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Abstract
Objective: Here, we examined the accuracy measures of a set of automated deduplication tools to identify duplicate in the eligibility
process of systematic reviews.

Study Design and Setting: A planned search strategy was carried out on seven electronic databases until May 31, 2021. Using manual
search as the reference standard, we assessed sensibility, specificity, negative predictive value, and positive predictive value (PPV).

Results: Specificity ranged from 0.96 to 1.00. Rayyan, Mendeley, and Systematic Review Accelerator (SRA) presented high sensibility
(0.98 [95% CI5 0.94e1.00]; 0.93 [95% CI5 0.88e0.97] and 0.90 [95% CI5 0.84e0.95], respectively), whereas EndNote X9 and Zotero
had only fair sensitivity (0.73 [95% CI5 0.65e0.80] and 0.74 [95% CI5 0.66e0.81], respectively). Negative predictive value ranged from
0.99 to 1.00. Mendeley and SRA had good PPV (0.93 [95% CI 5 0.88e0.97] and 0.99 [95% CI 5 0.96e1.00], respectively). PPV was fair
for EndNote X9 (0.61 [95% CI 5 0.54e0.69]) and Zotero (0.62 [95% CI 5 0.54e0.69]) and poor for Rayyan (0.41 [95%
CI 5 0.36e0.47]).

Conclusion: Choosing the most suitable tool depends on its interface’s characteristics, the algorithm to identify and exclude duplicates,
and the transparency of the process. Therefore, Rayyan, Mendeley, and SRA proved to be accurate enough for the systematic reviews’ de-
duplication step. � 2022 Elsevier Inc. All rights reserved.
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What is new?

� To compare effectiveness of different options for
de-duplicating records retrieved from systematic
review searches including free automated tools.

Key findings
� Rayyan, Mendeley, and Systematic Review Accel-

erator proved to be accurate enough for the dedu-
plication step of systematic reviews.

What this adds to what was known?
� Our results on accuracy parameters from the avail-

able main automated tools could help researchers
choose the most suitable tool based on a set of
empirically defined values to conduct deduplica-
tion steps in systematic review studies.
1. Introduction

The ever-growing number of scientific publications
related to Health Sciences has been evidenced over the last
decades [1,2]. Hence, given the acquisition of a vast range
of scientific information, health professionals struggle to
manage scientific evidence for routine updates. Therefore,
synthesizing scientific research evidence in the Health Sci-
ences field is necessary to underpin better health practices
and policies [1,2].

Systematic review studies are research designs that assist
in analyzing and disseminating scientific evidence, using
rigorous and well-defined methods to generate empirically
derived answers to clear research questions [3]. Multiple
database searching is essential to ensure broader coverage
and identify all evidence relevant to the researched ques-
tions. In addition, searching distinct databases that use
different indexing tools increases the likelihood of
retrieving relevant references produced in the scientific
literature [4], but unsurprisingly, duplicate records are
retrieved due to an overlapping content of multiple data-
bases [5].

Identifying and removing duplicate references is essen-
tial to ensure researchers do not waste time tracking down
the same citation multiple times and preventing the inclu-
sion of multiple records published from the same dataset,
which could create bias in the conclusions of systematic re-
view studies [3]. A range of automated tools is available
for the task, whether free of charge, such as Mendeley
[6] and Zotero [7], or not, such as EndNote X9 [8]. More
recently, free and paid online automated deduplication
tools have been developed to ease the production of sys-
tematic reviews, including Rayyan and Covidence, respec-
tively. Covidence, for example, is made freely accessible
for Cochrane authors, whereas nonauthors are granted a
single, up to two reviewers free usedfurther utilization be-
ing charged [9,10].

Previous studies highlighted proceedings to identify and
account for duplicate records by different methodologies
(e.g, using data platforms as the OVID); however, indepen-
dent databases have not been employed or the proper accu-
racy parameters were not measured [11e13]. Thus, despite
the advances in the field, no analyses have been outlined to
consistently determine the most suitable automated dedu-
plication tool to be applied to independent databases,
particularly the larger ones, because the manual search
can be time-consuming and somewhat subjective in those
scenarios. Here, we sought to examine the accuracy mea-
sures of a set of automated deduplication tools relative to
the manual search to identify duplicate references in the
eligibility process of systematic reviews.
2. Methods

2.1. Literature search

The search strategy used in this study was developed for
the systematic review registered at PROSPERO under num-
ber CRD42021255570 [14], which aimed to answer the
question ‘‘What is the impact of cash transfer programs
on the health of children aged less than 5 years?’’

To create a benchmark set of references, we planned a
search strategy (N.S.G. and A.J.F.F.) for each of the
following bibliographic databases: The Cochrane Central
Register of Controlled Trials, PubMed, Embase, Latin
American and Caribbean Health Sciences Literature, and
SciELO; Web of Science as a citation database and Scopus
as abstract and citation database and search for publication
initial at 1,946 until May 31, 2021. Details of the search
strategy are described in the supplementary appendix
(Table S1). Manual search and automated tools were
applied to discriminate duplicate an non-duplicate records
in this benchmark set of of references.

2.2. Deduplication

A duplicate record was defined as the same biblio-
graphic record (irrespective of how the citation details were
reported, e.g., variations in page numbers, author details,
accents used, or abridged titles) [13]. In case further reports
from a single study were published, those were not classi-
fied as duplicates as they were merely multiple reports pub-
lished across or within journals. A manuscript translation
published in a distinct journal was not considered a dupli-
cate record. Similarly, sets of conference abstracts, pre-
prints, and journal articles describing the same research
were not classified as duplicate records [13].

The manual search of duplicate records considered the
standard reference method of deduplication in this study
and was performed by two blinded independent reviewers
(A.J.F.F. and N.S.G.) using the previous benchmark set of
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references. To improve the agreement between blinded re-
viewers, both underwent concordance training before the
study period to identify duplicate records using a pilot sam-
ple of references (not included in this study). Using the
benchmark of references, the two reviewers independently
created a list of duplicate records. Then, we compared both
lists and found a perfect agreement between all the records
selected (kappa 5 1.0) by each reviewer. The final list was
recorded on a spreadsheet and all duplicate records were
considered true positives.

In this study, we used the manual search as the reference
standard procedure, through which a reference dataset was
assembled. For that, two blinded reviewers screened and
manually deduplicated the references, which were recorded
on a Microsoft Excel spreadsheet.

Five automated tools (Rayyan, Systematic Review
Accelerator [SRA], EndNote X9, Mendeley, and Zotero)
were used to search for duplicate records. Below are briefly
described the mechanisms used by each automated tool to
identify duplicates:

i. Rayyan. Upon reference exporting, this automated tool
creates a separate file with potential deduplicates left to
be checked manually. This automated tool automatically
identifies duplicate records, which can be deleted after
checking for compliance, taking into account informa-
tion such as the author’s name, title, and year [10].
ii. SRA. It includes a validated algorithm for faster dedu-
plication of search results from a benchmark set of ref-
erences, allowing the researcher to manually double-
check duplicate records identified by the algorithm as
per an intuitive interface [15].
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Fig. 1. Flow diagram of selected studies combining manual and automated
duplicates found.
iii. Mendeley. This automated tool automatically iden-
tifies duplicate records, which can be deleted after
checking for compliance, taking into account informa-
tion such as the author’s name, title, year, place, and
publication type and other information that can be
entered into the software [16].
iv. Zotero. After importing the set of references, Zotero
automatically identifies possible duplicate records in a
separate file, which can be manually checked, consid-
ering some fields, such as authors name, title, date of
issue, and journal [7].
v. EndNote X9. This reference manager creates a sepa-
rate group for presumable duplicate records, allowing re-
searchers to visualize and judge duplicates manually
[17].

The full-text versions of the citations were consulted
whenever necessary to settle doubts. In such cases, we also
checked the population sizes, methodology, and outcomes to
determine whether the citations were duplicates or not [12].
2.3. Analysis

We assessed the main accuracy measures for the afore-
mentioned automated tools relative to the manual search.
Confusion matrices were constructed by cross-tabulating
data regarding the valid status of the records (duplicate
vs. nonduplicate) identified through manual search (the
reference standard) vis-�a-vis the results from the deduplica-
tion algorithms for each automated tool.

In this study, true-positive (TP) references were those
defined as a non-duplicate citations legitimately removed
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from the final of database, that, is the true duplicates. On
the other hand, kept in the final database, while a true-nega-
tive (TN) were the ones correctly deemed as non-duplicates
e and hence kept in the database. False-negative (FN) were
those that should have been tagged as duplicates and
deleted from final database but were not. Conversely, refer-
ences that were deleted from the databases but should not
have been were classified as false-positive (FP) duplicates.
Point estimates of sensitivity, specificity, and predictive
values were determined as follows [18]:

Sensitivity 5 TP/(TP þ FN).
Specificity 5 TN/(TN þ FP).
Positive predictive value (PPV) 5 TP/(TP þ FP).
Negative predictive value (NPV)5 TN/(TN þ FN).

Accuracy measures and their corresponding 95% confi-
dence intervals (CIs) were estimated using the caret pack-
age [19]. We also calculated the balanced accuracy as an
overall measure to account for class disproportions. All an-
alyses were performed in the software R, version 4.1.2
(http://www.r-project.org).
3. Results

We retrieved 5,933 publications from the searched data-
bases (Fig. 1). The manual search researchers retrieved 144
duplicated records, yielding a 0.02 proportion of duplicates.
After checking the number duplicate records detected was
105, 134, 106, 141, and 130 for EndNote X9, Mendeley,
Zotero, Rayyan, and SRA, respectively (Fig. 1 and
Appendix 1).

The automated tools had specificity point estimates
ranging from 0.96 to 1.00. Mendeley and SRA had the
highest values (1.00 [95% CI 5 1.00e1.00]), followed by
EndNote X9 (0.99; 95% CI 5 0.99e0.99), Zotero (0.99;
95% CI 5 0.99e0.99), and Rayyan (0.96; 95%
CI 5 0.96e0.97). Rayyan, Mendeley, and SRA presented
high sensitivity (0.98 [95% CI 5 0.94e1.00], 0.93 [95%
CI 5 0.88e0.97], and 0.90 [95% CI 5 0.84e0.95], respec-
tively), whereas EndNote X9 (0.73; 95% CI 5 0.65e0.80)
and Zotero had only fair sensitivity (0.74; 95%
CI 5 0.66e0.81).
Table 1. Accuracy parameters with 95% confidence interval for automated

Accuracy parameters Rayyan EndNote X9

Sensitivity 0.98 (0.94, 1.00) 0.73 (0.65, 0.80)

Specificity 0.96 (0.96, 0.97) 0.99 (0.99, 0.99)

PPVa 0.41 (0.36, 0.47) 0.61 (0.54, 0.69)

NPVa 1.00 (1.00, 1.00) 0.99 (0.99, 1.00)

Balanced accuracyb 0.97 0.86

PPV, positive predictive value; NPV, negative predictive value; SRA, sys
a Considering a 0.02 prevalence of duplicates.
b The caret package does not provide a 95% confidence interval for bal
Considering a 0.02 prevalence of duplicates, negative
predictive value estimation ranged from 0.99 to 1.00. Men-
deley (0.93; 95% CI 5 0.88e0.97) and SRA (0.99; 95%
CI 5 0.96e1.00) had good PPV, whereas EndNote X9
(0.61; 95% CI 5 0.54e0.69) and Zotero (0.62; 95%
CI 5 0.54e0.69) had fair values. Only Rayyan (0.41;
95% CI 5 0.36e0.47) had poor PPV. Balanced accuracy
ranged from 0.86 (Zotero and EndNote X9) to 0.97
(Rayyan) (Table 1).
4. Discussion

Our findings show that Rayyan, Mendeley, and SRA are
the most accurate tools for deduplication -a critical step in
systematic review studies, mainly in the era of ever-
growing health sciences citation databases. Our work is
unique as we employed a large independent database
coupled with the assessment of critical accuracy measures
to single out some reliable deduplication tools to aid the
initial steps of a systematic review study.

As distinct citation databases often index overlapping
content, automated tools are needed to rule out duplicated
records accurately and speed up the literature search while
systematic reviews are conducted. Recent manuscripts
described the use of automated tools for deduplication as
responsible for transforming this step as one of the least
time-consuming tasks required to complete a systematic re-
view [15,20]. SRA, Rayyan and Mendeley are tools that
organize the possible duplicates in terms of matching level,
that is, all possible duplicate records are organized into
three levels of agreements such as higher, medium, and
low) and ask for manual checking as the last level. Howev-
er, SRA and Rayyan have an advantage as they do not auto-
matically exclude studies, as with Mendeley.

Similar to our results, Kwon et al. [12] described Men-
deley as the more accurate automated tool compared to
EndNote X9. Although the authors did not calculate the ac-
curacy parameters, they showed that EndNote X9 produced
7.2 times more FNs and 0.5 times more FPs records than
Mendeley.

Besides, some studies with small databases also showed
the highest accuracy of Mendeley contrasted to EndNote
tools applied to deduplication records relative to the manual search

Mendeley Zotero SRA

0.93 (0.88, 0.97) 0.74 (0.66, 0.81) 0.90 (0.84, 0.95)

1.00 (1.00, 1.00) 0.99 (0.99, 0.99) 1.00 (1.00, 1.00)

0.93 (0.88, 0.97) 0.62 (0.54, 0.69) 0.99 (0.96, 1.00)

1.00 (1.00, 1.00) 0.99 (0.99, 1.00) 1.00 (1.00, 1.00)

0.96 0.86 0.95

tematic review accelerator

anced measures [19].

http://www.r-project.org
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X9 to deal with FP records in the deduplication step [4,13].
Corroborating our findings, a previous study has shown Zo-
tero and EndNote X9 as having poorer accuracy than the
manual search among a set of automated tools [11].

The choice of a particular automated tool should be
informed by distinct criteria, such as the number of records
to be reviewed, the completeness of documentation of the
citations in the database, and accuracy parameters, mainly
sensitivity, specificity, and predictive values [4,11,13,21].
In this study, we also provided balanced accuracies as an
intuitive summary measure to aid researchers in their deci-
sions. As we could only provide point estimates for such a
measure, one should be cautious when interpreting its
meaning.

Accuracy measures encompass quite useful metrics that
formally describe how trustful a given diagnostic instru-
ment is in discriminating entities with a particular attribute
and those without [18,22]. Here, sensitivity was used to
inform the proportion of FN duplicates relative to manually
searched duplicates. In a complementary way, specificity
provides the proportion of FP duplicates.

The PPV measures the probability of positive results
from a diagnostic instrument (in our case, citations classi-
fied as duplicates by a deduplication tool) translates into
the presence of the attribute assessed (i.e., the occurrence
of duplicates). NPV, conversely, provides the probability
of negative results (citations classified as nonduplicates)
and translates into the absence of the attribute (the occur-
rence of nonduplicates).

Although deemed the most informative measure, predic-
tive values are not intrinsic to the diagnostic instrument
because they are heavily dependent on the prevalence of
the attribute being evaluated [18,22]. Therefore, as far as
the proportion of duplicated citations is not previously
known, those measures are often disregarded and misinter-
preted. Moreover, we highlight that manual searching of
duplicate records is not devoid of limitations. Manual dedu-
plication can also yield FP results [11,12,23], which under-
mines the specificity and, therefore, the PPV [18], despite
being time-consuming.

Being accurate enough, the marginally lower specificity
of Rayyan may yield somewhat poorer PPV compared to
other automated tools, mainly at the lower prevalence of
duplicates. In contrast to the other deduplication tools,
Rayyan was developed to expedite the initial screening of
abstracts and titles in systematic review studies through a
friendly interface as an alternative to Covidence from
Cochrane Foundation [9]. Therefore, despite having been
used for deduplication [10,11], this was not the primary
goal of Rayyan, which could explain, at least in part, the
lower specificity and PPV found. Furthermore, Rayyan
did not allow reviewers to choose specific fields to compare
potential duplicate records (for instance, date of issue, title,
author’s name, and journal) as Mendeley and SRA do
[6,15], which reduces its deduplication accuracy [24].
As per the Cochrane Library, the accurate identification
and exclusion of duplicate records is an initial and manda-
tory step of research targeting synthesizing the scientific
literature systematically and reproducibly, which must be
thoroughly conducted [25]. Hence, our results on accuracy
parameters from the available main automated tools can
help researchers choose the most suitable tool based on a
set of empirically defined values to conduct deduplication
steps in systematic review studies.

Identifying duplicate records aims to reduce reviewers’
workload associated with screening. However, this process
should be accurate enough to avoid excluding FP records,
which can be a source of bias in systematic review studies
because the maximum recall in retrieval is desirable
[11,12,23]. The exclusion of FP records can negatively
impact the synthesis, direction, and quality of the evidence
produced by systematic reviews, which can affect health
decisions and other activities related to evidence-based de-
cisions [1,2].

This study’s strengths include using a large set of re-
cords retrieved directly from free access research databases
(Cochrane Library, MEDLINE, Web of Science, Embase,
Scopus, Latin American and Caribbean Health Sciences
Literature, and SciELO) instead of automated paid data-
bases, such as OVID or ProQuest. The latter may not be
accessible for low-income and middle-income settings. In
addition, we used updated versions of the automated tools
assessed [12,13].

This study has some limitations. First, we evaluated only
results from a particular health research field, namely,
Nutrition Epidemiology, but it is reasonable to speculate
that the quality of information for other fields may have
some difference. Second, we evaluate only a set of auto-
mated tools; thus, we have no information on the accuracy
of other tools, such as the Reference Manager and the
Bramer method [4]. These approaches have faced criticism,
given that their mechanism of duplicate exclusion is not
transparent [4,11]. Another limitation refers to the absence
of verification of the search strategy by the PRESS Peer Re-
view of Electronic Search Strategies [26]. Finally, as there
are no a priori data on the average proportion of duplicated
citations, the prevalence of duplicates in our database
(0.02) was chosen as an educated guess. Hence, our values
regarding predictive values are solely intended for compar-
ative purposes because our primary purpose was not to
establish individual accuracies but to provide a comparative
assessment among different tools. Therefore, our compara-
tive findings are expected to hold even if distinct scenarios
of duplicate records proportion arise.

Finally, our study makes a meaningful contribution to
the field of systematic review studies because using accu-
rate automated tools can reduce subjectivity and help re-
searchers save time searching for answers to specific
guiding questions and ultimately underpin clinical and pol-
icy decisions.
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5. Conclusion

A set of accuracy measures can guide researchers in con-
ducting systematic reviews using the most reliable auto-
mated deduplication tool. By doing so, researchers can
speed up the work process of systematic reviews and
improve the overall quality of their analyses. Contrasted
to the manual search, Rayyan, Mendeley, and SRA proved
to be accurate enough to be applied in the deduplication
step of systematic reviews.

Moreover, choosing the most suitable tool depends on its
interface’s characteristics, the algorithm to identify and
exclude duplicates, and the transparency of the process.
Therefore, SRA seems to be a tool that best gathers the
points mentioned previously. In addition to a user-friendly
interface, SRA brought the possibility of calibrating the al-
gorithm of deduplication as per the size of the base (small
and large) and organized duplicates in three levels of con-
fidence (high, medium, and low). It allows the researcher to
manually confirm, quickly and transparently, whether the
reference, particularly those belonging to the low confi-
dence category, is a TP or TN record. Although it is also
feasible for Mendeley to present the degree of agreement
between possible duplicate references, this software uses
an automatic duplication mechanism, which is not trans-
parent and deserves the attention of researchers, particu-
larly those who are a beginner in this tool.
Supplementary data

Supplementary data to this article can be found online at
https://doi.org/10.1016/j.jclinepi.2022.10.009.
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