Glaucoma”]
#4 “Glaucoma”:ti,ab,kw OR “Glaucomas”:ti,ab,kw
Cochrane
library #5 [mh “Glaucoma, Open-Angle”]
“Glaucoma, Open-Angle”:ti,ab,kw OR “Open-Angle Glaucomas”:ti,ab,kw OR “Glaucoma, Compensated”:ti,ab,kw OR “Compensated
Glaucoma”:ti,ab,kw OR “Open-Angle Glaucoma”:ti,ab,kw OR “Glaucoma, Open Angle”:ti,ab,kw OR “Open Angle Glaucoma”:ti,ab,kw
OR “Open Angle Glaucomas”:ti,ab,kw OR “Glaucoma, Pigmentary”:ti,ab,kw OR “Pigmentary Glaucoma”:ti,ab,kw OR “Glaucoma,
#6 Simple”:ti,ab,kw OR “Simple Glaucoma”:ti,ab,kw OR “Glaucoma Simplex”:ti,ab,kw OR “Simplex, Glaucoma”:ti,ab,kw OR “Simplices,

Glaucoma”:ti,ab,kw OR “Glaucoma, Compensative”:ti,ab,kw OR “Compensative Glaucoma”:ti,ab,kw OR “Glaucoma, Primary Open
Angle”:ti,ab,kw OR “Primary Open Angle Glaucoma”:ti,ab,kw OR “Chronic Primary Open Angle Glaucoma”:ti,ab,kw OR “Secondary
Open Angle Glaucoma”:ti,ab,kw OR “Glaucoma, Secondary Open Angle”:ti,ab,kw OR “wide angle glaucoma”:ti,ab,kw
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Table A3. Cont.

DB Search Search Term/Search Formula
#7 [mh “Intraocular Pressure”]
“Intraocular Pressure”:ti,ab,kw OR “Intraocular Pressures”:ti,ab,kw OR “Pressure, Intraocular”:ti,ab,kw OR “Pressures,
Intraocular”:ti,ab,kw OR “Ocular Tension”:ti,ab,kw OR “Ocular Tensions”:ti,ab,kw OR “Tension, Ocular”:ti,ab,kw OR “Tensions,
4 Ocular”:ti,ab,kw OR “eye ball pressure”:ti,ab,kw OR “eye internal pressure”:ti,ab,kw OR “eye pressure”:ti,ab,kw OR “eye ball
pressures”:ti,ab,kw OR “eye internal pressures”:ti,ab,kw OR “eye pressures”:ti,ab,kw OR “eye tension”:ti,ab,kw OR “eye tensions”:ti,ab,kw
OR “eyeball pressure”:ti,ab,kw OR “intra ocular pressure”:ti,ab,kw OR “eyeball pressures”:ti,ab,kw OR “intra ocular pressures”:ti,ab,kw
OR “intraocular tension”:ti,ab,kw OR “ocular pressure”:ti,ab,kw OR “intraocular tensions”:ti,ab,kw OR “ocular pressures”:ti,ab,kw
#9 [mh “Low Tension Glaucoma”]
#10 “Low Tension Glaucoma”:ti,ab,kw OR “Glaucoma, Low Tension”:ti,ab,kw OR “Low Tension Glaucomas”:ti,ab,kw OR “Normal Tension
Glaucoma”:ti,ab,kw OR “Glaucoma, Normal Tension”:ti,ab,kw OR “Normal Tension Glaucomas”:ti,ab, kw
#11 . #1 OR #2 OR #3 OR #4 OR #5 OR #6 OR #7 OR #8 OR #9 OR #10
Combine
#12 [mh “Prostaglandins, Synthetic”]
“Prostaglandins, Synthetic”:ti,ab,kw OR “PG Analogs”:ti,ab,kw OR “Analogs, PG”:ti,ab,kw OR “Prostaglandin Analogues”:ti,ab,kw OR
“Analogues, Prostaglandin”:ti,ab,kw OR “Prostaglandin Analogs”:ti,ab,kw OR “Analogs, Prostaglandin”:ti,ab,kw OR “Synthetic
#13 Prostaglandins”:ti,ab,kw OR “prostaglandin analog”:ti,ab,kw OR “Prostaglandin analogue”:ti,ab,kw OR “prostaglandin eyedrop”:ti,ab,kw
OR “prostaglandin ophthalmic solution”:ti,ab,kw OR “topical prostaglandin”:ti,ab,kw OR “prostaglandin ophthalmic”:ti,ab,kw OR
“prostaglandin derivative”:ti,ab,kw OR “16, 16 dimethylprostaglandin”:ti,ab,kw OR “8 methylprostaglandin derivative”:ti,ab,kw OR
“dimethylprostaglandin”:ti,ab,kw OR “methylprostaglandin”:ti,ab,kw OR “prostaglandin 1”:ti,ab,kw
#14 [mh “Prostaglandins F, Synthetic”]
“Prostaglandins F, Synthetic”:ti,ab,kw OR “PGF Synthetic”:ti,ab,kw OR “Synthetic, PGF”:ti,ab,kw OR “Prostaglandin F
#15 Analogues”:ti,ab,kw OR “Analogues, Prostaglandin F”:ti,ab,kw OR “Prostaglandin F Analogs”:ti,ab,kw OR “Analogs, Prostaglandin
F”:ti,ab,kw OR “Synthetic Prostaglandins F”:ti,ab,kw OR “prostaglandin F”:ti,ab,kw OR “prostaglandins f”:ti,ab,kw
#16 [mh “Latanoprost”]
“Latanoprost”:ti,ab,kw OR “PhXA34":ti,ab,kw OR “PHXA41":ti,ab,kw OR “Xalatan”:ti,ab,kw OR “akistan”:ti,ab,kw OR
“arulatan”:ti,ab,kw OR “catioprost”:ti,ab,kw OR “de 130a”:ti,ab,kw OR “de130a”:ti,ab,kw OR “droplatan”:ti,ab,kw OR “droxal
(drug)”:ti,ab,kw OR “eylasol”:ti,ab,kw OR “gisolom”:ti,ab,kw OR “glaukodoc”:ti,ab,kw OR “iopize”:ti,ab,kw OR “jaskroptic”:ti,ab,kw OR
Cpchrane “jb 004”:ti,ab,kw OR “jb004":ti,ab,kw OR “lanotan”:ti,ab,kw OR “latacris”:ti,ab,kw OR “latadin”:ti,ab,kw OR “latadin pf”:ti,ab,kw OR
library “latalux”:ti,ab,kw OR “latan-ophtal”:ti,ab,kw OR “latanelb”:ti,ab,kw OR “lataniston”:ti,ab,kw OR “latano pos”:ti,ab,kw OR “latano
vision”:ti,ab,kw OR “latano-vision”:ti,ab,kw OR “latanomed”:ti,ab,kw OR “latanopos”:ti,ab,kw OR “latanostad”:ti,ab,kw OR
#17 “latanostill”:ti,ab,kw OR “latanotears”:ti,ab,kw OR “latanovision”:ti,ab,kw OR “latapres”:ti,ab,kw OR “latizolil”:ti,ab,kw OR
“latop”:ti,ab,kw OR “louten”:ti,ab,kw OR “medizol”:ti,ab,kw OR “medizol (latanoprost)”:ti,ab,kw OR “microprost”:ti,ab,kw OR
“monopost”:ti,ab,kw OR “monoprost”:ti,ab,kw OR “nova 21027":ti,ab,kw OR “nova21027":ti,ab,kw OR “ocusynt”:ti,ab,kw OR
“oftastad”:ti,ab,kw OR “optopress”:ti,ab,kw OR “pharmaprost”:ti,ab,kw OR “pharmecol”:ti,ab,kw OR “polat 001”:ti,ab,kw OR
“polat001”:ti,ab,kw OR “polprost”:ti,ab,kw OR “proxal (drug)”:ti,ab,kw OR “rozaprost mono”:ti,ab,kw OR “sifitan”:ti,ab,kw OR
“tonlit”:ti,ab,kw OR “visobar”:ti,ab,kw OR “vlepolin”:ti,ab,kw OR “xalmono”:ti,ab,kw OR “xaloptic”:ti,ab,kw OR “xaloptic free”:ti,ab,kw
OR “xalost”:ti,ab,kw OR “xelor”:ti,ab,kw OR “xelpros”:ti,ab,kw OR “zakoprost”:ti,ab,kw
#18 [mh “travoprost”]
#19 “Travoprost”:ti,ab,kw OR “Travatan Z”:ti,ab,kw OR “Z, Travatan”:ti,ab,kw OR “Travatan”:ti,ab,kw OR “AL-6221":ti,ab,kw OR “AL
6221":ti,ab,kw OR “AL6221":ti,ab,kw OR “fluprostenol isopropyl ester”:ti,ab,kw OR “izba”:ti,ab,kw OR “travoprostin”:ti,ab,kw
#20 [mh “Bimatoprost”]
#1 “Bimatoprost”:ti,ab,kw OR “Latisse”:ti,ab,kw OR “Lumigan”:ti,ab,kw OR “AGN 192024":ti,ab,kw OR “192024, AGN":ti,ab,kw OR
“agn192024":ti,ab,kw
#0 “tafluprost”:ti,ab,kw OR “AFP-168":ti,ab,kw OR “afp168~:ti,ab,kw OR “de 085”:ti,ab,kw OR “de085":ti,ab,kw OR “saflutan”:ti,ab,kw OR
“taflotan”:ti,ab,kw OR “taflotan multi”:ti,ab,kw OR “tapros”:ti,ab,kw OR “zioptan”:ti,ab,kw
#23 [mh “Antihypertensive Agents”]
#24 [mh “Cloprostenol”]
“Cloprostenol”:ti,ab,kw OR “Oestrophan”:ti,ab,kw OR “ICI-80,966":ti,ab,kw OR “ICI 80,966":ti,ab,kw OR “ICI80,966":ti,ab,kw OR
w5 “Cloprostenol Sodium”:ti,ab,kw OR “Sodium, Cloprostenol”:ti,ab,kw OR “Cloprostenol Monosodium Salt”:ti,ab,kw OR “Monosodium Salt,
Cloprostenol”:ti,ab,kw OR “Salt, Cloprostenol Monosodium”:ti,ab,kw OR “Estrumate”:ti,ab,kw OR “estrumat”:ti,ab,kw OR “ici
80996":ti,ab,kw OR “ici80996":ti,ab,kw OR “planate”:ti,ab,kw
ézoémbine #12 OR #13 OR #14 OR #15 OR #16 OR #17 OR #18 OR #19 OR #20 OR #21 OR #22 OR #23 OR #24 OR #25
#27

Combine

#11 AND #26
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Table A4. The result of methodological quality assessment by McHarm tool.

2008 2009 2009 2013 2013 2020 2021 2015
Elements 2001 Lass Brandt Schlote Hatanaka 2012 Park Panos Viswanathan Johny Gunes 2021 Park Sorkhabi
1 Y Y Y Y Y Y Y Y Y Y Y
2 N N Y N N Y N N N N N
3 8] Y 8] 8] 8] 8] 8] N Y N Y
4 Y Y U U 18] U U 18] U U U
5 Y Y Y Y Y Y Y Y Y Y Y
6 Y Y Y Y Y Y Y Y Y Y Y
7 Y N Y N N N N N N Y N
8 N N Y N N Y Y N N N N
9 Y Y N Y Y Y Y Y Y Y Y
Element: H2206 ~ 2008 2008 Sen 2011 2012 2013 2015 2017 2020 2021 Scott 2011
ements arasy Arcieri © Zhong Sawada Tsikripis Cavdarli Meda Wisely 0 Altan
mowycz
1 Y Y Y Y Y Y Y Y Y Y Y
2 N N N N N N N N N N N
3 Y Y Y Y Y Y 8] Y N N Y
4 Y U U U U 8] 8] Y 8] 8] 8]
5 Y Y Y Y Y Y Y Y Y Y Y
6 Y Y Y Y Y Y Y Y Y Y Y
7 Y N Y N N Y Y Y Y N N
8 N N N N N N N N N N N
9 Y Y Y Y Y Y Y Y U Y Y
Y (Yes), N (No), U (Unsure). Severe event: more than 25 pm decrease in CCT. Selected McHarm elements are
listed: (1) Were the harms PRE-DEFINED using standardized or precise definitions? (2) Were SEVERE events
precisely defined? (3) Did the study specify WHO collected the harms? (4) Did the study specify the TRAINING
or BACKGROUND of who ascertained the harms? (5) Did the study specify the TIMING and FREQUENCY of
collection of the harms? (6) Did the author(s) use STANDARD scale(s) or checklist(s) for harms collection? (7) Was
the NUMBER of participants that withdrew or were lost to follow-up specified for each study group? (8) Was the
TOTAL NUMBER of participants affected by harms specified for each study arm? (9) Did the author(s) specify the
type of analyses undertaken for harms data?
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Figure A1. Funnel plot for publication bias for 22 prospective studies.
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