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ABSTRACT
Objective: PubReMiner is a text‐mining tool that analyses a seed set of citations to assess word frequency in titles, abstracts, 
and Medical Subject Headings (MeSH). This study aimed to determine the sensitivity and precision of search strategies 
developed using the PubReMiner tool compared to conventional search strategies developed by a librarian at our institution.
Methods: Twelve consecutive reviews conducted at our center were included from September 2023 to January 2025. These 
reviews included various types of evidence synthesis, including rapid reviews and systematic reviews, covering a variety of 
topics. One librarian developed a comprehensive search strategy, which included a conventional MEDLINE search for each 
review. Separately, two librarians independently developed MEDLINE search strategies using PubReMiner‐generated word 
frequency tables (PubReMiner 1 and PubReMiner 2). All search strategies were constructed by experienced librarians using 
predefined work instructions. Primary outcomes were sensitivity and precision. Secondary outcomes included the number 
needed to read, the number of unique references retrieved, and the time taken to construct each strategy.
Results: Sensitivity of PubReMiner strategies was generally lower than that of conventional strategies; however, in one review, 
PubReMiner achieved a higher sensitivity (83.87%) than the conventional strategy (58.06%). Only the sensitivity outcome 
showed a statistically significant difference between search methods (Friedman test p = 0.0065). No statistically significant 
difference in precision between the searches was identified. PubReMiner strategies were typically faster to construct but yielded 
inconsistent performance across reviews and between librarians.
Conclusion: While PubReMiner offers efficiency advantages, its inconsistent performance in retrieving relevant studies sug
gests that it should not replace conventional search strategies. The study illustrates the value of multi‐review SWARs in 
producing evidence that informs evidence synthesis practices.

This is an open access article under the terms of the Creative Commons Attribution License, which permits use, distribution and reproduction in any medium, provided 
the original work is properly cited. 
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1 | Introduction 

Evidence syntheses, such as systematic reviews and rapid re
views, inform evidence‐based decision‐making in healthcare 
and health policy. In order to conduct robust evidence synthe
sis, information must be synthesised in a systematic manner, 
and an accurate and comprehensive search strategy is critical to 
achieve this. As new and more complex methods and tools for 
evidence synthesis emerge, they are accompanied by a growing 
uncertainty and lack of consensus regarding how best to 
implement these innovations in practice. A Study Within A 
Review (SWAR) is a form of embedded methodological research 
that can be used to address such uncertainties. SWARs are 
typically embedded within a systematic review or other evi
dence syntheses in order to generate evidence and inform 
decisions about how we plan, do, or share the findings of future 
systematic reviews or other evidence syntheses [1].

While a number of SWARs have been registered in the SWAR 
repository hosted by The Northern Ireland Network for Trials 
Methodology Research to date, there is a notable absence of 
SWARs embedded across multiple reviews. This issue has also 
been highlighted by other researchers [1, 2]. Embedding a 
SWAR across diverse evidence syntheses may enhance the 
generalisability and external validity of its findings, an espe
cially relevant approach when the effectiveness of a method is 
likely to vary between reviews. This approach could be taken to 
evaluate any aspect of the evidence synthesis process, one area 
in need of robust evaluation is the development of search 
strategies using automation and artificial intelligence (AI) tools.

In recent years, a range of automated and AI‐driven tools have 
become available, offering new ways to search for relevant lit
erature. Such tools include ResearchRabbit, Semantic Scholar, 
PubReMiner and large language models (LLMs) such as 
ChatGPT [3–7]. Despite growing interest, these tools require 
evaluation before they can be recommended for routine use in 
research workflows.

PubReMiner is a text‐mining tool that can be used to identify 
frequently used words from key publications and can be used to 
help efficiently build search strategies. PubReMiner works with 
MEDLINE to determine the frequency of free‐text and Medical 
Subject Headings (MeSH) terms used in key publications by 
inputting their PubMed Identifiers (PMIDs). This differs from 
conventional search strategy building techniques, where the 
researcher is required to identify the MeSH terms, keywords 
and relevant synonyms themselves [8]. Such automation 
methods may be attractive for researchers, particularly health
care professionals, who may not have comprehensive skills in 
search strategy development, or may not have access to ex
pertise from an information specialist or librarian [9]. However, 
the use of such a tool in this way would only be of use if 
acceptable sensitivity and precision were demonstrated.

We embedded a SWAR across multiple reviews conducted by 
the Health Technology Assessment (HTA) directorate in the 
Health Information and Quality Authority (HIQA), Ireland, 
over a 14‐month period. In this study, we aimed to determine 
the sensitivity and precision of MEDLINE searches developed 
solely using high‐frequency words/MeSH terms generated by 
PubReMiner compared to conventional peer‐reviewed MED
LINE searches.

2 | Materials and Methods 

This study was prospectively registered on the SWAR Reposi
tory Store and reviews were consecutively recruited between 
September 2023 and January 2025 at HIQA's HTA directorate 
[10]. PMIDs required for the PubReMiner tool to produce word 
frequency tables were obtained from topic exploration or 
informal scoping performed by researchers working on reviews 
recruited into the SWAR.

Review protocols and a search builder form with pre‐specified 
concepts for each review were made available to all librarians. 
Librarians were given the opportunity to pose questions about 
the reviews to the SWAR project lead (AD), and, if needed, the 
individual review lead authors. This was done to ensure clarity 
in relation to the topic under assessment for the librarians ex
ternal to HIQA who were conducting the PubReMiner searches, 
as such, generally less familiar with the topics. The librarians 
conducting the conventional and PubReMiner searches (MC, 
ID, HC) each had over 20 years of experience conducting sys
tematic searches.

2.1 | Conventional MEDLINE Searches 

A comprehensive peer‐reviewed search strategy was developed 
in line with in‐house processes for each review by an experi
enced librarian based in the HTA directorate. These searches 
were externally peer‐reviewed by a Health Service Executive 
(HSE) Evidence Team Librarian with no affiliation to this 
SWAR using the Peer‐Review of Electronic Search Strategies 
(PRESS) checklist [11]. The portion of this search carried out on 
MEDLINE via EBSCOhost was considered the ‘conventional 
MEDLINE search’. For the purposes of this study, a work 
instruction was developed a priori to capture this established 
pre‐existing process.

2.2 | PubReMiner Searches 

Two experienced librarians who were external to the HTA 
directorate independently conducted PubReMiner searches. All 
PubReMiner searches were conducted via EBSCOhost within 
1 week of the conventional MEDLINE search, where possible to 
mitigate against any biases introduced by the date the searches 
were conducted.

Before recruiting reviews into the SWAR, we drafted a work 
instruction for developing search strategies using the Pub
ReMiner tool (see Supporting Materials). The aim of this work 
instruction was to ensure consistent practices in the use of the 
PubReMiner tool and to minimise variation between librarians 
(i.e., inter‐operator variability). We applied this draft work 
instruction to a pilot review and compared how the searches 
performed. Following a de‐brief meeting where feedback and 
comments were sought, we updated the work instruction and 
applied it to a second pilot review. Following observed 
improvements in the consistency of search strings and the 
number of records being retrieved after the second pilot, we 
finalised the work instruction with minor changes to add clarity 
and transparency. PubReMiner searches were reviewed by the 
project lead (AD) for quality purposes and to ensure that only 
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terms arising from the word frequency tables produced by 
PubReMiner were used to develop the search strategy.

2.3 | Reference Standard 

In accordance with best practice, for each review, a complete 
and comprehensive search of multiple databases, grey literature 
and reference lists of included studies was undertaken. These 
searches were used as the reference standard, with the results 
from each of the conventional Medline and PubReMiner sear
ches compared with the total number of included records 
arising from the complete and comprehensive search for that 
review.

This allowed for scenarios where the PubReMiner searches may 
find included records that were not found by the conventional 
MEDLINE search; possibly due to the omission of key words or 
MeSH terms. The exact databases and sources varied according 
to the research questions and topic area in the given review; 
further details for each review can be found in Table 1 and on 
HIQA's Zenodo repository.

2.4 | Outcomes 

Outcomes were pre‐specified at registration of this SWAR on 
the SWAR Repository Store; however, definitions were later 
amended or updated to fit our specific application and investi
gation [10].

Primary outcomes for each search included: 

1. Sensitivity: proportion of studies included in the host 
review that would have been (or were) retrieved by the 
given MEDLINE search strategy.

MEDLINE Records Retrieved Included in the Review
Total Number of Included Studies in the Review

All Searches Sources

&

( & )

2. Precision: proportion of all records retrieved by the given 
MEDLINE search strategy that were included in the host 
review.

MEDLINE Records Retrieved Included in the Review
Total Number of MEDLINE Records Retrieved

&

Definitions were adapted from the Cochrane Handbook for 
this SWAR to reflect evaluation of MEDLINE‐only strategies 
against a reference standard derived from each review's 
comprehensive multi‐source search. In this SWAR, the re
view's final set of included studies was treated as the set of 
relevant records for assessing search retrieval performance, 
i.e., the reference standard (see Section 2.3). The Cochrane 
Handbook defines the denominator for sensitivity as “all 
relevant records in the resource”; however, for this appli
cation we operationalised relevance using the host review's 
final included set, reflecting: (i) recall in the context of 
multi‐database evidence synthesis, (ii) epistemic uncer
tainty regarding whether all relevant records were truly 

identified by any individual database search (particularly in 
rapid reviews), and (iii) real‐world application of the 
tool [12].

Secondary outcomes included: 

1. Number needed to read (NNR): number of references a 
researcher must screen/read to identify a relevant refer
ence in each search strategy.

2. Number of unique references: number of included 
references retrieved from a database search that were not 
retrieved from the conventional search.

3. Efficiency: time taken by each librarian to construct the 
search strategy.

2.5 | Data Management and Analysis 

For each search, Research Information System (RIS) files were 
saved and exported to Excel. These were merged into a single 
Excel file per review, containing all included studies and cita
tions retrieved by the conventional MEDLINE search and each 
PubReMiner search (Figure 1). Datasets were imported into R 
Studio version 4.3.2 for analysis.

We used the digital object identifier (DOI) to match the 
included citations to the citations retrieved by the conventional 
and PubReMiner searches. For records with missing DOIs, we 
attempted to match on title; all remaining unmatched records 
were manually screened thereafter using the author list and title 
to ensure that no included citation was missed due to identifier 
discrepancies.

Our protocol specified that we would explore the use of meta‐ 
analytical techniques to evaluate the overall performance of 
the PubReMiner tool. Having considered the heterogeneous 
reviews included in this SWAR, we determined it was not 
appropriate to conduct a quantitative synthesis. Instead, we 
decided to descriptively summarise and compare outcomes 
between the conventional search and the PubReMiner sear
ches. We used histograms, generated with ggplot2 (v3.4.4), to 
visualise outcomes. The data were assessed for normality 
using Shapiro‐Wilks tests, histograms and Q‐Q plots. Wil
coxon signed‐rank tests with a Holm correction for multiple 
testing were used for pairwise comparisons of sensitivity and 
precision between the conventional and each PubReMiner 
search, as the non‐parametric data were paired (i.e., the 
searches were all conducted on the same database of records). 
A Friedman test and a Nemenyi post‐hoc test (where the 
Friedman test was significant) were applied to compare all 
three searches simultaneously and to conduct pairwise 
comparisons while adjusting for multiple testing, respec
tively. Although McNemar's or Gwets A1C tests is often used 
in diagnostic test accuracy studies, they were not used here 
because the total number of irrelevant records missed by a 
search was unknown, preventing the construction of a 2×2 
table of binary outcomes [13–15]. No formal statistical tests 
were used to assess time taken, as this outcome was self‐ 
reported by librarians and approximate. The data manage
ment, analysis and visualisation were independently second‐ 
checked by another researcher (MB).
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3 | Results 

3.1 | Review Characteristics 

Of the 15 reviews conducted during the study period, 12 reviews 
were recruited into the SWAR. Three reviews were excluded 
from the SWAR for the following reasons. One was excluded as 
the search strategy was not developed in‐house, and the review 
instead updated a search developed by a previous scoping 
review. A second was excluded as the search had to be con
ducted on Ovid due to the need to use a specific geographical 
feature not available on EBSCO. The final review was excluded 
as a search for guidelines on obesity focused on grey literature 
searching and did not have any pre‐identified articles or PMIDs.

Seven of the 12 included reviews were clinical effectiveness 
reviews, two were reviews of cost effectiveness, and the 
remaining three were reviews to inform the development of 
health policy related to medical devices, fertility sparing inter
ventions and the costing of infectious disease outbreaks. Review 
3 met the inclusion criteria of our SWAR, however as the 
comprehensive search conducted for the review found no rel
evant records, the sensitivity and precision outcomes were 0% 
for all searches and the number needed to read was infinite.

An exploratory analysis was first conducted to check for miss
ing DOIs (see Supporting Materials). Matching was improved in 
Reviews 2 and 7 by employing secondary matching based on 
titles after first attempting to match on DOIs. Manual screening 
did not find any additional matches thereafter. Mean missing
ness was 4.80%. While missingness was < 10% in 10 of the 12 
reviews, in two reviews, the missingness was higher. In Review 
2, 16% and 17% of DOIs were missing in the conventional and 
PubReMiner 1 searches, respectively. In Review 3, 19% of the 
DOIs were missing in the PubReMiner 2 search.

3.2 | Primary Outcomes 

In general, sensitivity outcomes were lower for the PubReMiner 
searches compared to the conventional MEDLINE search 

conducted in HIQA (Figure 2). The only exception to this was 
Review 5, where PubReMiner 1 had a higher sensitivity and 
found records that were not retrieved by the conventional 
MEDLINE search (83.87% vs. 58.06%, respectively). However, 
for this review, PubReMiner 2 had a sensitivity that was much 
lower than that of either of these searches (38.71%). The sen
sitivity results were generally not consistent between reviews or 
between the librarians executing the PubReMiner searches. 
After correcting for multiple testing, the Wilcoxon test showed a 
statistically significant difference between the conventional 
MEDLINE search and PubReMiner 2 (p = 0.0428), but not 
between the conventional search and PubReMiner 1 (p = 0.194) 
or between PubReMiner 1 and PubReMiner 2 (p = 0.944).

A Friedman test found a statistically significant difference 
between the three librarians and their searches (p = 0.007). 
Because the Friedman test does not specify which pairs differ, a 
post‐hoc Nemenyi test was conducted. This found a statistically 
significant difference between the conventional MEDLINE 
search and PubReMiner 1 (p = 0.028), but not between the 
conventional search and PubReMiner 2 (p = 0.065) or between 
PubReMiner 1 and PubReMiner 2 (p = 0.945).

Precision of all searches tended to be low and less than 5%, 
except for Review 1 (Figure 3). In Review 4, the PubReMiner 1 
search produced more precise results than the conventional 
MEDLINE search (4.38% vs. 2.49%), however, this was not 
replicated by PubReMiner 2 (2.76%). Similarly, in Review 6, 
PubReMiner 2 had higher precision than the conventional 
MEDLINE search (1.57% vs. 0.69%), the PubReMiner 1 search 
was lower than the PubReMiner 2 (1.10% vs. 1.57%). In other 
instances, the precision of PubReMiner searches was approxi
mately the same as the conventional search (Reviews 5, 8 and 
11), like sensitivity the precision results were not consistent 
between reviews or between librarians. Wilcoxon signed‐rank 
tests did not find a statistically significant difference in preci
sion results between the conventional MEDLINE search and 
PubReMiner 1 (p = 0.379) or PubReMiner 2 (p = 0.379), nor 
between PubReMiner 1 and PubReMiner 2 (p = 0.638). A 
Friedman test compared the three searches and did not find a 

FIGURE 1 | Schematic of the Study Within A Review (SWAR) Design. 
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statistically significant difference between these three searches 
(p = 0.183).

3.3 | Secondary Outcomes 

The NNR was lower for the conventional search compared to 
the PubReMiner searches in Reviews 2, 5, 7, 9 and 10. This was 
not the case for Reviews 1, 4, 6, 8 and 12 however, in these cases 

the NNR was lower for one librarian conducting the Pub
ReMiner search and not the other. Wilcoxon signed‐rank tests 
found no statistically significant difference in NNR results 
between the conventional MEDLINE search and PubReMiner 1 
(p = 0.307), the conventional search and PubReMiner 
2 (p = 0.161) nor between PubReMiner 1 and PubReMiner 2 
(p = 1.000). A Friedman test compared the three searches and 
did not find a statistically significant difference between these 
three searches (p = 0.183). Where the precision was 0% (and the 

FIGURE 2 | Histogram of sensitivity. 

FIGURE 3 | Histogram of precision. 
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search did not obtain any records included in the final review), 
the number needed to read approached infinity (Figure 4).

The number of unique references is presented in Figure 5 for 
the PubReMiner 1 and 2 searches. Although there was some 
variation between PubReMiner 1 and PubReMiner 2 in terms of 
their unique references, the difference was not statistically 
significant (p = 0.339). Time taken to complete the search was 
an approximate, self‐reported estimate by librarians. However, 
boxplots presented in Figure 6 show that in general, the 

PubReMiner searches were substantially faster than the overall 
comprehensive search conducted by HIQA.

4 | Discussion 

This SWAR evaluated PubReMiner‐generated searches com
pared to conventional MEDLINE searches. While statistical 
significance was only observed in a few comparisons, the results 
revealed substantial variability across reviews and between 

FIGURE 4 | Histogram of number needed to read. 

FIGURE 5 | Histogram of number of unique reference. 
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librarians. In several cases, PubReMiner searches had slightly 
higher sensitivity or precision than the conventional MEDLINE 
search; however, these improvements were inconsistent and did 
not persist across reviews. Overall, the findings suggest that 
although PubReMiner‐driven searches can occasionally pro
duce comparable performance, it does not do so reliably enough 
for routine use. Our results are broadly consistent with a pre
viously reported smaller study of text‐mining tools applied to 
systematic reviews conducted in a number of institutes; how
ever, in that study, the use of these tools was not prescribed, 
librarians could choose from a variety of tools, and a smaller 
number of outcomes were examined [16]. The authors of that 
study have since published a paper outlining practical consid
erations and emphasizing that the way these tools are applied, 
alone or in combination with others, may yield different 
results [17].

The variability in outcomes between reviews has also been seen 
elsewhere. One study used a large dataset of 10,346 natural lan
guage descriptions of reviews and Boolean searches to train an 
LLM and evaluated it on a dataset of 57 systematic reviews 
through semi‐structured interviews with eight librarians [18]. The 
model‐generated queries demonstrated a sensitivity of 85% and an 
NNR of 1,206, though these outcomes exhibited markedly wide 
interquartile ranges (40%–100% and 205–5,810, respectively). 
Interviewees suggested the models lacked both the necessary 
sensitivity and precision to be used without scrutiny.

In addition to variability between reviews, important inter‐ 
operator variability was observed between the two librarians 
conducting PubReMiner searches in this SWAR. This occurred 
despite significant efforts to develop a step‐by‐step work 
instruction and two pilot reviews to test the feasibility of our 
methods. Each librarian had the same set of PMIDs, access to 
the review protocol and a pre‐defined search‐building form 
which outlined the key concepts to be included as part of the 
search. These differences likely stemmed from how each 
librarian selected and combined keywords and MeSH terms 
from PubReMiner's frequency tables. Although LLMs have not 
been promising in search strategy development to date [19], this 

may be a challenge that future AI tools can address. However, 
they will first have to overcome the fact that important key 
words and MeSH terms may not be found in the fields (e.g., 
title, abstract and MeSH terms) that tools such as PubReMiner 
use to generate their frequency tables. Access to the full PDF 
versions of these articles (in PDF readable formats) might 
improve their ability to generate sensitive and precise searches. 
However, such tools may also have to overcome the paywall 
barriers that exist.

While acknowledging the limitations of human‐led approaches 
(where people drive the core decisions, interpretation, and meth
odological design of the evidence‐synthesis process but AI may be 
used as a tool) and AI‐led approaches (where AI performs major 
components of the evidence synthesis workflow with minimal 
human intervention), there is a question as to how well these 
approaches could be combined to achieve better results. Spillias 
et al. previously concluded that while generative AI struggled with 
search string development, AI‐human collaboration outperforms 
both AI and librarians working on their own [20]. This study by 
Spillias et al. did not assess outcomes such as sensitivity and 
precision, and there is a general lack of large and validated eva
luations supporting the use of such tools, as highlighted by the 
Cochrane 2024 Handbook [12]. A previous case study of text‐ 
mining methods by O'Keefe et al. demonstrated the potential of 
such tools as a complement to traditional methods; however the 
reliance on five preselected seed articles and the niche topic of the 
case study may limit the generalisability of its findings [21]. It is 
possible that generative AI and tools such as PubReMiner have a 
complementary role in addition to current best practice, however 
without proven improvements in sensitivity and precision, such 
tools may inadvertently reduce efficiency if they are adding addi
tional steps to the overall strategy development process.

Our study has two important strengths and contributions to 
note. Firstly, the overall aim of our SWAR closely aligns with 
the Priority III study, a series of surveys and workshops 
involving various stakeholders, which identified research pri
orities for improving how we plan, do and share the results of 
rapid reviews in the context of healthcare [22]. In particular, 

FIGURE 6 | Box plot of efficiency. 
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Priority III raised important questions about the best ap
proaches for developing search strategies for rapid reviews, and 
our study indicates that the PubReMiner approach may offer 
potential time‐saving benefits. However, while we acknowledge 
that readers may have different views on what constitutes 
‘acceptable sensitivity’, we do not recommend that our 
approach of using PubReMiner for search strategy building be 
used, based on the results observed in this SWAR. Equally, the 
findings demonstrate that researchers should look for trans
parent evaluations of similar statistical or AI tools used in evi
dence synthesis before employing them in their routine 
research practices.

Secondly, with respect to our study design, it has been re
cognised that there is a lack of SWARs that are embedded 
across multiple reviews to answer methodological research 
questions [1]. The multi‐review SWAR approach taken here has 
a number of distinct advantages over more cross‐sectional meta‐ 
epidemiological or research‐on‐research studies. Firstly, it al
lows the investigator to better control for temporality, as search 
filters are subject to error when it comes to filtering by precise 
dates. Hence, a traditional methodological study, which takes a 
number of systematic reviews and re‐runs of searches, may find 
references published after the original search was conducted. 
There may also be important differences between these reviews 
in how authors conducted their searches and what the novel 
search strategy is compared to, whereas with our SWAR, we 
were able to follow pre‐defined work instructions for the novel 
method and the comparator each and every time.

A number of limitations in our study are worth highlighting. 
First of all, although we exceeded the recommended minimum 
sample size of five reviews for using a Wilcoxon signed rank 
test, the only statistically significant difference found was with 
respect to sensitivity. Our sample may have lacked power to 
detect smaller, yet potentially meaningful, differences in other 
outcomes, such as precision, which was < 5% in most searches 
and reviews. Secondly, although unique references were found 
in the PubReMiner searches, we decided not to screen these 
references for eligible records that may have been missed by the 
comprehensive search, as SWARs and Studies Within Trials 
(SWATs) are designed to not to interfere with their host review 
or trials. Finally, although the self‐reported time taken was 
relatively short for the PubReMiner searches, this could only be 
compared to the comprehensive search and not just the portion 
of time spent on the conventional MEDLINE search. Hence, 
efficiency results should be interpreted with caution.

This study illustrates that a SWAR embedded in multiple re
views can answer methodological research questions that a 
SWAR embedded in only one review cannot. While multi‐ 
review SWARs may be limited to a select number of settings 
where there is a high volume of evidence synthesis outputs, it is 
hoped that this multi‐review SWAR approach may be of interest 
to other methodological researchers so that they can also 
answer important methodological questions that cannot be 
answered within a single review.

5 | Conclusion 

We found that although PubReMiner‐generated search strategies 
may offer notable time‐saving benefits, their sensitivity and 

precision were inconsistent and generally inferior to conventional 
methods. Furthermore, substantial variability was observed both 
between reviews and among users of the tool. This study illustrates 
the value of multi‐review SWARs in producing more generalisable 
and practice‐relevant methodological insights.
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