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Abstract

While geographic search filters exist, few of them are validated and there are

currently none that focus on Germany. We aimed to develop and validate a

highly sensitive geographic search filter for MEDLINE (PubMed) that iden-

tifies studies about Germany. First, using the relative recall method, we cre-

ated a gold standard set of studies about Germany, dividing it into

‘development’ and ‘testing’ sets. Next, candidate search terms were identified

using (i) term frequency analyses in the ‘development set’ and a random set

of MEDLINE records; and (ii) a list of German geographic locations, compiled

by our team. Then, we iteratively created the filter, evaluating it against the

‘development’ and ‘testing’ sets. To validate the filter, we conducted a num-

ber of case studies (CSs) and a simulation study. For this validation we used

systematic reviews (SRs) that had included studies about Germany but did not

restrict their search strategy geographically. When applying the filter to the

original search strategies of the 17 SRs eligible for CSs, the median precision

was 2.64% (interquartile range [IQR]: 1.34%–6.88%) versus 0.16% (IQR: 0.10%–
0.49%) without the filter. The median number-needed-to-read (NNR)

decreased from 625 (IQR: 211–1042) to 38 (IQR: 15–76). The filter achieved

100% sensitivity in 13 CSs, 85.71% in 2 CSs and 87.50% and 80% in the remain-

ing 2 CSs. In a simulation study, the filter demonstrated an overall sensitivity

of 97.19% and NNR of 42. The filter reliably identifies studies about Germany,

enhancing screening efficiency and can be applied in evidence syntheses

focusing on Germany.
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Highlights

What is already known?
• While validated geographic search filters exist for certain countries like the

UK or Spain, none has been developed for Germany until now.

What is new?
• A validated, highly sensitive geographic search filter for MEDLINE

(PubMed) designed to retrieve records related to studies about Germany is
now available.

• This search filter has the potential to significantly reduce the time and
resources required for the screening process.

Potential impact for Research Synthesis Methods readers
• Our search filter can assist evidence synthesis researchers and other users

seeking comprehensive retrieval of studies about Germany.

1 | INTRODUCTION

Decision-making in healthcare often relies on the results
of systematic reviews (SRs).1 A cornerstone of a reliable
SR is a carefully developed search strategy, which encom-
passes the core components of a research question, data-
bases to be searched, as well as inclusion and exclusion
criteria for primary studies.

Integrating search filters into a search strategy can
assist systematic reviewers in achieving maximum effi-
ciency in retrieving relevant literature and during the
screening process. Search filters are sets of search terms
(searched single words or group of words), combined
using appropriate syntax elements (e.g. Boolean opera-
tors, field tags, etc.) that aim to retrieve publications with
a common feature from bibliographic databases.2,3 They
may focus on achieving high sensitivity (aiming to iden-
tify all relevant records), high precision (aiming to mini-
mize retrieval of irrelevant records) or finding a balance
between both.4 Jenkins5 defines three types (or genera-
tions) of search filters that differ in their development
and validation methodology. First generation search fil-
ters contain search terms that were identified based on
the authors' expertise on a topic and their knowledge of a
database thesaurus (i.e. subjectively developed search fil-
ters). Such search filters do not undergo evaluation of
performance measures (e.g. sensitivity, precision). Second
generation search filters are filters that were subjectively
developed, but their performance was validated using at
least one set of relevant records (i.e. a gold standard set;
GSS). Third generation search filters are filters whose

development was informed using objective methods (e.
g. by identifying search terms through a frequency analy-
sis within a GSS) and that have undergone validation
using an independent GSS that was not used for filter
development. In addition to classification based on the
development methods, search filters can also be distin-
guished by the main objective of their creation, that is,
methodological search filters that are designed to identify
records with a particular research design (e.
g. randomized controlled trials or SRs), and topical
search filters that aim to retrieve records focused on a
particular subject (e.g. addressing age-related, disease-
specific or geographical aspects).6

Geographical differences in health outcomes, as well
as in the use or provision of health services, are often
observed between and within countries.7–10 Identifying
the local context factors that lead to these variations and
understanding why it happens can help precisely address
various challenges related to health and healthcare. Topic
search filters developed to retrieve research with a com-
mon geographic feature (hereafter referred to as geo-
graphic search filters),11 are particularly useful in such
case. To the best of our knowledge, the current availabil-
ity of geographic search filters is somewhat limited, and
very few of them have been validated. Among the vali-
dated geographic search filters are those for Spain,12

Africa,13 the United Kingdom,3,11 German-speaking
countries (specific for high-impact factor nursing jour-
nals),14 the group of 37 countries of the Organization for
Economic Co-operation and Development (OECD),2,15 as
well as the United States.16
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The shortcomings resulting from the absence of geo-
graphic search filters were discussed in a methodologic
review of search strategies applied in SRs to identify
health-related studies about Germany.17 The search strat-
egies were mostly not well elaborated, used inappropriate
syntax and missed relevant search terms. Alongside
highlighting these limitations, the authors emphasized
the need for a geographic search filter that can reliably
retrieve research about Germany.

We, therefore, aimed to develop and validate a highly
sensitive geographic search filter for MEDLINE
(PubMed) that identifies primary studies about Germany.
We chose to create a highly sensitive search filter because
it reduces the risk of overlooking relevant records, mak-
ing it suitable for comprehensive evidence syntheses.
Furthermore, approaches to yield high precision are quite
intuitive and already used in practice.17

2 | METHODS

We applied a methodology based on Jenkins' recommen-
dations for the objective development and validation of
3rd generation search filters, combining it with the sub-
jective approach.5 As illustrated in Figure 1, during the
development we generated sets of references to identify
relevant search terms; iteratively created the search filter
versions and evaluated them. In the validation stage, we
selected the final version of the filter based on its perfor-
mance measures.

2.1 | Development of the search filter

2.1.1 | Generating the gold standard set

We generated our GSS using the relative recall method.
This approach involves creating a GSS from records
included in evidence syntheses relevant to the topic of
the search filter being designed.18 In the context of our
filter, such records are records of studies about Germany.
We identified them using SRs included in a recently
updated methodological review that investigated search
strategies applied in SRs with focus on Germany.19

Updating the original work17 allowed us to meet the min-
imal recommended number of 300 relevant records that
should comprise a GSS.20 We followed the recommended
minimum number approach, as there are currently no
well-established methods specifically designed to deter-
mine the optimal sample size for a GSS.

As our goal was to design a search filter for MED-
LINE, the initial step was to verify whether the records of

reports included in the SRs with focus on Germany19

were indexed in MEDLINE. This assessment was con-
ducted by AP and CM (each checked 50% of identified
records). A record was considered indexed in MEDLINE
if the journal in which its report was published was
indexed in MEDLINE at the time of the report's publica-
tion. To determine this, we searched the NLM (National
Library of Medicine) Catalog.

To be included in the GSS, the records had to meet
the following criteria:

1. Primary studies with population of people residing in
Germany

2. Studies conducted on humans
3. Data were collected in Germany only

By applying these criteria, our aim was to ensure that
the GSS contains records related to reports of studies con-
ducted within Germany. Typically, when the first two
inclusion criteria are met, it can be assumed that the
third criterion also applies. Nevertheless, we added
the third criterion to specifically exclude studies involv-
ing individuals residing in Germany who may have been
elsewhere during data collection (e.g. surveys conducted
at vacation destinations).

We excluded records referring to reports of in vitro
studies, animal studies, studies that were not exclusively
about Germany and evidence syntheses of any kind, as
well as comments and editorials.

AP and CM independently evaluated the records
(titles and abstracts) first and then assessed the reports
(full texts) of potentially relevant records against the
inclusion criteria. Any disagreement was resolved by dis-
cussion and, if needed, by involving the third team mem-
ber (DP).

Generating the ‘development’ and ‘testing’ sets
Using the RAND function in Excel, 2/3 of the GSS
records were randomly assigned to the ‘development set’
with the remaining 1/3 comprising the ‘test set’.21 Ran-
dom assignment was based on each record's unique
PubMed identifier (PMID).

2.1.2 | Generating the ‘population’ set

According to the recommendations of Hausner et al.,21

search term candidates for an objectively developed
search strategy should display higher prevalence in
the ‘development set’ compared to the entire database.
To enable this comparison, we generated a ‘population
set’ using a random sample of references from

PACHANOV ET AL. 1149
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FIGURE 1 Flowchart of the search filter development and validation process.
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MEDLINE identified via PubMed. The search was con-
ducted on November 10, 2022 using the easyPubMed
package for R.22 To account for potential changes in
indexing that may have occurred in the database over
time, we set the range of publication dates to match
that of the GSS. Furthermore, we applied the MED-
LINE filter provided by PubMed to limit search results
to records indexed in MEDLINE. We exported PMIDs
of identified records into a Microsoft Excel spread-
sheet, and 8000 of them were randomly assigned to
the ‘population set’ using the RAND function. With a
sample size of 8000, the prevalence of a search term
within a database was calculated with a margin of
error of ±1%.23

2.1.3 | Identifying the relevant search terms

Objective approach
We used the PubMed2XL web application24 to extract
data found within MEDLINE/PubMed field tags (e.g.
title, abstract, etc.) of the records included in the ‘devel-

opment’ and ‘population’ sets. Extracting these data
enables their analyses within individual search fields or
their combinations. The data were stored in two Micro-
soft Excel spreadsheets, with one spreadsheet dedicated
to each set of records. To identify relevant search terms,
we conducted terms frequency analyses in the ‘develop-
ment’ and ‘population’ sets separately using the quan-
teda package25 for R (version 4.2.1). First, were generated
five textual datasets (text corpora) per set for the follow-
ing PubMed fields: title, abstract, affiliation, language
and MeSH (Medical Subject Headings) terms. For each
corpus we removed stopwords (e.g. in, the, a, etc.), punc-
tuation, numbers and symbols and then converted all
words to lower case.

After creating the corpora, we constructed token
objects (i.e. lists of terms) for each field and set: a
token object for terms consisted of one word, two words
(bigrams) and three words (trigrams). We then converted
each token object to a document-term matrix (DTM). A
DTM represents the frequency with which terms occur

within a set of documents (records). To summarize fre-
quencies of terms occurring in the DTMs we used the
‘textstat_frequency’ function. We merged DTMs for the
fields title, abstract and affiliation into a single DTM. This
decision is based on the assumption that terms related to
a geographical location occurring in one of these fields,
are likely to be pertinent in the other two as well. Analyz-
ing a merged DTM can enhance the process of identifying
terms that are relevant across all three search fields.
Thus, we generated three DTMs for each set of refer-
ences: one merged DTM for the title, abstract and affilia-
tion fields, one DTM for the MeSH terms, and one DTM
for the language field. Finally, we obtained results from
the frequency analyses for single-word terms, bigrams
and trigrams for each set of records. This included the
separate analysis of the language and MeSH terms fields,
and the combined analysis of title, abstract and affiliation
fields.

Next, we calculated the prevalence of the search
terms within the analyzed fields, as following:

Subsequently, we calculated the prevalence ratios of
the search terms:

prevalence ratio of a search term

¼ prevalence in the0development set0

prevalence in the0population set0
ð2Þ

Terms with a prevalence ratio >1 were considered as
candidate search terms for the application within the
respective search fields of the search filter. Subse-
quently, AP reviewed all single-word terms to identify
those truly relevant for the filter. However, due to the
vast number of potential bi- and trigram combinations,
only those appearing in at least four records of the
‘development set’ (representing over 0.5% of the total
records) were screened for inclusion in the filter. By
focusing on more frequent bigrams and trigrams, we
ensured a manageable workload for the manual review
process while still capturing potentially relevant multi-
word terms.

We translated the relevant terms from German into
English (e.g. Köln into Cologne), and vice versa, if

prevalence of a search term¼number of records in a set in which a search term appears
total number of records comprising a set

ð1Þ
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versions in both languages could be relevant for use
within the search fields.

Subjective approach
Upon reviewing the results of the term frequency ana-
lyses, it became evident that the sample of records in the
‘development set’ was insufficient to identify all relevant
search terms. For example, we determined that the term
frequency analyses did not identify locations of some Ger-
man universities (e.g. Bayreuth). Therefore, we decided to
employ additionally a subjective approach for the filter
development. Using publicly available sources, we gener-
ated a list of geographic locations where, in our opinion,
studies are likely to be conducted or where researchers'
affiliated institutions are located. This subjectively com-
piled list included names of the German cities with over
than 100,000 inhabitants (Großstädte),26 as well as the
locations of university hospitals27 and higher education
institutions.28 All terms included in the list were deemed
relevant search terms for use within the title, abstract and
affiliation fields. For the language and MeSH fields, there
was no need to apply a subjective approach, as all relevant
terms were identified through frequency analyses.

Merging objectively and subjectively derived search terms
We merged the list of terms compiled subjectively by the
team with the terms related to geographical locations
derived objectively through frequency analyses within the
title, abstract and affiliation fields. The terms appearing in
the merged list were considered as relevant search terms
for use within the title/abstract and affiliation fields.

2.1.4 | Creating the search filter versions

We iteratively created search filter versions using the
Boolean operator ‘OR’ to combine candidate terms
and search fields. This was then combined with the
MEDLINE filter provided by PubMed using the ‘AND’
operator. We initially anticipated that frequency analy-
sis within the language field would identify German
as a relevant search term. However, we recognized
that searching for records in German could also
retrieve results from other German-speaking countries
such as Austria and Switzerland. Therefore, we inves-
tigated what impact excluding the language field

would have on filter performance. We assumed that
this would not affect sensitivity of the filter, given the
extensive use of search terms in other fields. It also
has the potential to enhance precision by not identify-
ing irrelevant records.

2.1.5 | Evaluating the search filter versions

We used the ‘development set’ to test how well the
search filter versions perform in retrieving records used
for their development (a process also known as internal
validation).5 Using the ‘testing set’ we evaluated the gen-
eralizability of the search filter versions (i.e. an assess-
ment of the ability to retrieve records that were not used
for the development).11 Since the ‘development’ and
‘testing’ sets exclusively comprised relevant references,
we were able to assess only the sensitivity of the search
filter. Sensitivity was calculated as the proportion of
records identified by a filter version to the total number
of references within a set of records (multiplied by 100 to
express as percent)5:

2.2 | Validation of the search filter

The validation of the search filter requires applying it to a
set of records that were not part of the initial GSS used dur-
ing the filter's development.5 Therefore, the versions of the
filter that demonstrated the highest sensitivity in the ‘test-
ing set’ underwent validation through case studies (CSs). A

CS in this context refers to the application of the search fil-
ter to the original search strategy of an SR (including the
time period of the original search) that did not geographi-
cally restrict their search strategy. Comparing the original
search results to the results obtained with a search filter
allows for the assessment of the reduction in the number
of results that would have needed to be viewed if the filter
had been used. We conducted CSs by applying the search
filter versions to the original search strategies of SRs
(labeled so by the authors) that met the following criteria:

1. The original search strategies were not restricted to
any geographic location

Sensitivity¼ number of relevant records identified by a filter version
total number of records included witihin a set

�100

ð3Þ
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2. They included at least five reports of studies about
Germany (either exclusively about Germany or
about Germany and other countries) that were
indexed in MEDLINE and were not part of the ‘devel-
opment set’

3. Reproducible search strategy for PubMed is reported
4. Access to full-text

It is worth noting that the criteria and the approach
of identifying eligible SRs, differ from those established at
the beginning of the project. First, we considered 10 SRs
that met the first inclusion criterion among those
included in the updated methodological review.19 Since
validating the search filter requires records not used for
its development, records related to reports of studies
included in these SRs were not a part of the GSS. Second,
the criterion number 2 differed from the one presented
here. Originally, we set a minimum number of included
reports of studies about Germany and indexed in MED-
LINE (i.e. relevant studies) to 10. After AP screened the
initially considered SRs, none of them was found eligible
for CSs, as none met all the inclusion criteria simulta-
neously. Consequently, we needed an alternative set of
SRs eligible for CSs. Therefore, between February and
August 2023, AP searched PubMed and LIVIVO to iden-
tify such SRs (the search strategy is presented in
Appendix S1). Due to challenges in finding SRs meeting
the initial target of 10 included relevant studies, we
adjusted this number to five, while simultaneously
increasing the minimum number of SRs used for con-
ducting CSs to 15. We did not verify geographic settings
of relevant studies included in these SRs.

Conducting CSs allows to assess both the search filter
sensitivity and precision because the search results con-
tain relevant as well as irrelevant records.11 Precision of a
search filter is defined as the proportion of relevant
records identified with the search filter to the total num-
ber of records identified with the search filter5:

Precision¼ No: of relevant records identified with the search filter
No: of all identified records with the search filter

�100

ð4Þ

Furthermore, we calculated the number-needed-to-
read (NNR) as an additional measure of the search filter
efficiency. NNR reflects the number of records needed to
be reviewed to identify a relevant one29 and is calcu-
lated as:

NNR¼ 1
Precision

ð5Þ

We additionally present sensitivity, precision and
NNR derived from a simulation study, where we devel-
oped a comprehensive search strategy to retrieve all
records from the CS SRs (simulating a single, larger evi-
dence synthesis). By doing so, we obtained a larger,
aggregated set of records (both relevant and irrelevant)
for validating our filter, compared to conducting individ-
ual CSs with smaller sample sizes. Therefore, the results
from the simulation study can provide more precise esti-
mates of the filter's performance measures.

In developing and validating our search filter, we pri-
oritized achieving high sensitivity. However, there is no
universally accepted definition of “high” sensitivity, with
previous research suggesting a threshold of 90% or
above,20 we adopted this criterion for our study. Conse-
quently, we considered filter versions with a median sen-
sitivity of at least 90% within the CSs and a sensitivity of
at least 90% in the simulation study to be highly
sensitive.

3 | RESULTS

3.1 | Development of the search filter

3.1.1 | Generating the gold standard set

As depicted in Figure 1, the GSS comprised of 982 records
from 57 SRs (Appendix S2), substantially exceeding the
minimal required number of 300 records20 and covering
publication dates from May 1, 1992 to September 28, 2021.
We assigned 654 records to the ‘development set’ and allo-
cated the remaining 328 records to the ‘testing set’.

3.1.2 | Generating the population set

Using the easyPubMed package for R to search PubMed,
we retrieved 19,545,686 records. Out of these, 8000 ran-
domly selected records formed the ‘population set’.

3.1.3 | Identifying the relevant search terms

Objective approach
The term frequency analyses within the title, abstract
and affiliations fields resulted in 7518 potentially relevant
single-word search terms and 205,447 bi- and trigrams
(Appendices S3.1 and S3.2 respectively). In total, all sin-
gle-word terms and 8409 multi-word terms were
reviewed to identify truly relevant terms for the filter.
Overall, we classified 221 single-word and 23 bi- and tri-

PACHANOV ET AL. 1153
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grams as truly relevant search terms. These terms encom-
pass full names as well as abbreviations of geographical
locations, research institutions, health insurance funds,
professional organizations and hospitals.

The terms frequency analyses within the MeSH terms
field resulted in 1355 MeSH terms with a prevalence ratio
of >1 (Appendix S3.3). After reviewing them, four terms
were classified as relevant: Germany; Germany, West;
Germany, East and Berlin. However, Berlin was not
included in the filter. The MeSH term Berlin is arrayed
hierarchically below the MeSH term Germany. This
means that when searching for the MeSH Term Ger-
many, records tagged with both MeSH terms, Germany
and Berlin will be found.

Within the language field, the terms frequency ana-
lyses revealed that records written in German were
25 times more prevalent in the ‘development’ than in the
‘population’ set (Appendix S3.4). Therefore, for use
within the language field the term German was consid-
ered a relevant search term.

Subjective approach
The subjectively compiled list of German geographical
locations comprised 251 search terms related to all higher
education institutions, university hospitals, large cities
and federal states across Germany.

Merging objectively and subjectively derived search terms
We complemented the list of subjectively derived search
terms for geographical locations with the terms identified
through the term frequency analyses in the title, abstract
and affiliation fields. This resulted in the addition of
38 extra search terms related to geographical locations
that were exclusively identified via the term frequency
analyses. Next, we decided to remove certain terms from
the merged list. For instance, in the case of Brandenburg
(federal state) and Brandenburg an der Havel (city), we
kept only the term Brandenburg. This decision was made
because searching for Brandenburg would yield results
for both the federal state and the city. In total, the final
merged list contained 280 terms related to German geo-
graphical locations, which were used in the title/abstract
and affiliation fields of the filter.

3.1.4 | Creating the search filter versions

First, we created a comprehensive full version of the filter
that included all terms identified in the corresponding
search fields through both objective and subjective
approaches. The same set of terms applied to two fields:
title/abstract and affiliation. However, an exception was
introduced for the terms GDR and FRG (acronyms denot-
ing the German Democratic Republic and the Federal

Republic of Germany respectively). Since these countries
reunified in 1990, we assumed that thereafter authors'
country affiliation would, in the vast majority of cases, be
indexed as Germany only. Therefore, we limited the pub-
lication date for these terms within the affiliation field to
up to 1990. This was done to reduce the number of
records that could be retrieved using terms GDR and
FRG, which could potentially denote acronyms not
related to Germany. The second version of the filter mir-
rored the full version, except for the exclusion of the lan-
guage field. As described in Section 2, this is to reduce
retrieval of records about other German speaking nations
such as Austria or Switzerland.

Consequently, in the next phase, we evaluated the
performance of two versions of the search filter: the full
version and its counterpart without the language field.
Both versions are shortly described in Table 1 and fully
available in Appendix S4.

3.1.5 | Evaluating the search filter versions

Both iterations of the filter demonstrated a sensitivity of
99.85% within the ‘development set’ and 100% within the
‘testing set’ (Table 2). The filter versions failed to identify
one record from the ‘development set’.30 The only term
related to Germany this record had was German Compe-
tence Network Heart Failure in the corporate author field
that was not included in the filter versions.

Considering these findings, no adjustments could be
made within the fields included in the filter versions to
identify this particular record. Therefore, both versions
without amendments were validated in the next phase.

3.2 | Validation of the search filter

We identified 17 SRs eligible for the CSs. Within these
SRs, the number of included relevant records (i.e. MED-
LINE records related to studies about Germany) ranged
from 6 to 35, resulting in a total of 178 records, published
between 1981 and 2022.

Table 3 presents results of the validation process of
the two versions of the filter by combining them with the
original search strategies of the SRs. Both versions dem-
onstrated the median sensitivity of 100% (interquartile
range [IQR]: 93.75%–100%), ranging between 80% (1 CS)
and 100% (13 CSs). In two CSs, the versions demon-
strated the sensitivity of 85.71%, while in the remaining
one, a sensitivity of 87.5% was achieved. Both versions
failed to identify five relevant records,31–35 which lacked
terms related to Germany in any search field.

Because both versions had equivalent levels of sensi-
tivity, we could not determine the final filter in this
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phase. As mentioned earlier, we assumed that excluding
the language field from the filter would decrease number

of irrelevant (false-positive) records. Across the 17 SRs,
the median precision of the original search strategies
without any version of the filter applied was 0.16% (IQR:
0.10%–0.49%) with a median NNR of 625 (IQR: 211–
1042). The full version of the filter achieved median pre-
cision of 2.55% (IQR: 1.22%–6.00%) and NNR of 39 (IQR:
17–86). The version without the language field demon-
strated a median precision of 2.64% (IQR: 1.34%–6.88%)
and an NNR of 38 (IQR: 15–76).

In the simulation study both versions of the filter
demonstrated a sensitivity of 97.19% (see Table 4). The
same five records as in the CSs were overlooked by both
versions. The exhaustive search strategy alone demon-
strated precision of 0.16% and NNR of 625. The full ver-
sion of the filter demonstrated precision of 2.11% and
NNR of 47, while the version without the language field
achieved precision of 2.36% and NNR of 42. Furthermore,
the full version retrieved 850 more records than the ver-
sion without the language field.

Considering results regarding precision and NNR in
the CSs and in the simulation study, the version without
the language field was determined as the final version of
the search filter (further referred to as the search filter,
see Appendix S5).

4 | DISCUSSION

Using objective and subjective approaches, we developed
the first validated search filter designed to retrieve pri-
mary studies about Germany from MEDLINE (PubMed).
The filter reliably identifies studies about Germany. Over-
all, the filter demonstrated a median sensitivity of 100%
within the 17 CSs and a sensitivity of 97.19% in the simu-
lation study.

The search filter failed to identify six of the total 1160
records from the samples that were used for evaluation
and validation. These six records lacked adequate geo-
graphical details within the search fields incorporated
into the filter. For instance, during the evaluation, the fil-
ter did not retrieve a record from the ‘development set’
that had Germany-related term in the corporate author
field only.30 Despite this finding, we decided not to incor-
porate this field into the filter, as we assumed that it is

TABLE 2 Results of the search filter evaluation.

Set of records

Full version of the filter Version of the filter without the language field

No. of
records

No. of records
identified

Sensitivity
(%)

No. of
records

No. of records
identified

Sensitivity
(%)

‘Development
set’

654 653 99.85 654 653 99.85

‘Testing set’ 328 328 100 328 328 100

TABLE 1 Description of the search filter versions.

Full version of
the filter

Version of the filter without
the language field

Search
fields Search terms Search terms

[Title/
Abstract]

German*
FRG
GDR
Terms related to
the names of:
• Geographical

locations
• Research

institutions
• Health

insurance
funds

• Professional
organizations

• Hospitals

German*
FRG
GDR
Terms related to the names
of:
• Geographical locations
• Research institutions
• Health insurance funds
• Professional organizations
• Hospitals

[Affiliation] German*
FRG
GDR
Terms related to
the names of:
• Geographical

locations
• Research

institutions
• Health

insurance
funds

• Professional
organizations

• Hospitals

German*
FRG
GDR
Terms related to the names
of:
• Geographical locations
• Research institutions
• Health insurance funds
• Professional organizations
• Hospitals

[MeSH
terms]

Germany
Germany, West
Germany, East

Germany
Germany, West
Germany, East

[Language] German None

[Filter] MEDLINE MEDLINE

Abbreviations: FRG, Federal Republic of Germany; GDR, German
Democratic Republic.
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uncommon for geographical details to be present there.
The other five records31–35 lacked terms relevant to Ger-
many within any bibliographical fields, making their
identification possible only by examining the full texts.
An alternative strategy for identifying these records
would involve searching another database. For instance,
when searching for these six records in Embase, four of
them have Germany-related terms within the author
address field.30,31,33,35 This observation, along with exist-
ing research on geographic search filters, suggests that
records in Embase may be more comprehensively
indexed with regard to geographical details.36 Therefore,
we plan to adapt the MEDLINE (PubMed) filter for use
in the Embase database. Using both filters together could
potentially enhance the retrieval of records related to
studies about Germany.

The results of the validation process suggest that
application of the filter substantially reduces the work-
load associated with the screening process. For instance,
using the filter in the CSs increased the median precision
by a factor of 16.50, reducing the median NNR from
625 to 38. The median number of search results was
reduced by 4414 records, corresponding to a 93.66%
decrease. Given that 500–1000 abstracts can typically be
screened over an 8-hour period,37 the reduction in search
results demonstrated by our filter could potentially save
about 35–70 working hours per review member.

It is important to note that the filter application
results in an error message because certain search terms,
such as “Trossingen”, a town in Baden-Württemberg, are
not currently indexed in PubMed. However, this does not
affect the filter's functionality. We have chosen to keep
these search terms, anticipating their potential indexing
in PubMed in the future.

4.1 | Strengths and limitations

This study possesses both limitations and strengths that
should be taken into account alongside the presented
results.

First, the relative recall approach employed to create
the GSS may introduce a potential limitation, as it could
bias the developed filter towards the search terms identi-
fied in the GSS.38 However, in the case of our filter, this

limitation is much reduced, given that our GSS included
records related to primary studies covering a diverse
range of topics and study types, spanning almost
30 years of publication. This was confirmed by validation
of the filter conducted on a set of relevant studies that
were published between 1981 and 2022. However, it is
important to mention that the oldest publication date
(May 1, 1992) in the GSS falls after German reunifica-
tion. This means that the pre-reunification names of
research institutions might not be captured by the GSS
and, therefore, are not included in the filter. Another
important aspect related to the German reunification is
that we limited the dates of publication for FRG and
GDR in the affiliation field to up to 1990. However, we
acknowledge that some research institutions might have
changed the country name in their affiliation (e.g. from
GDR to Germany) after reunification. Furthermore, due
to the lag between research completion and publication,
articles published after 1990 can still have pre-reunifica-
tion affiliations.

Second, we intended initially to adopt the objective
approach alone for the filter development. However, the
results of the terms frequency analyses revealed that
the size of the ‘development set’, comprising 654 records,
was not sufficient to identify all German geographical
locations relevant for conducting and producing research.
For instance, some big German cities, locations of higher
education institutions and of university hospitals were
not identified. Consequently, we decided to complement
these terms by creating a subjectively developed list that,
in our opinion, covers the vast majority of locations
where German research can be carried out. While most
terms identified through the terms frequency analyses
were also included in the subjectively developed list,
38 terms were exclusively identified via the objective
method. Moreover, the objective approach allowed us to
identify German terms that are not geographical loca-
tions, such as names of professional organizations, forms
of health insurances and relevant abbreviations. There-
fore, it seems that applying both methods together may
yield the best results in terms of the filter sensitivity.
However, it is important to note that despite combining
objective and subjective approaches, our filter might not
contain all relevant search terms. For instance, our sub-
jectively developed list did not contain names of the cities

TABLE 4 Results of the simulation study.

Number of hits Sensitivity (%) Precision (%) NNR

Exhaustive search strategy 111,463 100 0.16 625

Full version of the filter 8189 97.19 2.11 47

Version of the filter without the language field 7339 97.19 2.36 42

Abbreviation: NNR, number-needed to read.
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with fewer than 100,000 inhabitants. Consequently, the
filter might miss records where the only identifiable
terms are related to these locations or other terms not
covered by the filter for reasons mentioned above (e.g.
the oldest publication date in the GSS and the time limit
for the FRG and GDR in the affiliation).

Third, to enhance the sensitivity of the filter, we con-
sidered terms resulted from the term frequency analyses
with a prevalence ratio >1 as potentially relevant for the
filter. This resulted in a large number of candidate search
terms, which should be screened manually by the team
to identify the truly relevant terms. Such an approach,
however, can be seen as a limitation. Manual screening
of a large number of candidate search terms could poten-
tially lead to overlooking the truly relevant terms and is
time-consuming. Further research on defining the
threshold in terms of prevalence ratio or other measures
for candidate search terms would be useful to reduce pos-
sibilities of human factor mistakes and increase efficiency
of the process.

Finally, although our primary objective was to reach
the highest degree of sensitivity possible, we employed
methods that are likely to positively affect the precision
of the filter. For instance, comparing terms in the ‘devel-
opment’ and ‘population’ sets allowed us to select terms
both frequently used in the ‘development set’ and spe-
cific to the focus of our filter.39 Furthermore, we verified
that all the records from the GSS are related to studies
about Germany. However, we did not verify whether the
records included as German studies in the SRs used for
the filter validation were indeed about Germany. Despite
this, given the methodology applied during the develop-
ment phase, we believe that latter had no significant
impact on the filter's performance.

5 | CONCLUSIONS

A validated, highly sensitive geographic, and easy-to-use
search filter to be used in MEDLINE (PubMed) for
retrieving primary studies about Germany is now avail-
able. The validation process demonstrated that the filter
is able to identify nearly all relevant references and has
the potential to enhance efficiency of the screening pro-
cess, saving both time and resources. However, users
who are not inclined to conduct thorough searches
should be aware that despite the filter's efficiency the
screening process may still be time-consuming due to
the relatively high values of NNR. Therefore, our filter
can be particularly useful for researchers aiming to com-
prehensively identify primary studies about Germany,
facilitating the production of high-quality SRs crucial for
evidence informed decision-making.
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