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Lessons for search strategies from a systematic review, in The
Cochrane Library, of nutritional supplementation trials in patients

after hip fracture™*

Alison Avenell, Helen HG Handoll, and Adrian M Grant

ABSTRACT

Background: A key aim when conducting systematic reviews of
randomized controlled trials (RCTs) is to include all of the evi-
dence, if possible. Serious bias may result if trials are missed
through inadequate search strategies.

Objective: The objective was to evaluate the search plan for iden-
tifying RCTs in nutrition as part of a systematic review, in The
Cochrane Library, of nutritional supplementation trials in
patients after hip fracture.

Design: We identified potential studies by searching the electronic
databases BIOSIS, CABNAR, CINAHL, EMBASE, HEALTH-
STAR, and MEDLINE; reference lists in trial reports; and other
relevant articles. We also contacted investigators and other experts
for information and searched 4 nutrition journals by hand.
Results: We identified 15 RCTs that met the predefined inclu-
sion criteria. The search plan identified 8 trials each in
EMBASE, HEALTHSTAR, and MEDLINE and 7 in BIOSIS and
CABNAR. BIOSIS was the only electronic database source of
2 trials. Eleven trials were identified by searching electronic
databases and 2 unpublished trials were identified via experts in
the field. We found one trial, published only as a conference
abstract, by searching nutrition journals by hand. After publica-
tion of the protocol for the review in The Cochrane Library, we
were informed of another unpublished trial.

Conclusions: We found that a limited search plan based on only
MEDLINE or one of the other commonly available databases
would have failed to locate nearly one-half of the studies. To pro-
tect against bias, the search plan for a systematic review of nutri-
tional interventions should be comprehensive. Am J Clin
Nutr 2001;73:505-10.

KEY WORDS Systematic reviews, meta-analysis, search
strategy, randomized controlled trials, nutrition, databases,
bibliography, bias, MEDLINE

INTRODUCTION

Systematic reviews of randomized controlled trials (RCTs),
which often incorporate meta-analyses, are considered to pro-
vide the best evidence on which to base clinical practice. RCTs
are preferred over other study designs because they are least
likely to have serious bias (1). However, the variable quality of

meta-analyses is a cause for concern. This concern led to the
publication of the QUOROM statement—guidelines for the con-
duct and reporting of meta-analyses (2).

Bias can be introduced into a meta-analysis when RCTs that
fit the criteria for the review are not identified. Publication bias
results because studies reporting statistically significant results
are more likely to be published than are those in which the
results were not statistically significant (3), and hence are more
likely to be identified by a reviewer. Location bias can also be
introduced if relevant studies are not identified. Authors are
more likely to get their trial reports published in an English-
language journal if their results are statistically significant (4).
Thus, bias may be introduced into a meta-analysis by restrict-
ing reports to those published in the English language or to
databases that preferentially include English-language jour-
nals. Few journals published in less-developed countries are
indexed by the major databases (3): MEDLINE (National
Library of Medicine; Bethesda, MD), EMBASE (Elsevier Pub-
lishers BV, Amsterdam), BIOSIS (Biological Abstracts, Inc,
Philadelphia), CABNAR (Commonwealth Agricultural Bureau
Nutrition Abstracts and Reviews; CAB International Publish-
ing, Wallingford, United Kingdom), CCTR (Cochrane Con-
trolled Trials Register; The Cochrane Library, Oxford, United
Kingdom), CINAHL (Cumulative Index of the Nursing and
Allied Health Literature; CINAHL Information Systems, Glen-
dale, CA), CURRENT CONTENTS (Institute for Scientific
Information, Philadelphia), and HEALTHSTAR [Health Ser-
vices, Technology, Administration and Research (National
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TABLE 1
First 2 levels of The Cochrane Library search strategy for randomized
controlled trials in MEDLINE’

Search terms

1) randomized controlled trial.pt
2) controlled clinical trial.pt
3) random allocation.sh
4) randomized controlled trials.sh
5) double-blind method.sh
6) single-blind method.sh
7) or/1-6
&) animal.sh
9) human.sh
10) 8 not 9
11) clinical trial.pt
12) exp clinical trials/
13) (clin$ ad;j25 trial$).ti,ab
14) ((singl$ or doubl$ or trebl$ or tripl$) adj25 (blind$ or mask$)).ti,ab
15) placebo.sh
16) placebo$.ti,ab
17) random$.ti,ab
18) research design.sh
19) or/11-18
20) 7 or 19
21) 20 not 10
’$, a truncation symbol allowing retrieval of all possible variations of a
term; pt, publication type; sh, subheading; exp, explode; adj25, within
adjoining 25 words; ti, title; ab, abstract. From reference 7.

Library of Medicine) and the American Hospital Association
(Chicago)]. Although the reference lists of published trials may
be used to locate additional trials, these references may be prone
to the same selectivity. In addition, there is clear evidence that
authors of RCTs do not usually review their results in the context
of the total evidence available from other RCTs (5).

As part of a regularly updated systematic review of nutritional
supplementation trials for hip-fracture aftercare in the elderly
(6), we searched for published and unpublished RCTs. We there-
fore needed to evaluate our search plan for identifying such
nutrition trials. We also wanted to examine whether our strategy
could provide the basis for constructing searches for other nutri-
tion-related systematic reviews. Inspection of the 14 systematic
reviews included in The Cochrane Library (2000, issue 1;
Update Software, Oxford, United Kingdom) that assessed any
form of vitamin supplementation showed that all of the review-
ers used MEDLINE, 5 used EMBASE, 1 used BIOSIS, and none
used the abstracting service provided by CABNAR. We thus
decided to assess the utility of searching different databases,
including CABNAR, of searching selected journals by hand
(including conference proceedings), and of contacting authors
and experts in the field.

METHODS

We first developed an electronic database search strategy for
MEDLINE and searched this from 1966 to January 2000. This
search strategy consisted of 3 sections: the first 2 levels of the
standard Cochrane search strategy for RCTs (ie, the search strat-
egy used for identification of RCTs in the Cochrane Review; 7)
(Table 1), a nutrition section (general nutrition, vitamins, miner-
als, and trace elements), and an orthopedic section (Table 2).

Our previous experience with MEDLINE showed that a search of
nutrition-related MeSH (medical subject heading) terms identi-
fies less than one-half of the trials identified by text word search-
ing. We therefore decided to use text words in addition to MeSH
headings in the nutrition strategy. Generally, we decided to make
the literature search sensitive, rather than specific, to find as
many trials as possible. We checked that the final MEDLINE
strategy picked up trials already known to the Cochrane Muscu-
loskeletal Injuries Group.

The electronic database HEALTHSTAR (1975 to December

1999) uses the same search terms as MEDLINE, so we adopted
the same strategy for this database. We also applied the MED-
LINE search terms that were available to CINAHL (1982 to
November 1999).
The electronic database EMBASE (1980 to January 2000) uses
search terms similar to those used in MEDLINE; thus, the search
strategy for this database is similar to that used for MEDLINE
(C Lefebvre, S McDonald, unpublished observations, 1996). The
nutrition and orthopedic terms, which are also similar to those
used in MEDLINE, were added to the strategy for RCTs. Inci-
dentally, the coverage of European and pharmaceutical journals
is greater in EMBASE than in MEDLINE.

Neither BIOSIS (1985 to December 1999) nor CABNAR
(1983 to December 1999) have a standard Cochrane search strat-
egy for RCTs, nor do these databases readily identify studies by
their research methodology. For BIOSIS, we searched for the
orthopedic text words and the concept term ‘“nutrition.” For
CABNAR (1973 to December 1999), we searched for only the
orthopedic text words because the database already selects nutri-
tion studies. However, because CABNAR covers agriculture and
animal nutrition, we excluded references with the following text
words: dog$, bird$, horse$, soil$, wood$, and freeze fracture$.
(The symbol $ is a truncation symbol, allowing retrieval of all
possible variations of a term.) The resulting references were then
combined with text words (random$ or trial$ or placebo$) to
yield the final citations for consideration. CABNAR is the only
one of these databases to index theses (up until 1994), although
it is unclear how these are obtained for indexing.

All the electronic databases were searched by using an Ovid
interface (Ovid Technologies, New York), except for BIOSIS,
which was accessed by using BASIS software (version 8.2.3;
Opentext, Beaconsfield, United Kingdom). We checked the ref-
erence lists of trials included in our review, in other relevant
reviews, and in epidemiologic and other trial reports. Review,
epidemiologic, and other trial reports on the subject of nutri-
tion and hip fracture were also identified from 6 of the elec-
tronic databases (MEDLINE, EMBASE, BIOSIS, CABNAR,
CINAHL, and HEALTHSTAR) by using only the nutrition and
orthopedic search terms.

One researcher screened all titles and, when available,
abstracts obtained with the above methods. Those citations that
appeared to be of trials or potential trials were obtained as com-
plete articles. Each article was read in its entirety and a shortlist
of potential RCTs was prepared. Two researchers then reviewed
the shortlist and determined which trials were RCTs on the basis
of the inclusion criteria prespecified in the published protocol for
the review (6). We contacted the first authors of the RCTs
obtained to request information on additional relevant trials.
Individuals known to the reviewers who had a particular interest
in the field of inquiry were also contacted for details of addi-
tional trials.
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General nutrition

Mineral and trace element

Vitamin nutrition

Orthopedic

1) exp food/

2) food$.tw

3) diet$.tw

4) exp diet/

5) exp diet therapy/

6) exp nutrition/

7) nutri$.tw

8) exp nutrition disorders/
9) exp nutritional support/
10) supplement$.tw

11) weigh$.tw

12) exp body weight/

13) exp dietary fats/

14) exp dietary proteins/

1) exp calcium, dietary/
2) exp phosphorus, dietary/
3) exp magnesium/

4) magnesium.tw

5) exp potassium, dietary/
6) exp sodium, dietary/

7) chloride$.tw

8) exp sulfur/

9) sulphate$.tw

10) sulfate$.tw

11) exp iron, dietary/

12) exp fluoride/

13) fluoride$.tw

14) exp trace elements/

1) exp vitamins/
2) vitamin$.tw

3) ascorb$.tw

4) thiamin$.tw

5) riboflavin$.tw
6) pyridox$.tw

7) niacin$.tw

8) fola$.tw

9) folic.tw

10) biotin.tw

11) cobalamin$.tw
12) retino$.tw

13) exp carotenoid/
14) caroten$.tw

1) exp fractures/

2) fracture$.tw

3) exp decubitus ulcer/
4) decubitus ulcer$.tw
5) pressure sore$. tw
6) orthop$.tw

7) or/1-6

15) exp dietary carbohydrates/
16) or/1-15

15) trace element$.tw
16) trace metal$.tw
17) micronutrient$.tw
18) zinc.tw

19) copper.tw

20) selen$.tw

21) manganese.tw
22) molybdenum.tw
23) chromium.tw

24) cobalt.tw

25) iodi#e.tw

26) or/1-25

15) tocopher$.tw

16) dihydrotachysterol.tw
17) calcitriol.tw

18) cholecalciferol.tw
19) alfacalcidol.tw

20) alphacalcidol.tw

21) colecalciferol.tw

22) or/1-21

!'$, a truncation symbol allowing retrieval of all possible variations of a term; exp, explode; tw, text word; #, allows variation in spelling, eg, iodine and iodide.

Additionally, we searched 4 journals by hand: The American
Journal of Clinical Nutrition (volumes 2-71; 1954 to January
2000), Clinical Nutrition (volumes 1-18; 1982 to December
1999), JPEN The Journal of Parenteral and Enteral Nutrition
(volumes 1-23; 1977 to December 1999), and Proceedings of the
Nutrition Society (volumes 1-58; 1944 to August 1999). We
chose these journals because they contain abstracts of confer-
ence proceedings and studies of clinical nutrition and were avail-
able locally. We considered this procedure to be useful because
early volumes of journals as well as conference proceedings are
generally not included in electronic databases and because the
indexing of articles for databases is not always reliable.

Once all the trials were identified, we searched the electronic
databases again to see whether the trials were indexed by the
database but had been missed by our search strategy. If this was
the case, the reason the trial was missed was identified. The
yields from the different databases and strategies were calculated
and compared. The end date for the RCT search for the first
update of our review was January 2000. The end dates given
above for the various databases and journals were those available
to the first author at that time.

RESULTS

Our updated review included 15 RCTs, identified from 15 main
trial reports (8—22). These trials were grouped into categories on
the basis of the type (multinutrients, protein only, vitamins, or
other) and route (oral, nasogastric, or other) of nutritional sup-
plementation used. Three of these trials (9, 10, 14) were identi-
fied as conference abstracts only, although one author subse-

quently provided a reference (23) to a journal article that was not
found in the databases searched. The databases and sources of
the trials discovered in our search strategies are given in Table 3.

The search strategies in the electronic databases initially
yielded for consideration 1095 citations in BIOSIS, 390 citations
in CABNAR, 57 citations in CINAHL, 3977 citations in
EMBASE, 858 citations in HEALTHSTAR, and 956 citations in
MEDLINE. The search of CABNAR was the most specific and
yielded the most trials in the least amount of search time.
Despite this laborious task, we did not fail to identify a trial
when screening full citations in these databases. Eleven trials
were identified by searching electronic databases. The
EMBASE, HEALTHSTAR, and MEDLINE strategies produced
the most trials (n = 8 each). One trial (20) was not retrieved from
MEDLINE with the Cochrane search strategy for RCTs, but
actually was in MEDLINE. Similarly, another trial (17) was not
identified by the nutrition search strategy for EMBASE, but
actually was in EMBASE. Our strategy also failed to identify
one trial in CABNAR because the abstract did not contain the
text words random$, trial$, or placebo$ (20). The search of
CABNAR did not recover any trials additional to those found in
the other electronic databases. The search of BIOSIS yielded
7 trials, 2 of which were not found in any of the other databases
(both were conference abstracts; 9, 10). These 2 trials were also
located by searching conference abstracts in the Proceedings of
the Nutrition Society by hand. Because none of the 15 RCTs
identified were indexed in CINAHL, we were unable to assess
our search strategy with this database.

In addition to the 11 trials found by searching electronic data-
bases, 1 trial was found only after a search by hand of JPEN The

9T0Z ‘2T aunr uo 1sanb Aq 610 uoniuinu-uale woly papeojumoq


http://ajcn.nutrition.org/

@ The American Journal of Clinical Nutrition

508 AVENELL ET AL

TABLE 3

Sources of randomized controlled trials (RCTs) identified by search strategies developed for nutrition and hip fracture review in The Cochrane Library’

MEDLINE EMBASE  BIOSIS

CABNAR HEALTHSTAR Hand in other

Reference in a RCT
Reference review article found by
or non-RCT  contacting

Reference strategy strategy strategy strategy strategy search RCTs study article experts
Bastow et al, 1983 (8) . . . B . .

Bean et al, 1994 (9) . . R

Brown and Seabrook, 1992 (10) . . o

Day et al, 1988 (11) . . . o

Delmi et al, 1990 (12) . . . . o R R

Espaulella et al, 2000 (13)?

Gallagher et al, 1992 (14) . .

Hankins, 1996 (15) o
Hartgrink et al, 1998 (16) . . . . . B

Hoikka et al, 1980 (17) . 7 . .

Madigan, 1994 (18) R
Schurch et al, 1998 (19) . . . o R

Stableforth, 1986 (20) 7 . _3 .

Sullivan et al, 1998 (21) . . . . o .

Tkatch et al, 1992 (22) . . . . o R R

Total? 8 8 7 7 8 4 5 7 2

!The number of randomized controlled trials (RCTs) indexed in the databases but not located by these strategies is discussed in the text. The CINAHL
strategy did not provide any RCTs, nor were any of the trial reports held in the database.
2Investigator made contact with authors after the protocol for the Cochrane review was published in The Cochrane Library to reveal details of new trial.

*Held in database but not found with use of our search strategy.
#Numbers represent the RCTs found with each strategy.

Journal of Parenteral and Enteral Nutrition (14). Additionally, a
search of Clinical Nutrition by hand produced one trial (16)
before it was indexed by the databases. After the publication of
the protocol for our review in The Cochrane Library, we were
notified by the investigators of an additional trial (13) that was
reportedly in press. Two unpublished trials were identified via
contact with an expert in the field.

Eleven of the 15 trials were found by searching electronic
databases with the strategies used here. A search of the reference
lists of known trials identified only 5 of the trials, 4 of which had
been found electronically and 1 of which had been found by
hand. Only 7 of these RCTs were referenced in review, epidemi-
ologic, and other trial reports.

All of the 15 RCTs were published in English-language jour-
nals. Five additional trials published in French, German, Italian,
and Russian did not meet the inclusion criteria after examination
of limited translations.

A subsidiary analysis examined the degree to which the avail-
able evidence would be deficient if only 1 of the 6 electronic
databases had been used. Of the 1054 participants recruited into
the 15 trials, only 58% would have been included if EMBASE
only were used, 56% if MEDLINE or HEALTHSTAR only were
used, 48% if CABNAR only were used, 42% if BIOSIS only
were used, and 0% if CINAHL only were used. In one of our
main review comparisons we examined the effect of protein and
energy supplementation. If we had used MEDLINE alone, only
30% of the participants evaluated in the studies identified from
all sources would have been included.

DISCUSSION

The systematic and comprehensive search for trials is an
important component of any systematic review. We decided to

monitor and record the results of a search of different sources of
trials to get an idea of what method retrieved the greatest number
of relevant trials within practical constraints. Given that this is
just one review topic, there is bound to be variation in the yields
of various databases and other sources for other topics, and over
time for all topics. Because we do not know which trials we failed
to identify, we cannot propose an optimal search plan. However,
some pointers to guide future searches can still be made.

It is clear from our study that systematic reviews in the field
of nutrition should not rely on the use of a single electronic
database, such as MEDLINE. Published systematic reviews of
protein and energy supplementation (24), total parenteral nutri-
tion (25), and immunonutrition (26, 27), which all used MED-
LINE as the sole electronic database, may be subject to signifi-
cant location bias. In each case we identified RCTs that should
have been included in the meta-analysis on the basis of the cri-
teria set by the reviewers.

Others have also concluded that a search of MEDLINE alone
results in the risk that some published studies will be missed. In
a published study of search strategies, including strategies for
nutrition trials, Kleijnen and Knipschild (28) evaluated the yield
of RCTs for vitamin C for the common cold from MEDLINE
and EMBASE only compared with systematic review articles
with extensive reference searching. A search of MEDLINE pro-
duced 46% of the published RCTs and a search of EMBASE pro-
duced 31% of the published RCTs. However, these yields would
probably have been slightly higher if text words had been incor-
porated into the search strategy.

We were particularly interested to see how well CABNAR per-
formed. We already considered this database to be useful for locat-
ing articles in nutrition journals not included in other databases.
CABNAR performed well in comparison with other databases
alone. Although CABNAR did not provide any trials additional
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to those from the other databases, it was specific; therefore, we
suggest that CABNAR be evaluated further in other systematic
reviews of nutritional interventions.

Farriol et al (29) examined the yield from 149 bibliographic
databases after a search for articles on artificial nutrition (enteral
and parenteral nutrition). However, the search was for all pub-
lished works and not specifically for RCTs. Fifteen databases
were found to have appreciable numbers of articles on artificial
nutrition. MEDLINE provided the largest number of titles, fol-
lowed by EMBASE and CURRENT CONTENTS. Because
CURRENT CONTENTS (clinical medicine) was searched as
part of the overall search strategy of the Cochrane Muscu-
loskeletal Injuries Group, we did not search CURRENT CON-
TENTS specifically for this review.

The findings of the present study also showed that trials are
likely to be missed if the search plan involves a search of elec-
tronic databases only. For instance, a search of JPEN The Jour-
nal of Parenteral and Enteral Nutrition by hand yielded one trial
that was not indexed in any of the 6 electronic databases. This
shows the value of searching by hand to identify reports not
found with other strategies, particularly conference proceedings.
In addition, one trial report was found after a search by hand
before it had been indexed in the databases examined here (16).
These examples illustrate the adverse effect on retrieval of
appropriate trials when there is a delay in indexing in these data-
bases. In addition to a search of current issues of journals by
hand, recent publications can be identified electronically, such as
in CURRENT CONTENTS.

Personal contact with investigators in the field was also an
important source of trial identification and moreover provided
information on ongoing and planned trials. Bibliographic
searches of reports of RCTs showed that such reports in this area
of nutrition usually failed to include a discussion of the results in
light of the evidence available from other trials (5). This lack of
discussion means that additional relevant trials are not identified
and indicates that some authors fail to realize the importance of
discussing their results in the context of the results of others.

Searching for trials is time consuming and costly. We believe
that the identification of nutrition-related RCTs would be greatly
aided if BIOSIS and CABNAR indexed RCTs as a publication
type, as recently became the standard procedure in MEDLINE,
HEALTHSTAR, and EMBASE. We recognize that our search
plan was not exhaustive; however, there was a need to balance
the potential for further searches to influence the results against
the delay to the publication of the review and subsequent update.

One database not mentioned above is the CCTR, published in
The Cochrane Library and updated quarterly. The CCTR is com-
piled from the results of extensive and systematic searches of
various sources for randomized and controlled clinical trials by
members of the Cochrane Collaboration and is a valuable source
of controlled trials. Because study types are already limited to
RCTs and other controlled trials and because various databases
such as MEDLINE, and to some extent EMBASE, have been
centrally searched by the Cochrane Collaboration, the CCTR
should be searched for reports of trials. In time, it may be the
prime source of such trials for nutrition reviews. However, the
addition of new reports of trials into the CCTR usually occurs
later than it does for the other databases reviewed here. Thus, all
searches need to be complemented by other searches of current
materials. We did not assess the CCTR in this review because we
had entered many of the trials into the CCTR ourselves.

In conclusion, although the search plan adopted will vary
depending on the nutrition topic, we recommend that several
electronic databases, including the CCTR, be searched in con-
junction with hand searching of journals covering relevant
aspects of nutrition (particularly recent issues and those that con-
tain conference proceedings), consulting with knowledgeable
experts in the field, and searching the reference lists of trial
reports. We also strongly recommend that advice be sought from
an information specialist early in the process. Without such a
comprehensive approach, systematic reviews of nutritional inter-
ventions may be prone to serious bias. ]
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Miire O’Donnell, and Sheila Wallace. We particularly thank Cynthia Fraser
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Heidi Guyer and Ian Cameron for their provision of information about 3 unpub-
lished trials, and the anonymous referees for their helpful comments.
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