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ABBREVIATIONS 40 

AICc = Akaike’s information criterion corrected; ES = effect size; IOP = intraocular pressure; NMA = 41 

network meta-analysis; OAG = open-angle glaucoma; OHT = ocular hypertension; PRISMA = Preferred 42 

Reporting Items for Systematic Reviews and Meta-Analyses; RCTs = randomized clinical trials; ROB = 43 

risk of bias; SIDE = Separating Indirect from Direct Evidence   44 
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ABSTRACT  45 

Topic: The placebo effect, and its potential determinants, in ocular hypotensive therapy. 46 

Clinical Relevance: The placebo effect has been studied and documented within a wide clinical context. 47 

It remains unclear whether placebo is effective in glaucoma treatment or, if so, which factors are 48 

determinative of effect size.  49 

Methods: Randomized controlled trials (RCTs) of topical ocular hypotensive therapy for patients with 50 

open-angle glaucoma (OAG) or ocular hypertension (OHT), conducted until June 2, 2022, were 51 

included. First, a perceived placebo effect was measured as the overall intraocular pressure (IOP; 52 

mmHg) change from the baseline. It was evaluated in terms of the effect size (ES; mean difference 53 

between the baseline and the endpoint) and then was compared with the ES as obtained from the 54 

untreated control in order to obtain true placebo effect. The primary outcome was ES based on four 55 

weeks of treatment. Meta-analysis-based statistical pooling was performed where appropriate, and 56 

95% CIs were used for comparison. Potential placebo effect determinants were scrutinized using a 57 

multiple meta-regression model (PROSPERO: CRD42022348098).  58 

Results: A total of 40 RCTs (7,829 eyes) with 33 placebo groups (2,055 eyes) along with 7 untreated 59 

groups (1,184 eyes) were included. Placebo was determined to be effective in lowering IOP (ES –1.30 60 

mmHg, 95% CI, –1.75 to –0.84). This effect was superior to the effect calculated for the untreated 61 

controls by –2.27 mmHg (95% CI, –3.52 to –1.01). According to the multiple meta-regression model, 62 

the active treatment ES was a significant factor to prediction the amount of placebo effect. Placebo 63 

additionally lowered IOP by –0.45 mmHg per –1 mmHg of active treatment effect. Add-on study design 64 

and larger sample size were also associated with greater amount of placebo effect. No publication bias 65 

was evident in either a funnel plot or the Begg and Mazumbar adjusted rank correlation test result 66 

(P=0.24). 67 

Conclusion: This meta-analysis indicates that placebo is effective in lowering IOP and is superior to the 68 

effect observed for the untreated controls. However, caution is required in interpreting the results, 69 

due to the small number of untreated-controlled trials and potential bias from the lack of direct 70 

comparison between the placebo and untreated arms.  71 
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INTRODUCTION 72 

The placebo effect is the beneficial consequence of patients’ positive expectation of their health 73 

status.1 Variations in the ways and extents to which patients trust treatments and experience their 74 

symptoms are the main causative factors for the placebo effect; therefore, subjective health 75 

assessments generally are susceptible to such an effect.2 However, there is mounting evidence that 76 

the placebo effect is manifested not only in subjective but also objective measures. Kirchhof et al. 77 

showed that the placebo effect can induce an immunosuppressive response, which is to say, reduced 78 

T-cell proliferation, in renal transplantation patients.3 Also, Kemeny et al. demonstrated that 79 

employment of a placebo bronchodilator reduced bronchial hyperreactivity in patients with asthma.4  80 

Glaucoma treatment currently is based on lowering of intraocular pressure (IOP), which is the 81 

only proven method to slow disease progression.5 Thus, the importance of robust evidence on the 82 

efficacy as well as safety of IOP-lowering agents has been emphasized. Although randomized 83 

controlled trials (RCTs) with a standard treatment (e.g., timolol in glaucoma RCTs) instead of a placebo 84 

as a control (i.e., reference) have been widely conducted due to ethical concerns, use of a placebo 85 

group nonetheless is known as the most rigorous standard for evaluation of novel medical therapy 86 

efficacy.6 Nevertheless, the placebo effect in IOP-lowering medications has not been quantified, 87 

meaning that objective and non-biased conclusions on the effectiveness of ocular hypotensive therapy 88 

for glaucoma have remained elusive. Placebo effect-size estimation may also impact upon clinical trials’ 89 

sample-size calculations as well as health economics.6  90 

Most studies have defined the placebo effect as a change from baseline, though 91 

distinguishing this change from the natural fluctuation of disease or regression to the mean is 92 

difficult.7-9 This fact complicates placebo effect measurement, rendering it even more challenging. 93 

Direct comparison of the effects of active treatment, placebo and no-treatment could overcome this 94 

obstacle. And whereas RCTs typically focus on 1-at-a-time pairwise comparisons, network meta-95 

analysis (NMA), an extended version of standard pairwise meta-analysis, enables the comparison of 96 

treatments that have never been subjected to direct comparison.10, 11 Thus motivated, we conducted 97 

(1) a conventional meta-analysis, (2) an NMA and (3) a multiple meta-regression analysis in order to 98 
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determine [1] the clinical effects of placebo in lowering IOP, [2] the extent of IOP change as a placebo 99 

effect relative to the effect observed in an untreated control, and [3] the possible factors impacting on 100 

the effect of a placebo.   101 
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METHODS 102 

The current study was conducted in compliance with the Declaration of Helsinki. Because no human 103 

subjects were included, this study was considered exempt by the institutional review board. Individual 104 

patient-level consent was not required. This study was conducted in accordance with the Preferred 105 

Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA).12 The study protocol was 106 

prospectively registered with an online open-access systematic-review-protocol database (PROSPERO; 107 

no. CRD42022348098). 108 

 109 

Inclusion and Exclusion Criteria 110 

RCTs meeting all of the following criteria were included in the present analyses: (1) open-angle 111 

glaucoma (OAG), ocular hypertension (OHT) had been included in the study population; (2) at least 112 

one type of IOP-lowering ocular hypotensive eye drop had been used as a treatment group; (3) 113 

placebo-controlled trials, or trials with an untreated control group as a comparator, had been 114 

conducted; (4) the treatment duration had been at least four weeks; (5) IOP had been reported as an 115 

outcome variable.  116 

The following were the exclusion criteria: (1) studies had not been conducted with adult humans; 117 

(2) studies had entailed narrative or systematic reviews, commentaries or case reports; (3) studies had 118 

involved either secondary or angle-closure glaucoma; (4) studies had used glaucoma medications 119 

without approval from the United States Food and Drug Administration (either FDA or USFDA) or those 120 

that had not been intended for lowering of IOP, (5) studies had compared two active drugs but also 121 

used a placebo drug for matching of the number of instillation frequencies.  122 

 123 

Literature Search 124 

A systematic literature search was performed on June 2, 2022 using PubMed, EMBAS, Scopus, the 125 

Cochrane search engine, the World Health Organization International Clinical Trials Registry Platform, 126 

and Clinical-Trials.gov. Development of our search strategies was carried out with the assistance of an 127 

academic librarian who had expertise in systematic review, and were based on established terminology 128 

that included Medical Subject Headings as well as EMBASE search terms. The keywords were 129 
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combinations of glaucoma, open-angle glaucoma, ocular hypertension, treatment, placebo, untreated 130 

control, and RCT. We hand-searched reference lists of published articles to find additional relevant 131 

studies. Two reviewers (S.C. and W.C.) searched the literature independently and performed further 132 

cross-checking of the reference lists. The full search strategies are available in Appendix 1 (available at 133 

www.aaojournal.org). 134 

 135 

Study Selection  136 

To identify relevant articles, the titles and abstracts of retrieved papers were exported to Endnote 137 

(version X9; Thomson Reuters), where duplicates were removed. Then, two investigators (S.C. and W.C.) 138 

assessed titles and abstracts independently for eligibility and retrieved the corresponding full-text 139 

articles in such cases. The same 2 investigators then independently assessed those articles for final 140 

eligibility. Any inconsistencies were resolved by discussion/consensus or were adjudicated by a third 141 

investigator (Y.K.K.). 142 

 143 

Data Extraction  144 

The following data were extracted from each study: name of first author; year of study commencement; 145 

publication year; geographic area; types of treatment drug; types of placebo drug; types of glaucoma; 146 

study sponsors (industry or public); study settings (multicenter or single center); study analysis 147 

protocol (intention-to-treat or per-protocol); study blinding; sample size (treatment, placebo and 148 

untreated control); age; sex (male, female); follow-up duration; IOP (mmHg) at baseline and targeted 149 

period (4 weeks after treatment); average IOP changes during the entire follow-up period.  150 

 We extracted means and standard deviations for continuous outcomes. If standard deviations 151 

had not been provided, we calculated them based on standard errors, confidence intervals (CIs) or 152 

other measures.13-15 In papers representing results only graphically, we extracted the graphs’ numerical 153 

values using Adobe Acrobat’s XI measuring tool (Adobe Systems Incorporated).16, 17 In cases where 154 

data were unavailable, we supplied it from other studies that had the same cohort or population 155 

source, or we calculated it manually where possible. Data were extracted independently and in a 156 

masked manner by two investigators (S.C and W.C.) and were entered into Microsoft Access 2016 157 

(Microsoft Corporation, Redmond, WA, USA) in electronic format. Conflicting data entries were 158 
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identified by algorithm. 159 

 160 

Primary Outcome  161 

We used, as our primary outcome, mean IOP change from the baseline following the 4-week treatment. 162 

For all of the comparisons, a negative value was taken as the sign that the mean IOP had been lowered 163 

after the intervention. The perceived placebo effect was determined as the effect size (ES: mean 164 

difference [MD] between baseline and endpoint), which was compared with the ES that had been 165 

obtained from an untreated control group or active treatment group. We repeated the NMA for 166 

average change in IOP over the entire follow-up, taking into account the longer-term alterations in IOP 167 

as a sensitivity analysis. 168 

 169 

Quality Assessment  170 

We assessed study quality by the revised tool used to assess risk of bias (ROB) in randomized trials 171 

(RoB 2).18 The following five bias domains were evaluated: (1) randomization processes, (2) deviations 172 

from intended interventions, (3) missing outcome data, (4) measurement of the outcome, and (5) 173 

selection of the reported result for parallel study design. For cross-over study designs, bias incurred 174 

from “period and carryover effects” was additionally assessed. Each domain was graded as either low 175 

ROB, some concerns, or high ROB.  176 

 177 

Statistical Models for Meta-Analysis 178 

Study-specific ESs were combined so as to estimate the pooled ES (with 95% CI) based on a random 179 

effects model. Inter-study heterogeneity was quantified using the I2 statistic representative of the 180 

percentage of inter-study variation attributable to heterogeneity. To determine the source of between-181 

study heterogeneity that might have made an ES estimate less precise, we performed subgroup 182 

analyses by random effects model for between-subgroup differences.19 We looked at subgroups 183 

differing by any of 7 potential sources: (1) type of active treatment, (2) type of placebo, (3) type of 184 

glaucoma, (4) study setting (i.e., multicenter or single center), (5) type of sponsor, (6) geographic area, 185 

and (7) whether the study follows an add-on design, which involves evaluating the impact of an 186 

additional drug when administered alongside an existing medication.  187 
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In order to compare the pooled ES (with 95% CI) between the placebo group and an untreated 188 

control group, NMA was performed using the active treatment group as a link. The treatment groups 189 

were classified according to the active ingredient of each drug (i.e., beta-blockers, carbonic anhydrase 190 

inhibitors, prostaglandin analogues, and alpha-adrenergic agonists), and when a mixture of various 191 

ingredients was used, or when laser treatment was added, the relevant treatment groups were 192 

classified as "Others". 193 

Cross-study heterogeneity of effect estimates as well as study heterogeneity effects on pooled ES 194 

of the NMA was assessed using, respectively, Q statistics and I2 statistic.20, 21 Inconsistency (i.e., 195 

nonagreement between direct/indirect intervention effects)10 was evaluated using Separating Indirect 196 

from Direct Evidence (SIDE) and the back-calculation method (i.e., node-splitting).22 For assessment of 197 

the confidence of NMA estimates, we used a semiautomated web application (Confidence in Network 198 

Meta-analysis; Institute of Social and Preventive Medicine).23, 24 199 

Meta-regression determines if any linear association exists between variables and a comparative 200 

treatment effect, as well as the direction of that association.25 The statistical models for meta-201 

regression that were employed are provided in Appendix 2 (available at www.aaojournal.org), and the 202 

definitions for the covariates included in the meta-regression are provided in Table S1 (available at 203 

www.aaojournal.org). All of the 95% CIs and P-values were two-sided, and P < 0.05 was considered to 204 

represent statistical significance. All statistical analyses were performed with R 4.0.4 software (The R 205 

Foundation for Statistical Computing). 206 

Publication bias was evaluated graphically, by funnel plot,26 and quantitative assessment of 207 

publication bias was conducted by the Begg and Mazumbar adjusted rank correlation test, which 208 

evaluates funnel plot asymmetry by examining the correlation between the ESs and their variances.27   209 
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RESULTS  210 

Study Selection and Appraisal 211 

A total of 3,788 studies were retrieved from the systematic research. After removal of duplications and 212 

reading of the abstracts, 226 studies remained. After a thorough full-text review, 40 trials (7,829 eyes 213 

in total) meeting the inclusion and exclusion criteria were selected (Figure 1; references to these RCTs 214 

are presented in Appendix 3, available at www.aaojournal.org). These included 37 trials of parallel 215 

design and 3 trials of cross-over design. In total, 33 placebo groups (2,055 eyes) and 7 untreated 216 

controls (1,184 eyes) were available for our final analyses.  217 

Among the 33 placebo-controlled trials, 16 (48%) used vehicle as the placebo, while others used 218 

non-vehicle or eye drops of unknown type. Twenty-four (24) trials were of multicenter design. Eleven 219 

(11) trials used beta-blockers, 9 used carbonic anhydrase inhibitors, 7 used prostaglandin analogues, 220 

and 5 used alpha adrenergic agonists, as the active treatment. Fourteen (14) trials had enrolled both 221 

OAG and OHT patients, while 14 and 11 had enrolled OAG and OHT, respectively. Twenty-two (22) trials 222 

had been conducted in North America, 9 in Europe, 3 in Asia, and 3 on more than one continent. Five 223 

(5) trials compared the additional IOP-lowering effect of a treatment drug with placebo drug as an 224 

adjunctive therapy. The characteristics of the included trials are shown in Table 2, and the data for the 225 

IOP changes between the baseline and the endpoint are provided in Table 3.  226 

Most of the trials that were included in this analysis were evaluated as moderate ROB (Appendix 227 

4, available at www.aaojournal.org). Two trials that were assessed as high ROB had an issue with 228 

deviations from the intended interventions.28, 29 Detailed measures taken to minimize the regression 229 

to the mean effect in each study are presented in Table S4 (available at www.aaojournal.org). We 230 

found no conclusive evidence of any systemic difference between the placebo- and untreated-231 

controlled trials. 232 

 233 

Perceived Efficacy of Placebo  234 

Among the 33 placebo-controlled trials, the ES for IOP lowering was –1.30 mmHg (95% CI, –1.75 mmHg 235 

to –0.84 mmHg; Figure 2). Meanwhile, the ES for IOP lowering was -0.16 mmHg (95% CI, –0.31 mmHg 236 

to –0.01 mmHg; Figure S3 available at www.aaojournal.org) among the 7 RCTs with untreated control.  237 
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The size of the box representing the point estimate for each study in the forest plot is in proportion to 238 

the contribution of that study’s weight estimate to the summary estimate. The colors of the boxes 239 

indicate the following: blue (significant decrease in IOP), green (non-significant), and orange 240 

(significant increase in IOP). The horizontal lines indicate the 95% CIs. The diamond denotes the pooled 241 

effect, and the lateral tips of the diamond indicate the associated CIs. The drapery plot in Figure S4 242 

(available at www.aaojournal.org) shows the different meta-analytic results by P value functions (P 243 

value = 0.1, 0.05 and 0.01). 244 

In subgroup analyses, the geographic area of the trials had a significant effect on between-study 245 

heterogeneity (Q = 0.74, P = 0.040). The ES in Asian trials was the greatest (-2.09; 95% CI, -2.81 to -246 

1.37), followed by European (-1.38; 95% CI, -2.01 to -0.75) and North American (-1.09; 95% CI, -1.83 247 

to -0.35) trials. The remaining 6 potential sources of heterogeneity (i.e., type of active treatment, type 248 

of placebo, type of glaucoma, study setting, type of sponsor, and study design) did not show any 249 

significant effect on between-study heterogeneity (Table S5, available at www.aaojournal.org). 250 

 251 

Placebo Effect over Untreated Control  252 

The NMA compared the pooled ES of the placebo group to that of the untreated control group. Figure 253 

5 shows a network plot of eligible studies (7 arms of 40 trials, with 40 pairwise comparisons). The ES 254 

in the placebo group was significantly greater than the ES observed in the untreated controls by –2.27 255 

mmHg (95% CI, –3.52 to –1.01; Figure 6). A net league table showing head-to-head comparisons is 256 

provided in the form of Table S6 (available at www.aaojournal.org).  257 

In the NMA model, the between-design inconsistency was not significant (P = 0.404), and the Q 258 

value was low (Q = 0.70) when assuming a full design-by-treatment random-effects model (Table S7, 259 

available at www.aaojournal.org). There was no significant inconsistency between the direct and 260 

indirect evidence (all P values > 0.05; Table S8 [available at www.aaojournal.org]).  261 

  262 

Determinants of Placebo Effect  263 

To determine the predictors of the placebo effect, multiple meta-regression analyses were performed, 264 

applying the 10 covariates described in Table S1 (available at www.aaojournal.org). The best-fitted 265 

model was the combination of active treatment effect, study design, participant number, and active 266 
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drug type (Akaike’s information criterion corrected [AICc] = 98.7). The model-averaged predictor 267 

importance plot displays the averaged importance of each predictor across all of the models (Figure 268 

S7, available at www.aaojournal.org). Active treatment (model importance = 1.00) was the most 269 

important predictor, followed by study design (model importance = 0.95) and number of participants 270 

(model importance = 0.81). 271 

The meta-regression model showed that the placebo effect increased significantly with increased 272 

ES from active treatment (P = 0.01). Specifically, placebo additionally lowered IOP –0.45 mmHg per –1 273 

mmHg of active treatment effect. The bubble plot in Figure S8 (available at www.aaojournal.org) 274 

shows a positive association between the placebo group ESs and the active treatment effect 275 

(estimated amount of residual heterogeneity τ2
unexplained = 1.26, R2 = 20.6%). 276 

 277 

Sensitivity Analyses 278 

We noted that the conclusions on the primary outcome were not altered substantially after accounting 279 

for the longer-term IOP changes. The data for the average IOP change over the entire follow-up period 280 

are provided in Table S9 (available at www.aaojournal.org). The ES in the placebo group was 281 

significantly greater than that observed in the untreated controls, by –1.99 mmHg (95% CI, –3.03 to –282 

0.94; Figure S9). A net league table showing head-to-head comparisons is provided in Table S10 283 

(available at www.aaojournal.org). The results for assessment of network heterogeneity and 284 

consistency are depicted in Tables S11-S12 (available at www.aaojournal.org). 285 

 286 

Publication Bias  287 

Figure 10 is a funnel plot depicting publication bias. The studies included in the analysis show 288 

symmetric patterns that may not be indicative of publication bias. Likewise, there was no evidence of 289 

publication bias by Begg and Mazumbar adjusted rank correlation test (T = 1.20, P = 0.24).  290 
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DISCUSSION 291 

Although there is a large literature on placebo effects, the present study is the first to systematically 292 

analyze published data on the effect of placebo in ocular hypotensive therapy. For lowering of IOP, 293 

there are a variety of pharmacological treatment options (beta-blockers, carbonic anhydrase inhibitors, 294 

prostaglandin analogues, alpha-adrenergic agonists), most of which have been tested formally via 295 

randomized placebo-controlled trial. Thus, this meta-analysis was an excellent opportunity to explore 296 

the placebo effect with its determinants and to compare its magnitude relative to active or no-297 

treatment in ocular hypotensive therapy. There are three key findings: (1) placebo is effective for 298 

lowering of IOP; (2) the effect is superior to non-treatment, and (3) the major determinants of its IOP-299 

lowering effect are the strength of active treatment, whether the study followed an add-on design, 300 

and sample size. 301 

 Demonstrating placebo efficacy is logically parallel to demonstrating drug efficacy. Just as a 302 

patient’s improvement after taking a drug does not prove that drug’s efficacy, the same is true for 303 

placebo administration.30 In order to determine the true placebo effect, therefore, other non-specific 304 

effects such as natural disease remission, regression to the mean, and other, time-dependent variables 305 

should be identified, and this can be accomplished by inclusion of an untreated control group in clinical 306 

trials.9 In the present study, the important comparison between placebo and non-treatment in NMA 307 

showed placebo to have been superior to the untreated control (by –2.27 mmHg). This finding 308 

supports the hypothesis that placebo can have a true clinical effect in ocular hypotensive therapy.  309 

 Subjective assessments generally are considered to be more prone than objective ones to the 310 

placebo effect, and this is reflected in the exceptionally high positive placebo response rates seen in 311 

pain and psychiatric disorder studies.31, 32 Since molecular events and neural network changes that 312 

underly placebo effects are mediated by expectancies or anticipated future outcomes, psychological 313 

variables are more likely to be affected by placebo effects. Expectancies and placebo effects, however, 314 

are not limited to subjective outcomes. In Parkinson’s disease for example, placebo-induced release 315 

of endogenous dopamine along with associated neuronal changes have been well documented.33, 34 A 316 
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blood pressure experiment of crossover design noted significant effects after placebo treatment of 1-317 

month duration.35 In this study, clinic and ambulatory blood pressures during the no-treatment period 318 

did not differ from the baseline, indicating that the objective outcome changes after placebo 319 

administration had been due to an actual placebo effect.  320 

 Placebo effects are associated with the release of dopamine,34, 36 endogenous opioids,37, 38 321 

endocannabinoids,39 oxytocin,40 and vasopressin.41 Dopamine is the predominant neurotransmitter for 322 

the retina,42 and the role of dopaminergic system in IOP regulation has been studied. Dopamine has 323 

been shown to result in dose-dependent decrease of IOP in both rabbits and mice.43, 44 The mechanism 324 

of action entails dose-dependent and parallel dopamine-induced changes in ciliary blood flow and 325 

aqueous production.45 Opioids also have an IOP-lowering property.46 The mechanism by which opioids 326 

reduce IOP involves the central diencephalic control centers via relaxation of the ocular muscles and 327 

the facilitation or inhibition of aqueous humor drainage and production.47 It has been suggested that 328 

the nitric-oxide-releasing activity of the µ3 opioid receptor subtype may mediate this process.48 329 

Certainly, the underlying molecular mechanisms associated with the placebo effects of ocular 330 

hypotensive therapy should be further investigated.  331 

 In our results, ES of placebo increased in line with the ES of active treatment and also in add-332 

on design studies. Participants in a trial of a more effective drug may have greater expectations about 333 

the effect, which may lead to a greater placebo effect. In add-on design RCTs measuring additive effect, 334 

participants are aware that they will receive at least one active treatment, which fact reduces 335 

uncertainty about drug efficacy, thereby leading potentially to a greater placebo effect. Additionally, 336 

the number of study participants was positively correlated with the placebo effect, as is consistent 337 

with a former study investigating the determinants of placebo effect.7 This could have been due to the 338 

need for larger sample sizes to demonstrate statistical differences between placebo and active 339 

treatment groups in cases of a larger placebo effect. 340 

 The current study has several limitations that should be considered when interpreting its 341 

results. First, the degree of blinding remains a challenge in investigations of true placebo effect. In RCTs, 342 
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patients typically are informed that they will receive either the real treatment or a placebo. This leads 343 

to uncertainty among patients regarding what they actually received. The effects of placebo are 344 

significantly affected by patients’ beliefs and expectations respecting treatment.49 Thus, placebo 345 

effects in double-blind placebo-controlled trials are likely to be reduced relative to the effects of 346 

placebo treatment in clinical practice. Second, a relatively small number of studies included an 347 

untreated control arm, and none were specifically designed to address the comparison with placebo. 348 

Indirect comparisons are more at risk of bias than are direct ones. Although we conducted thorough 349 

examinations to determine whether there were any systematic differences between the placebo and 350 

untreated groups in attempts to mitigate the effects of regression to the mean, the results should be 351 

interpreted with caution. Third, the effects of placebo on glaucoma progression could not be 352 

investigated since the data were insufficiently granular for meaningful analyses. Given that the 353 

ultimate goal of IOP lowering is halting of glaucoma deterioration, there remains a specific need for 354 

information on how placebo treatment might affect structural and functional glaucoma-related 355 

parameters. Fourth, like many meta-analyses, we used study-level variables in our regression analysis, 356 

and so the analytical sensitivity may be lower than optimal. There might be many other, more 357 

important factors affecting the placebo ES that were not measured or considered in the current study.  358 

 In conclusion, this meta-analysis suggests that placebo is clinically effective for lowering of 359 

IOP in eyes with glaucoma or OHT. The amount of placebo effect was influenced by the effect of the 360 

strength of active treatment, whether the study followed an add-on design, and the sample size. This 361 

fact should be considered when evaluating the efficacy of proposed IOP-lowering medication as well 362 

as in health-economics analyses and sample-size calculations.  363 
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FIGURE LEGENDS 462 

Figure 1. Flow Diagram Showing Selection Process for Inclusion of Studies in Analysis  463 

 464 

Figure 2. Forest Plot of Intraocular Pressure-Lowering Effect of Placebo  465 

The size of the box representing the point estimate for each study in the forest plot is in proportion to 466 

the contribution of that study’s weight estimate to the summary estimate. The colors of the boxes 467 

indicate the following: blue (significant decrease in IOP), green (non-significant), and orange 468 

(significant increase in IOP). The horizontal lines indicate the 95% CIs. The diamond denotes the pooled 469 

effect, and the lateral tips of the diamond indicate the associated CIs. MD = mean difference; CI = 470 

confidence interval  471 

 472 

Figure 5. Network Map for Network Meta-Analysis  473 

The node size corresponds to the number of participants assigned to each treatment. Treatments with 474 

direct comparisons are linked with a line. The line thickness corresponds to the number of trials 475 

evaluating the comparison. 476 

 477 

Figure 6. Forest Plot for Network Meta-Analysis  478 

The size of the box representing the point estimate for each study in the forest plot is in proportion to 479 

the contribution of that study’s weight estimate to the summary estimate. Blue boxes indicate the IOP-480 

lowering effect with statistical significance, and orange boxes indicate elevated IOP with statistical 481 

significance. The horizontal lines indicate the 95% CIs. MD = mean difference; CI = confidence interval 482 

 483 

Figure 10. Funnel Plots 484 

Funnel plots for (A) placebo-controlled and (B) untreated-controlled trials. The funnel plots show the 485 

effect size of each study (expressed as the mean difference) on the x-axis, and the standard error (from 486 

large to small) on the y-axis. To facilitate interpretation, the plots include the idealized funnel-shape 487 

one would expect the studies to follow. The vertical line in the middle of the funnel shows the average 488 

effect size. 489 
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Table 2. Characteristics of Studies Included in Meta-analysis  

Ref 
ID 

Study 
Sample 
Size (n) 

Type of 
Glaucoma 

Age 
(yrs) 

Sex (% 
Female) 

Follow-
up 

(mon) 
Active Drug Placebo  Type of RCT Study Setting 

Study 
Sponsor 

Geographic 
Area  

Add-on 
Study 
Design 

Study 
Blinding 

Placebo Group              

1 
Feghali et al.,  
1985 

19 OAG, OHT 
55.5 

(14.3) 
36.8 1.5 Betaxolol NR 

Parallel-designed 
RCT 

NR 
Pharma 

company 
North 

America 
No Yes 

2 
Kass et al.,  
1989 

124 OHT 
58.2 
(8.4) 

61.3 60 Timolol Diluent 
Parallel-designed 

RCT 
Multi center 

Pharma 
company 

North 
America 

No Yes 

3 
Alm et al.,  
1993 

60 OAG NR NR 1 Latanoprost NR 
Parallel-designed 

RCT 
Multi center 

Pharma 
company 

NR No Yes 

4 
Wilkerson et al., 
1993 

48 OAG, OHT 
62.6 
(NR) 

52.1 1 Dorzolamide Vehicle 
Parallel-designed 

RCT 
Multi center NR 

North 
America 

No Yes 

5 
Robin et al.,  
1995 

174 OAG 
64.5 
(NR) 

55.2 3 Apraclonidine Vehicle 
Parallel-designed 

RCT 
Multi center 

Pharma 
company 

North 
America 

Yes Yes 

6 
Schwartz et al.,  
1995 

37 OHT 
60.1 
(3.3) 

48.6 18 Timolol NR 
Parallel-designed 

RCT 
Single center 

Pharma 
company 

North 
America 

No Yes 

7 
Strahlman et al.,  
1996a 

333 OAG, OHT 
60.5 

(11.7) 
52.3 1.5 Dorzolamide Vehicle 

Parallel-designed 
RCT 

Multi center 
Pharma 

company 
Mixed No Yes 

8 
Strahlman et al.,  
1996b 

246 OAG, OHT 
60.2 

(10.7) 
48.4 6 Dorzolamide Vehicle 

Parallel-designed 
RCT 

Multi center 
Pharma 

company 
North 

America 
Yes Yes 

9 
Derick et al.,  
1997 

186 OAG, OHT 
58.9 

(12.7) 
49.5 1 Brimonidine Vehicle 

Parallel-designed 
RCT 

Multi center 
Pharma 

company 
North 

America 
No Yes 

10 
FDA trial (c-97-40),  
1999 

256 OAG, OHT 
65.9 

(10.7) 
55.9 1 

Betaxolol 
Timolol 

Levobetaxolol 
Vehicle 

Parallel-designed 
RCT 

Multi center NR NR No Yes 

11 
Harris et al.,  
1999 

29 OAG, OHT NR NR 1 Dorzolamide NR 
Parallel-designed 

RCT 
NR 

Public 
grant 

North 
America 

No Yes 

12 
Netland et al.,  
1999 

24 OHT 60 (13) 83.3 1 Timolol Vehicle 
Cross over-

designed RCT 
NR 

Pharma 
company 

North 
America 

No Yes 

13 
Toris et al.,  
1999 

56 OHT 
53.6 

(12.4) 
75 1 Brimonidine Vehicle 

Parallel-designed 
RCT 

Single center NR 
North 

America 
No Yes 

14 
Carlsson et al.,  
2000 

31 OHT 
56.1 

(13.7) 
NR 2 Brimonidine Saline 

Parallel-designed 
RCT 

Single center 
Pharma 

company 
North 

America 
No Yes 

15 
Sall et al.,  
2000 

409 OAG 
62.9 

(12.8) 
54.5 3 

Brinzolamide 
Dorzolamide 

Vehicle 
Parallel-designed 

RCT 
Multi center 

Pharma 
company 

North 
America 

No Yes 

16 
Shin et al.,  
2000 

108 OAG 
61.8 

(12.6) 
53.7 3 Brinzolamide NR 

Parallel-designed 
RCT 

Multi center 
Pharma 

company 
North 

America 
Yes Yes 

17 
Heijl and Bengtsson 
2000/2001 

90 OHT 
62.8 
(NR) 

59.1 120 Timolol NR 
Parallel-designed 

RCT 
Single center 

Pharma 
company 

Europe No Yes 

18 
Stewart et al.,  
2001 

41 OAG 
61.1 

(11.4) 
68.3 2 Unoprostone Hypotears 

Parallel-designed 
RCT 

Single center 
Pharma 

company 
North 

America 
Yes Yes 

19 
Bergstrand et al., 
2002 

87 OAG 
73 

(NR) 
NR 1.5 Dorzolamide NR 

Parallel-designed 
RCT 

Multi center 
Pharma 

company 
Europe No Yes 

20 
Gandolfi et al.,  
2003 

32 NTG 61 (10) 37.5 1 Brimonidine NR 
Cross over-

designed RCT 
Single center NR Europe No No 

21 
Kamal et al.,  
2003 

356 OHT 
65.7 
(9.6) 

20.5 60 Betaxolol NR 
Parallel-designed 

RCT 
Single center 

Pharma 
company 

Europe No Yes 
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22 
Toris et al.,  
2004 

58 OAG, OHT 
57.7 
(2.0) 

69 1 Unoprostone Vehicle 
Parallel-designed 

RCT 
NR 

Pharma 
company 

North 
America 

No Yes 

23 
Arcieri et al.,  
2005 

80 OAG, OHT 
66.1 

(13.7) 
46.3 6 

Unoprostone  
Bimatoprost  
Latanoprost  
Travoprost 

Lubricant 
drop 

Parallel-designed 
RCT 

Multi center 
Pharma 

company 
Others No No 

24 
Miglior et al.,  
2005 

1077 OHT 
57.0 

(10.3) 
54.4 60 Dorzolamide Vehicle 

Parallel-designed 
RCT 

Multi center 
Pharma 

company 
Europe No Yes 

25 
Harris et al.,  
2009 

12 Healthy 27 (6) 50 1 Latanoprost 
Artificial 

tears 
Cross over-

designed RCT 
Single center 

Public 
grant 

North 
America 

No Yes 

26 
Craven et al.,  
2010 

218 OAG, OHT 
64.9 

(11.1) 
60.1 1 Bimatoprost Vehicle 

Parallel-designed 
RCT 

Multi center 
Pharma 

company 
North 

America 
No Yes 

27 
Goldberg et al.,  
2012 

153 OAG 
65.7 
(NR) 

62.1 3 Brinzolamide Vehicle 
Parallel-designed 

RCT 
Multi center 

Pharma 
company 

Mixed Yes Yes 

28 
Tanihara et al.,  
2013 

210 OAG, OHT 
59.5 

(15.0) 
58.6 2 Ripasudil NR 

Parallel-designed 
RCT 

Multi center 
Pharma 

company 
Asia No Yes 

29 
Garway-Heath et al.,  
2015 

516 OAG 
65.5 

(10.5) 
47.1 24 Latanoprost Vehicle 

Parallel-designed 
RCT 

Multi center 
Pharma 

company 
Europe No Yes 

30 
NCT03310580,  
2018 

40 NTG 
62.4 

(15.9) 
72.5 1 Netarsudil Vehicle 

Parallel-designed 
RCT 

NR 
Pharma 

company 
North 

America 
No Yes 

31 
Aihara et al.,  
2019a 

91 OAG, OHT 
65.3 

(11.8) 
58.2 1 

Omidenepag 
isopropyl 

Latanoprost 
NR 

Parallel-designed 
RCT 

Multi center 
Pharma 

company 
North 

America 
No No 

32 
Aihara et al.,  
2019b 

63 OAG, OHT 
66.2 

(11.0) 
58.7 1 

Omidenepag 
isopropyl 

NR 
Parallel-designed 

RCT 
Multi center 

Pharma 
company 

Asia No Yes 

33 
Araie et al.,  
2021 

215 OAG, OHT 
63.6 

(13.3) 
57.2 1 Netarsudil Vehicle 

Parallel-designed 
RCT 

Multi center 
Pharma 

company 
Asia No Yes 

 
Untreated Group 

           
 

 

34 
Holmin et al., 
1988 

20 OAG 
68.1 
(NR) 

66.7 36 
Timolol 

Pilocarpine 
Acetazolamide 

no placebo 
Parallel-designed 

RCT 
Multi center NR Europe No No 

35 
Epstein et al.,  
1989 

107 OAG 
59.5 

(11.5) 
56.1 NR Timolol no placebo 

Parallel-designed 
RCT 

Single center 
Pharma 

company 
North 

America 
No No 

36 
Schulzer et al.,  
1991 

143 OHT 
60.3 

(10.5) 
53.1 72 Timolol no placebo 

Parallel-designed 
RCT 

NR 
Pharma 

company 
North 

America 
No No 

37 
Ravalico et al., 
1994 

49 OHT 
61.4 

(10.9) 
46.2 24 Levobunolol no placebo 

Parallel-designed 
RCT 

NR NR Europe No NR 

38 
CNTGS Group,  
1998 

140 NTG 
65.8 

(10.0) 
68.6 NR NR no placebo 

Parallel-designed 
RCT 

Multi center 
Public 
grant 

Mixed No No 

 39 
 Heijl et al.,  
 2002 

255 OAG 
68.1 
(4.9) 

66 
minim
um of 

48 
Betaxolol no placebo 

Parallel-designed 
RCT 

Multi center 
Public 
grant 

Europe No No 

40 
Kass et al.,  
2002 

1636 OHT 
56.1 
(9.2) 

56.9 72 NR no placebo 
Parallel-designed 

RCT 
Multi center Mixed 

North 
America 

No No 

 NR = not reported; NTG = normal-tension glaucoma; OAG = open-angle glaucoma; OHT = ocular hypertension; RCT = Randomized Controlled Trial 
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Table 3. Intraocular Pressures of Treatment and Control Groups 

Ref ID Study, Year 
Treatment Group Placebo or Untreated Group 

Mean Change of 
IOP (mmHg) 

SD of Change of 
IOP (mmHg) 

Mean Change of 
IOP (mmHg) 

SD of Change of 
IOP (mmHg) 

Placebo Group     

1 Feghali et al., 1985 -4.2 6.5 -0.5 1.6 

2 Kass et al., 1989 -5.4 4.4 -2.9 4.5 

3 Alm et al., 1993 -5.7 3.6 -0.4 3.1 

4 Wilkerson et al., 1993 -3.8 3.9 0.1 4.0 

5 Robin et al., 1995 -1.3 0.6 -0.5 0.6 

6 Schwartz et al., 1995 -4.4 0.8 0.4 0.9 

7 Strahlman et al., 1996a -3.8 4.3 -1.5 3.9 

8 Strahlman et al., 1996b -2.4 4.0 -3.3 3.5 

9 Derick et al., 1997 -2.9 2.2 -1.2 2.7 

10 FDA trial(c-97-40), 1999 -4.5 2.6 -1.7 2.5 

11 Harris et al., 1999 -2.2 0.7 1.3 1.0 

12 Netland et al., 1999 -4.2 2.7 -0.8 2.7 

13 Toris et al., 1999 -5.0 0.7 -2.7 0.5 

14 Carlsson et al., 2000 -4.7 0.8 -0.9 0.6 

15 Sall et al., 2000 -4.2 3.2 -2.6 3.4 

16 Shin et al., 2000 -3.8 2.6 -2.0 2.5 

17 Heijl and Bengtsson, 2000/2001 -6.9 2.6 -1.9 2.5 

18 Stewart et al., 2001 -2.9 1.9 -1.8 2.2 

19 Bergstrand et al., 2002 -4.8 5.3 -1.8 3.0 

20 Gandolfi et al., 2003 -3.1 1.9 -0.8 0.7 

21 Kamal et al., 2003 -4.6 2.3 -1.5 2.4 

22 Toris et al., 2004 -4.8 0.6 -1.7 0.1 

23 Arcieri et al., 2005 -5.2 2.2 -0.1 2.7 

24 Miglior et al., 2005 -3.7 2.5 -2.5 3.0 

25 Harris et al., 2009 -4.0 2.6 0.0 3.0 

26 Craven et al., 2010 -1.0 2.7 3.4 3.9 

27 Goldberg et al., 2012 -3.0 2.8 -1.6 3.8 

28 Tanihara et al., 2013 -3.5 2.3 -2.2 2.3 

29 Garway-Heath et al., 2015 -4.0 3.4 -1.3 3.6 

30 NCT03310580, 2018 -5.2 2.7 -3.2 2.7 

31 Aihara et al., 2019a -5.8 3.2 -1.9 4.1 

32 Aihara et al., 2019b -5.0 3.2 -2.3 2.4 

33 Araie et al., 2021 -4.6 2.1 -1.7 1.8  

      

Untreated Group     

34 Holmin et al., 1988 -4.0 2.3 1.2 3.7 

35 Epstein et al., 1989 -4.0 1.2 -0.6 1.4 

36 Schulzer et al., 1991 -6.8 3.5 -1.1 3.2  

37 Ravalico et al., 1994 -8.7 1.8 -0.6 2.3 

38 CNTGS Group, 1998 -6.3 2.5 -0.1 2.2 

39 Heijl et al., 2002 -5.1 3.4 -0.1 1.9 

40 Kass et al., 2002 -4.8 2.4 -0.1 2.8 

IOP = intraocular pressure; SD = standard deviation 

 

Jo
urn

al 
Pre-

pro
of



Jo
urn

al 
Pre-

pro
of



Jo
urn

al 
Pre-

pro
of



Jo
urn

al 
Pre-

pro
of



Jo
urn

al 
Pre-

pro
of



Jo
urn

al 
Pre-

pro
of



PRÉCIS 

In this randomized controlled trial meta-analysis, the placebo effect in ocular hypotensive therapy was 

quantified systematically. The placebo was effective in lowering IOP, and superior to the effect 

observed for the untreated controls.  
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