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ABSTRACT  
Objective: To identify efficient PubMed search strategies to retrieve articles regarding putative 
occupational determinants of conditions not generally considered to be work-related. 
Methods: Based on Medical Subject Heading (MeSH) definitions and expert knowledge, we 
selected as candidate search terms the four MeSH terms describing “occupational disease”, 
“occupational exposure”, “occupational health” and “occupational medicine” (DEHM) alongside 22 
other promising terms. We first explored overlaps between the candidate terms in PubMed. Using 
random samples of abstracts retrieved by each term, we estimated proportions of articles containing 
potentially pertinent information regarding occupational aetiology in order to formulate two search 
strategies (one more “specific”, one more “sensitive”). We applied these strategies to retrieve 
information on possible occupational aetiology of meningioma, pancreatitis, and atrial fibrillation.  
Results: Only 20.3% abstracts were retrieved by more than one DEHM term. The more “specific” 
search string was based on the combination of terms that yielded the highest proportion (40%) of 
potentially pertinent abstracts. The more “sensitive” string was based on use of broader search 
fields and additional coverage provided by other search terms under study. Using the specific string, 
the numbers of abstracts needed to read to find one potentially pertinent article were: 1.2 for 
meningioma; 1.9 for pancreatitis; 1.8 for atrial fibrillation. Using the sensitive strategy, the numbers 
needed to read were 4.4 for meningioma; 8.9 for pancreatitis; 10.5 for atrial fibrillation. 
Conclusions: The proposed strings could help health care professionals explore putative 
occupational aetiology for diseases that are not generally thought to be work-related.  
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WHAT THIS PAPER ADDS? 
•Well defined PubMed search strategies can provide efficient and effective tools to help address 
evidence-based questions. 
•Such strategies are currently available for diseases that have been widely studied from the 
occupational standpoint, but not for exploration of potential “new” occupational diseases. 
•The two search strings presented in this article provide readily applicable “copy and paste” tools 
for prompt identification of pertinent literature available in PubMed. 
•The more specific of the two strings is capable of retrieving a high proportion of potentially 
pertinent abstracts related to diseases that have been little studied from the occupational standpoint; 
the more sensitive string may be used for more extensive research or to glean information regarding 
diseases that have received even less attention. 
•These search strings could be useful to many different types of health professional, ranging from 
primary care physicians to specialised librarians, in contexts ranging from evidence-based patient 
evaluation to original research. 
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INTRODUCTION 
Some diseases can have rather obscure occupational determinants (eg increased susceptibility to 
infectious pneumonia in workers exposed to metal fumes [1]). Well defined PubMed search 
strategies [2] can provide efficient and effective tools for answering evidence-based questions in the 
field of occupational health,[3] including possible work-related aetiology of given diseases.[4] Such 
knowledge can provide an important premise for application of evidence-based medicine (EBM) 
and evidence-based prevention (EBP) in occupational health. The controlled, hierarchical 
vocabulary of Medical Subject Heading (MeSH) terms provides a consistent way of retrieving 
articles deemed pertinent to specific areas of medical interest, and therefore provides a powerful 
tool for focusing PubMed searches. As health professionals now commonly use bibliographic 
searches via PubMed to gain answers to practice-related questions, rational use of MeSH terms is 
becoming increasingly important.[5] Due to terminological overlaps in the MeSH vocabulary, 
variations inevitably occur when MeSH terms are systematically assigned to articles during manual 
indexing at the U.S. National Library of Medicine. Thus, specific PubMed search strategies need to 
be developed and evaluated for particular areas of investigation. A set of rational PubMed search 
strategies has been developed for study of the work-related origins of various classes of diseases 
that have attracted extensive occupational health research.[4] A randomized controlled trial showed 
that these strategies could effectively enhance adequate selection of search terms, satisfactory 
solutions to case problems, and user satisfaction.[6] However, effective and efficient PubMed 
search strategies need to be defined for conditions not commonly considered to be work-related 
diseases but which could plausibly have occupational determinants. 
The aim of this study was to develop efficient PubMed search strings to help assess the existence of 
putative occupational determinants of conditions that are not generally considered to be work-
related.  
 
METHODS 
Rationale and study design 
Since it is scarcely feasible to study all possible search terms, in a preliminary phase we identified 
sets of MeSH and non-MeSH terms that seem especially pertinent to occupational determinants of 
diseases. Our strategy was to select the broadest general descriptors available in the medical MeSH 
vocabulary, alongside other MeSH/non-MeSH terms which might conceivably help retrieve further 
pertinent literature or refine search strategies. As a premise for formulation of specific search 
strategies, we assessed the retrieval characteristics of selected search terms when used separately or 
in combination. We first explored their ‘coverage’ within PubMed in terms of numbers of articles 
identified by each term. We also explored overlaps between terms (numbers of articles shared by 
different terms) so as to gain indications regarding their mutual exclusiveness. For each of the 
search terms we estimated proportions of articles carrying English language abstracts that could be 
considered potentially pertinent to the field of occupational aetiology. Based on these findings we 
formulated two search strategies (one more “specific”, one more “sensitive”) designed for use in 
different circumstances. Finally, we assessed “number needed to read” (NNR) values by applying 
these two strategies to three diseases that are not generally thought to be work-related.  
All bibliometric data were generated with the date limit function set to call up articles added to 
PubMed by 14th February 2008. 
 
Selection of terms to be tested 
Using the Medline MeSH database, we first considered work-related MeSH terms, such as those 
evoked by the terms ‘occupational’ (n=57),‘work’ (n=15), ‘job’ (n=12), etc (see web Appendix 1), 
along with their various subheadings. We decided to focus first on a group of four MeSH terms with 
especially broad definitions which could be pertinent to occupational aetiology (occupational 
diseases, occupational exposure, occupational health, occupational medicine). We reasoned that 
this group of four MeSH descriptors covering disease, exposure, health and medicine (DEHM 
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group) appears to target four broad areas of relevance to occupational aetiology. Based on the 
particular definitions and retrieval characteristics of other work-related MeSH terms (web Appendix 
1) and on preliminary studies (not shown), we also decided to evaluate 8 other work-related MeSH 
terms (with/without subheadings) that suggested a potential to expand or modulate search strategies: 
namely, employment; industry; occupations; occupational air pollutants; occupational groups; 
work; workload; workplace. Regarding search terms that fall outside the MeSH vocabulary, choices 
were based on findings from a single available study on PubMed searches regarding occupational 
aetiology,[4] review of MeSH entry terms, the authors’ experience, and brainstorming (all in 
conjunction with preliminary, sample PubMed searches). After extensive exploration (not shown), 
we eventually selected 14 items: at work[Text Word]; industrial hygiene[Text Word]; job*[Text 
Word];  occupation*; occupational hazard[Text Word]; occupational risk[Text Word]; worke*; 
work environment[Text Word]; work-related; working environment[Text Word]; workplace*; work 
place*[Text Word]; worksite*[Text Word]; work site*[Text Word]. Of note, we chose to 
incorporate the [Text Word] search tag by default into 10 of these terms in order to avoid undesired 
automatic term mapping (see Technical note in Box 1). When not otherwise stated, search terms 
were entered “untagged” to take advantage of PubMed’s automatic term mapping algorithms. 
To gain indications of the numbers of articles identified by each of the 26 selected search terms (ie 
the DEHM descriptors plus the 8 other MeSH terms and the 14 non-MeSH items), we also used 
PubMed limits functions to calculate proportions of Medline articles in selected languages, as well 
as the proportion of articles in any language with an available English-language abstract (web table 
1).  
 
Survey of search term overlaps 
For each DEHM descriptor (occupational diseases, occupational exposure, occupational health and 
occupational medicine), we recorded the number of articles with available abstracts identified in 
PubMed using each of the following search fields: 1) [MeSH Terms]; 2) [Text Word] NOT [MeSH 
Terms]; 3) [All Fields] NOT ([MeSH Terms] OR [Text Word]). We used a similar approach to 
assess the other selected MeSH terms (employment; industry; occupations; occupational air 
pollutants; occupational groups; work; workload; workplace) and non-MeSH search terms (at 
work[Text Word]; industrial hygiene[Text Word]; job*[Text Word];  occupation*; occupational 
hazard[Text Word]; occupational risk[Text Word]; worke*; work environment[Text Word]; work-
related; working environment[Text Word]; workplace*; work place*[Text Word]; worksite*[Text 
Word]; work site*[Text Word]). Of note, to avoid semantically inappropriate automatic term 
mapping we entered the MeSH descriptor work only in the [MeSH terms] field.  
We then assessed retrieval overlaps (and omissions) between each of the four DEHM terms. To do 
this, we crossed the DEHM terms (2, 3 or 4 at a time, using Boolean operators) within the “[MeSH 
terms] OR [Text Word]” search field in such a way as to record numbers of articles identified for 
each of their possible combinations. Since availability of an English language abstract can be of 
practical importance when assessing the potential relevance of an article, we decided also to 
introduce the Limit “Abstracts”. Finally, we used Boolean operators to assess overlaps between 
each of the 16 non-DEHM search items (entered without additional tags, other than those specified 
above) and the entire DEHM group (entered using the search field “[MeSH terms] OR [Text 
Word]”). 
 
Estimating proportions of pertinent articles 
Estimates were based on samples of 100 articles with available abstracts which were randomly 
extracted on entering the search terms under study in PubMed (using defined search field tags) in 
conjunction with the “Abstract” Limit function. For each (tagged/untagged) search term under 
investigation, the random sample was obtained by setting the PubMed ‘show’ function in such a 
way as to obtain a number of pages approximately corresponding to a multiple of 100: we then 
extracted abstracts for “top-of-the-page” articles (after regularly skipping appropriate numbers of 
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pages). The pertinence of each article was assessed by two occupational physicians (G.M., M.F.) 
who independently examined each abstract and expressed a binary judgement based on presence of 
information regarding evidence or hypotheses (irrespective of study design) regarding occupational 
determinants of disease. (Regarding interobserver variability, in a preliminary assessment of 100 
abstracts the two observers achieved a kappa value of 0.79 (SE 0.099), corresponding to “good” 
agreement.[7]) In cases of disagreement, pertinence was adjudicated by a third physician (S.M.). 
We first assessed the pertinence of the entire group of DEHM terms (entered with the OR operator) 
in different search tag combinations: 1) [MeSH Terms]; 2) [Text Word] NOT [MeSH Terms]; 3) 
[All Fields] NOT ([MeSH Terms] OR [Text Word]). These search fields were selected so as to 
provide indications of the incremental yield of pertinent articles provided by the Text Word and All 
Fields tags. Additionally, we estimated the proportions of potentially pertinent abstracts retrieved by 
each of the DEHM terms when entered as [MeSH Terms].  We then assessed the possible 
incremental pertinence of each of the 22 other search items (entered as listed above), while 
excluding the entire DEHM group (entered as “[MeSH terms] OR [Text Word]”). 
Based on these findings, we devised two distinct search strategies to be proposed for routine use: 
one designed to be more specific (“first string”), and one rather more sensitive (“second string”). Of 
note, selection of the cut-off used to define the more specific string (>40% of pertinent articles) was 
loosely based on the proportion of potentially pertinent articles retrieved by the entire DEHM 
group, which also corresponded to a NNR value <2.5. 
 
Assessment of NNR values  
We evaluated the number of abstracts needed to read to identify one potentially pertinent article in 
the context of three different pathologies not generally thought to be work-related: namely, 
‘pancreatitis’, ‘atrial fibrillation’ and ‘meningioma’. For each pathology, we retrieved all the 
abstracts evoked by each of the two candidate search strategies. The same team of readers (i.e. G.M, 
M.F. and S.M.) assessed the pertinence of each abstract using the rating criteria described above. 
We then calculated the NNR values for each string.[8] We also calculated NNR values for two 
other proposed search strategies: 1) the string developed by Schaafsma et al. for use by physicians 
looking for literature regarding diseases that have attracted more widespread study of possible 
occupational aetiology, ie (occupational risk OR occupational disease) AND name(s)-of-the-disease 
[4]; 2) a string developed by the Cochrane Occupational Health Field for locating occupational 
health studies referring to work, ie (occupat* OR worker*) AND name(s)-of-the-disease [3]. 
Finally, we explored the  effects of combining our first (more specific) string with the two 
(narrow/broad) aetiology search filters provided by PubMed for clinical queries regarding specific 
clinical study categories[9, 10].
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Table 1 Numbers of articles (abstracts) identified by each of the DEHM terms† when using different PubMed search fields 
 DEHM terms 
 Occupational 

diseases 
Occupational 

exposure 
Occupational health Occupational 

medicine 
[MeSH Terms] 92,383 (39,331) 36,193 (25,358) 17,844 (7,976) 20,862 (3,128) 
[Text Word] 65,162 (29,299) 33,511 (26,609) 32,148 (13,745) 22,101 (4,042) 
[All Fields] 65,441 (29,556) 33,511 (26,609) 40,182 (20,973) 26,422 (8,018) 
[MeSH Terms] OR [Text Word] 92,994 (39,560) 40,577 (29,209) 32,148 (13,745) 22,101 (4,092) 
[All Fields] NOT ([MeSH Terms] OR [Text Word])† 241 (223) 0 (0) 8,034 (7,228) 4,321 (3,976) 
[MeSH Terms] OR [Text Word] OR [All Fields]‡ 93,235 (39,783) 40,577 (29,209) 40,182 (20,973) 26,422 (8,018) 
†DEHM terms: occupational diseases, occupational exposure, occupational health, occupational medicine 
‡Search field revealing numbers of articles in which the search terms appear only in the “affiliations” or “journal names” 
§Most comprehensive search field. 
Other abbreviation: MeSH, medical subject heading 
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RESULTS 
Numbers of articles identified and their overlaps  
Role of DEHM terms  
Table 1 reports the numbers of articles (and abstracts) identified by each of the four DEHM MeSH 
descriptors (occupational diseases, occupational exposure, occupational health, occupational 
medicine) using different combinations of search tags. Entering the entire DEHM group in a rather 
comprehensive search field (“[MeSH Terms] OR [All Fields]”) identified 170,316 articles (78,053 
abstracts) from PubMed, representing ~1% (~1% abstracts) of all 17,884,312 PubMed articles 
(9,542,808 abstracts). Of note, ‘occupational diseases’ identified the highest number of articles 
(2−4 times the numbers identified by each of the other three terms).  
The [MeSH Terms] search tag was more productive than the [Text Word] tag when used with 
occupational diseases and occupational exposure, but not with occupational health or occupational 
medicine. Incorporation of the [All Fields] tag identified substantial numbers of additional articles 
for occupational health (7,228 more abstracts) and occupational medicine (3,976 more abstracts), 
due to frequent appearance of these search terms in the affiliations or journal names but not in the 
title or main text of the article.  
Fig. 1 reports the relative coverage and overlaps provided by each of the DEHM terms when 
entered with the “[MeSH Terms] OR [Text Word]” search field and using the limit “Abstracts”. 
Overlaps between two or more of the DEHM terms were observed for only one-fifth (20.3%, 
14,500/71,264) of the abstracts identified. Remarkably, only 60 (0.08%) abstracts were retrieved by 
all four DEHM terms. The largest single overlap was between occupational exposure and 
occupational diseases (about a quarter of the articles identified by occupational exposure were also 
netted by occupational diseases). Of note, similar results were obtained when the searches were run 
without the “Abstracts” limit (data not shown). 
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Table 2 Incremental contribution of non-DEHM search terms: numbers of abstracts not identified by the DEHM group† (and estimates of numbers 
potentially pertinent to occupational aetiology) 

PubMed query PubMed query translation 
(automatic term mapping) 

Proportion (%, n/N) of the abstracts 
retrieved by the search term (N) which 

cannot be retrieved by the DEHM group 
(n)‡ 

Estimated proportion 
of potentially 

pertinent additional 
abstracts§ 

Estimated absolute 
numbers of potentially 

pertinent additional 
abstracts¶ 

occupational hazard[Text Word] occupational hazard[Text Word] 32% (172/531) 77% 132 
industry [MeSH Terms] mortality 
[Subheading] 

"industry"[MeSH Terms] AND 
"mortality"[Subheading] 

32% (508/1,585) 74% 376 

occupational risk[Text Word] occupational risk[Text Word] 21% (258/1,207) 73% 188 
occupational group*[Text Word] From 

occupational group[Text Word]  
…to… 

occupational groups[Text Word] 

46% (764/1,670) 52% 397 

work-related  work-related[All Fields] 42% (2,266/5,407) 46% 1,042 
occupational air pollutants [MeSH 
Terms] 

"air pollutants, 
occupational"[MeSH Terms] 

33% (2,316/6,942) 45% 1,042 

working environment [Text Word] working environment[Text Word] 50% (647/1,308) 41% 265 
at work [Text Word] at work[Text Word] 68% (4,521/6,642) 36% 1,628 
work environment [Text Word] work environment[Text Word] 55% (1,547/2,834) 33% 511 
occupations[MeSH Terms] occupations[MeSH Terms] 78% (8,247/10,521) 32% 2,639 
work[MeSH Terms] work[MeSH Terms] 76% (3,519/4,642) 31% 1,091 
workplace* From 

workplace[All Fields] 
…to… 

OR workplacetraumacenter[All 
Fields] 

50% (7,621/15,315) 28% 2,134 

Workload Workload[MeSH Terms] 
OR workload[All Fields] 

90% (12,351/13,728) 27% 3,335 

occupation* From 
occupation[All Fields]  

…to… 
occupationwise[All Fields] 

46% (55,339/119,619) 25% 13,835 

worke* From 
worke[All Fields] 

…to… 
workey[All Fields] 

66% (59,185/90,267) 20% 11,837 

work place*[Text Word] work place[Text Word] OR work 
placement[Text Word] OR work 
placements[Text Word] OR work 

places[Text Word] 

58% (685/1,196) 19% 130 
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work site*[Text Word] work site[Text Word] OR work 
sites[Text Word] OR work 

sitewide[Text Word] 

45% (340/758) 15% 51 

job*[Text Word] From 
job[Text Word] 

…to… 
jobwatch[Text Word] 

79% (24,348/30,715) 14% 3,409 

occupational groups [MeSH terms]  "occupational groups"[MeSH 
Terms]  

94% (108,099/115,419) 9% 9,729 

employment "employment"[MeSH Terms] OR 
"employment"[All Fields] 

83% (32,187/38,636) 9% 2,897 

worksite* From 
worksite[All Fields] 

…to… 
 worksitewide[All Fields] 

39% (575/1,469) 6% 34 

industry "industry"[MeSH Terms] OR 
"industry"[All Fields] 

86% (91,082/105,760) 4% 3,643 

Note: In occupation* and worke*, the asterisk represents the PubMed truncation symbol. 
†DEHM group: (occupational diseases OR occupational exposure OR occupational medicine OR occupational health) entered using the search field [MeSH Terms OR Text 
Word]. 
‡Calculated as: [(total number identified by the non-DEHM term) − (number also identified by the DEHM group)] / (total number identified by the non-DEHM term). 
§Estimates were based on reviews of 100 randomly sampled abstracts.  
¶Calculated by multiplying the number of abstracts additionally identified (ie n in column 2) by the estimated proportion of potentially pertinent additional abstracts (column 3).  
Abbreviation: MeSH, medical subject heading 
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Role of non-DEHM search terms 
We evaluated the ability of each of the 22 non-DEHM search terms to identify abstracts not caught 
by the DEHM group (Table 2). Overall, the non-DEHM search terms netted 802,891 articles 
(402,245 containing abstracts), representing about 4% of all articles listed in PubMed. Of these, 
648,707 (80.8%) were not caught by the DEHM group, including 328,913 with available abstracts. 
The potential incremental contribution of non-DEHM search terms can also be discerned by 
considering numbers of articles (with/without abstracts) identified in different languages (web table 
1). In particular, a remarkably high proportion (23%) of all articles bearing the DEHM MeSH term 
occupational medicine are in Russian (with German accounting for a further 10%). On the other 
hand, the DEHM MeSH term occupational health is relatively little represented in languages other 
than English. Such variability in assigning MeSH terms provides a further rationale for attempting a 
broader search strategy.  
 
Pertinence estimates 
We first assessed proportions of articles potentially pertinent to occupational aetiology based on 
randomly extracted abstracts when entering the entire DEHM group (ie occupational diseases [MH] 
OR occupational diseases [TW] OR occupational exposure [MH] OR occupational exposure [TW] 
OR occupational health [MH] OR occupational health [TW] OR  occupational medicine [MH] OR 
occupational medicine [TW]). Use of different search tag combinations (chosen to evaluate use of 
the [MeSH terms] field and possible incremental contributions of other fields) provided the 
following results: 48% potentially pertinent abstracts using [MeSH Terms]; 17% using “[Text 
Word] NOT [MeSH Terms]”; 15% using “[All Fields] NOT ([MeSH Terms] OR [Text Word]”). 
These figures suggest that 48% of the abstracts retrieved by the [MeSH terms] field may be 
pertinent, along with 17% of those additionally retrieved by incorporating the [Text Word] tag, and 
about 15% of those incrementally retrieved by additionally incorporating [All Fields]. Fig. 2 
illustrates these findings in relation to the total numbers of abstracts retrieved by the DEHM group 
using these three search field combinations.  
We then looked at numbers of potentially pertinent abstracts retrieved by each of the DEHM terms 
when entered as [MeSH Terms]: the estimated proportions were 62% for occupational diseases; 
58% for occupational exposure; 30% for occupational medicine; 27% for occupational health.   
Regarding the incremental contributions of non-DEHM terms, Table 2 also reports proportions of 
randomly retrieved abstracts that were deemed potentially pertinent when each of these terms was 
entered using the search field “[MeSH Terms] OR [Text Word]” after exclusion of articles retrieved 
by the entire DEHM group. 
 
Formulation of search strings 
The two proposed search strings are presented in Box 1. The more specific search strategy (“first 
string”) included those search terms which retrieved estimated proportions of  pertinent articles 
>40% ( corresponding to a NNR value <2.5). Additionally, we decided to include  occupational 
medicine[MeSH Terms], based on the observation that until the mid 1980s this MeSH term was 
ascribed to many potentially pertinent articles (data not shown)—a relevant consideration when 
exploring the aetiology of diseases that have been little studied from the occupational standpoint. 
To try to make the strategy more sensitive (“second string”), we 1) broadened the search fields for 
each of the DEHM descriptors to [MeSH terms] OR [Text Word] OR [All Fields] (Table 1); 2) took 
advantage of the additional coverage provided by the other search terms under study (Table 2), 
except for occupational risk [TW], occupational hazard [TW], occupational group*[TW] and  
occupational air pollutants [MH] which did not identify any incremental articles (beyond those 
already evoked by the remaining terms). 
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_____________________________________________________________________ 
Box 1. Proposed PubMed search strategies for identifying potentially pertinent articles. 
 
1. More specific search strategy:  
(occupational diseases [MH] OR occupational exposure [MH] OR occupational medicine [MH] 
OR occupational risk [TW] OR occupational hazard [TW] OR (industry [MeSH Terms] mortality 
[SH]) OR occupational group* [TW] OR work-related OR occupational air pollutants [MH] OR 
working environment [TW]) AND name(s)-of-the-disease. 
 
2. More sensitive search strategy: 
(occupational diseases [MH] OR occupational exposure [MH] OR occupational exposure* [TW] 
OR “occupational health” OR “occupational medicine” OR work-related OR working environment 
[TW] OR at work [TW] OR work environment [TW] OR occupations [MH] OR work [MH] OR 
workplace* [TW] OR workload OR occupation* OR worke* OR work place* [TW] OR work site* 
[TW] OR job* [TW] OR occupational groups [MH] OR employment OR worksite* OR industry) 
AND name(s)-of-the-disease  
 
Usage notes: 

1) It is possible to “copy and paste” each of the two strings into PubMed from a .doc file. 
Alternatively, the strings can be evoked in PubMed by entering the following shortened 
URLs (Uniform Resource Locators) in the browser address box:  
http://tinyurl.com/mattioli-et-al-specific for the “more specific” string;  
http://tinyurl.com/mattioli-et-al-sensitive for the “more sensitive” string. 

2) The name-of-the-disease should be entered without any search tag. For diseases that have 
more than one name, the various “names-of-the-disease” should be entered in brackets, 
connected by the OR operator: eg … AND (epicondylitis OR tennis elbow) 

Technical notes: When a MeSH term contains two words, PubMed’s automatic query translation 
currently comprises a search for the entire MeSH term plus All Fields searches for the two words 
(eg "occupational medicine"[MeSH Terms] OR ("occupational"[All Fields] AND "medicine"[All 
Fields]) OR "occupational medicine"[All Fields]).  
In the presence of an “embedded” MeSH Term (eg as in the case of occupational risk, where risk is 
also a MeSH Term) PubMed automatically also searches for the MeSH Term of the single word. 
In the more sensitive string, both “occupational health” and “occupational medicine” are entered in 
an All Fields format which evoked all the abstracts retrieved when these two search terms were 
entered in the [MeSH Terms] OR [Text Word] field. 
____________________________________________________________________ 
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Table 3 Application of search strategies to three pathologies: numbers of citations retrieved, proportions of potentially pertinent articles and overall 
NNR values. 
 Meningioma 

(n=9,460) 
Pancreatitis 
(n=24,497) 

Atrial fibrillation 
(n=20,313) 

Overall 
(n=54,247) 

PubMed query Retrieved 
n 

Pertinent  
n (%) 

NNR Retrieved 
n 

Pertinent 
n (%) 

NNR 
 

Retrieved 
n 

Pertinent  
n (%) 

NNR Retrieved 
n 

Pertinent 
n (%) 

NNR 

“First string” 
(more specific strategy) 
 

20 16 (80) 1.2 19 10 (53) 1.9 20 11 (55) 1.8 59 37 (63) 1.6 

“First string” + narrow PubMed 
clinical query for aetiology [9] 
 

5 4 (80) 1.2 5 1 (20) 5.0 2 1 (50) 2.0 12 6 (50) 2.0 

“First string” + broad PubMed 
clinical query for aetiology [9] 
 

17 14 (82) 1.2 14 6 (43) 2.3 6 2 (33) 3.0 37 22 (59) 1.7 

“Second string” 
(more sensitive strategy) 
 

80 18 (23) 4.4 195 22 (11) 8.9 232 22 (9) 10.5 507 62 (12) 8.2 

“Second string” NOT “first string” 
(incremental contribution of the 
second string) 

60 2 (3) 30.0 176 12(7) 14.7 212 11 (5) 19.3 448 25 (6) 17.9 

String proposed by Schaafsma et 
al.[4]† 
 

20 13 (65) 1.5 36 13 (36) 2.8 18 7 (39) 2.6 74 33 (45) 2.2 

String used by the Cochrane 
Occupational Health Field[3]‡ 

51 17 (33) 3.0 108 18 (17) 6.0 60 15 (25) 4.0 220 50 (23) 4.4 

† (occupational risk OR occupational diseases) AND name-of-the-disease 
‡ (occupat* OR worker*) AND name-of-the-disease 
Abbreviation: NNR, number needed to read value 
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Assessment of proposed search strategies  
We assessed the characteristics of the two proposed search strategies (alongside two other strategies 
proposed elsewhere [3, 4]) in three pathologies not commonly thought to be work-related: namely, 
‘meningioma’, ‘atrial fibrillation’, and ‘pancreatitis’. Table 3 reports the numbers of abstracts 
retrieved by each strategy, together with the proportions of retrieved abstracts that were deemed 
pertinent and their NNR values. For each pathology, the NNR values were lowest for the “more 
specific” strategy (“first string”) and highest for the “more sensitive” strategy (“second string”). 
Furthermore, the “second string” invariably retrieved the highest absolute number of pertinent 
abstracts. The two strategies proposed elsewhere [3, 4] appeared to display intermediate 
characteristics in terms of both their NNR values and the absolute numbers of pertinent articles 
retrieved. Finally, we found that entering our “first  string” in conjunction with the narrow/broad 
aetiology search filters provided by PubMed for clinical queries regarding specific clinical study 
categories [9] reduced the numbers of abstracts identified without improving any of the NNR 
values. 
 
DISCUSSION 
This bibliometric study proposes two readily applicable PubMed search strings (one more specific, 
one more sensitive; Box 1) for use by health professionals when investigating putative occupational 
determinants of medical conditions that are not generally classified as work-related. These strings 
are intended to complement previously proposed and tested strings designed for evaluation of 
occupational aetiology in more widely studied diseases.[4]  
Initially, we decided to take advantage of the relatively exclusive search characteristics of the four 
MeSH descriptors most broadly dedicated to occupation or work (occupational diseases; 
occupational exposure; occupational health; occupational medicine). Perhaps due to their explicit 
focus on different broad areas of relevance to occupational aetiology (ie disease, exposure, health 
and medicine; termed by us, DEHM), we found that only one-fifth of the abstracts netted by any 
one of these four terms could also be retrieved by one of the other DEHM terms (see Fig. 1). We 
eventually included occupational health only in the more sensitive string (due to its relatively low 
specificity). Furthermore, another MeSH descriptor, occupational air pollutants, turned out to play 
a useful role in the specific string. 
Consideration of the NNR suggests that the more specific string is likely to provide a much more 
attractive way of addressing many questions encountered in routine practice. In each of the three 
diseases we looked at, as many as 63% of the abstracts retrieved by the specific string appeared to 
be potentially pertinent. By contrast, it would be necessary on average to scan 4 or 5 abstracts 
concerning meningioma turned up by the sensitive string to identify 1 potentially pertinent paper 
(and for atrial fibrillation and pancreatitis the NNR was as high as 9 or 10). These findings suggest 
that the first (more specific) string may provide an efficient frontline approach for health care 
professionals who need to explore putative occupational aetiology of little studied diseases in 
practice-based situations ranging from primary care to medicolegal issues or insurance claims.  This 
concept is reinforced by comparison of the numbers of pertinent abstracts (with their corresponding 
NNR) obtained by this string and by the string proposed by Schaafsma et al. [4] for use with 
diseases that have been more widely studied from an occupational standpoint  (overall NNR for the 
three diseases considered, 1.6 vs. 2.2; Table 3). However, we would not recommend the string for 
more widely studied diseases such as carpal tunnel syndrome, where our more specific, but still 
relatively lengthy, string retrieved only a few more abstracts (583 vs. 562) than the much more 
compact string proposed by Schaafsma et al. (data not shown). Of note, one conceivable way of 
reducing the number of abstracts identified by the specific string without greatly raising the NNR 
value might be to incorporate one of the two aetiology search filters provided by PubMed for 
clinical queries.[9]  
The second (more sensitive) string developed in the present study could be adopted either to assess 
diseases which elicit only a few articles or to explore a little studied disease in more depth. We also 
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suspect that the sensitive string may provide a useful point of departure for more exhaustive 
investigations, such as systematic reviews of the literature conducted for research or medicolegal 
purposes. Comparison of the numbers of pertinent abstracts retrieved by this string and by the one 
used in the Cochrane Occupational Health Field [3] for the three tested pathologies (Table 3) 
suggests that our “second string” may be more sensitive. We also tried applying the “second string” 
to retinal detachment (data not shown), a disease that has been very little studied from the 
standpoint of occupational aetiology. In this challenging context, the sensitive string retrieved a 
total of 125 articles (80 with abstracts), only 4 (2%) of which appeared to be potentially pertinent. 
Despite the small haul of pertinent articles, research experience [11] suggests that the string could 
provide an efficient tool for initial research, with the potential to save time by rapidly retrieving 
most of the available articles (although we do know it missed at least one pertinent paper [12]). 
Interestingly, when we searched for abstracts  published in journals listed in the Occupational 
Medicine subset of the NCBI Journals database (web box 1) that were not retrieved by the “second 
string” (data not shown), only 1 such abstract turned up for the three diseases under study (and it 
did not appear to be pertinent).  
 
Study limitations 
The practical decision to base the assessments of pertinence on articles with available (English-
language) abstracts may have led to some selection bias due to exclusion of certain article types, 
such as letters, which could contain relevant information. However, a supplemental analysis based 
on information contained in titles suggested that this factor would not have constituted a major bias 
(data not shown). The assessments could not take into account relevant information reported in the 
main body of the article but not in abstracts, the quality of which can vary a lot—especially in the 
absence of widespread implementation of more informative abstracts.[13] Furthermore, we did not 
attempt to evaluate the quality of the individual studies. Although power calculations would have 
enhanced the precision of the estimated proportions of pertinent articles, this factor would not have 
substantially affected the main study objective (identification of efficient search strings). Since no 
gold standard instrument exists for retrieval of pertinent articles, we were unable to evaluate 
sensitivity and specificity values for the two proposed search strings (although the NNR values do 
give some indication of specificity). It could be argued that our selection of non-MeSH search terms 
was to some extent arbitrary. However, the ability of the more sensitive (second) string to retrieve 
most of the available pertinent abstracts for a range of diseases (see above) suggests that this a 
priori limitation did not greatly impact on the end product. We decided not to attempt to incorporate 
the Occupational Medicine subset of the Journals Database because of the unwieldy length of the 
resulting search string (web box 1) in the current absence of a dedicated PubMed “Journals Group” 
search tag (equivalent to the subset tag [st] in the Journals Database). In any case, it should be 
underlined that this study was restricted to PubMed: systematic reviews of the literature would 
require additional bibliographic searches using other relevant search engines, such as Embase.[14] 
Changes in research and reporting practices (eg choice of key words) over time [10] will inevitably 
affect retrievability of future literature. For instance, implementation of STROBE guidelines [15] 
could (hopefully) improve the reporting quality of titles and abstracts of epidemiologic studies, 
thereby facilitating identification of pertinent articles. 
 
Conclusions 
In conclusion, Box 1 reports two proposed PubMed search strings—one more specific, one more 
sensitive—which may be used for rapid (or more lengthy) explorations of evidence regarding 
existence of possible occupational determinants of a disease that is not generally thought to be 
work-related. Either string can be pasted into the PubMed search box alongside the name(s)-of-the-
disease (see Box 1). We recommend trying the more specific string first and then, if necessary, the 
second string. About half the articles retrieved by the first string are likely to be potentially 
pertinent to occupational aetiology in general. We think that such retrieval characteristics could 
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make this straightforward tool useful in a variety of health practice situations. Field tests are 
required to assess the effectiveness of applying these strategies in the real world.
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FIGURE LEGENDS 
Figure 1 Proportional Venn diagram representing numbers of abstracts retrieved from PubMed 
using different possible combinations of the DEHM terms (occupational diseases, occupational 
exposure, occupational health and occupational medicine) using [MeSH Terms] OR [Text Word]). 
 
Figure 2 Bar chart showing the limited incremental contribution of the [Text Word] and [All 
Fields] search fields† for retrieval of potentially relevant articles when entering entire DEHM group 
of MeSH terms (ie occupational diseases OR occupational exposure OR occupational health OR 
occupational medicine) using different search fields: a) [MeSH Terms]; b) [Text Word] NOT 
[MeSH Terms]; c) [All Fields] NOT ([MeSH Terms] OR [Text Word]). 
†Note: To search a MeSH term using the [All Fields] option, it is necessary to enter the term in 
inverted commas (e.g. “occupational diseases”).  
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Web table 1. Numbers of articles retrieved in various languages (using different search strategies). 
 
 

OVERALL 
Limit(s) 

English French German Italian Japanese Spanish Russian Abstracts† Abstracts; English 

N. n. (%) n. (%) n. (%) n. (%) n. (%) n. (%) data (%) n. (%) n. (%) 

Occupational Diseases [MeSH Terms] 92,393 56,371 61 4,323 5 6,967 8 3,872 4 1,345 1 1,151 1 9,350 10 39,340 43 30,661 33 

Occupational Exposure [MeSH Terms] 36,197 28,326 78 382 1 860 2 811 2 373 1 208 1 3,483 10 25,362 70 21,378 59 

Occupational Exposure* [Text Word] NOT 
Occupational Exposure [MeSH Terms] 

5,309 4,445 84 110 2 137 3 175 3 41 1 45 1 31 1 4,718 89 4,080 77 

Occupational Health [MeSH Terms] 17,845 13,573 76 489 3 363 2 436 2 272 2 127 1 779 4 7,977 45 6,723 38 

“Occupational Health” NOT Occupational Health 
[MeSH Terms] 22,338 19,146 86 280 1 319 1 180 1 287 1 79 0 832 4 12,997 58 11,816 53 

Occupational Medicine [MeSH Terms] 20,862 9,302 45 1,069 5 2,026 10 890 4 366 2 175 1 4,899 23 3,128 15 2,008 10 

“Occupational Medicine” NOT Occupational 
Medicine [MeSH Terms] 

5,559 4,824 87 54 1 190 3 100 2 19 0 8 0 54 1 4,889 88 4,335 78 

Occupational Groups [MeSH Terms] NOT DEHM 300,298 262,291 87 6,443 2 7,276 2 1,142 0 3,107 1 2,535 1 4,275 1 106,459 35 98,369 33 

Industry NOT DEHM 161,961 137,503 85 3,046 2 5,024 3 1,413 1 1,223 1 1,806 1 5,310 3 89,545 55 81,609 50 

Worke* NOT DEHM 69,009 56,680 82 1,750 3 2,110 3 686 1 802 1 975 1 2,068 3 55,489 80 47,335 34 

Occupation* NOT DEHM 50,206 36,592 73 1,868 4 2,955 6 925 2 582 1 777 2 1,975 4 26,499 53 22,149 94 

Employment NOT DEHM 46,017 39,873 87 893 2 1,275 3 370 1 332 1 501 1 562 1 30,490 66 26,743 58 

Job* [Text Word] NOT DEHM 38,585 34,453 89 923 2 1,005 0 166 0 359 1 399 1 152 0 22,971 60 20,679 54 

Occupations [MeSH Terms]   NOT DEHM 17,242 14,032 81 615 4 821 5 328 2 182 1 195 1 299 2 7,014 41 6,069 35 

Workload NOT DEHM 15,214 13,911 91 173 1 357 2 96 1 78 1 105 1 76 0 12,301 81 11,132 73 

Workplace* NOT DEHM 8,410 7,617 91 91 1 198 2 55 1 67 1 78 1 66 1 6,649 79 6,065 72 

Work [MeSH Terms] NOT DEHM 7,712 5,302 69 277 4 491 6 124 2 131 2 69 1 713 9 3,226 42 2,739 36 

At Work [Text Word] NOT DEHM 4,856 4,202 87 118 2 167 3 35 1 39 1 58 1 19 0 4,119 85 3,585 74 

Occupational Air Pollutants [MeSH Terms] NOT 
DEHM 

2,243 1,273 57 32 1 92 4 68 3 36 2 8 0 522 23 903 40 682 30 

Work-related NOT DEHM 1,876 1,682 90 29 2 51 3 16 1 8 0 29 2 7 0 1,785 95 1,618 86 

Work Environment [Text Word]  NOT DEHM 1,579 1,371 87 12 1 18 1 17 1 12 1 14 1 1 0 1,377 87 1,278 81 

Industry [MeSH Terms] Mortality [Subheading]  
NOT DEHM 

835 722 86 19 2 15 2 13 2 2 0 11 1 21 3 441 53 392 47 

Work Place* [Text Word]  NOT DEHM 739 483 65 23 3 89 12 15 2 21 3 25 3 25 3 609 82 443 60 

Working Environment [Text Word]  NOT DEHM 699 493 71 11 2 24 3 16 2 8 1 16 2 6 1 578 83 467 67 

Worksite*  NOT DEHM 541 511 94 5 1 10 2 0 0 4 1 4 1 0 0 507 94 478 88 

Work Site* [Text Word]  NOT DEHM 319 272 85 4 1 16 5 0 0 10 3 6 2 8 3 298 93 266 83 

Occupational Group* [Text Word]  NOT DEHM 278 219 79 7 3 23 8 2 1 0 0 2 1 11 4 238 86 199 72 

Occupational Hazard [Text Word]  NOT DEHM 104 90 87 0 0 2 2 0 0 0 0 0 0 0 0 57 55 54 52 

Occupational Risk [Text Word]  NOT DEHM 87 58 67 4 5 4 5 3 3 1 1 6 7 1 1 77 89 53 61 

† Articles (published in any language) that provide an English abstract. 
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Web Appendix 1. List of DEHM and other occupational-/job-/work-related MeSH descriptors 
with their definitions (year of introduction; any previous indexing), main alternative entry 
terms and abstract retrieval numbers using the [MeSH Terms] search field.*  
 
 
DEHM group 
 
Occupational Diseases      (n=39,015)  
Diseases due to factors involved in one's employment. (From Dorland, 28th ed) 
 
Occupational Exposure        (n=24,922)  
The exposure to potentially harmful chemical, physical, or biological agents that occurs as a result of one's occupation   
(since 1991; previously, “Environmental Exposure” [1967-1990]; “Occupational Diseases” [1966-1989] 
 
Occupational Health       (n=7,860) 
The promotion and maintenance of physical and mental health in the work environment. 
(since 1991; previously, “Occupational Health Nursing” [1966-1990]; “Occupational Health Services” [1968-1990]; 
“Occupational Medicine” [1966-1990]) 
Entry terms include: Employee Health; Industrial Hygiene; Industrial Health; Occupational Safety 
 
Occupational Medicine       (n=3,106) 
Medical specialty concerned with the promotion and maintenance of the physical and mental health of employees in 
occupational settings. 
(since 1979) 
Alternative entry term: Industrial Medicine 
 
 
Other relevant/generic occupational MeSH descriptors 
 
*For non-DEHM descriptors, numbers of retrievable abstracts are reported as (n/N), where “n” refers to those 
incrementally retrieved by the term of interest (with respect to those obtained by the entire DEHM group) and “N” to 
the total number retrieved by the term. Of note, these figures are provided for descriptive purposes only: they do not 
take pertinence into account. 
 
Accidents, Occupational       (5,471/6,870)  
Unforeseen occurrences, especially of an injurious character due to factors involving one's employment.  (From 
Dorland, 28th ed, p10)   
(since 1979) 
Entry terms include: Industrial Accident/s 
 
Adjustment Disorders      (1,934/1,951) 
Maladaptive reactions to identifiable psychosocial stressors occurring within a short time after onset of the stressor. 
They are manifested by either impairment in social or occupational functioning or by symptoms (depression, anxiety, 
etc.) that are in excess of a normal and expected reaction to the stressor. 
(since 1981) 
Entry terms include: Anniversary Reaction/s; Reactive Depression/s; Transient Situational Disturbance/s 
 
Air Pollutants, Occupational       (2,536/7,501) 
Air pollutants found in the work area. They are usually produced by the specific nature of the occupation. 
(since 1984/1975) 
 
Burnout, Professional      (2,078/2,530)  
An excessive stress reaction to one's occupational or professional environment. It is manifested by feelings of emotional 
and physical exhaustion coupled with a sense of frustration and failure. 
(since 1990/1983; previously, “Stress, Psychological” [1969-1982]) 
 
Computer Terminals       (673/996) 
Input/output devices designed to receive data in an environment associated with the job to be performed, and capable of 
transmitting entries to, and obtaining output from, the system of which it is a part. (Computer Dictionary, 4th ed.) 
(since 1991; previously, “Computer Systems” [1987-1990]) 
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Entry terms include: Video Display Terminal/s 
 
Confined Spaces        (78/100) 
A space which has limited openings for entry and exit combined with unfavorable natural ventilation such as caves, 
refrigerators, deep tunnels, pipelines, sewers, silos, tanks, vats, mines, deep trenches or pits, vaults, manholes, 
chimneys, etc. 
(since 1999) 
Entry terms include: Unventilated Space/s 
 
Dermatitis, Occupational       (0/2,272) 
A recurrent contact dermatitis caused by substances found in the work place. 
(since 1993) 
Entry terms include: Occupational Dermatitides; Industrial Dermatosis; Industrial Dermatoses; Dermatosis, Industrial 
 
Disorders of Environmental Origin     (441,266/483,060) 
Disorders representing collectively the results of assault by external forces, rather than by organic or physiologic 
dysfunction or by pathogens. 
(since 2000/1997) 
Alternative entry term: Injuries, Poisonings, and Occupational Diseases 
 
Employment        (19,101/22,194) 
The state of being engaged in an activity or service for wages or salary. 
(since 1970; previously Occupations” [1966-1969]; “Unemployment” [1966-1969]; “Work” [1966-1969]) 
Entry terms include: Child Labor; Occupational Status; Employment Termination/s; Labor Force/s; Informal Sector/s; 
Underemployment; Employment Status 
 
Environmental Exposure      (47,977/ 75,032) 
The exposure to potentially harmful chemical, physical, or biological agents in the environment or to environmental 
factors that may include ionizing radiation, pathogenic organisms, or toxic chemicals. 
(since 1974/1967) 
 
Industry         (67,318/77,869) 
The aggregate of manufacturing or technically productive enterprises in a particular field, often named after its principle 
product, as "the automobile industry", "the steel industry". It includes the ownership and management of companies, 
factories, industrial plants, etc. (From Random House Unabridged Dictionary, 2d ed) 
(since 1973) 
Entry terms include: Industries; Industrialization; Tertiary Sector/s 
 
Job Description       (4,123/4,340)  
Statement of the position requirements, qualifications for the position, wage range, and any special conditions expected 
of the employee. 
(since 1991/Aug 1977) 
Entry terms include: Position Description/s 
 
Job Satisfaction       (6,114/6,949)  
Personal satisfaction relative to the work situation. 
(since 1976; previously “Personal Satisfaction” [1972-1975]) 
Entry terms include: Work Satisfaction/s 
 
Mineral Fibers       (297/514)  
Long, pliable, cohesive natural or manufactured filaments of various lengths. They form the structure of some minerals. 
The medical significance lies in their potential ability to cause various types of Pneumoconiosis (e.g., Asbestosis) after 
occupational or environmental exposure. (From McGraw-Hill Dictionary of Scientific and Technical Terms, 4th ed, 
p708). 
(since 1996; previously, “Minerals” [1966-1995]) 
 
National Institute for Occupational Safety and Health (U.S.)    (114/405)  
An institute of the Centers for Disease Control and Prevention which is responsible for assuring safe and healthful 
working conditions and for developing standards of safety and health. Research activities are carried out pertinent to 
these goals. 
(since 2008/1984) 
Entry terms: National Institute for Occupational Safety and Health; NIOSH 
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Noise, Occupational        (471/1,122) 
Noise present in occupational, industrial, and factory situations. 
(since  1991/1979; previously, “Noise” [1966-1978]) 
 
Occupational Groups       (107,627/114,351) 
Members of the various professions (e.g., Physicians) or occupations (e.g., Police). 
(since 1998; previously, “Occupations” [1966-1997]; “Specific Occupation” [1966-1997]; “Specific Occupational 
Group” [1966-1997]) 
Entry terms include: Government Officials 
 
Occupational Health Nursing       (790/2,015) 
The practice of nursing in the work environment.  
(since 1979) 
Entry terms include: Industrial Nursing/s 
 
Occupational Health Physicians      (0/1) 
Physicians employed in a company or corporate setting that is generally not in the health care industry. 
(since 2008; previously, “Occupational Health”)    
Entry terms include: Occupational Health Physician/s; Company Physician/s 
     
Occupational Health Services       (2,015/3,058)  
Health services for employees, usually provided by the employer at the place of Work.   
(since 1968; previously, “Occupational Medicine” [1966-1967)])  
Entry terms include: Employee Health Service/s; Occupational Health Service/s; Employee Assistance Program/s 
(Health Care); Employee Assistance Program/s (Health Care); Employment-Based Service/s 
 
Occupations       (8,310/10,441) 
Crafts, trades, professions, or other means of earning a living. 
(since 1968) 
Entry terms include: Vocation/s 
 
Poisoning [Subheading]      (20,726/22462) 
Used with drugs, chemicals, and industrial materials for human or animal poisoning, acute or chronic, whether the 
poisoning is accidental, occupational, suicidal, by medication error, or by environmental exposure. 
(since 1966) 
Alternative entry term: poisonous effects 
 
Questionnaires       (144,755/149,328) 
Predetermined sets of questions used to collect data - clinical data, social status, occupational group, etc. The term is 
often applied to a self-completed survey instrument. 
(since 1973) 
Entry terms include: Questionnaire Design/s 
 
Sleep Disorders, Circadian Rhythm     (90/673)  
Dyssomnias associated with disruption of the normal 24 hour sleep wake cycle secondary to travel (e.g., JET LAG 
SYNDROME), shift work, or other causes. 
(since 2000) 
Entry terms include: Disturbed Nyctohemeral Rhythm/s; Sleep Wake Cycle Disorder/s; Sleep Wake Schedule 
Disorder/s; Advanced Sleep Phase Syndrome; Delayed Sleep Phase Syndrome; Non-24 Hour Sleep-Wake Disorder;  
Nonorganic Sleep Wake Cycle Disorders; Shift-Work Sleep Disorder/s 
 
Somatoform Disorders       (6,111/6,261) 
Disorders having the presence of physical symptoms that suggest a general medical condition but that are not fully 
explained by a general medical condition, by the direct effects of a substance, or by another mental disorder. The 
symptoms must cause clinically significant distress or impairment in social, occupational, or other areas of functioning. 
In contrast to Factitious Disorders and Malingering, the physical symptoms are not under voluntary control. (APA, 
DSM-IV) 
(since 1981) 
Entry terms include: Somatoform Disorder; Pain Disorder; Somatization Disorder/s; Briquet Syndrome 
 
United States Occupational Safety and Health Administration    (254/3,042) 
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An office in the Department of Labor responsible for developing and establishing occupational safety and health 
standards.  
(since 1982; previously, “Government Agencies” [1968-1981]) 
Entry terms include: United States Occupational Safety, Health Administration; OSHA; United States Occupational 
Health Administration; United States Occupational Safety Administration 
 
Work        (3,531/4,601) 
Productive or purposeful activities. 
(since 1966) 
 
Workload        (5,497/6,543) 
The total amount of work to be performed by an individual, a department, or other group of workers in a period of time. 
(since 1992; previously, “Personnel Management” [1967-1991]; “Personnel Staffing and Scheduling” [1981-1991]; 
“Task Performance and Analysis” [1971-1991]) 
Entry terms include: Work Load/s; Employee Workload; Staff Workload/s 
 
Workplace       (2,923/5,093) 
Place or physical location of work or employment. 
(since 1993) 
Entry terms include: Job Site/s; Work Location/s; Work-Site;  Work Site/s; Work Place/s; Worksite/s 
 
Work Schedule Tolerance      (1,301/1,976)  
Physiological or psychological effects of periods of work which may be fixed or flexible such as flexitime, work shifts, 
and rotating shifts. 
(since 1991/1983) 
Entry terms include: Circadian Rhythm [1966-1982]; Occupational Medicine [1966-1982];Work [1966-1982]9 
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Web box 1. The full PubMed search string to catch all articles published in any of the 

journals currently listed in the Occupational Medicine subset of the NCBI Journals database. 

 

"Zhonghua Lao Dong Wei Sheng Zhi Ye Bing Za Zhi"[Journal:__jrid31727] OR "Zentralbl 

Arbeitsmed"[Journal:__jrid8212] OR "Zentralbl Arbeitsmed Arbeitsschutz 

Prophyl"[Journal:__jrid8213] OR "Zentralbl Arbeitsmed Arbeitsschutz Prophyl 

Ergonomie"[Journal:__jrid8214] OR "Z Unfallmed Berufskr"[Journal:__jrid8181] OR "Z 

Unfallchir Versicherungsmed"[Journal:__jrid1722] OR "Z Unfallchir Versicherungsmed 

Berufskr"[Journal:__jrid8182] OR "Work"[Journal:__jrid30083] OR "Work Environ 

Health"[Journal:__jrid8263] OR "Trans Soc Occup Med"[Journal:__jrid7829] OR "Toxicol Ind 

Health"[Journal:__jrid7771] OR "Schriftenr Zentralbl Arbeitsmed Arbeitsschutz 

Prophyl"[Journal:__jrid7438] OR "Schriftenr Zentralbl Arbeitsmed Arbeitsschutz Prophyl 

Ergonomie"[Journal:__jrid7437] OR "Scand J Work Environ Health"[Journal:__jrid7446] OR 

"Scand J Occup Ther"[Journal:__jrid32513] OR "Sangyo Igaku"[Journal:__jrid5371] OR "Sangyo 

Eiseigaku Zasshi"[Journal:__jrid20162] OR "Rev Inst Hyg Mines (Hasselt)"[Journal:__jrid7139] 

OR "Proc Mine Med Off Assoc SA"[Journal:__jrid6652] OR "Proc Mine Med Off 

Assoc"[Journal:__jrid6651] OR "Pol J Occup Med Environ Health"[Journal:__jrid2242] OR "Pol J 

Occup Med"[Journal:__jrid1083] OR "Organ Behav Hum Perform"[Journal:__jrid6289] OR 

"Occup Med"[Journal:__jrid7386] OR "Occup Med (Lond)"[Journal:__jrid1218] OR "Occup 

Health Rev"[Journal:__jrid6218] OR "Occup Health Nurs"[Journal:__jrid6214] OR "Occup Health 

Nurse (Auckl)"[Journal:__jrid6215] OR "Occup Health (Lond)"[Journal:__jrid6213] OR "Occup 

Health Saf"[Journal:__jrid6216] OR "Occup Environ Med"[Journal:__jrid2553] OR "New 

Solut"[Journal:__jrid32703] OR "Med Tr Prom Ekol"[Journal:__jrid8513] OR "Lav 

Um"[Journal:__jrid5481] OR "Med Lav"[Journal:__jrid5631] OR "J UOEH"[Journal:__jrid7185] 

OR "J Soc Occup Med"[Journal:__jrid5270] OR "J Occup Med"[Journal:__jrid5063] OR "J Occup 

Health Psychol"[Journal:__jrid20934] OR "J Occup Health"[Journal:__jrid31707] OR "J Occup 
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Environ Med"[Journal:__jrid8741] OR "J Occup Environ Hyg"[Journal:__jrid31897] OR "J 

Agromedicine"[Journal:__jrid27360] OR "J Agric Saf Health"[Journal:__jrid21785] OR "Int J 

Occup Saf Ergon"[Journal:__jrid21558] OR "Int J Occup Med Environ Health"[Journal:__jrid8546] 

OR "Int J Occup Health Saf"[Journal:__jrid4320] OR "Int J Occup Environ 

Health"[Journal:__jrid21150] OR "Int Arch Occup Environ Health"[Journal:__jrid4268] OR "Ind 

Med Surg"[Journal:__jrid4182] OR "Ind Health"[Journal:__jrid4044] OR "IMS Ind Med 

Surg"[Journal:__jrid4863] OR "Hefte Unfallheilkd"[Journal:__jrid3996] OR "Health 

People"[Journal:__jrid3982] OR "G Ital Med Lav Ergon"[Journal:__jrid20689] OR "G Ital Med 

Lav"[Journal:__jrid3823] OR "Gig Tr Prof Zabol"[Journal:__jrid3898] OR "Eur J Appl Physiol 

Occup Physiol"[Journal:__jrid3605] OR "Derm Beruf Umwelt"[Journal:__jrid3449] OR "EBRI 

Issue Brief"[Journal:__jrid2546] OR "Clin Occup Environ Med"[Journal:__jrid31832] OR "Case 

Manager"[Journal:__jrid21771] OR "Can J Occup Ther"[Journal:__jrid2736] OR "Biul Inst Med 

Morsk Gdansk"[Journal:__jrid1212] OR "Br J Ind Med"[Journal:__jrid1830] OR 

"Berufsdermatosen"[Journal:__jrid989] OR "Beitr Silikoseforsch 

Pneumokoniose"[Journal:__jrid982] OR "Arh Hig Rada Toksikol"[Journal:__jrid855] OR "Arch 

Environ Health"[Journal:__jrid732] OR "Arch Environ Occup Health"[Journal:__jrid33078] OR 

"Arch Mal Prof"[Journal:__jrid793] OR "Arch Belg Med Soc"[Journal:__jrid715] OR "Arch 

Belg"[Journal:__jrid653] OR "Appl Occup Environ Hyg"[Journal:__jrid21432] OR "Ann Occup 

Hyg"[Journal:__jrid612] OR "Am J Ind Med"[Journal:__jrid429] OR "Am Ind Hyg Assoc 

J"[Journal:__jrid403] OR "Am Assoc Ind Nurses J"[Journal:__jrid394] OR 

"AIHAJ"[Journal:__jrid21698] OR "AIHA J (Fairfax, Va)"[Journal:__jrid29743] OR "AAOHN 

J"[Journal:__jrid1284] 
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High carbon dioxide
concentrations in the classroom:
the need for research on the
effects of children’s exposure to
poor indoor air quality at school
Air quality and its effect on health
have received recent attention from the
House of Commons Environmental Audit
Committee.1 While outdoor air pollution is
clearly important and contributes to indoor
air quality, indoor air pollution sources and
the time spent in indoor environments are
key to understanding exposure. Children in
the UK spend an average of 6e7 h a day
inside the school classroom during most
weekdays, yet there is very little data on air
quality within these environments in the
UK. The Health Effects of the School
Environment study found poor ventilation,
high presence of particulate matter, moulds
and allergens to be associated with an
increase in respiratory diseases in school-
children throughout Europe.2 Carbon dioxide
(CO2) concentrations are a good marker of

ventilation, with a recommended limit of
1500 ppm averaged over the school day.3

Increased CO2 concentrations will generally
indicate raised concentrations of a range of
other air pollutants such as volatile organic
compounds, fine particulate matter and
biological contaminants. We report here on a
small study of CO2 concentrations in six
schools in Aberdeen city measured in spring
2009.

We used a Telair 7001Di instrument
(Telaire, Goleta, California) to measure and
log temperature, relative humidity and CO2
continually over a 7-day period in a total of
11 classrooms. Averaged over the 11 class-
rooms, the measuring device logged concen-
trations greater than 1500 ppm for
approximately 31% of the school week. In
one classroom, a total of 72% of time
exceeded 1500 ppm.

We note two recent studies from the USA
that have suggested a relationship between
raised CO2 concentrations in schools and
poorer pupil academic attainment and
poorer pupil attendance at school4 5

In summary, our small study suggests that
CO2 concentrations in UK schools may
exceed the guidance limits for a substantial
proportion of the time children spend in
class. Poor ventilation may lead to exposure
to elevated concentrations of other air
pollutants. Future studies should be designed
to assess the potential for indoor air quality
in the classroom to influence student health
and learning performance.
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CORRECTIONS

doi:10.1136/oem.2008.044727corr1

Mattioli S, Zanardi F, Baldasseroni A,
et al. Search strings for the study of
putative occupational determinants of
disease. Occup Environ Med 2010;67:
436e43. The figures in this article were
inverted. The proportional Venn diagram
should have been Figure 1 and the bar
chart should have been Figure 2. The
legends were correct.

doi:10.1136/oem.2008.051714corr1

Pattenden S, Armstrong B, Milojevic A, et al.
Ozone, heat and mortality: acute effects in
15 British conurbations. Occup Environ Med
2010;67:699e707. In Figure 1B, the scale on
the x axis was incorrect. The scale should
have read 0.80, 0.90, 1.00, 1.10, 1.20.
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