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Accurate, comprehensive, and consistent reporting of adverse events is of great importance for 
treatment decisions in clinical practice and patient safety. Aiming to evaluate the completeness and 
transparency of reported adverse events we conducted a retrospective analysis of completed clinical 
trials on glaucoma interventions registered in ClinicalTrials.gov from September 27, 2009, and updated 
and with results on or before November 1, 2023, as well as in corresponding journal publications. 
Any difference in completeness, number, or terminology/description of adverse events and all-cause 
mortality between ClinicalTrials.gov and the publication was categorized as inconsistent reporting 
of adverse events. All 79 trials with results both in the registry and a journal publication exhibited at 
least one inconsistency in reporting adverse events. In 19 publications (24%), the number of serious 
adverse events was smaller than in the registry. 69 (87%) trials reported more other adverse events in 
the registry than in the publication. Trials completed after the FDAA mandate for summary reporting 
of all-cause mortality more often reported this item in the registry but not in the publication. Trials on 
glaucoma interventions do not consistently report adverse events and thus introduce concerns about 
study credibility and potential harms of the interventions. Journals and other stakeholders in trial 
reporting must address this problem to ensure the safety of patients and trust in health interventions.
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Glaucoma stands as the primary cause of irreversible and preventable blindness globally1,2. While the pathogenesis 
of glaucoma is not well understood, reducing intraocular pressure remains the main modifiable risk factor to 
prevent vision loss, and the evolution of glaucoma therapy has seen exponential growth and numerous clinical 
trials are in progress3. As randomized controlled trials (RCTs) represent the gold standard methodology for 
evaluating pharmacological therapy of glaucoma4,5, data reported from these studies must exhibit completeness 
and consistency across various sources to guarantee the accuracy of evidence-based information suitable for use 
by both lay and professional populations6–11.

The documented problem of selective reporting of clinical trial results introduces apprehensions regarding 
the reliability of information derived from journal publications in guiding medical decisions12. Clinical trial 
registration serves as a mechanism to mitigate the influence of dissemination biases13. The reporting of adverse 
events (AEs) in ClinicalTrials.gov has been legally mandated since September 200914. Enacted through the 
Sect.  801 of the Food and Drug Administration Amendments Act (FDAAA 801) in 2007 and subsequently 
operationalized through the Final Rule in 201715, clinical investigators must provide tabular summaries 
encompassing all anticipated and unanticipated serious adverse events (SAEs), other adverse events (OAEs), 
and data related to all-cause mortality (ACM)16. The tabular summaries of adverse events (AEs) submitted to 
ClinicalTrials.gov are expected to mirror those reported in corresponding publications. However, there is strong 
evidence in other medical fields that publications provide incomplete and inconsistent reporting of AEs, which is 
also in contradiction to the Consolidated Standards of Reporting Trials (CONSORT) reporting guideline7,17–20.

Considering the frequent and chronic use of topical antiglaucoma therapy, side effects such as conjunctival 
hyperemia, ocular stinging and burning, hypertrichosis, and short breath are common21,22. Furthermore, 
existing surgical interventions for glaucoma are more demanding than pharmacological interventions and come 
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with many complications and side effects23,24. As there is little data on the trustworthiness of AE reporting in 
clinical trials of interventions for glaucoma, we aimed to evaluate the completeness of reporting of AE in clinical 
trial testing interventions for glaucoma, both in the ClinicalTrials.gov registry and in the corresponding journal 
publications.

Results
General characteristics
Out of 138 registered trials that met inclusion criteria (Fig.  1), 79 (57.2%) had a corresponding journal 
publication. The list of all registered trials and their characteristics are available in the Supplementary Note 
N1 and the Supplementary Table T1. For the trials included in the study, the median two-year impact factor 
for journals publishing these trials was 3.4 (IQR 2.2–4.2) (Table 1). Most of the registered trials were phase 3, 
completed before the FDAA Final Rule on mandatory reporting of adverse events and mortality15 industry 
sponsored and with last update on Clinical Trials.gov before publication. Most common registered interventions 
were fixed combination eye drops or prostaglandin analogues eye drops (63%).

We found discrepancies in reporting adverse events between the registry and corresponding publications for 
all 79 publications. While the overall reporting of OAEs was similar between the registry and the publications, 

Fig. 1.  Flow chart of the study.
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SAEs were more often reported in the registry. On the other hand, more trials reported OAEs as zero in the 
registry, but had more different numbers of OAEs reported or number of patients with OAEs in the publications 
(Table 2). There were no overall statistically significant differences in the reporting of deaths (Table 2).

Most publications (n = 74, 94%) explicitly stated the number of withdrawals of participants due to AEs, in 
contrast to data in the registry (n = 60, 75%) (χ2 = 9.629, P = 0.002). For 11 trials (14%) which reported on the 
withdrawal of patients due to AEs, the numbers in the publication differed from that in the registry; for 8 of these 
trials, the number in the publication was higher than that in the registry.

Most of the trials involved testing a pharmacological intervention. Only 4 trials were on surgical interventions 
for glaucoma (NCT04352660, NCT02006693, NCT03654885, NCT01228149). The most common intraoperative 
complication for surgery trials was bleeding into the anterior chamber of the eye (NCT02006693, NCT03654885), 
while postoperative adverse events included hypotonia in all trials, hyphema and elevated intraocular pressure 
(NCT02006693, NCT03654885), device fracture (NCT02006693) or reduced visual acuity (≥ 2 lines at any time) 
(NCT03654885). In the publication from 1 study (NCT02016898), adverse events were listed, but not their 
frequency, except for hypotonia.

No. (%)

Primary completion

  Before FDAA Final Rulea 58 (73)

  After FDAA Final Rulea 21 (27)

Trial phase

  2 16 (20)

  3 34 (43)

  4 29 (37)

Masking

None (Open Label) 23 (29.1)

Single Blinded 11 (13.9)

Double Blinded 22 (27.9)

Triple Blinded 12 (15.2)

Quadruple Blinded 11 (13.9)

Control

None 16 (20.3)

Active 50 (63.3)

Placebo 8 (10.1)

Both 5 (6.3)

Intervention model

Parallel Assignment 57 (72.2)

Single Assignment 17 (21.5)

Crossover Assignment 5 (6.3)

Industry sponsored

  Yes 72 (91)

  No 7 (9)

Publication before last update on ClinicalTrials.gov

  Yes 30 (37)

  No 49 (62)

Type of intervention

  Fixed combination eye drops 28 (35)

  Prostaglandin analogues eye drops 22 (27)

  Rho-inhibitor eye drops 7 (9)

  Sustained releasing medications 9 (11)

  Surgery 4 (5)

  Anti-VEGF medication 3 (4)

  Experimental medications 3 (4)

  Otherb 3(4)

Table 1.  General characteristics of trials on glaucoma interventions (n = 79) with results both in the 
ClinicalTrials.gov and the publication. VEGF – vascular endothelial growth factor. aFDAA final Rule, January 
18, 2017, requiring reporting of all anticipated and unanticipated adverse events and all-cause mortality data 
in tabular summaries15. bCategorized as “other” if fewer than 3 studies were available. The three trials tested 
phentolamine, fluticasone, and oral acetazolamide/dexamethasone eye drops, respectively.
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Differences in SAEs reporting between the registry and publications
The reported numbers of patients with SAE (Table 3) differed in 16 publications (20%) compared to those in 
the registry. More SAEs were reported than in the publication (69% vs 31%). Among 14 (18%) publications in 
which SAEs were not mentioned (Table 2), 8 studies reported zero SAEs in the registry, while 6 studies did not 

No. (%)

Different number of patients with SAEs

  Yes 16 (20)

  No 49 (62)

  Othera 14 (18)

If different number of patients with SAEs (n = 16)

  More in the register 11 (69)

  More in the publication 5 (31)

Different absolute number of different SAE

  Yes 19 (24)

  No 38 (48)

  Otherb 22 (28)

If different number of different SAEs

  More in register 14 (74)

  More in publication 5 (26)

Different description of SAEs

  Yes 14 (18)

  No 30 (38)

  Otherc 35 (44)

Description omitted in publication for 1 or more registered SAEs

  Yes 26 (33)

  No 45 (57.0)

  Otherd 8 (10.1)

Total 79(100.0)

Table 3.  Reporting serious adverse events (SAEs) and other adverse events (OAEs) for glaucoma trials (n = 79) 
in ClinicalTrials.gov and the publications. Abbreviations: SAE – serious adverse events, n/c – not categorized, 
aBecause of missing information in the publication (n = 14). bBecause of missing information in the publication 
(n = 22). cBecause of zero SAEs reported (n = 19) and/or missing information in the publication (n = 16). 
dReported as zero in the registry, and not mentioned in the publication.

 

ClinicalTrials.gov Publication P-value

Reporting rate (n, %)

  SAEs 79 (100) 65 (82)  < .001a

  OAEs 79 (100) 78 (99) .32a

  Deaths 37 (47) 26 (33) .07a

AEs reported as zero (n, %)

  SAEs 20 (25) 27 (34) .22a

  OAEs 16 (20) 3 (4) .001a

  Deaths 26 (33) 18 (23) .37a

Number of different AEs reported per trial (median, IQR/range)

  SAEs 3 (0–8/0–74) 1 (1–4/0–23) .22b

  OAEs 4 (1–9/0–64) 10.5 (6–15/0–47) .001b

  Deaths 0 (0–0/0–4) 0 (0–1/0–5) .37b

Number of patients with AEs per trial (median, IQR/range)

  SAEs 2 (0–7/0–74) 2 (1–6/0–74) .93b

  OAEs 27 (5–95.5/0–507 53 (120.3–124.7/0–555) .02b

  Deaths 0 (0–0/0–4) 0 (0–1/0–5) .53b

Table 2.  Reporting adverse events for glaucoma trials (n = 79) in the ClinicalTrials.gov and the corresponding 
publication. AE – adverse event, SAE – serious adverse event, OAE – other adverse events, IQR – interquartile 
range. aChi-square test. bMann-Whitney test.
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report SAEs in the registry. In 26 of the publications (33%) a description of at least one specific SAE was omitted 
(Table 3).

Similar to the number of patients with SAEs, we found discrepancies in reporting of specific SAEs, with more 
SEAs reported in the registry. The descriptions of specific SAEs were different in 38% of the publication (Table 
3).

Differences in OAEs reporting between the registry and publications
With regard to OAEs reporting (Table 4), all 79 trials reported OAEs in the registry, but in 69 publications (87%) 
the reported number of OAEs differed from the corresponding number in the registry. The same was true for the 
reported number of patients with OAEs (82% trials with the difference). For both, the number of reported OAEs 
was more often higher in the publication the in the registry. In 21 publications (27%), the description of OAEs 
was different from that in the registry.

Differences in the description of OAEs between registry and publication were found for a significant number 
of trials, with most trials reporting OAEs as AEs and with frequency threshold larger in the publications than in 
the registry. The majority of the trials reported OAEs as AEs only, followed by a combination of the two types 
of reporting.

The median reported frequency threshold in the registry was 5% (IQR 2–5%) and 1% (IQR 1–3%) in the 
publications. Moreover, 51 publications (64.6%) had different frequency thresholds, with the majority (n = 45, 
88%) reporting lower thresholds than in the registry (Table 4). It was not possible to determine the frequency 
threshold for 13 publications (16.5%) because it was not reported or specified. There was no statistically 

No. (%)

Different number of patients with OAEs

  Yes 65 (82.3)

  No 13 (16.4)

  Othera 1 (1.3)

If different number of patients with OAEs

  More in register 10 (15.2)

  More in publication 56 (84.8)

Different absolute number of different OAEs

  Yes 69 (87.3)

  No 9 (11.4)

  n/cb 1 (1.3)

If different number of different OAEs

  More in register 15 (21.7)

  More in publication 54 (78.3)

Difference in description of OAE between registry and publication

  Yes 21 (26.6)

  No 43 (54.4)

  n/cc 15 (19.0)

Type of reporting

  Reported as AE only 23 (29.1)

  Reported as TEAE only 13 (16.5)

  Reported as TRAE only 15 (19.0)

  Reported as ADR only 5 (6.3)

  Reported as combination of two types of reporting 18 (22.8)

  n/cd 5 (6.3)

Frequency threshold

  Same in register and publication 15 (20.0)

  Larger in registry 45 (57.0)

  Larger in publication 6 (7.6)

  n/ce 13 (16.4)

Total 79(100.0)

Table 4.  Reporting other adverse events (OAEs) for glaucoma trials (n = 79) in ClinicalTrials.gov and the 
publications. Abbreviations: OAE – other adverse events, n/c – not categorized, TEAE – treatment-emergent 
adverse events, TRAE – Treatment-related adverse events, ADR – adverse drug reactions. aBecause of missing 
information in publication (n = 1). bBecause of missing information in publication (n = 1). cBecause of number 
of OAEs reported as zero in registry (n = 15) while reported as zero in corresponding publication in only one 
case (n = 1). dBecause of missing information in publication (n = 3), or due to no reported AEs in publication 
(n = 2). eFrequency threshold omitted in publication (n = 13).
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significant difference depending on whether the frequency threshold was equal to or smaller than in the 
publication (χ2 = 0.29, P = 0.58, and χ2 = 0.50, P = 0.48, respectively). The publications also had more specific 
OAEs reported, with no statistically significant differences regarding the type of reporting (χ2 = 2.789, P = 0.59). 
Similar results were found for the number of patients with OEAs (χ2 = 3.399, P = 0.49).

Differences in reporting all-cause mortality between the registry and publications
Out of 79 trials, 58 (73%) were completed before and 21 trials (27%) after the FDAA Final Rule15 implementation 
(Table 5). Overall, more trials reported on deaths in the registry than in the publication. Out of 58 trials completed 
before the Final FDAA rule, 27 reported all-cause mortality: 16 reported it in the registry and the publication 
and 18 in the publication. Only 7 studies reported all-cause mortality both in the registry and the publication. In 
contrast, all trials completed after the FDAA Final Rule reported adverse events in the registry, but this was true 
only for a third of the corresponding publications.

Discrepancies in reporting deaths were analyzed for 37 (46.8%) published trials that reported deaths in the 
registry. About a half of these (n = 15) reported deaths in the corresponding publications. Conversely, out of 26 
trials that reported deaths in the publication, about a half (n = 15) reported deaths in the registry. The published 
number of reported deaths differed from the registered number in only 2 out of 19 publications with reported 
deaths in the registry (1 trial with 1 death more in the registry and another trial with 1 more death reported in 
the publication.

Discussion
Our study demonstrated significant inconsistencies in how adverse events and all-cause mortality for glaucoma 
interventions are reported in a trial registry and in journal publications. While there was no difference in 
overall reporting of OAEs and all-cause mortality, SAEs were reported in the registry for all trials, but not in the 
publication for about a fifth of the trials. On the other hand, OAEs were more frequently reported as zero in the 
registry then in the publication, but more trials reported higher number of OAEs and higher number of patients 
with OAEs in the publications than in the registry. The trials completed after the introduction of the FDAA Final 
Rule on mandatory reporting of AEs and all-cause mortality in a tabular summary format, all reported on this 
item in the registry but only a third of the publications.

Our results should be considered in view of several limitations. Firstly, we studied trials registered in a single 
registry. Whereas there are 20 registries included in the WHO International Clinical Trials Registry Platform25, 
ClinicalTrials.gov is the largest one, includes many of the trials from other registries, and has high data quality 
assurance protocols26. We could have missed some of the trials with our search strategy, the number of trials 
with published results was rather small, and it is possible that we did not identify all related relevant publications. 
However, the trials included in the study constituted 57% of the retrieved trials from the registry, which provides 
a realistic insight into the completeness and transparency of reporting adverse events for glaucoma trials. We 
acknowledge that discrepancies in adverse event reporting between the registry and the publications may arise 
from the differences in the definitions and criteria used for adverse events. While regulatory submissions to 
regulatory entities follow strict guidelines, authors may apply different thresholds or classifications in a journal 
article. However, even considering these potential differences, the inconsistency in reporting underscores the 
need for standardized and transparent safety reporting across all platforms to ensure accurate interpretation 
and to uphold the integrity of clinical trial publications. The strengths of our study are the study period of 
over 14 years, inclusion of trials under the FDAA mandate to report adverse event, and the inclusion of several 
bibliographical databases for searching for journal publications. Finally, the inter-rater reliability for data 
extraction was high in our study.

The discrepancy between the registered and reported adverse events and their general underreporting 
in journal publications presents a serious problem, and has been demonstrated for interventions from other 
medical fields. Firstly, the inconsistencies create mis-impressions about the safety of glaucoma interventions and 
distort the balance of benefit and risk during assessment by different stakeholders: health professionals, decision 
makers and patients. Secondly, as glaucoma is a disease with high health and economic burden27, complete, 
transparent and accurate results reporting is necessary to make evidence-based decisions in clinical practice. 
Finally, differences in adverse events reporting in registries and publications complicate evidence synthesis, 
such as those in systematic reviews and clinical practice guidelines, because it is not clear which information is 
accurate – that in the registry or that in the journal publication. These discrepancies cast doubts on the validity 
and trustworthiness of all clinical trials. Our experience from this study is that it is very difficult to verify 
individual adverse events between the publication and the registry. It is an extremely demanding additional task 
that would significantly prolong systematic review processes.

ClinicalTrials.gov, No. (%) Publication, No. (%) P-value

Total number of trials reporting on all-cause mortality 37 (47) 26 (33) .07a

Trials completed before Final Ruleb (n = 58) 16 (28) 18 (31) .56a

Trials completed after Final Ruleb (n = 21) 21 (100) 8 (38)  < .001c

Table 5.  All-cause mortality reporting in clinical trials for glaucoma (n = 79) in Clinical Trials.gov and 
publications. aChi-square test. bFDAA Final rule, January 18, 2017, requiring reporting of all anticipated and 
unanticipated adverse events and all-cause mortality data in tabular summaries15. cFisher’s exact test.
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A common explanation for underreporting of AEs is limited space in journals28 and/or absence of AEs so 
they are not reported if zero28–30. Space limitation should not be a valid explanation, as most journals publish 
supplementary information with published articles, where the information on AEs can be reported, even if it is 
not the main result of the study31. Also, it is possible that the results may change from the time of reporting in the 
registry and writing of the article, but the authors should then revise the registered results. Most of the trials in 
our study were published in high-impact journals, which should follow standard reporting guidelines and check 
the consistency of reporting in the registry and the publication, according to the widely accepted standards from 
the International Committee of Medical Journal Editors32. On the other hand, checking the results in submitted 
manuscripts against the summary results in a registry is a demanding task, for which many journals do not have 
sufficient resources and which would significantly prolong the publication process.

Inconsistent reporting of AEs is not specific for glaucoma intervention trials. Discrepancies were found for 
trials on drug-drug interactions30, allergic rhinitis29, and antidepressant/antipsychotic drugs11. In our study, 
overreporting of OAEs did not depend on the type of reporting, unlike that described for allergic rhinitis 
interventions, with underreporting of OAEs if reported as treatment-related adverse events (TRAEs)29..

What can be recommended to address the problem of inconsistent reporting of adverse events in glaucoma 
intervention trials? As the problem is not specific for glaucoma intervention trials, there is a need for more serious 
engagement of all stakeholders to produce valid, reliable and trustworthy reporting of results from clinical trials. 
The usual recommendation is that journals should better enforce already existing reporting standard. Item 19 
of the CONSORT reporting checklist33 requires reporting of “All important harms or unintended effects in each 
group,” with special extension to the CONSORT for harms developed in 202220. As long as this guidance is in the 
form of recommendations, it will probably not have an impact on the quality of publications, as demonstrated 
in our study. The importance of mandatory regulations is illustrated by the finding in our study that the trials 
completed after the FDAA Final Rule, all reported deaths in the registry, compared to only 28% reporting this 
in the trials completed before FDAA Final Rule. For trials before and after the Final Rule, the reporting of 
deaths was similar in publications (33% and 31% before and after the FDAA Final Rule respectively). It seems 
that the trialists followed the regulation for the registry but did not follow this with similar quality of reporting 
in journals. Journals cannot act alone to improve the trustworthiness of the published trial results. They can 
implement already developed and validated tools to assure structured reporting of information34, although the 
use of the tool in journals has failed to show beneficial effects in practice35. We believe that a good solution 
would be uniform reporting of most important safety parameters in the registry and the journal publication. As 
the best example from our study, the frequency threshold stands out, which was typically higher in the registry 
than in the associated publication, leading to significantly different numbers of OAEs between the publication 
and the registry. Other stakeholders, such as funders and research/academic organizations, may have greater 
power to operationalize the mandate for complete reporting of trial results: funders by developing tools to 
check publication output from a research grant, and research organization by providing oversight through their 
research ethics committees/institutional review boards or other relevant oversight bodies. Finally, patients and 
their families are a powerful voice in demanding honest reporting as the only way to ensure patient safety.

An area for future research is to examine whether trials with available protocols and initial registry entries 
pre-specified the safety reporting to be assessed and how they would be reported, and to assess the consistency 
with their final reports. This could reveal whether discrepancies in safety reporting arise from deviations from 
the original study plans or selective reporting practices, thereby enhancing our understanding of the integrity 
of safety reporting in clinical trials. Due to the low number of trials that studied surgical interventions for 
glaucoma, we could not make conclusions on possible differences in reporting in comparison to the trials testing 
pharmacological interventions. This should be followed up in future studies, as surgical innovation follows a 
different innovation and clinical testing than pharmacological interventions, with different innovation phases 
requiring different standards for registration and reporting36.

To conclude, the discrepancies in reporting adverse events for glaucoma intervention trials present a serious 
problem as they fail to provide a clear and trustworthy picture of the safety of glaucoma therapy and raise 
concerns about the credibility of the trial results. Concrete measures are needed to ensure reporting consistency 
for adverse events/harms in trials for glaucoma and other interventions. Trial registries, funders, and publishers 
should collaborate to develop digital tools to safeguard the concordance between the results reported in registries 
and journals.

Methods
Study periods and data sources
We conducted a retrospective analysis of completed RCTs related to glaucoma, registered in ClinicaTrials.
gov from September 27, 2009, and updated and with results on or before November 1, 2023. We chose the 
ClinicalTrials.gov as the largest registry, with well structured and curated information for all stepts of the trial 
registration, as well as clear legal requirements for reporting safety data. The commencement date for the study 
aligned with the initiation of mandatory adverse events reporting, and the termination date encompassed 
more than 14 years of mandatory adverse events reporting. We followed the Strengthening the Reporting of 
Observational Studies in Epidemiology (STROBE) guidelines for reporting the study.

Sample
To ascertain that the trials met the criteria for the classification as Applicable Clinical Trials (ACT) as per the 
Food and Drug Administration Amendments Act Sect. 801 (FDAAA 801), we followed the guidelines outlined in 
the "Elaboration of definitions of responsible party and applicable clinical trial (ACT)" dated March 9, 2009, for 
trials initiated after September 27, 200737. For trials initiated after January 18, 2017, compliance with the criteria 
of mandatory reporting of all OAEs, SAEs and all-cause mortality was assessed using the checklist for evaluating 
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whether a clinical trial or study is an ACT15. Researchers conducting ACT are legally mandated to report their 
results, including all adverse events, to ClinicalTrials.gov within 12 months after the trial’s primary completion 
date, regardless of whether the findings have been published in a journal. This requirement is stipulated by the 
FDA Amendments Act of 2007 (FDAAA 801) and reinforced by the Final Rule effective from January 2017 to 
include mortality reporting15.

We searched the registry for completed RCTs using the keyword "glaucoma” to make a sensitive rather than 
specific search, because this search includes “glaucoma” as a text word and “Glaucoms” as a disease concept in 
ClinicalTrials.gov, which includes different types of the disease. Further inclusion criteriea were implemented 
choosing the filters in the registry: 1) interventional studies, to to focus on trials testing specific interventions, 
excluding observational studies; 2) phase 3 or phase 4 trials, as these phases are crucial for confirming efficacy 
and monitoring safety in larger populations, providing more comprehensive data on adverse events reportin; 
trials without specified phase information were excluded to maintain consistency in our dataset; 3) trials with 
registered results, since this criterion was essential for comparing registry data with corresponding publications; 
and 4) trials marked as “Completed” to ensure that the results and safety data should have been fully collected 
and reported. For trials with more than one publication available at ClinicalTrials.gov, we included only the 
the first full publication reporting on the main trial results related to the primary outcome, ensuring our 
analysis reflected the initial and most relevant reporting of adverse events associated with each trial. We did not 
include secondary publications, such as ancillary or subgroup analyses, focusing solely on the primary report 
to assess the consistency and completeness of safety reporting between ClinicalTrials.gov and corresponding 
journal publications. In cases where the publications were not provided in the registry, we conducted searches 
on PubMed, Web of Science, Scopus, and Google Scholar databases using the National Clinical Trial (NCT) 
identifier from the ClinicalTrials.gov record, typically found in the abstract or main text of published articles. 
If the initial search yielded no results, we conducted additional searches using the principal investigator’s name 
and study title, medication types, concentration, length of the research, and country where trial is conducted. 
The comparison between registered data and publications was performed on full publications, including 
supplementary data.

Data extraction and comparisons
Complete reporting in the registry included tables summarizing the number of affected participants out of 
those at risk for each AE, as mandated by the Final Rule16. Notably, the "All-cause Mortality" item was not 
mandatory before the Final Rule16, so it was not analyzed for trials with a primary completion date before the 
rule implementation. For these trials, we examined the reporting of deaths primarily through other elements of 
the outcome data, particularly SAEs.

In publications, complete reporting of AEs constituted an explicit statement regarding the occurrence of 
SAEs, deaths, or OAEs, following CONSORT extensions for improved reporting of harms in randomized trials20. 
While the CONSORT extension for reporting safety data prefers the use of the term “harm” as “(t)he totality 
of possible adverse consequences of an intervention or therapy; they are the direct opposite of benefits, against 
which they must be compared” vs the terms adverse events or “adverse reactions and adverse drug reaction,” 
we opted to used the term “Adverse Event” as described in the ClinicalTrials.gov’s glossary, because it matched 
the definition of “harm” in the CONSORT extension: “An unfavourable change in the health of a participant, 
including abnormal laboratory findings, that happens during a clinical study or within a certain amount of time 
after the study has ended. This change may or may not be caused by the intervention/treatment being studied38. 
Any disparities in the completeness, the number of affected participants, total AEs, or the description of AEs 
between ClinicalTrials.gov and publications were classified as inconsistent reporting of AEs. An example is 
available in the Supplementary Note N2. We did not use standardized terminology systems like MedDRA when 
comparing description of reported adverse events in the registry and publications because multiple MedDRA 
versions were released over the 14 years of the study time-span, and trials varied in which version they used. We 
focused on exact matches in terminology between the registry and the publication, rather than mapping terms 
to standardized categories. For example, even if different terms are synonyms within MedDRA (e.g., “nausea” 
and “queasy”), we categorized that as inconsistent reporting between the registry and the publication for the 
same trial.

Two investigators (AK and MG) independently extracted the data concurrently from the entire trial cohort 
and corresponding publications to mitigate potential bias from subjective interpretation. Inter-rater reliability 
was high for SAEs reporting in ClinicalTrials.gov and publications (kappa range 0.83 to 1.00). For OAEs 
reporting, the inter-rater reliability was high for some elements (kappa range 0.69 to 1.00). For elements with 
lower agreement (differences in description of OAE between ClinicalTrials.gov registry and in publications 
– kappa = 0.69, 95%confidence interval (CI) 0.38 to 1.00, and for number of different OAEs in publication – 
kappa = 0.74, 95% CI 0.57 to 0.92), we resolved the disagreements through consensus discussion, particularly 
for the interpretation of differences.

Statistical analysis
Data extracted from the registry were entered into a spreadsheet and coded. We reported the percentages, 
medians, and their respective inter quartile range (IQR) for nonparametric variables. Categorical binary 
variables were used to present the data differences in AE descriptions. If we could not categorize the result from 
the available data, we indicated these as not categorized (“n/c”), and stated the reason for non-categorization.

The differences between the registry and publications were tested using chi-square test/Fisher exact test or 
Mann–Whitney U test. The statistical analyses were conducted using JASP39. The significance was determined 
at P < 0.05.
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Data availability
The data collected and/or analyzed during the current study are available in the Open Science Framework repos-
itory, https://doi.org/10.17605/OSF.IO/4BT8A, https://osf.io/4bt8a/.

Received: 10 May 2024; Accepted: 8 November 2024

References
	 1.	 Bourne, R. R. A. et al. Global estimates on the number of people blind or visually impaired by glaucoma: A meta-analysis from 

2000 to 2020. Eye 1–11 (2024) https://doi.org/10.1038/s41433-024-02995-5.
	 2.	 Quigley, H. A. & Broman, A. T. The number of people with glaucoma worldwide in 2010 and 2020. Br. J. Ophthalmol. 90, 262–267 

(2006).
	 3.	 Mohan, N., Chakrabarti, A., Nazm, N., Mehta, R. & Edward, D. P. Newer advances in medical management of glaucoma. Indian J. 

Ophthalmol. 70, 1920–1930 (2022).
	 4.	 Stalmans, I. et al. MERCURY-3: A randomized comparison of netarsudil/latanoprost and bimatoprost/timolol in open-angle 

glaucoma and ocular hypertension. Graefes Arch. Clin. Exp. Ophthalmol. Albrecht Von Graefes Arch. Klin. Exp. Ophthalmol. 262, 
179–190 (2024).

	 5.	 Medeiros, F. A. et al. Phase 3, randomized, 20-month study of bimatoprost implant in open-angle glaucoma and ocular hypertension 
(ARTEMIS 1). Ophthalmology 127, 1627–1641 (2020).

	 6.	 Van Noorden, R. Medicine is plagued by untrustworthy clinical trials. How many studies are faked or flawed? Nature 619, 454–458 
(2023).

	 7.	 Wong, E. K. et al. Selective reporting bias in randomised controlled trials from two network meta-analyses: Comparison of clinical 
trial registrations and their respective publications. BMJ Open 9, e031138 (2019).

	 8.	 Souza, N. V. et al. Selective outcome reporting bias is highly prevalent in randomized clinical trials of nonsurgical periodontal 
therapy. J. Periodontal Res. 58, 1–11 (2023).

	 9.	 Michael, R., McIntyre, S., Zhang, H., Cape, L. & Toren, A. Examining bias in published surgical glaucoma clinical trials. J. Glaucoma 
https://doi.org/10.1097/IJG.0000000000002262 (2023).

	10.	 Dwan, K., Gamble, C., Williamson, P. R., Kirkham, J. J., & Reporting Bias Group. Systematic review of the empirical evidence of 
study publication bias and outcome reporting bias - an updated review. PloS One 8, e66844 (2013).

	11.	 Lancee, M., Lemmens, C. M. C., Kahn, R. S., Vinkers, C. H. & Luykx, J. J. Outcome reporting bias in randomized-controlled trials 
investigating antipsychotic drugs. Transl. Psychiatry 7, e1232 (2017).

	12.	 Song, F. et al. Dissemination and publication of research findings: an updated review of related biases. Health Technol. Assess. 
Winch. Engl. 14, iii, ix–xi, 1–193 (2010).

	13.	 Issues in the registration of clinical trials - PubMed. https://pubmed.ncbi.nlm.nih.gov/17507347/.
	14.	 About the Results Database - ClinicalTrials.gov. https://clas​sic.clinical​trials.gov/c​t2/about-si​te/results.
	15.	 FDAAA 801 and the Final Rule - ClinicalTrials.gov. https://clas​sic.clinical​trials.gov/c​t2/manage-r​ecs/fdaaa.
	16.	 National Institutes of Health, Department of Health and Human Services. Clinical Trials Registration and Results Information 

Submission. Final rule. Fed. Regist. 81, 64981–65157 (2016).
	17.	 Enrico, D., Waisberg, F., Burton, J., Mandó, P. & Chacón, M. Analysis of adverse events attribution and reporting in cancer clinical 

trials: A systematic review. Crit. Rev. Oncol. Hematol. 160, 103296 (2021).
	18.	 Madi, K., Flumian, C., Olivier, P., Sommet, A. & Montastruc, F. Quality of reporting of adverse events in clinical trials of covid-19 

drugs: Systematic review. BMJ Med. 2, e000352 (2023).
	19.	 Gates, A. et al. Reporting of data monitoring committees and adverse events in paediatric trials: A descriptive analysis. BMJ 

Paediatr. Open 3, e000426 (2019).
	20.	 Junqueira, D. R. et al. CONSORT Harms 2022 statement, explanation, and elaboration: updated guideline for the reporting of 

harms in randomised trials. BMJ 381, e073725 (2023).
	21.	 Xu, K. M., Cho, R. & Chan, T. Y. B. Retrospective Analysis of Switching Bimatoprost 0.01% to Bimatoprost 0.03% in Patients with 

Various Types of Glaucoma and Ocular Hypertension. Clin. Ophthalmol. Auckl. NZ 16, 2385–2390 (2022).
	22.	 Kaiserman, I., Fendyur, A. & Vinker, S. Topical beta blockers in asthmatic patients-is it safe?. Curr. Eye Res. 34, 517–522 (2009).
	23.	 King, A. J. et al. Primary trabeculectomy for advanced glaucoma: pragmatic multicentre randomised controlled trial (TAGS). The 

BMJ 373, n1014 (2021).
	24.	 Lee, G. A., Porter, A. J., Vincent, R. A., Makk, J. & Vincent, S. J. Combined phacoemulsification and microinvasive glaucoma 

surgery in comparison to phacoemulsification alone for open angle glaucoma. Eye 34, 312–318 (2020).
	25.	 ICTRP Search Portal. https://trialsearch.who.int/Default.aspx.
	26.	 Gresham, G., Meinert, J. L., Gresham, A. G., Piantadosi, S. & Meinert, C. L. Update on the clinical trial landscape: analysis of 

ClinicalTrials.gov registration data, 2000–2020. Trials 23, 858 (2022).
	27.	 Park, I., Gale, J. & Skalicky, S. E. Health economic analysis in glaucoma. J. Glaucoma 29, 304 (2020).
	28.	 Ioannidis, J. P. & Lau, J. Completeness of safety reporting in randomized trials: An evaluation of 7 medical areas. JAMA 285, 

437–443 (2001).
	29.	 Paladin, I. & Pranić, S. M. Reporting of the safety from allergic rhinitis trials registered on ClinicalTrials.gov and in publications: 

An observational study. BMC Med. Res. Methodol. 22, 262 (2022).
	30.	 Jurić, D. et al. Clinical trials on drug-drug interactions registered in ClinicalTrials.gov reported incongruent safety data in 

published articles: an observational study. J. Clin. Epidemiol. 104, 35–45 (2018).
	31.	 Flanagin, A. et al. Editorial evaluation, peer review, and publication of research reports with and without supplementary online 

content. JAMA 319, 410 (2018).
	32.	 ICMJE | Recommendations | Browse. https://www.icmje.org/recommendations/browse/.
	33.	 Clark, T. J. et al. CONSORT checklist (including details with respect to extension for non-inferiority trials). in A randomised 

controlled trial of Outpatient versus inpatient Polyp Treatment (OPT) for abnormal uterine bleeding (NIHR Journals Library, 2015).
	34.	 Barnes, C. et al. Impact of an online writing aid tool for writing a randomized trial report: The COBWEB (Consort-based WEB 

tool) randomized controlled trial. BMC Med. 13, 221 (2015).
	35.	 Impact of a web-based tool (WebCONSORT) to improve the reporting of randomised trials: results of a randomised controlled 

trial - PubMed. https://pubmed.ncbi.nlm.nih.gov/27894295/.
	36.	 Recommendations. Ideal https://www.​ideal-collab​oration.net/​the-ideal-f​ramework/recommendations/.
	37.	 Elaboration of the definition of responsible party; available at: https:​​​//prsin​fo.clinicaltri​als​.gov/Elaborati​onsOnDefini​tions.pdf. 

(2009).
	38.	 ClinicalTrials.gov Glossary Terms | ClinicalTrials.gov. https://clinicaltrials.gov/study-basics/glossary.
	39.	 JASP Team (2024). JASP (Version 0.18.3.0) [Computer software]. Retrieved from https://jasp-stats.org/. JASP - Free and ​U​s​e​r​-​F​r​i​e​

n​d​l​y Statistical Software https://jasp-stats.org/.

Scientific Reports |        (2024) 14:27762 9| https://doi.org/10.1038/s41598-024-79394-z

www.nature.com/scientificreports/

https://doi.org/10.17605/OSF.IO/4BT8A
https://osf.io/4bt8a/
https://doi.org/10.1038/s41433-024-02995-5
https://doi.org/10.1097/IJG.0000000000002262
https://pubmed.ncbi.nlm.nih.gov/17507347/
https://classic.clinicaltrials.gov/ct2/about-site/results
https://classic.clinicaltrials.gov/ct2/manage-recs/fdaaa
https://trialsearch.who.int/Default.aspx
https://www.icmje.org/recommendations/browse/
https://pubmed.ncbi.nlm.nih.gov/27894295/
https://www.ideal-collaboration.net/the-ideal-framework/recommendations/
https://prsinfo.clinicaltrials.gov/ElaborationsOnDefinitions.pdf
https://clinicaltrials.gov/study-basics/glossary
https://jasp-stats.org/
https://jasp-stats.org/
http://www.nature.com/scientificreports


Author contributions
All authors meet the ICMJE authorship criteria. A.K. participated in study design, data acquisition and inter-
pretation, statistical analysis, and writing and revising of the manuscript. M.G. participated in data acquisition 
and interpretation, statistical analysis, and critical revision of the manuscript. A.M. and LJ.Z. designed and su-
pervised the study, participated in the interpretation of the results, and critical revision of the manuscript. All 
authors approved the final version of the manuscript and take accountability for the study and the manuscript.

Funding
Croatian Science Foundation, IP-2019-04-4882.

Declarations

Competing interests
The authors declare no competing interests.

Additional information
Supplementary Information The online version contains supplementary material available at ​h​t​t​p​s​:​/​/​d​o​i​.​o​r​g​/​1​
0​.​1​0​3​8​/​s​4​1​5​9​8​-​0​2​4​-​7​9​3​9​4​-​z​​​​​.​​

Correspondence and requests for materials should be addressed to L.Z.

Reprints and permissions information is available at www.nature.com/reprints.

Publisher’s note  Springer Nature remains neutral with regard to jurisdictional claims in published maps and 
institutional affiliations.

Open Access   This article is licensed under a Creative Commons Attribution-NonCommercial-NoDerivatives 
4.0 International License, which permits any non-commercial use, sharing, distribution and reproduction in 
any medium or format, as long as you give appropriate credit to the original author(s) and the source, provide 
a link to the Creative Commons licence, and indicate if you modified the licensed material. You do not have 
permission under this licence to share adapted material derived from this article or parts of it. The images or 
other third party material in this article are included in the article’s Creative Commons licence, unless indicated 
otherwise in a credit line to the material. If material is not included in the article’s Creative Commons licence 
and your intended use is not permitted by statutory regulation or exceeds the permitted use, you will need to 
obtain permission directly from the copyright holder. To view a copy of this licence, visit ​h​t​t​p​:​/​/​c​r​e​a​t​i​v​e​c​o​m​m​o​
n​s​.​o​r​g​/​l​i​c​e​n​s​e​s​/​b​y​-​n​c​-​n​d​/​4​.​0​/​​​​​.​​

© The Author(s) 2024 

Scientific Reports |        (2024) 14:27762 10| https://doi.org/10.1038/s41598-024-79394-z

www.nature.com/scientificreports/

https://doi.org/10.1038/s41598-024-79394-z
https://doi.org/10.1038/s41598-024-79394-z
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://www.nature.com/scientificreports

	﻿Safety reporting in trials on glaucoma interventions registered in ClinicalTrials.gov and corresponding publications
	﻿Results
	﻿General characteristics
	﻿Differences in SAEs reporting between the registry and publications
	﻿Differences in OAEs reporting between the registry and publications
	﻿Differences in reporting all-cause mortality between the registry and publications

	﻿Discussion
	﻿Methods
	﻿Study periods and data sources
	﻿Sample
	﻿Data extraction and comparisons
	﻿Statistical analysis

	﻿References


