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ABSTRACT
Objectives: Several PubMed search filters have been
developed in contexts other than environmental. We
aimed at identifying efficient PubMed search filters for
the study of environmental determinants of diseases
related to outdoor air pollution.
Methods: We compiled a list of Medical Subject
Headings (MeSH) and non-MeSH terms seeming
pertinent to outdoor air pollutants exposure as
determinants of diseases in the general population. We
estimated proportions of potentially pertinent articles to
formulate two filters (one ‘more specific’, one ‘more
sensitive’). Their overall performance was evaluated as
compared with our gold standard derived from
systematic reviews on diseases potentially related to
outdoor air pollution. We tested these filters in the
study of three diseases potentially associated with
outdoor air pollution and calculated the number of
needed to read (NNR) abstracts to identify one
potentially pertinent article in the context of these
diseases. Last searches were run in January 2016.
Results: The ‘more specific’ filter was based on the
combination of terms that yielded a threshold of
potentially pertinent articles ≥40%. The ‘more
sensitive’ filter was based on the combination of all
search terms under study. When compared with the
gold standard, the ‘more specific’ filter reported the
highest specificity (67.4%; with a sensitivity of 82.5%),
while the ‘more sensitive’ one reported the highest
sensitivity (98.5%; with a specificity of 47.9%). The
NNR to find one potentially pertinent article was 1.9 for
the ‘more specific’ filter and 3.3 for the ‘more sensitive’
one.
Conclusions: The proposed search filters could help
healthcare professionals investigate environmental
determinants of medical conditions that could be
potentially related to outdoor air pollution.

INTRODUCTION
Environmental exposure has become a prom-
inent issue in the study of aetiology of acute
and chronic diseases in the last few years.
Many different adverse effects have been

linked to exposure to air pollution, including
an increased risk of respiratory and cardiovas-
cular diseases among all ages.1–4 There is con-
siderable evidence that exposure to different
air pollutants may be associated with an
increase in morbidity and short-term and
long-term mortality.5 6

Topics related to environmental exposure
have become a major issue for public health
throughout the world and increasingly
popular in the press including medical litera-
ture as evidenced by indexing in medical
databases.
Nowadays, the standard practice includes

the use of medical databases in order to
retrieve all the possible relevant articles and
select them through the use of filters and
specific search strategies.7–9 The methodo-
logical aspects for a ready-to-use tool aimed
to efficiently retrieve all the possible

Strengths and limitations of this study

▪ We evaluated the overall performance of the pro-
posed topic-based filters in terms of sensitivity
and specificity, as compared with our gold
standard derived from systematic reviews on dis-
eases potentially related to outdoor air pollution.

▪ The two search filters (one ‘more sensitive’, one
‘more specific’) can be evoked in PubMed by
entering the shortened Uniform Resource
Locators (URLs).

▪ We formulated these two search filters based on
the abstracts, while we did not evaluate the main
body of the sampled articles nor the quality of
the individual studies; we cannot exclude the
loss of some information reported in articles
without a summary.

▪ The proposed search filters cannot exclude
studies not yet indexed in PubMed as animal
studies (eg, recently published articles).

▪ The present study was restricted to PubMed as
any medical database has its own syntax and key
terms and needs to be studied separately.
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pertinent articles have already been explored for the
PubMed database, in contexts other than
environmental.10–13

The aim of this study is to create two PubMed search
filters (one ‘more sensitive’, one ‘more specific’) in
order to efficiently retrieve all the relevant articles for
the study of putative environmental determinants of dis-
eases related to outdoor air pollution.

METHODS
The four stages of search filter development are sum-
marised in figure 1.

Selection of terms to be tested
The USA National Library of Medicine (NLM) main-
tains a controlled vocabulary thesaurus—namely, the
Medical Subject Headings (MeSH)—for indexing bio-
medical journals for the Medline/PubMed database.
PubMed users may construct a query using MeSH terms
to retrieve abstracts related to a particular field or
matter. Using MeSH terms allows highly specific
searches. However, recent journal articles are provision-
ally indexed in PubMed as supplied by the publisher,
without MeSH terms. Furthermore, the indexing process
may be slow and inaccurate, particularly for advanced/
innovative topics. Hence, PubMed queries that include
free-text words are usually more sensitive than those con-
taining MeSH terms only.
For the purpose of the present study, we collected a

list of MeSH terms (and their subheadings) pertinent to
the field of environmental diseases related to outdoor
air pollution from the Medline MeSH database. We then
verified that the definition of the selected MeSH terms
matched the topic under study. At first, we identified a
group of ‘core terms’ including those MeSH terms that
appeared to be strictly related to the field of exposure to
outdoor air pollution and environmental diseases. We
further identified other—apparently less specific—
MeSH terms. To evoke a more specific search, these
MeSH terms were combined with the term ‘AND air
pollut*’, where necessary.
We also explored the associated entry terms of the

MeSH terms (ie, synonyms, alternate forms, and other
closely related terms generally used interchangeably
with the preferred term for the purposes of indexing
and retrieval) to draw up a list of non-MeSH terms (ie,
free-text keywords) to be tested. Subsequently, this list
was expanded by the analysis of the terms or keywords
used in relevant articles (including systematic reviews)
or in reports on air pollution of the US Environmental
Protection Agency (EPA) and WHO.
To consider all the possible variations, we checked for

synonyms and acronyms of the selected non-MeSH
terms and took into account differences between British
and American spelling. In addition, we used the trunca-
tion symbols to create searches that took into consider-
ation multiple spellings and various endings.

Finally, for each MeSH and non-MeSH term, we calcu-
lated the proportion of abstracts retrieved by the
selected search term which was not retrieved by the
‘core terms’.

Estimating proportions of pertinent articles
For each studied term (MeSH term or non-MeSH term),
we collected a sample of English-language abstracts
added to PubMed by 31 December 2010. The language
restriction was introduced as the availability of an
English-language abstract can be of practical importance
when assessing the relevance of an article. In order to
evaluate only those articles dealing with human diseases,
we added to each search filter the words ‘NOT (animals
[MH] NOT humans [MH])’. The purpose of this was to
exclude from the search those articles indexed with the
MeSH term ‘animals’, but without the MeSH term
‘humans’. When the search query produced more than
1000 citations, we collected a systematically recruited
sample of 100 abstracts. For terms that retrieved <1000
citations, we evaluated a sample of <100 available
abstracts. The number of abstracts to be sampled was cal-
culated assuming an α error of 0.05 and a precision level
of 90% (sampling error of 10%).14

To obtain systematically recruited samples, we used
PubMed ‘show’ function in order to retrieve a number
of pages closest to 100 or multiples. Then, according to
the number of abstracts to be read, for each page the
‘top-of-the-page’ article was kept, to make sure that
abstracts across the considered time period were
included.
Two pairs of authors (SC, SM; DG, VDG) independ-

ently assessed the pertinence of each collected abstract
based on the subject of the article. An abstract was
judged as pertinent in the case it reported some kind of
relation between the exposure to outdoor air pollution
and the disease taken into account in the abstract, irre-
spective of study design and quality. Another author
(AF) resolved any disagreements. Inter-rater agreement,
explored in a preliminary assessment of 100 abstracts,
was ‘good’ (κ=0.68 for both pairs).15

Formulation of search filters
To formulate two different search filters—one ‘more
specific’, one ‘more sensitive’—we classified the studied
search terms on the basis of an a priori cut-off of 40% of
retrieval rate of pertinent articles corresponding to a
number needed to read (NNR) value of 2.5. The NNR
defines the total number of articles that must be read to
find each relevant one and corresponds to the inverse of
precision.16 Hence, a cut-off of 40% means that of every
2.5 retrieved abstracts, 1 is pertinent.
We then included only the terms with a proportion of

pertinent abstracts ≥40% in the ‘more specific’ search
filter. All the tested terms were instead included in the
‘more sensitive’ one, as every term contributed to the
retrieval of the pertinent literature, even if with different
proportion of pertinent abstracts.
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To limit the retrieval of those articles not dealing with
human diseases, we added to each search filter the
words ‘NOT ((animals [MH] OR plants [MH]) NOT
humans [MH])’.
We regarded the ‘more specific’ filter as a method to

minimise the number of ‘false positive’ abstracts, even if
losing some possible pertinent abstracts. On the other
hand, the ‘more sensitive’ filter—at the cost of a higher
number of ‘false positive’ abstracts—was conceived to
retrieve a larger amount of pertinent literature.

Evaluation of the search filters
Identification of the gold standard
To build the gold standard, we searched Medline using
a mini-filter composed of the ‘core terms’ and adding
the terms (systematic rev* OR metanal* OR meta anal*
OR metaanal*) limiting the search to abstract
availability. This search was run on 10 November 2015.
Two authors (SC, SM) independently screened titles

and abstracts of the 100 most recent references to select

those systematic reviews that addressed a specific
medical condition potentially related to outdoor air pol-
lution. A third author (DG) resolved any disagreements.
Based on journal rankings (impact factor (IF)) as sup-

plied by the Journal Citation Reports database in 2014,17

we retained only those reviews published in journals
categorised as Q1 (top 25% of the IF distribution) or
Q2 (between top 50% and top 25%) in the subject cat-
egories relevant for the journal. These inclusion criteria
were used to include high-impact journals in the gold
standard.
Then, we evaluated the selected reviews using the

R-AMSTAR checklist for quality assessment for
Systematic Reviews.18 Only reviews with a score of 20 or
more (out of a maximum score of 44) were included.
For those systematic reviews with a medium/high

score, we intended to reproduce the original search
strategy executed for PubMed by the authors in order to
identify the amount of pertinent (articles included in
the reviews) and not pertinent (articles retrieved by the

Figure 1 Stages of search filter development.
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original search strategies, but not included in the
reviews) literature. To reproduce the PubMed searches
of the selected reviews, we used the same strategies as
reported by the authors applying the same limits such as
date of searches or language restrictions if any.
The gold standard was built combining all the refer-

ences indexed in PubMed of the studies included in
those reviews whose search strategies were sufficiently
described to properly allow their replication. Only the
articles on health studies related to outdoor air pollution
were used for the creation of the gold standard. Articles
covering topics other than outdoor air pollution were
excluded from the gold standard.
Hence, an ad hoc filter was built combining all the

PMIDs of the included references. A PMID (PubMed
identifier or PubMed unique identifier) is a unique
number assigned to each PubMed record that does not
change over time or during processing and is never
reused.19 This ad hoc filter containing the PMIDs of the
included references together with the replication of the
PubMed search strategies of the identified reviews
enabled us to appropriately identify the total amount of
pertinent or not pertinent references of our gold
standard.
The references retrieved by the two proposed search

filters (ie, ‘more specific’ and ‘more sensitive’) were
compared with the gold standard. For each filter, we
were able to correctly calculate sensitivity and specificity
along with 95% CIs produced with the Wilson score
method.20

The searches for both filters were run on 16
December 2015.

Assessment of the number needed to read values
We assessed the performance of the two proposed
search filters in the study of three diseases that have
been associated with the exposure to outdoor air pollu-
tion: arrhythmia, sudden death and congenital heart
defects. Of note, the selected diseases were searched as
text word and MeSH term (eg, congenital heart defects
[MH] OR congenital heart defect*).
First, we collected all potentially pertinent abstracts

retrieved for these diseases by the proposed search
filters restricting to abstracts up to 31 December 2010.
Then, two authors (SC, SM) independently evaluated
the pertinence of the retrieved abstracts considering
whether a relation between exposure to outdoor air pol-
lution and the disease has been reported (κ=0.74). A
third author (DG) resolved any disagreements. Finally,
we calculated the NNR values for each filter. NNRs were
defined as the ratio of the number of retrieved abstracts
to the number of pertinent ones.16 The searches for
both filters were run on 18 January 2016.

Comparative analysis
We evaluated whether the method we used to formulate
the proposed search filters could be efficiently carried

out by other researchers when creating new filters on
another topic.
For this purpose, we compared the characteristics

(sensitivity, specificity and NNR) of the proposed search
filters with those of a ‘conventional’ search filter devel-
oped in a recent systematic review on outdoor air pollu-
tion. We searched Medline using a mini-filter composed
of the ‘core terms’ and adding the terms (systematic
rev* OR metanal* OR meta anal* OR metaanal*) limit-
ing the search to abstract availability. Two authors (SC,
SM) independently screened titles and abstracts of the
most recent references to select that systematic review
that addressed a specific medical condition potentially
related to outdoor air pollution and published in a
top-ranked journal (classified as Q1 or Q2).
The references retrieved by the ‘conventional’ search

filter of the recent systematic review (using only the part
of the filter on outdoor air pollution) were compared
with the gold standard identified with the same method-
ology described in the previous section. Sensitivity and
specificity along with 95% CI produced with the Wilson
score method20 were then calculated.
Furthermore, we assessed the performance of this

‘conventional’ filter on outdoor air pollution in the
study of the same three diseases mentioned above (ie,
arrhythmia, sudden death and congenital heart defects).
The same methodology for the evaluation of the pertin-
ence of the retrieved abstracts was applied and NNR
values were then calculated. All the searches were run
on 22 September 2016.
Stata V.14.1 SE (Stata Corporation, Texas, Texas, USA)

was used for analysis with a significance level of 0.05.

RESULTS
Selection of terms to be tested
The MeSH terms ‘air pollutants’, ‘air pollution’, ‘disor-
ders of environmental origin’, ‘environmental exposure’
and ‘particulate matter’ appeared to be the more
related to the field of environmental diseases related to
outdoor air pollution with respect to the definitions
reported in the Medline MeSH database; these five
MeSH terms were hence defined as ‘core terms’ (see
online supplementary table S1).
According to the definitions provided in the MeSH

database, we also evaluated the contribution of other
MeSH terms, which were combined with the term ‘AND
air pollut*’, where necessary. Therefore, we added 20
other MeSH terms to the pool of search terms to be
studied (see online supplementary table S1).
In addition, we explored the entry terms associated

with the selected MeSH terms and compiled a list of
non-MeSH terms to be evaluated. This list was extended
by non-MeSH terms retrieved in pertinent articles, key-
words found in reports on air pollution of the EPA and
WHO, and terms suggested by coauthors. Furthermore,
we checked for all the possible variations of the pro-
posed terms including synonyms and acronyms. Every
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term was tested as free-text either using truncation or
inverted commas in order to select the most compre-
hensive search term and to take into consideration mul-
tiple spellings as well. Finally, we included 54 non-MeSH
terms in our study (see online supplementary table S1).
The searches conducted using the proposed terms

(MeSH and non-MeSH terms) were then compared with
those performed with the ‘core terms’ in order to calcu-
late the proportion of abstracts retrieved by the selected
search terms which was not retrieved by the ‘core terms’
(see online supplementary tables S2 and S3).

Estimating proportions of pertinent articles
The ‘core terms’ (ie, ‘air pollutants’, ‘air pollution’, ‘dis-
orders of environmental origin’, ‘environmental expos-
ure’ and ‘particulate matter’ searched as MeSH terms)
identified 127 296 abstracts added to PubMed by 31
December 2010 and limited by the mini-filter NOT
(animals [MH] NOT humans [MH]). For each of the
other 20 MeSH terms considered, overlaps with the
aforementioned ‘core terms’ ranged from 18% to 100%.
The 54 non-MeSH search terms evoked 154 617

abstracts (almost 1.7% of all articles listed in PubMed)
using the cited limits. For each non-MeSH term, the
overlapping with the ‘core terms’ ranged from 8% to
95%. Data on the proportion of pertinent abstracts for
the 25 MeSH and 54 non-MeSH terms are reported in
online supplementary tables S2 and S3.

Formulation of search filters
The ‘more specific’ search filter included 3 MeSH terms
and 13 non-MeSH terms which retrieved an estimated
proportion of pertinent articles ≥40% (corresponding
to an NNR value ≤2.5). All the other terms (22 MeSH
terms and 41 non-MeSH terms) were included in the
‘more sensitive’ filter, which also included all the search
terms of the ‘more specific’ filter.
The two proposed PubMed search filters are pre-

sented in box 1.

Evaluation of the search filters
Identification of the gold standard
Based on titles and abstracts, we screened the 100 most
recent references of potentially eligible systematic
reviews. Of these, we identified 16 systematic reviews
which addressed a specific medical condition potentially
related to outdoor air pollution. We further excluded five
reviews which did not fulfil the inclusion criteria (ie, four
of them were not published in journals categorised as Q1
or Q2 and one was not a proper systematic review). Then,
11 systematic reviews were assessed for quality using the
R-AMSTAR checklist. Of these, only one reported a score
<20 (out of a maximum score of 44).
To correctly identify the amount of pertinent/not per-

tinent references, we intended to reproduce the search
strategy executed for PubMed (using the same limits) by
the authors of the 10 systematic reviews with a medium/
high score (ie, 20 or more). Out of these 10 systematic

reviews, we were able to reproduce the original PubMed
search strategy for six of them21–26 (see online
supplementary table S4).
These six systematic reviews identified altogether 244

pertinent references in PubMed (of these, 11 were
duplicates). Therefore, the gold standard was built com-
bining all the PMIDs of the included references
together with the records extracted from the proper rep-
lication of the PubMed search strategies of the six sys-
tematic reviews included in our study. Hence, the gold
standard was composed of 206 pertinent references and
2736 not pertinent references.
This gold standard was used as a comparison set for

the two proposed search filters. The ‘more specific’
filter correctly identified 170 pertinent references out of
206, whereas the ‘more sensitive’ filter only missed three
pertinent references. The ‘more specific’ filter was able
to correctly identify 1844 not pertinent references out of
2736, whereas the ‘more sensitive’ filter correctly identi-
fied 1310 not pertinent ones.
The ‘more specific’ filter yielded a sensitivity of 82.5%

(95% CI 76.8% to 87.1%) along with a specificity of
67.4% (95% CI 65.6% to 69.1%). The ‘more sensitive’
filter reported a sensitivity of 98.5% (95% CI 95.8% to
99.5%) together with a specificity of 47.9% (95% CI
46.0% to 49.8%).

Assessment of the number needed to read values
To test the two proposed search filters, we explored the
available literature on three diseases potentially asso-
ciated with exposure to outdoor air pollution, namely,
arrhythmia, sudden death and congenital heart defects.
The results of these searches for both filters are shown
in table 1. As expected, the ‘more sensitive’ filter
showed a higher NNR in comparison to the ‘more spe-
cific’ one.
In the overall search, the ‘more specific’ search filter

retrieved 260 articles out of 180 859 articles indexed for
arrhythmia, sudden death and congenital heart disease
in the Medline database. Out of 260 articles, 140 were
judged as pertinent, accounting for 54% of pertinence
and hence an NNR of 1.9.
In the overall search, the ‘more sensitive’ search filter

retrieved 895 articles out of 180 859 articles indexed for
arrhythmia, sudden death and congenital heart disease
in the Medline database. Out of 895 articles, 271 were
judged as pertinent, accounting for 30% of pertinence
and hence an NNR of 3.3.

Comparative analysis
We screened the titles and abstracts of the most recent
references of potentially eligible systematic reviews on
outdoor air pollution. We were able to identify the most
recent one that satisfied the inclusion criteria. The
selected systematic review evaluated the association
between cognitive functioning and exposure to air pollu-
tion and it was published on a journal ranked Q1 in the
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public, environmental and occupational health
category.27

The already identified gold standard was used as a
comparison set for the ‘conventional’ search filter on
outdoor air pollution developed in the selected system-
atic review. This filter correctly identified 175 pertinent
references out of 206 and 1839 out of 2741 not pertin-
ent ones. The sensitivity of this ‘conventional’ filter on
outdoor air pollution was 85.0% (95% CI 79.4% to
89.2%) together with a specificity of 67.1% (95% CI
65.3% to 68.8%).
With respect to the assessment of the NNR values, this

‘conventional’ filter on outdoor air pollution developed
in a recent systematic review retrieved 79 articles for
arrhythmia, 42 for sudden death and 22 for congenital
heart defects. Out of the 143 articles retrieved in the
overall search, 57 were judged as pertinent, with an
NNR of 2.5.

DISCUSSION
We applied a systematic approach to identify efficient
PubMed search strategies to retrieve information on
environmental determinants of disease related to
outdoor air pollution. We created two readily applicable
search filters for use by health professionals: one ‘more
specific’ and the other ‘more sensitive’ (see box 1). An
easy and fast ‘copy and paste’ tool could be particularly
relevant as it could help fill the gap between the stand-
ard practice and research practice.
We evaluated the overall performance of these topic-

based filters in terms of sensitivity and specificity, as
compared with our gold standard derived from system-
atic reviews on diseases potentially related to outdoor air
pollution. As expected, the ‘more specific’ filter
reported the highest specificity (67.4%), while the
‘more sensitive’ one reported the highest sensitivity
(98.5%).

Box 1 Proposed PubMed search filters for identifying potentially pertinent articles for the field of diseases potentially related
to outdoor air pollution

‘More specific’ filter:
(air pollution [MH] OR particulate matter [MH] OR (air pollutants/adverse effects [MH] NOT air pollutants [PA]) OR (‘air pollution’ AND
exposure) OR (‘air pollution’ AND ‘health effects’) OR (‘diesel exhaust’ NOT vehicle emissions [MH]) OR environmental toxicant* OR exhaust
part* OR ((fossil fuel* NOT fossil fuels [MH]) AND air pollut*) OR (‘fossil fuels’ AND exposure) OR gaseous pollut* OR ((motor vehicle*
NOT motor vehicles [MH]) AND air pollut*) OR ((motorway* OR roadway* OR highway* OR freeway*) AND air pollut*) OR (‘particulate
matter’ AND exposure) OR (‘PM2,5’ OR ‘PM 2,5’ OR ‘PM2.5’ OR ‘PM 2.5’) OR ultrafine particle*) NOT ((animals [MH] OR plants [MH]) NOT
humans [MH]) AND name(s)-of-the-disease
‘More sensitive’ filter:
(air pollutants [MH] OR air pollution [MH] OR disorders of environmental origin [MH] OR environmental exposure [MH] OR particulate
matter [MH] OR air pollutants [PA] OR (air pollutants/adverse effects [MH] NOT air pollutants [PA]) OR (aromatic hydrocarbons [MH] AND
air pollut*) OR (benzene derivatives [MH] AND air pollut*) OR (carbon monoxide [MH] AND air pollut*) OR (dioxins [MH] AND air pollut*)
OR dust [MH] OR environmental health [MH] OR environmental medicine [MH] OR environmental pollutants [MH] OR environmental pollu-
tion [MH] OR fires [MH] OR fossil fuels [MH] OR gasoline [MH] OR (hydrogen sulfide [MH] AND air pollut*) OR motor vehicles [MH] OR
(nitrogen oxides [MH] AND air pollut*) OR ozone [MH] OR sulfur dioxide [MH] OR vehicle emissions [MH] OR air contamin* OR (air pollu-
tant* NOT air pollutants [MH]) OR (‘air pollution’ AND exposure) OR (‘air pollution’ AND ‘health effects’) OR (‘air pollution’ NOT air pollution
[MH]) OR ‘air quality’ OR atmospheric contamin* OR atmospheric pollut* OR (automobile* AND air pollut*) OR (‘diesel exhaust’ NOT
vehicle emissions [MH]) OR ((dust OR dusts) NOT dust [MH]) OR (emission* AND air pollut*) OR environmental contamin* OR environ-
mental disease* OR (environmental exposure* NOT environmental exposure [MH]) OR ((‘environmental health’ NOT environmental health
[MH]) AND air pollut*) OR ((‘environmental medicine’ NOT environmental medicine [MH]) AND air pollut*) OR ((environmental pollutant*
NOT environmental pollutants [MH]) AND air pollut*) OR (‘environmental pollution’ NOT environmental pollution [MH]) OR environmental
toxicant* OR ‘environmental toxicology’ OR exhaust part* OR ((fossil fuel* NOT fossil fuels [MH]) AND air pollut*) OR (‘fossil fuels’ AND
exposure) OR gaseous pollut* OR ((gasoline NOT gasoline [MH]) AND air pollut*) OR (incinerator* AND air pollut*) OR (industr* AND air
pollut*) OR (industrial pollut* OR industry pollut*) OR (lead AND air pollut*) OR ((metal OR metals) AND air pollut*) OR ((motor vehicle*
NOT motor vehicles [MH]) AND air pollut*) OR ((motorway* OR roadway* OR highway* OR freeway*) AND air pollut*) OR ((Nox NOT nitro-
gen oxides [MH]) AND air pollut*) OR ((ozone NOT ozone [MH]) AND air pollut*) OR (ozone AND exposure) OR (PAH NOT PAH [AU] NOT
‘pulmonary arterial hypertension’) OR (particle* AND air pollut*) OR particulate* OR (‘particulate matter’ AND exposure) OR persistent
organic pollut* OR (‘PM2,5’ OR ‘PM 2,5’ OR ‘PM2.5’ OR ‘PM 2.5’) OR (‘PM 10’ OR ‘PM10’) OR pollut* OR ‘polycyclic aromatic hydrocar-
bon’ OR POPS OR (road* AND air pollut*) OR (smog NOT (‘particulate matter’ OR particulate matter [MH])) OR (traffic AND air pollut*) OR
ultrafine particle* OR (urban AND air pollut*) OR (vehicle emission* NOT vehicle emissions [MH]) OR VOCS OR ‘Volatile Organic
Compounds’) NOT ((animals [MH] OR plants [MH]) NOT humans [MH]) AND name(s)-of-the-disease
AU, Author; MH, Medical Subject Heading; PA, Pharmacological Action; the asterisk (*) represents the PubMed truncation symbol.
Notes:
1. It is possible to ‘copy and paste’ each of the two filters into PubMed from a .doc file. Alternatively, the filters can be evoked in PubMed
by entering the following shortened Uniform Resource Locators (URLs) in the browser address box: http://tinyurl.com/pollution-specific for
the ‘more specific’ filter; http://tinyurl.com/pollution-sensitive for the ‘more sensitive’ filter.
2. The name-of-the-disease should be entered. For diseases that have more than one name, the various ‘names-of-the-disease’ should be
entered in brackets, connected by the OR operator: for example, … AND (epicondylitis OR tennis elbow).
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Moreover, to give a practical perspective of these two
topic-based filters, we evaluated them through the inves-
tigation of three diseases selected a priori together with
the use of the NNR. On the one hand, 54% of the
abstracts retrieved by the ‘more specific’ filter provided
information on environmental determinants of disease
related to outdoor air pollution (NNR 1.9), suggesting
that this search filter can be applied to aetiological ques-
tions encountered in routine practice. In particular, the
‘more specific’ filter would allow researchers and profes-
sionals for a better overview over new evidence on the
health effects of outdoor air pollution by monitoring
newly published systematic reviews.
On the other hand, the ‘more sensitive’ filter yielded

almost twice the number of potentially pertinent articles
—although, as expected, the overall NNR was as high as
3.3 (table 1).
Therefore, we consider the ‘more sensitive’ filter as a

second-line approach useful to investigate those diseases
that have been little studied as for their putative environ-
mental origin.
In comparison with the proposed ‘more sensitive’

filter, the ‘conventional’ one on outdoor air pollution
developed in a recent systematic review lacks in sensitiv-
ity (98.5% for the ‘more sensitive’ filter vs 85.0% for the
‘conventional’ one) and reports characteristics more
similar to the ‘more specific’ one.
The ‘conventional’ filter on outdoor air pollution

developed in the selected systematic review retrieved
only 143 articles for the investigation of three diseases
selected a priori. Of these, 57 were judged as pertinent
(NNR 2.5). Specifically, the number of retrieved
abstracts and of pertinent ones were found to be sub-
stantially lower than those calculated for the ‘more sensi-
tive’ filter (895 retrieved, 271 pertinent abstracts) and
even lower than those of the ‘more specific’ one (260
retrieved, 140 pertinent abstracts) (table 1).
It is striking to note that the ‘conventional’ filter of

the selected systematic review reported roughly the same
sensitivity of the proposed ‘more specific’ one, probably
because of the ‘conventional’ way to develop search
filters used by the authors of the six systematic reviews
included in the gold standard. On the other hand, the
‘conventional’ filter developed in the selected systematic
review explores only a limited subset of the total amount
that should be explored, as shown when assessing the
NNR of the three diseases selected a priori.
Although our procedure seems to be rather complex

and time-consuming, the proposed search filters provide
a very efficient tool to retrieve more pertinent articles
and appear to be highly sensitive—two essential
characteristics when conducting a systematic review.
Owing to feasibility issues, we only assessed the pertin-

ence of articles with available (English-language)
abstracts. Hence, we cannot exclude that we lost some
information reported in articles without a summary, like
research letters or brief reports. However, a previous
study pointed out that this factor should not represent a
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major source of bias.10 We formulated our search filter
based on the abstracts, while we did not evaluate the
main body of the sampled articles. Hence, we may have
underestimated the proportion of potentially pertinent
articles, especially in the absence of widespread imple-
mentation of more informative abstracts. It should be
stressed that we did not assess the quality of the individ-
ual studies.
Using the words ‘NOT ((animals [MH] OR plants

[MH]) NOT humans [MH])’, we intended to limit our
search filters to human studies, including those animal
studies that have human relevance. Nevertheless, this
filter cannot exclude from the search those animal
studies that have not been indexed yet (eg, recently pub-
lished articles). With the purpose to help further to
restrict to human studies only, we added to our pro-
posed search filters a limit regarding ‘plants’ as well.
Our selection of non-MeSH terms was to some extent

arbitrary, but at the same time it was so extensively per-
formed that the identification of such search terms with
computational techniques (like text-mining) was not
considered worthwhile. In addition, considering the spe-
cificity and sensitivity values of the proposed filters
together with NNR values, this a priori limitation did
not appear to greatly affect the end product.
Even though it has been reported that most of the

high-quality articles, like those included in Cochrane
Reviews, are indexed in PubMed,28 it is strongly recom-
mended to consult more than one relevant database
when performing systematic reviews of the literature.29

The present study was restricted to PubMed as any
medical database has its own rules (eg, syntax, map of
key terms) and needs to be studied separately (including
the assessment of sensitivity and specificity). When carry-
ing out a systematic review on the health effects of
outdoor air pollution, it could be possible to translate
the proposed ‘more sensitive’ filter into other database
syntax; however, it has to be underlined that it is likely to
suppose that the characteristics of the translated filter—
in terms of sensitivity and specificity—would not be the
same as those calculated for PubMed.
Improvements of reporting practices—like the imple-

mentation of the STROBE guidelines30—should facili-
tate the retrieval of pertinent literature in the future.
Also, the bibliometric properties of our topic-based filter
might be influenced by changes in the indexing process
that occur over the years.9

CONCLUSIONS
We present two PubMed search filters—one ‘more spe-
cific’, one ‘more sensitive’—which may be easily applied
to collect evidence on diseases possibly associated with
exposures to outdoor air pollution. Both filters can be
copied and pasted into the PubMed search box together
with the name of the disease under study. Alternatively,
the filters can be evoked in PubMed by entering the
shortened Uniform Resource Locators (URLs) provided

at the bottom of box 1. The ‘more specific’ filter can be
used as a first-line approach, while the ‘more sensitive’
filter could help practitioners when deeper searches are
necessary. Health professionals could take advantage of
these topic-based filters in contexts ranging from
evidence-based patient evaluation to original research.
Finally, researchers and professionals could use these

filters to be periodically up-to-date on this specific field.
For this purpose, users can take advantage of ‘My NCBI’
tool provided by the NLM that allows to permanently
save searches and set automatic email updates of the
results.31
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