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Abstract. Background and aim: ClinicalTrials.gov is the oldest and largest of these registries collecting clini-
cal trials. Through this, the researchers can explore and monitor the clinical research landscape. In the last 
decades, the number of Medline-indexed publications on adverse events and medication errors has increased 
exponentially. The aims of this study are to define the prevalence of clinical trials that have as outcome 
the medication errors and to describe the characteristics of these trials, including their distribution across 
countries, and publication rate. Methods: A cross-sectional analysis of all clinical trials reporting as primary 
outcome medication errors identified through ClincialTrials.gov.  Results: Among 5.881 trials, only 1,68% 
focused on intervention to improve medication safety process and prevent medication errors. 25,3% of clinical 
trials included had their primary outcome changed (p= ,005). Recording study results in ClinicalTrials.gov 
was associated with trials that had their primary outcome changed (OR: ,060; 95% C.I.: ,007 – ,541). Only 
few interventional trials were totally compliant with the ICMJE policy. For all trials completed in our sample, 
in mean 7,44 months (median: 12 months) elapsed between study completion and the first publication in 
Medline showing the trial’s identification number. Conclusions: This study demonstrates several strengths of 
using ClinicalTrials.gov to track intervention to improve medication safety process. It is unknown how many 
trials are designed to focus on medication errors. However, 1,68% of trials focused on intervention to improve 
medication safety process.
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Introduction

In the last decades, the number of Medline-in-
dexed publications on causes, frequency and conse-
quences of adverse events and medication errors has-
increased exponentially as well as the evaluation of the 

effects of interventions to prevent them [1]. The best 
source of evidence on the efficacy and safety of medi-
cation safety intervention is the clinical study. 

An adverse drug event (ADE) is “an injury re-
sulting from medical intervention related to a drug”, 
that cause an unplanned hospital admissions and 
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deaths [2]. This expression covers the adverse drug re-
actions (ADRs) and preventable adverse drug events, 
associated with a medication error [3]. The Council 
of Europe [4] defines medication errors as any pre-
ventable event that may cause or lead to inappropriate 
medication use or patient harm while the medication 
is under the control of the healthcare professional, pa-
tient or consumer. 
Scientific literature divides the factors that contribute 
to the occurrence of harmful (or potential) events into: 
1.	human factors, based on personal and professional 

characteristics of the healthcare workers [5,6], and
2.	organizational factors, based on drug management 

process [7,8]. 
The best source of evidence on the efficacy and 

safety of medication safety intervention is the clini-
cal study, defined as “a research study involving human 
volunteers (also called participants) that is intended to 
add to medical knowledge. There are two types of clin-
ical studies: interventional studies (also called clinical 
trials) and observational studies” [9]. 

To improve quality, visibility and discoverability 
of clinical study, the US Food and Drug Adminis-
tration [10,11] imposed the registration of the study 
[12,13]. At the moment, seventeen are the clinical trial 
registry [14,15].

ClinicalTrials.gov is the oldest and largest of these 
registries. Through this, the researchers can explore, 
assess, and monitor the clinical research landscape and 
its related findings [12,16].

Previous studies aim to trends in quality, report-
ing rate, outcome change, publication rate, or poten-
tial publication bias about clinical research activity or 
clinical trials registered in the platform  [17-26].

However, to our knowledge, no one has been pre-
viously undertaken the analysis of intervention to im-
prove medication safety or prevent medication errors 
through the ClinicalTrials.gov.  

The aim of the study is to define the prevalence 
of interventional trials that have as primary outcome 
the medication errors or medication safety and de-
scribe the characteristics of these trials, including 
their distribution across countries, sponsor, and pub-
lication rate.

Methods

Design
Cross-sectional analysis of Registered Clinical Trials. 

Data collection
All clinical trials were download into an Excel file 

after searching the ClinicalTrials.gov the key words 
“medication errors”, “drug error”, “medication safety” 
or “drug safety”, “adverse drug event”, according the 
methodology proposed by Glanville et al. [27]. The 
screening of clinical trials was performed according to 
the PRISMA statement [28]. 

Sample
The authors defined the eligibility criteria used to 

rule in or out the collected clinical trials for this re-
search study.

In this study, the term clinical trial or simply tri-
als includes the interventional study, and observational 
study. The included trial had to be interventional or 
observational in nature, but interventional trials to 
study medication adherence or medication compliance 
by patients or adverse drug reactions were excluded. 
Interventional trials on efficacy of a specific treatment 
in a clinical condition or interventional trials that 
compare different drug were excluded. All data were 
downloaded from ClinicalTrials.gov on April 2020. 

Validity and accuracy
For each trial registered, different factors were 

collected such as: the type of intervention under study 
according EPOC taxonomy [29], the setting (e.g. hos-
pital, primary care setting, transitional care), study 
phase, start year, whether the study was randomized 
and, if so, the unit of randomization, the number of 
participants enrolled (or the estimated number if the 
study was ongoing), and the length of the study (calcu-
lated as the time from study start to completion date). 
Moreover, for each clinical trial the study site countries 
and funding sources were identified. Funding sources 
included industry, NIH, other US federal (excluding 
NIH), and other. 

Each clinical trial is classified as university or non-
university sponsored. The primary outcome measures 
were examined and, also, were identified discrepancies 
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with the primary outcome listed in the ClinicalTrials.
gov before the study start date, primary completion 
date or study completion date. Two electronic data-
bases (PubMed, and Google Scholar) are used to sys-
tematically searched for publication corresponding to 
the ClinicalTrials.gov trials. 

Ethical considerations
Ethical approval was not required for this study as 

no human subjects were involved and all data used in 
the review are available in the public domain.

Data analysis
The Statistical Package for the Social Sciences 

(SPSS®), version25, was used to analyze the data. 
Descriptive statistics were used to analyze the distri-
butions of clinical trials registered, while inferential 
statistics were used to determine the presence of sta-
tistically significant differences. 

Logistic regression analysis was performed to cal-
culate odds ratios (OR) with Wald 95% confidence in-

tervals for factors associated with trials and Chi-square 
tests were used to evaluate the association between 
study types and trial characteristics. p<.05 was consid-
ered statistically significant. 

Based on the requirements of the International 
Committee of Medical Journal Editors (ICMJE), each 
interventional trials included was assessed to evaluate 
the compliance with the minimum acceptable 24-item 
trial registration. 

Results

On 10 April 2020, the search yielded 5.881 tri-
als on medication errors prevention registered at the 
ClinicalTrials.gov site. After removal of the duplicates 
and trials that met study exclusion criteria, 99 trials 
remained, which were included in this study. Figure 
1 presents a flow chart of the clinical trials selection 
process. 

Figure 1. Flow diagram of the search and selection process of clinical trials
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General characteristics of the clinical trials 
Thirty-three (n=33, 33,3%) clinical trials regis-

tered on ClinicalTrials.gov were conducted in Unit-
ed States, thirteen (n=13, 12,1%) clinical trials were 
conducted in France; in Canada were conducted ten 
(n=10, 10,1%) clinical trials, five (n=5) clinical trials 
were conducted in Denmark; four clinical trials (n=4) 
were conducted in Switzerland and in Taiwan, respec-
tively. Each country such as Ireland, Italy, Netherlands, 
Brazil, Argentina had registered only two (n=2) clini-
cal studies. While, Belgium, Chile, Colombia, Ger-
many, Israel, Jordan, Pakistan, Sweden, and United 
Kingdom had registered only one (n=1) clinical tri-
als, respectively. The other twelve clinical trials (n=13, 

13,13%) have not provided a location. 
All clinical trials included involving human par-

ticipants. There are two types of clinical studies:  in-
terventional studies  (n=70, 70,7%) and observational 
studies (n=29, 29,3%). Table 1 shows the descriptive 
statistic about the status of study, characteristic of 
observational studies included (observational model, 
sampling methods and time perspective), and charac-
teristic of interventional study included (interventional 
model, study phase, allocation).  There were 73 (73,7%) 
trials classed as “other funded”, that include individu-
als, universities, and community-based organizations 
[9], 18 (18,2%) trials classed as mixed (NIH|Other, 
Industry|Other, U.S. Fed|Other).

Table 1. General characteristic of clinical trials included

n(%)

Study status
Completed
Enrolling by invitation
Not yet recruiting
Recruiting
Unknown status
Withdrawn 

Active, not recruiting 5 (5,1)
60 (60,6)

2 (2)
4 (4)

11 (11,1)
14 (14,1)

3 (3)

Enrollment size Observational study [mean (range)]
Interventional study [mean (range)] 2.517,87 (6.000 – 15.000) 

 4.190,28 (20 – 50.000)

Sponsored by Industry, government, others
University or research centers 62 (62,7)

37 (37,4)

Collaborators
Industry, government, others
Not provided 

University or research centers 31 (31,3)
20 (20,2)
48 (48,5)

Observational study a

Observational Model a

Defined Population - Natural History 1 (3,5)
Ecologic or Community 1 (3,5)

Case-control 2 (6,9)
Case-only 3 (10,3)

Cohort 14 (48,3)
Other 5 (17,2)

Not provided 3 (10,3)

Sampling methods a 
Non-Probability Sample 24 (82,7)

Probability Sample 4 (13,8)
Not Provided 1 (3,5)

Time perspective a

Cross-sectional 1 (3,5)
Longitudinal - Perspective 1 (3,5)

Prospective 20 (68,8)
Retrospective 5 (17,2)

Other 1 (3,5)
Not provided 1 (3,5)
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Primary outcome and primary changes in clinical trials 
registered 

The primary outcome measure is the measure 
most important for evaluating the effect of an inter-
vention. Only 6 (6,1%) clinical trials registered have 
not provided current primary outcome measure. 25 
(25,3%) clinical trials had their primary outcome 
changed: of these 21 (30%) are interventional trials; 4 
(13,8%) are observational trials (p=0.005). 20 (20,2%) 
clinical trials have changed the primary outcome after 
start of the study; 8 (8,1%) clinical trials have changed 

primary outcome after completion of the study. Also, 
28 (28,3%) clinical trials have not provided a second-
ary outcome measure. 

Recording study results in ClinicalTrials.gov was 
associated with trials that had their primary outcome 
changed (OR: 0,060; 95% C.I.: 0,007 – 0,541). Other 
variables such as study type or/and duration of the 
study in months or/and funding sources did not asso-
ciated and did not materially change this associations. 
Table 2 shows records characteristic for clinical trials 
which have changed their primary outcome. 

Table 1. General characteristic of clinical trials included

n(%)

Interventional study b

Interventional Model b

Crossover Assignment 8 (11,4)
Factorial Assignment 3 (4,3)
Parallel Assignment 45 (64,3)

Sequential Assignment 5 (7,1)
Single Group Assignment 9 (12,9)

Study Phase b

Early Phase 1 1 (1,4)
Phase 2 1 (1,4)

Phase 2|Phase 3 1 (1,4)
Phase 3 1 (1,4)
Phase 4 4 (5,7)

Not Applicable 62 (88,7)

Allocation b

Non-Randomized 13 (18,6)
Randomized 54 (77,1)
Not provided 3 (4,3)

a  % calculated on 29 observational studies included in this cross-sectional analysis
b  % calculated on 70 interventional studies included in this cross-sectional analysis.  

Table 2. Record characteristic for clinical trials which have changed their primary outcome (PO)

Observational studya Interventional studyb p value
n(%)

PO changed
No 20 (69,0) 48 (68,6)

,005Yes 4 (13,8) 21 (30,0)
Not provided 5 (17,2) 1 (1,4)

PO changed after study start
No 20 (69,0) 53 (75,7)

,009Yes 4 (13,8) 16 (22,9)
Not provided 5 (17,2) 1 (1,4)

PO changed after primary completion
No 21 (72,4) 61 (87,1)

,011Yes 3 (10,3) 8 (11,4)
Not provided 5 (17,2) 1 (1,4)

PO changed after study completion
No 21 (72,4) 64 (91,4)

,008Yes 3 (10,3) 5 (7,1)
Not provided 5 (17,2) 1 (1,4)

a  % calculated on 29 observational studies included in this cross-sectional analysis
b  % calculated on 70 interventional studies included in this cross-sectional analysis.  
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Trial Registration Practice and related effect of ICMJE 
Policy on Registration Practices 

The first clinical trials submitted on ClinicalTri-
als.gov are dated to 2001. Nevertheless, some studies 
(n=4) started even before that date: one clinical trial 
is dated January, 1985 and three clinical studies (n=3) 
are dated to 2000. Perhaps, this is due to a new policy 
requiring trial registration by the International Com-
mittee of Medical Journal Editors [30] in September 
2004. Figure 2 shows trend of number of studies start-
ed and submitted on ClinicalTrials.gov per years. 

The median study length 21 months (mean: 33,25; 
SD: 43,01; range: 1-359 months). The time between 
first submission and study start date is 18,06 months 
on average (median: 3,00; SD: 45,66; range: 0-393 
months) (Figure 3). Table 3 shows record character-
istic for clinical trials included referred to study time. 

Based on the requirements of the International 
Committee of Medical Journal Editors (ICMJE), each 
interventional trial included was assessed to evaluate 
the compliance with the minimum acceptable 24-item 
trial registration [31].  

The majority of interventional trials included in 
the analysis (n=48; 68,57%) did not provide the IPD 
sharing statement, such as 29 (41,43%) interventional 
clinical trials did not provide the study start date. 30 
(42,86%) interventional trials did not provide the sec-
ondary sponsor (collaborators). The primary outcome 
and the secondary outcome did not provide in 1 and 
18 interventional trials, respectively (1,43%; 25,71%).

Lack of clinical trials data registration was related 
to the following items: investigators (10 interventional 
trials did not provided their investigators); listed loca-
tion countries (8 interventional trials did not reported 
where the trials will be conduct); study arms (5 inter-
ventional trials); accepting healthy volunteers (1 inter-
ventional trials); original enrollment (2 interventional 
trials); and study competition date (1 interventional 
trials). Only 6 (8,57%) interventional trials were to-
tally compliant with the ICMJE policy and reported 
the 24-item trial registration. 

Time and characteristics of Trial Publication
Only 60 studies included in the analysis have been 

concluded. The analysis of time of findings publication 
is related to these clinical trials. The section Publica-

tions in ClinicalTrials.gov includes publications given 
by the data provider as well as publications identified 
by ClinicalTrials.gov Identifier (NCT Number) in 
Medline.

19 clinical trials completed (31,67%) did not pub-

Figure 2. Trend of number of studies started and submitted on 
ClinicalTrials.gov

Figure 3. Mean proportion and 95% confidence intervals (error 
bars) of clinical trials duration.

Table 3. Record characteristic for clinical trials registered in 
ClinicalTrials.gov

Observational 
studya

Interventional 
studyb 

n(%)

Time of trial 
registration

Before study 
start date

12 (41,38) 29 (41,43)

Before study 
completation 

date
21 (72,41) 60 (85,71)

Lenght 
of study 
conduct

< 1 year 5 (17,24) 23 (32,86)

- 2 year 10 (34,48) 16 (22,85)

> 2 year 11 (37,93) 30 (42,86)

Unknown 3 (10,35) 1 (1,43)

a  % calculated on 29 observational studies included in this cross-
sectional analysis; b  % calculated on 70 interventional studies included 
in this cross-sectional analysis. 
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lish findings on ClinicalTrials.gov. However, two of 
these articles were found by NTC number in Medline 
[32,33]. 

The remaining 41 clinical trials (68,33%) had 
published a mean of 2,78 articles (n=168) on Clini-
calTrials.gov. The search of publications identified 
by NCT Number in Medline yielded only 44 results 
(mean: 0.73).  Only 13 clinical trials (31,71%) have 
displayed a consistent match between publicationson 
ClinicalTrials.gov and publications on Medline. 

For all trials completed in our sample which have 
one or more article in ClinicalTrials.gov or Medline, 
on average 7,44 months elapsed between completion 
and the first publication in Medline shown the trial’s 
identification number (NCT number). 

Discussion

Based on the 99 medication safety trials registered 
at ClinicalTrials.gov and included in this survey, sev-
eral observations can be made. Firstly, the distribution 
of trials included in the analysis come from the United 
Stated of America and all the medication safety trials 
included in the analysis focused on one of for EPOC 
taxonomy of intervention  [29].

However, the portion of primary outcome which 
did not change their primary outcome during or after 
the study completion is very low (only 6,1% of all clini-
cal trials included). This finding agrees with findings of 
the study conducted by Ramagopalan, et al. [34]. Even 
if  in our study and in Ramagopalan, et al. [34] study 
a significant portion of trials have their primary out-
come changed, Ramagopalan, et al. [34], in his study, 
showed the association between industry funding and 
primary outcome changes. In our study, this associa-
tion is not statistically significant. On the other hand, 
we found a significant association between the type of 
study included (interventional or observational) and 
trials which have changed their primary outcome as 
well as the recording of study results (OR: 0,060; 95% 
C.I.: 0,007 – 0,541).

The median study length 21 months (mean: 33,25; 
SD: 43,01; range: 1-359 months). A minority of trials 
included in the analysis has been reported findings in 
publications on ClinicalTrails.gov or Medline data-

base. For all trials completed in our sample which have 
one or more articles in ClinicalTrials.gov or Medline, 
on average 7,44 months (median: 12 months) elapsed 
between completion and the first publication in Med-
line shown the trial’s identification number (NCT 
number). This finding disagrees with Ross, et al. [26] 
findings, that show the median time to publication 
equals to 23 months. Rates of trial publication with-
in 24 months of study completion was associated to 
industry sponsored studies by Bourgeois, et al. [18]. 
In our study, there is not a significant association be-
tween the study length or time publication and fund-
ing sources. 

Limitations
This study demonstrates several strengths of using 
ClinicalTrials.gov to track intervention improving 
medication safety process or medication errors preven-
tions. Indeed, trial activity has grown and diversified 
over the years, especially since 2005 when a new policy 
was introduced in order to require trial registration. 
Based on our knowledge, this is the first study that as-
sesses the efficacy of intervention to improve medica-
tion safety through the ClinicalTrials.gov database and 
no filters have been used in the query search. 
A limitation of our study is that the research of publi-
cation has been restricted just to two databases (Pub-
Med and Google Scholar). It could be interesting to 
contact each principal investigator to understand the 
real status of study (especially to the trials in “unknown 
status”) and related finding publication. On the other 
hand, we based our research of findings publication on 
the presence of a registry identifier (NCT number) in 
the abstract or full text of the journal article. If there 
was not an NCT number, the study was categorized 
as “without publications”. This method could have led 
to misclassified publication status and, consequently, 
underestimated publication rates. This issue or concern 
is alleviated by medical journal policy or ICMJE and 
the CONSORT checklist that encourage reporting of 
registration numbers [35]. 
Also, it could be interesting to assess the real efficacy 
of each intervention studied to improve medication 
safety process in order to increase the scientific litera-
ture in this landscape. One more limitation is that we 
searched trials only in ClinicalTrials.gov database. It 
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could be interesting to search the same key words in 
other Clinical Trials Registry in order to study dif-
ferences in trend analysis or trials distribution across 
countries. 

Conclusions

Before this study, it is unknown how many trials are 
designed to focus exclusively on medication errors. 
This study demonstrates several strengths and limita-
tion of using ClinicalTrials.gov to track intervention 
to improve medication safety process. Even if very 
few studies are registered in ClinicalTrials.gov on our 
topic, trial activity has grown and diversified over the 
years, especially since 2005 when a new policy was in-
troduced.
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No Recommendation Page 

No

Title and abstract 1
(a) Indicate the study’s design with a commonly used term in the title or the abstract 1

(b) Provide in the abstract an informative and balanced summary of what was done 
and what was found

1

Introduction

Background/ rationale 2 Explain the scientific background and rationale for the investigation being reported 1

Objectives 3 State specific objectives, including any prespecified hypotheses 2

Methods

Study design 4 Present key elements of study design early in the paper 2

Setting 5
Describe the setting, locations, and relevant dates, including periods of recruitment, 
exposure, follow-up, and data collection

2

Participants 6
(a) Give the eligibility criteria, and the sources and methods of selection of partici-
pants

2

Variables 7
Clearly define all outcomes, exposures, predictors, potential confounders, and effect 
modifiers. Give diagnostic criteria, if applicable

/

Data sources/ measurement 8*
 For each variable of interest, give sources of data and details of methods of asses-
sment (measurement). Describe comparability of assessment methods if there is 
more than one group

2

Bias 9 Describe any efforts to address potential sources of bias /

Study size 10 Explain how the study size was arrived at 3,4

Quantitative variables 11
Explain how quantitative variables were handled in the analyses. If applicable, descri-
be which groupings were chosen and why

4

Statistical methods 12

(a) Describe all statistical methods, including those used to control for confounding 4,5

(b) Describe any methods used to examine subgroups and interactions 4,5

(c) Explain how missing data were addressed 4,5

(d) If applicable, describe analytical methods taking account of sampling strategy 4,5

(e) Describe any sensitivity analyses 4,5

Results

Participants 13*

(a) Report numbers of individuals at each stage of study—eg numbers potentially 
eligible, examined for eligibility, confirmed eligible, included in the study, completing 
follow-up, and analysed

/

(b) Give reasons for non-participation at each stage /

(c) Consider use of a flow diagram /

Descriptive data 14*
(a) Give characteristics of study participants (eg demographic, clinical, social) and 
information on exposures and potential confounders

3-7

(b) Indicate number of participants with missing data for each variable of interest 3-7

Outcome data 15* Report numbers of outcome events or summary measures 3-7

Main results 16

(a) Give unadjusted estimates and, if applicable, confounder-adjusted estimates and 
their precision (eg, 95% confidence interval). Make clear which confounders were 
adjusted for and why they were included

3-7

(b) Report category boundaries when continuous variables were categorized 3-7

(c) If relevant, consider translating estimates of relative risk into absolute risk for a 
meaningful time period

3-7

Other analyses 17
Report other analyses done—eg analyses of subgroups and interactions, and sensiti-
vity analyses

/
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Limitations 19
Discuss limitations of the study, taking into account sources of potential bias or im-
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7

Interpretation 20
Give a cautious overall interpretation of results considering objectives, limitations, 
multiplicity of analyses, results from similar studies, and other relevant evidence

7

Generalisability 21 Discuss the generalisability (external validity) of the study results 7

Other information

Funding 22
Give the source of funding and the role of the funders for the present study and, if 
applicable, for the original study on which the present article is based
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