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Objectives: The aim of this study is to determine the relative value and contribution of searching different sources to identify adverse effects data.
Methods: The process of updating a systematic review and meta-analysis of thiazolidinedione-related fractures in patients with type 2 diabetes mellitus was used as a case study. For each source
searched, a record was made for each relevant reference included in the review noting whether it was retrieved with the search strategy used and whether it was available but not retrieved. The
sensitivity, precision, and number needed to read from searching each source and from different combinations of sources were also calculated.
Results: There were 58 relevant references which presented sufficient numerical data to be included in a meta-analysis of fractures and bone mineral density. The highest number of relevant
references were retrieved from Science Citation Index (SCI) (35), followed by BIOSIS Previews (27) and EMBASE (24). The precision of the searches varied from 0.88% (Scirus) to 41.67%
(CENTRAL). With the search strategies used, the minimum combination of sources required to retrieve all the relevant references was; the GlaxoSmithKline (GSK) website, Science Citation Index
(SCI), EMBASE, BIOSIS Previews, British Library Direct, Medscape DrugInfo, handsearching and reference checking, AHFS First, and Thomson Reuters Integrity or Conference Papers Index (CPI).
Conclusions: In order to identify all the relevant references for this case study a number of different sources needed to be searched. The minimum combination of sources required to identify all the
relevant references did not include MEDLINE
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Authors of systematic reviews of adverse effects, as with re-
views of effectiveness, tend to focus on searching MEDLINE
and reference checking to identify relevant studies for inclusion
(1;2). However, research which compares data sources for in-
formation on adverse effects indicates that MEDLINE may not
yield the most data on adverse effects, particularly when search-
ing for drug-related adverse effects (3). While omitting MED-
LINE from searches may seem unthinkable, there may be major
time and cost implications for review authors when deciding to
use different data sources instead of, or beyond just MEDLINE.

For instance, a systematic review on the contribution and
yield of different information sources has suggested that Der-
went Drug File, EMBASE, and industry submissions may
provide the highest number of relevant references or unique
relevant references with information on adverse effects (3).
However, these findings are limited by the restricted range of
sources compared, and the failure to take search strategies into
account. Moreover, the included methodological evaluations ac-
tually date back many years, and are of uncertain relevance to
current practice. Hence, the objective of this case study was to
determine the contribution of searching a diverse range of differ-
ent sources to identify adverse effects data for a systematic re-
view, taking into account any limitations of the search strategies.

METHODS

Case Study
A case study systematic review of thiazolidinedione-related
fractures in patients with type 2 diabetes mellitus was car-

ried out to be able to assess the contribution of different data
sources.

This review was an update of a previous systematic review
(5).

To be able to assess the efficiency of using different sources
to identify information on adverse effects, a wide range of
sources were searched.

The search strategy was based on the intervention; thiazo-
lidinedione (rosiglitazone and pioglitazone) and the outcomes;
fractures or bone mineral density. The strategy was translated
for each database and was kept as consistent as possible across
databases in order that a fair comparison between database re-
sults could be made.

The included references from this case study systematic
review formed the basis of the analysis. For the primary analysis,
all publications which presented enough data to calculate the
odds ratio, relative risk or weighted means difference for meta-
analysis were included.

Analysis
Individual Assessment of Sources. A record was made of where each of
the included references were available and where they were
identified. For each reference available on a database but not
retrieved by the search strategy, the bibliographic record was
then examined to determine why it had not been identified. A
record was also made of any relevant references identified or
available from only one data source.
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Minimum Combination of Sources. The minimum combination of sources
required to identify all included publications using the search
strategies used was recorded. In addition, the minimum number
of sources from which all the included publications were avail-
able (independent of the search strategy used) was recorded.

Individual Study Identification. To allow for multiple publications for the
same study, the analysis was repeated with all relevant individual
studies (as opposed to all relevant publications).

RCTs and Observational Studies. The analysis was repeated with the in-
cluded RCTs and observational studies separately because cer-
tain databases might provide better access to specific study
designs, for example, CENTRAL focuses on clinical trials.

Marginal Sensitivity and Marginal Precision. The overlap in content between
the sources in terms of relevant and non-relevant records is
of importance. The additional relevant records retrieved and
the additional non-relevant records retrieved from searching
the sources in two particular orders were assessed. Order 1:
A theoretical order beginning with the source from which the
highest number of relevant records was retrieved, followed by
the source from which the highest number of additional relevant
records were retrieved and so forth until all the relevant records
are retrieved. Order 2: An order of sources that reflects com-
mon practice in systematic reviews. The top ten most frequent
sources were selected (in order of popularity) from a review of
systematic reviews of adverse effects (1;2).

RESULTS

Records Retrieved
From the database searches 3,591 unique records were retrieved
(5,663 before deduplication). An additional 680 records (before
deduplication) were retrieved from searches for ongoing studies,
629 spontaneous case reports, 90 monographs or chapters from
databases or texts, and 10 entries in databases or texts that list
adverse effects.

Included Studies
Fifty-eight references (representing forty-one studies) were in-
cluded in the systematic review.

Where Were the References Identified?
Bibliographic Databases. Using the search strategies with the “drug”
and “fracture” terms retrieved at least one included reference
in all the databases, except Inside Conferences (Table 1). The
highest sensitivity was achieved from searching Science Ci-
tation Index (SCI) (60 percent), followed by BIOSIS Pre-
views (47 percent), EMBASE (41 percent) and then MEDLINE
(33 percent). In the majority of the databases, precision was
relatively high in the context of systematic review literature
searches (Supplementary Table 1, which can be viewed online
at www.journals.cambridge.org/thc2012014).

Minimum Combination of Sources to Identify All Relevant References. The minimum
combination of sources to retrieve all the relevant references
with the search strategies used in this case study was; Glaxo-
SmithKline (GSK) Web site, Science Citation Index (SCI), EM-
BASE, BIOSIS Previews, British Library Direct, Medscape
DrugInfo, handsearching, reference checking, AHFS First, and
Thomson Reuters Integrity or Conference Papers Index (CPI).

Individual Study Identification
A similar pattern emerged when limiting the evaluation of iden-
tified records to individual studies as opposed to the total number
of publications (Supplementary Tables 1 and 2, which can be
viewed online at www.journals.cambridge.org/thc2012014).

Where Were the References Available?
The majority of the searches (using fracture and drug terms)
did not retrieve all the relevant references available on each
database (Table 1). The only databases in which all the rele-
vant references available were identified were either conference
proceedings databases or the drug company database (Table
1). Due to the limitations of the interface for the drug com-
pany database, this database was searched with the drug terms
only and all records sifted for the adverse effect. Almost all
the records missed did not contain any terms for “bone” or
“fracture” in the bibliographic details.

The majority of the references were available on the Internet
by a search on the specific reference using search terms from
its citation (Table 1). Those articles that were not available on
the Internet tended to be conference proceedings. The bulletins,
newsletters, and referenced or partially referenced sources were
all handsearched, therefore the number of relevant references
identified from these sources matches the number of relevant
references available (Table 1).

Minimum Combination of Sources with Relevant References Available. The minimum
number of sources that contained all the included references
was Science Citation Index (SCI), Medscape DrugInfo, BIOSIS
Previews, British Library Direct, and handsearching.

Where Were the RCTs Identified?
The databases which achieved a higher sensitivity when search-
ing was limited to RCTs, as opposed to all studies, were CEN-
TRAL, GlaxoSmithKline register, Thomson Reuters Integrity,
and Medscape DrugInfo (Supplementary Table 3, which can be
viewed online at www.journals.cambridge.org/thc2012014).

Where Were the Observational Studies Identified?
The most notable difference in sensitivity for observational
studies as opposed to all types of studies was for Science Ci-
tation Index (SCI) which increased from 60 percent to 86 per-
cent (Supplementary Table 4, which can be viewed online at
www.journals. cambridge.org/thc2012014).
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Table 1. References (RCTs and Observational Studies) Retrieved, in Order of Decreasing Number of Relevant Records Retrieved

Records Relevant records Unique relevant Sensitivity Missed
Database or source retrieved retrieved records retrieved (n= 58) references

Science Citation Index (SCI) 312 35 3 60% 7
BIOSIS Previews 880 27 1 47% 4
EMBASE 1017 24 2 41% 3
MEDLINE 251 19 0 33% 7
Scirus (journal sources) 1928 17 0 29% 6
Derwent Drug File 141 16 0 28% 5
PASCAL 64 16 0 28% 6
British Library Direct 117 15 1 26% 12
Thomson Reuters Integrity 96 15 0 26% 6
ADIS Clinical Trials Insight 70 13 0 22% 8
TOXLINE 141 14 0 24% 5
Iowa Drug Information Service (IDIS) 60 12 0 21% 4
GlaxoSmithKline 186 10 10 17% 0
International Pharmaceutical Abstracts (IPA) 28 7 0 12% 7
Lexi-Comp database NA 7 0 12% 0
CINAHL 70 6 0 10% 4
Conference Proceedings Citation Index- Science (CPCI-S) 45 6 0 10% 0
AHFS First NA 5 0 NA 0
CENTRAL 12 5 0 9% 5
The Merck Manual NA 5 0 NA 0
Reactions PharmacoVigilance Insight (which includes Reactions Weekly) NA 5 0 NA 0
Reactions Weekly NA 5 0 NA 0
Side Effects of Drugs annual (SEDA) NA 5 0 NA 0
Drugs and Therapy Perspectives NA 4 0 NA 0
Martindale: the complete drug reference NA 4 0 NA 0
Medscape DrugInfo 115 4 1 7% 2
Google Scholar∗ NA 3 0 NA 33
Conference Papers Index (CPI) 31 2 0 3% 0
Google∗ NA 2 0 NA 45
Litt’s Drug Eruption Global Database NA 2 0 NA 0
Medicines Safety Update NA 2 0 NA 0
Altavista∗ NA 1 0 NA 40
Clin-Alert NA 1 0 NA 0
Clinical Pharmacology NA 1 0 NA 0
DRUGDEX NA 1 0 NA 0
Medical Evidence Matters NA 1 0 NA 0

Note. NA (non-applicable) – in some instances, the source was browsed rather than searched, so THE number of references retrieved is not applicable.
∗In order to be able to assess the effectiveness of searching Internet search engines only the first three pages of results of Internet searches were screened for relevant articles.
Only the first three pages were selected in order to reflect common practice in searching the Internet (4;7;8) and due to the impractical nature of reviewing all the results from
Internet searches which can often be millions or even billions of pages.

The number of missed references in almost all the
databases was notably higher when searching for RCTs
than observational studies (Supplementary Table 3 and
4).

Marginal Sensitivity and Marginal Precision
Order 1: Highest Number of Relevant References First. When the sources are
searched in order of retrieval of the highest number of rel-
evant records until all the relevant references are identified
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(Supplementary Table 5, which can be viewed online at www.
journals.cambridge.org/thc2012014), the order for searching
is as follows: Science Citation Index (SCI), GlaxoSmithKline
(GSK) Web site, EMBASE, AHFS First, Handsearching, Con-
ference Papers Index (CPI), British Library Direct, Medscape
DrugInfo, BIOSIS Previews, Reference checking.

Although searching this combination of sources identifies
all the relevant references (100 percent sensitivity), overall pre-
cision was low at 3 percent.

Order 2: Current Practice in Systematic Reviews. If only MEDLINE had
been searched along with reference checking then only 34
percent (20/58) of the relevant references would have been
identified. Even a search of MEDLINE, EMBASE, and CEN-
TRAL along with reference checking, would have retrieved
less than half (43 percent, 25/58) of the relevant references
(Supplementary Table 6, which can be viewed online at
www.journals.cambridge.org/thc2012014).

There were three references that would not have been iden-
tified had the search been restricted to the top ten most popular
sources of data used in systematic reviews of adverse effects.

DISCUSSION
Our study demonstrates the value of searching multiple sources
to identify adverse effects data for a systematic review. In this
case study, the minimum number of sources which needed to
be searched (with a proposed search strategy) to identify all the
relevant references was ten. Even if it were possible to devise
a perfect search strategy that could retrieve all the relevant ref-
erences available on each source, a minimum of five sources
would still need to be searched. The most common practice of
searching just MEDLINE and reference checking would have
failed to retrieve two-thirds of the relevant references (38/58,
66 percent). Even a search of MEDLINE, EMBASE, and CEN-
TRAL along with checking of reference lists would have failed
to retrieve over half the relevant references (33/58, 57 percent).

The high sensitivity achieved in Science Citation Index
(SCI), BIOSIS Previews, and Scirus, in particular, warrant fur-
ther investigation. Science Citation Index (SCI), and Scirus have
not been included in other evaluations (3), and as this is only
one case study, it would be difficult to generalize the findings
to other systematic reviews without further research.

As with previous research (3) on identifying drug inter-
vention studies, searches on EMBASE yielded more relevant
references than on MEDLINE in this case study. Similarly,
MEDLINE, EMBASE, and TOXLINE retrieved more rele-
vant references than Iowa Drug Information Service (IDIS),
As with previous studies (3), many unique studies were iden-
tified through contacting manufacturers or searching manufac-
turer Web sites. However, the ease of retrieving industry funded
studies varies greatly depending on the drug company. Whereas
previous case studies have indicated a higher yield from Der-
went Drug File than MEDLINE or EMBASE (3), in this case

study both MEDLINE and EMBASE retrieved a higher number
of relevant references than Derwent Drug File.

The low sensitivity achieved by some of the databases is not
surprising. For instance, specialist conference databases such as
Conference Papers Index (CPI) and Inside Conferences contain
only conference abstracts, CINAHL specializes in nursing and
allied health, the GlaxoSmithKline Web site contains only in-
dustry funded studies and CENTRAL focuses on clinical trials.
Non-bibliographic databases are typically aimed at drug devel-
opers or prescribers, and do not claim or intend to be compre-
hensive from a systematic review point of view.

In all the databases, the number of missed studies with the
search strategies used was higher for RCTs than for observa-
tional studies. This may be because adverse effects are more
likely to be a secondary outcome in RCTs than in observational
studies and therefore adverse effects terms are less likely to
appear in the title, abstract or indexing/keywords of the biblio-
graphic records of RCTs than observational studies.

Of interest, the minimum combination of sources required
to identify all the relevant references did not include MEDLINE
and neither did the combination of sources identified through the
selection of the sources with the highest sensitivity first. This
is partially due to the fact that searching MEDLINE did not
identify any unique references or have the highest sensitivity.

LIMITATIONS
The main limitation of this study is that it is based on only
one case study. This makes the generalizability of the results to
other systematic reviews of other interventions or other adverse
effects difficult. Moreover, most of the trial reports with frac-
tures came from the GSK register, and other pharmaceutical
company reports may not provide as much detail.

It was also difficult to maintain consistency in the search
strategy among different interfaces for the different databases
to make fair comparisons. In addition, it was not possible to
conduct any type of cost analysis of searching each source due
to the complex pricing mechanisms used by database providers,
which can be dependent on type of organization, size of network,
number of concurrent users, and which provider the database is
purchased from.

CONCLUSIONS
This case study demonstrates the potential value of searching
several sources to identify adverse effects data. In this instance,
a combination of searching the GlaxoSmithKline (GSK) Web
site, Science Citation Index (SCI), EMBASE, BIOSIS Previews,
British Library Direct, Medscape DrugInfo, handsearching, ref-
erence checking, AHFS First, and Thomson Reuters Integrity
or Conference Papers Index (CPI) retrieved all the relevant ref-
erences.

The case study here also demonstrates the failure of a
broad search strategy with numerous synonyms, text words, and
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indexing terms to identify all the relevant references available
on each database. This was mainly due to a lack of fracture
terms in title, abstract or indexing/keywords of bibliographic
records. This again emphasizes the need for authors of system-
atic reviews of adverse effects to search a wide range of sources
and authors of studies to ensure adverse effects terms appear in
the title or abstracts.
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