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Abstract t 
Itt is widely accepted that meta-analysts should search multiple databases. The 
selectionn of databases, from among the many available, is ideally based on the 
potentiall  contribution of each database to the project, or conversely, on the 
potentiall  for bias if a database is excluded, as supported by research evidence. 
Wee explore whether searching Embase in particular yields additional trials that 
influencee a meta-analysis. We identified meta-analyses that searched Medline 
andd Embase. A random-effects weighted mean method was used to estimate the 
interventionn effect in articles indexed only in Embase compared with those 
indexedd elsewhere. On average, Embase-unique trials yielded significantly 
smallerr estimates by 29% (ratio of odds ratios = 0.71, 95% CI 0.56-0.90), but 
influencedd the pooled estimate by an average of only 6% (ratio of odds ratios = 
0.94,95%% CI 0.88-0.99). Searching Medline, but not Embase, risks biasing a meta-
analysiss by finding studies that show larger estimates, but their prevalence 
appearss low enough that the risk may be slight, provided the rest of the search is 
comprehensive. . 
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Introductio n n 
Comprehensivee searching, when conducting meta-analyses (Mas) of randomized 
controlledd trial s (RCTs), is considered standard practice.13 This entails searching 
multipl ee classes of sources (bibliographic databases, reference lists, trial s 
registries,, hand searching, etc.)/ and all relevant sources within each class. There 
aree any number  of databases that could potentially be searched in the course of a 
meta-analysis.. For  instance, Dialog, an information aggregator, lists more than 20 
bibliographi cc databases and five full text databases in its Medicine collection.4 

Thee typical systematic reviewer  searches a small subset of the available 
databases,, even in an extensive search (the median number  searched in our 
samplee was three, the maximum was seven - certainly not exhaustive given the 
numberr  of databases available). The available resources, both time and financial, 
wil ll  usually impose some limit s on what can reasonably be undertaken.5 The 
professionall  expertise of a research libraria n can guide the choice, but ideally the 
selectionn of databases should be informed by the evidence regarding the 
contributio nn of the source to the validit y of the results of the research to be 
undertaken.. Indeed, Eldredge5 introduces evidence-based librarianshi p as that 
whichh employs the best available evidence based upon librar y science research to 
arriv ee at sound decisions about solving practical problems in librarianship . 

Theree are two prominent bibliographic databases that are relevant for  most 
Mas::  Embase and Medline. One of the most difficul t choices for  reviewers with 
limitedd resources is whether  or  not to search both. Numerous studies have 
examinedd the performance of Embase and Medline as tools to identify RCTs^11 

andd these have clearly established that no single database indexes all RCTs. Both 
containn bibliographic records with citation information, and in many cases 
abstractss of the articles. Both are professionally indexed using a controlled 
vocabulary.. Both are available through several database resellers who apply their 
ownn search interfaces. Access costs vary according to the licensing arrangement 
inn effect, and may be borne by the researcher, or  paid through an institutional or 
consortiumm subscription. Medline is produced by the U.S. National Librar y of 
Medicine.. It includes over  10 million citations since 1966, and more than over 
3,6000 journals are indexed. One version of Medline is available free of charge 
overr  the Internet through the National Librar y of Medicine's PubMed service. 
Embasee is produced by Elsevier  Science. It includes over  3 million citations since 
1980,, and more than 3,600 journals are indexed. 

Evenn though there are strong recommendations to search multipl e databases, 
theree are some disincentives to doing so—additional searches increase the time 
andd costs of searching yet often yield irrelevant trial s or  result in no additional 
trials.122 This may help to explain why over  half of Mas report searching only one 
electronicc database, usually Medline.1314 
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Itt is not clear if limiting the databases searched wil l introduce bias into the 
resultss of Mas. Bias could arise, for example, from differential coverage of 
languages,155 or from North American emphasis.16 In part, bias may depend on 
thee subject of the meta-analysis, for instance Watson and Richardson10 found a 
significantt number of RCTs in a psychiatric topic in the PsycINFO database. 
Regardlesss of the source of bias, the test is not simply whether reports of RCTs 
existt in one database and not another, but whether the articles actually influence 
thee estimate of effect size in a meta-analysis. To have such an influence requires 
thatt the trials meet all inclusion criteria for a meta-analysis and differ 
systematicallyy in effect size from those identified through other sources. Before 
includingg studies in the analysis, meta-analysts wil l impose additional criteria, 
consideringg factors such as the similarity across trials in terms of participant 
populationss and outcome measures. 

Inn this study, we attempt to determine whether Embase plays a useful role in 
identifyingg material that would meet all inclusion criteria for an analysis, and 
wouldd not otherwise be available through a search of the Medline database. That 
is,, does the incremental contribution of Embase influence the findings of a meta-
analysiss such that the decision not to search Embase would potentially introduce 
biass into the results? We thus set off in search of the elusive EMU—Embase 
Uniquee trials—trials that are indexed in Embase, but not in Medline, and are also 
includedd in the estimate of effect in a meta-analysis of RCTs. 

Methods s 

SelectionSelection of Mas 

Medline,, Database of Reviews of Effectiveness (DARE), and Cochrane Database 
off  Systematic Reviews (CDSR) were searched for articles that included the word 
Embasee in their abstract and were published after 1995. For the Medline search, a 
previouslyy published methodological filter designed to detect Mas of RCTs was 
employed.177 Mas published between 1988 and 1995 were identified from an 
existingg database of 455 Mas of RCTs.17 The methods used to build that collection 
aree reported elsewhere.1819 

EligibilityEligibility  criteria 

Too be eligible, a meta-analysis had to report a pooled analysis of two or more 
RCTss using a binary measure of intervention effectiveness. The meta-analysis 
mustt have been published between 1988 and 2000 in any language. In the case of 
Cochranee reports, the date of the most recent substantive amendment was used 
insteadd of publication date. The published report must have indicated that both 
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Medlinee and Embase were searched. When pairs of Mas were found that had 
threee or  more primar y studies in common, we excluded one meta-analysis from 
eachh pair  on a coin toss in order  to avoid giving double weighting to those 
studiess that appeared twice. 

DataData extraction and quality assessment 

Forr  each meta-analysis, a known-item search was undertaken in both Embase 
andd Medline for  each RCT to determine where the tria l was indexed. Searching 
wass completed using the Ovid interface for  Embase 1988-2000 and Medline 1966-
2000.. A single libraria n (MJS) conducted all searches between September  1999 
andd Apri l 2000. The search protocol, search strategies for  the trial s of each MA, 
andd downloaded result sets are available on request. Mas were classified as 
eitherr  containing at least one EMU (YEMU—Yes, EMU RCT present) or  not 
containingg at least one EMU (NEMU—No EMU RCT present) (see Table 1). The 
numberr  of EMUs and Medline-unique trials, as well as the number  of trial s not 
foundd in either  database, was recorded. 

Ann Dmoxicill reviewer  extracted descriptive data. The following elements 
weree recorded: how the meta-analysis was identified, characteristics of the 
literatur ee search, year  of publication, country of corresponding author, funding 
source,, clinical area (according to ICD-9), total number  of RCTs included, 
numberr  of outcome measures assessed and, for  the YEMU group, the outcome of 
interest.. The outcome of interest was determined for  each MA in the following 
orderr  of preference: an outcome that included an EMU trial , one described by the 
investigatorss as the primar y outcome, one we judged to be the most clinically 
relevant,, or  the outcome with the most trials. The number  of trial s pooled in that 
outcomee was recorded. 

Inn addition, for  the YEMU group, outcome data (number  of desirable events 
andd total patients in the treatment and control groups) were extracted for  each 
tria ll  from the published MA or, if necessary, from the published reports of the 
trials.. Four  studies were excluded because it was not possible to determine event 
ratess from the published reports of the meta-analysis or  trials. Outcome data 
weree extracted by MJS, and verified by NJB. 

Unblindedd quality assessment of all Mas was made using the Oxman and 
Guyattt  scale20 by one of two raters (DM or  MJS) after  undertaking a 15-article 
trainin gg exercise and an inter-rater  reliabilit y assessment based on a separate set 
off  ten articles. The trainin g and reliabilit y assessments involved having both 
investigatorss rate the same articles (ones screened and excluded from the study) 
andd comparing results to ensure that they were applying the criteri a in a 
consistentt  manner. 
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Itemm 2 of the Oxman and Guyatt scale evaluates the comprehensiveness of 
thee search. We scored item 2 based on data extracted from the published search 
description.. If three or more categories of sources were searched, one of which 
wass electronic with key words reported, the search was judged to be 
comprehensivee and given a score of 2. Examples of other categories of sources 
includee trial registries, experts, reference lists, hand-searched journals or 
conferencee proceedings. Where the search methods were only partially described 
(aa score of one on item 1 of the Oxman and Guyatt scale), and it was not clear 
thatt all criteria for item 2 had been fulfilled, a score of one (can't tell) was given 
forr item 2. When the criteria for item 2 were not fulfilled and the search was 
judgedd to have been adequately reported (a score of 2 on item 1), item 2 was 
scoredd as zero. 

Forr item 10 of the Oxman and Guyatt scale (an overall assessment of 
scientificc quality), inter-rater variation was assessed using the intra-class 
correlationn coefficient.21 

DataData analyses 

Thee overall scientific quality (item 10 of the Oxman and Guyatt scale) in the three 
groupss of Mas was compared using the Kruskal-Wallis rank sum test. The 
comprehensivenesss of the search (item 2 of the Oxman and Guyatt scale) in the 
threee groups was compared using a two-sided Fisher exact test. 

Inn our analyses, intervention effectiveness was measured using odds ratios 
estimatedd from the number of desirable events and total number of research 
subjectss in the intervention and control arms of each study. Odds ratios greater 
thann one therefore favour the experimental intervention over the control, i.e., a 
largee odds ratio indicates a large intervention effect. Note that some published 
workk uses the opposite convention. 

Twoo distinct questions can be asked about the impact of EMUs. First, do 
EMUss show systematically different intervention effects than non-EMUs, 
adjustingg for the effect of MA? This is an RCT-level question. Second, do pooled 
estimatess in Mas change when EMUs are removed? This is an MA-level question. 

Too assess the impact of EMUs at the RCT level, we used a fixed-effects 
logisticc regression model of the type introduced and described by Schulz et al.22 

andd used by Moher et al.18-23'24 Briefly, this model for the log odds of events in an 
interventionn group includes a main effect for trial, a main effect for intervention, 
ann intervention-by-MA interaction, and an intervention-by-trial-type (EMU 
versuss non-EMU) interaction. The EMU effect from this logistic regression is 
reportedd as a ratio of odds ratios (ROR).22 With our modeling conventions, an 
RORR less than 1.0 would indicate that, on average, estimates of intervention 
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effectt are smaller in EMUs than non-EMUs. ROR and its 95% confidence interval 
weree derived from the fitted model. 

Wee computed a log ROR for each MA, together with its standard error, as 
describedd in Appendix 1. A weighted mean of these MA-specifk estimates yields 
ann approximation to the estimate from the logistic model. In the presence of 
heterogeneityy between the MA-specific estimates, a random effects version of the 
weightedd mean is used (Appendix 1). This approach allows production of a 
graphicall  display to aid understanding of the connection between the overall 
estimatee of the ROR and the individual Mas. 

Thee MA-level impact of EMUs was assessed in three ways. First, within the 
YEMUU group, the pooled log odds ratio with EMUs included was compared with 
thatt obtained when EMUs were excluded from the analysis. The pooling was 
achievedd using the fixed-effect Mantel-Haenszel estimate of a common odds 
ratio.. To summarize these results across Mas, we used a z-test of the null 
hypothesiss that the meann log ratio of odds ratios (including vs. excluding EMUs) 
wass zero. Second, the statistical significance of the pooled odds ratio including 
EMUss was compared with that excluding EMUs and the results were tabulated 
acrosss Mas. The standard error of the log Mantel-Haenszel estimate was 
computedd using the Robins et al.25 estimate. Third, the width of the confidence 
intervall  for the pooled log odds ratio including EMUs was compared with that 
excludingg EMUs. To summarize these results across Mas, we used a Mest of the 
nulll  hypothesis that the mean ratio of confidence interval widths was one. 

Tablee 1. Meaning of terms used to describe trials and groups 
Term m 
EMU U 

YEMU U 

NEMU U 

Meaning g 
Ann Embase Unique trial, one that is indexed in Embase, 
butt not in Medline (it may or may not be indexed in other 
databases). . 
Thee study group consisting of Mas that searched Embase, 
andd included one or more EMU trials in a pooled analysis. 
Thee study group consisting of Mas that searched Embase, 
butt did not include any EMU trials in a pooled analysis. 

Results s 
Onee hundred and forty-one potentially eligible studies were identified. Eight of 
thesee were excluded because they had not been received through normal 
interlibraryy loan channels when data analysis began (January, 2001). One 
hundredd and thirty-three studies were obtained and screened; of these, 28 failed 
too meet all inclusion criteria (see Figure 1 for the primary exclusion reason) and 
sevenn could not be searched. Of the 98 Mas that had all RCTs checked for 

15 5 



ChapterChapter 2 

databasee inclusion, 28 had at least one trial that was indexed in Embase but not 
inn Medline (an EMU), and these made up the YEMU group. For 33 of the Mas, it 
wass possible to definitively conclude that there were no RCTs unique to Embase, 
andd these formed the NEMU group. Thirty-four Mas contained at least one trial 
nott indexed in Medline and published before 1988, but no EMU trials published 
afterr 1987. We were unable to ascertain whether or not any of these pre-1988 
trialss were EMUs because we had access to Embase records only from 1988 
onward.. These 34 Mas were classified as indeterminate and were set aside. Three 
pairss of Mas weree found to have three or more primary studies in common; one 
fromm each of these pairs was excluded based on a coin toss. We were unable to 
replicatee the findings of the originally selected publication from one of the three 
pairs,, so we replaced it with the other of that pair. 
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Figuree 1. Screening outcome and group assignment of Mas. References for  the 
Mass in each group are in Appendix 2. 

1411 Meta-analyses identified 

i i r r 
88 Unable to retrieve full article 

1333 Screened 

\ \ r r 

288 Failed to meet inclusion criteria: 
11 Duplicate publication 
11 Did not search Embase 

188 No binary outcome 
55 Did not perform an MA 

77 Not amenable to searching: 
11 No published trials 
44 Most or all trials pre-1988 
22 Trials too numerous (>90 RCTs included) 

988 All RCTs searched in Medline & Embase 

-

-

-

288 Embase Unique Group (YEMU) 

1—

244 Analysis reproduced 

44 Descriptive data only 

333 Embase-No Unique Group (NEMU) 

344 Indeterminate* 

33 Excluded due to overlapping trials 

DescriptiveDescriptive characteristics of the Mas 

Thee Mas were typically recent, with the overall median year  of publication 1998 
(rangee 1988-1999) (Table 2). In the YEMU group, 50% of the Mas were from the 
CDSRR compared with 67% in the NEMU group. (In both cases, the remainder 
wass journal-published.) The median number  of RCTs was somewhat larger  than 
thosee studied in previous works on biases conducted by our  group.23 The Mas in 
thee YEMU group had substantially more RCTs (median=19) than those in the 
NEMUU group (median=7).24 The median number  of outcome measures reported 
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wass seven for both groups. The Mas studied spanned many clinical areas, with 
somee concentration in the area of mental disorders. 
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Tablee 2. Descriptive characteristics of Mas 

Yearr o 
range) ) 
%% that 
(CDSK K 

ff  publication (median, 

aree Cochrane reviews 

RCTss per meta-analysis 
(median,, range) 
## of outcomes measures 
(median,, range) 
RCTss in primary outcome 
(median,, range) 
## of Embase unique RCTs 
(median,, range) 
## of Medline Unique RCTs 
(median,, range) 

YEMU * * 
(Mass containing 

EMUs) ) 
(n=28) ) 
n(% ) ) 

19988 (1994-1999) 

50% % 

199 (5-90) 

77 (1-75) 

8(2-67) ) 

22 (1-12) 

1(0-7) ) 

NEMU* * 
(Mass not containing 

EMUs) ) 
(n=33) ) 
n<%) ) 

19988 (1988-1999) 

66.6% % 

77 (2-36) 

77 (1-39) 

55 (2-36) 

0(0-0) ) 

0(0-3) ) 

ICD-99 Disease Area (n) 
1 1 
2 2 
3 3 

4 4 

5 5 
6 6 

7 7 

8 8 
9 9 
10 0 
11 1 

12 2 

Infectiouss diseases 
Neoplasm m 
Endocrine,, nutritional 
andd metabolic 
diseasess and 
immunityy disorders 
Diseasess of the blood 
andd blood-forming 
organs s 
Mentall  disease 
Nervouss system and 
sensee organs 
Diseasess of the 
circulatoryy system 
Respiratoryy system 
Digestivee system 
Genitourinaryy system 
Comp.. of pregnancy, 
childbirthh and 
puerperium m 
Skinn and 
subcutaneouss tissue 

4 4 
1 1 

1 1 

2 2 
6 6 
2 2 
1 1 

1 1 

1 1 

2 2 

7 7 
2 2 

2 2 

4 4 
1 1 

3 3 
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Tablee 2 (continued). Descriptive characteristics of Mas 

13 3 

14 4 
15 5 

16-19 9 

Musculoskeletal l 
systemm & connective 
tissue e 
Congenitall  anomalies 
Conditions s 
originatingg in the 
perinatall  period 
Other r 

*Seee text for explanation of group 

YEMU * * 
(Mass containing 

EMUs) ) 
(n=28) ) 
nn (%) 

5 5 

1 1 

4 4 
formation n 

NEMU* * 
(Mass not containing 

EMUs) ) 
(n=33) ) 
n(% ) ) 

5 5 

2 2 

4 4 

Quality Quality 

Wee used the Oxman and Guyatt scale to assess the quality of Mas and 
establishedd inter-rater reliability based on item 10 of the scale, overall scientific 
qualityy of the reports. According to the criteria of Landis et al.,26 we achieved 
substantiall  agreement among raters with ICC = 0.63. 

Searchh comprehensiveness (Oxman and Guyatt item 2, Table 3) did not 
appearr to differ across groups (two-sided Fisher exact test p=.62), however, 
statisticall  power to detect a difference was limited by thee quality of reporting—in 
sixx Mas, we were unable to assess the comprehensiveness of the search. The 
YEMUU and NEMU groups showed similar overall scientific quality (mean score 
off  4.4 and 4.9, respectively; two-sample t-test p=0.37). 

Tablee 3. Comprehensiveness of search (item 2 in Oxman and Guyatt scale) in 
Mas. . 

No o 
Can'tt  tell 
Yes s 

YEM U U 
(Mass containing EMUs) 

(n=28) ) 
nn (%) 
7(25) ) 
4(14) ) 
17(61) ) 

NEM U U 
(Mass not containing EMUs) 

(n=33) ) 
nn (%) 
8(24) ) 
2(6) ) 

233 (70) 
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PrevalencePrevalence ofEMUs 

Off  the 968 post-1987 citations of primar y RCTs examined in Medline and Embase 
inn the course of this research, 94 (9.8 %) were found in Embase but not Medline, 
477 (4.94 %) were in Medline but not Embase, 691 (71.9 %) were in both, and 136 
(14.22 %) in neither  database. Roughly half (46%) of the Mas that searched Embase 
includedd one or  more citations found in Embase but not Medline. The number  of 
EMUss in these cases ranged from one to nine, with a median of two. No more 
thann half the trial s in any given MA were EMUs. Thus, the prevalence of EMUs is 
quitee low, and in this sample, lower  than the prevalence of grey literatur e (here 
operationallyy defined as those studies those indexed in neither  database; n=136 
orr  14.2 %). 

CharacteristicsCharacteristics ofEMUs (Table 4) 

Forr  the YEMU group, we found that the EMU RCTs were similar  in size to the 
otherr  RCTs in terms of number  of participants (mean=124 for  EMU trials, 
mean=1300 for  non-EMU trials). They were similar  in terms of year  of publication, 
andd EMU RCTs were somewhat more likely to be published in German, French, 
Italia nn or  Spanish. The corresponding author  was more likely to have a European 
thann North American address, compared with the RCTs indexed in Medline. 
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Tablee 4. Characteristics of RCTs in the YEMU group 
Characteristicss of EMUs 

Yearr of publication 
(median,, range) 

RCTss indexed in Medline* 
n=5311 % 

19911 (1966-2000) 

EMUU RCTs* 
n=944 % 

19922 (198&-1997) 
Languagee of 
publication n 

English h 
German n 
French h 
Italian n 
Spanish h 
Turkish h 
Other: : 

430 0 
21 1 
9 9 
8 8 
2 2 
0 0 
22 Danish, 2 
Dutch, , 
11 Portuguese, 
11 Chinese 

903 3 
4.4 4 
1.9 9 
1.7 7 
0.4 4 
0.0 0 
1.5 5 

74 4 
13 3 
3 3 
3 3 
2 2 
1 1 
0 0 

77.1 1 
13.5 5 
3.1 1 
3.1 1 
2.1 1 
1.0 0 
0.0 0 

Continentt of first author 
Northh America 
Europe e 
Other r 
Missing g 

133 3 
153 3 
41 1 
204 4 

*Mayy or may not also have been indexed 
+Indexedd in Embase, but not in Medline 
tPercentt of non-missing cases 

41* * 
47* * 
13* * 

inn Embase 

23 3 
57 57 
14 4 
0 0 

24 4 
61 1 
15 5 
0 0 

LocationLocation of EMUs 

Thee Embase unique trials came from 54 different journals; 43 journals 
contributedd only one RCT. Six English-language journals contributed 38 of the 97 
EMUs;; they are shown in Table 5. 

Tablee 5. Journals with three or more EMUs 
Journal l Numberr of EMU trials 
Currentt Therapeutic Research, Clinical and Experimental* 
Clinicall  Drug Investigation 
Advancess in Therapy* 
Actaa Therapeutica 
Britishh Journal of Clinical Research 
Today'ss Therapeutic Trends 
Totall  (40.4% of 947 EMUs found from all groups) 

18 8 
6 6 
5 5 
3 3 
3 3 
3 3 

4038 8 
**  At least some publications from these journals are indexed in Medline 
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ReplicationReplication of published estimates 

Wee were able to closely replicate the published estimates of intervention 
effectivenesss in 24 of the 28 Mas in the YEMU group, based on the published 
reportss of the MA or  the original trials. These 24 Mas, and the RCTs included in 
them,, were used in subsequent analyses of EMU effects. 

InterventionIntervention effect in EMU trials compared with non-EMU trials 

Too assess the RCT-level impact of EMU trials, the logistic regression model was 
appliedd to the trial s from all 24 Mas, for  a total of 258 trials. On average, EMUs, 
comparedd with all other  RCTs, yield a 27% smaller  estimate of intervention effect 
(RORR 0.73,95% CI  0.61-0.86, Figure 2). As in other  studies using this technique to 
assesss bias,18'22'23 our  model indicated substantial heterogeneity: the residual 
deviancee was 559.7 on 232 degrees of freedom. The fixed-effect weighted mean 
approachh (Appendix 1) gave very similar  estimates (ROR 0.74, 95% CI  0.63-0.88, 
Figuree 2) and also indicated significant heterogeneity (Q=38.6, df=23, p=0.02). 
Thee random-effect weighted mean (Appendix 1) indicated that, taking 
heterogeneityy into account, EMUs compared with all other  RCTs yield a 29% 
smallerr  estimate of intervention effect (ROR 0.71, 95% CI  0.56-0.90, Figure 2). 
Comparedd with the fixed-effect weighted mean, the random-effect weighted 
meann places substantially less weight on the three most precise ROR estimates 
andd places slightly more weight on all of the other  estimates. 
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Figuree 2. Impact of EMUs at the RCT level: ratios of odds ratios (RORs) with 95% 
confidencee intervals for EMUs versus non-EMUs for each of 24 meta-analyses, 
togetherr with pooled estimates from three different approaches (shown as 
diamonds;; see Appendix 1). The meta-analyses are listed in order of decreasing 
standardd error of the ROR. FE=Fixed Effect; RE=Random Effect. 

Embase-uniquee trials have ... 

non-EMUs s 
trialss n 

Watsonn e ta l. 1996 2 336 

Griffithss eta l . 1995 4 120 
Leee & Done 1999 4 290 

Soaress & McGrath 1999 3 94 
Hawtonn eta l . 1999 1 212 

Pittler&& Ernst 1988 4 198 
Ohlsson&& Lacy 1997 11 4608 

Kellnerr eta l . 1998 6 314 
Steinhartt eta l . 1994 9 956 

Tramer&& Walder1999 1 145 
Lindeetal .. 1996 10 678 

Daya19988 7 888 
Gillespiee eta l . 1997 3 455 
Pharoahh eta l . 1999 7 376 

Crawfordd eta l . 1999 2 133 
Figueredoo & Canosa 1999 16 2964 

Wiltt e ta l . 1998 3 205 
Lindeetal .. 1997 6 458 

Labrecquee et al. 1994 8 717 
Simonss e ta l. 1996 4 907 

Sikorskii & Renfrew 1998 10 2782 
Collinss eta l . 1998 24 2266 

Montgomeryy & Kasper 1995 58 6134 
Williamss e ta l. 1999 6 958 

EMUs s 
trialss n 

57 7 
14 4 

36 6 

33 3 
105 5 
43 3 
80 0 
80 0 
66 6 

100 0 
150 0 
100 0 

86 6 
140 0 
484 4 
135 5 
454 4 
176 6 
232 2 

1593 3 
152 2 
551 1 
716 6 
471 1 
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Inn two Mas (Appendix 2, Wilt et al. 1998 and Ohlsson & Lacy 1997), the 
outcomess suitable for analysis were secondary outcomes. When these Mas were 
excludedd from the random-effect weighted mean analysis, the results changed 
onlyy slightly (ROR 0.78, 95% CI 0.63-0.97). 
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ImpactImpact ofEMUs on pooled estimates in Mas 

Inn all but two of the 24 Mas, the Mantel-Haenszel odds ratio favoured the 
intervention.. To assess the MA-level impact of EMUs, estimates were 
recalculatedd excluding EMU trials. In 18 of the Mas, including EMUs resulted in 
aa smaller intervention effect that if EMUs were excluded (Figure 3). On average, 
includingg EMUs decreased the intervention effect by 8% (mean ROR 0.92,95% CI 
0.90-0.99),, however in one case the reduction was approximately 40%. This case 
wass one of the two Mas for which the outcome selected was a secondary 
outcome.. With these two Mas eliminated, including EMUs decreased the 
interventionn effect by 6% (mean ROR 0.94,95% CI 0.88-0.99). 
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Figuree 3. Impact of EMUs at the MA level: ratio of odds ratios (RORs) obtained 
usingg all RCTs versus using only non-EMU RCTs for each of 24 meta-analyses. 
Standardd methods cannot be used to obtain confidence intervals for the RORs 
becausee they involve overlapping groups of RCTs (i.e. those that are not EMUs 
aree included in both the numerator and the denominator). The meta-analyses are 
listedd in order of increasing ROR. 
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Ratioo of odds ratios (including vs. excluding EMUs) 

Inn two Mas, exclusion of the EMUs resulted in a change in the significance of 
thee results: one from non-significant to significantly favouring the intervention, 
andd one from significantly favouring the intervention to non-significant. 
Excludingg EMU trials never resulted in a reversal of the direction of effect. 

Averagingg across Mas, when EMUs were included, the confidence interval 
forr the pooled log odds ratio was 15% smaller than when EMUs were not 
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includedd (mean ratio of confidence interval widths 0.85; 95% CI  0.79-0.91). This 
effectt  was particularl y pronounced when there were few trials: for  Mas with less 
thann five non-EMUs, the addition of the EMUs reduced the width of the 
confidencee interval of the pooled log odds ratio by 22% (mean ratio of confidence 
intervall  widths 0.78; 95% CI  0.66-0.91). 

Discussion n 
Wit hh a multitud e of bibliographic databases available for  searching, meta-
analysiss must make difficul t choices. Because resources are always limited, there 
mayy be opportunity costs associated with these choices. For  example, due to 
financiall  constraints, searching one database may preclude searching another. To 
addresss this issue, we conducted an experiment using the simplified approach of 
examiningg which studies indexed in Embase would be missed by only searching 
Medline.. Our  method provides experimental evidence to inform the literatur e 
search.. One database, Medline, would in no circumstances constitute an 
adequatee search for  the purposes of meta-analysis, nor  indeed, would simply 
searchingg one category of sources be sufficient. 

Whatt  our  results do show is that, on average, RCTs indexed in Embase but 
nott  in Medline (i.e., EMUs) show 29% smaller  treatment effects. This bias occurs 
att  the tria l level, but how does it impact Mas? 

Ourr  study examined Mas that had searched Embase and found additional 
RCTs.. However, our  primar y purpose was to inform the meta-analyst or 
informationn specialist who has identified a number  of RCTs and wonders 
whetherr  to broaden the search to additional databases, such as Embase. Taken 
fromm this perspective, our  results indicate that, provided EMUs are found, 
includingg them wil l decrease pooled estimates of intervention effect by an 
averagee of 6%. Including EMUs rarely changed the significance of the pooled 
estimate,, but did narrow the confidence interval around the estimate by about 
15%. . 

Thee 6% meta-analytic bias is smaller  than the 29% bias found at the trial level 
largelyy because there were few EMUs compared with non-EMUs—only about 
10%%  of RCTs were found in Embase but not Medline. Further, although we have 
shownn that when present, such EMUs can be expected to have some impact on 
thee findings, they wil l not always be present; less than half of the Mas examined 
containedd any EMUs at all. 

Wee report a novel method for  gauging the impact of a potentially biasing 
characteristicc at the MA level. We found a strong effect at the RCT level and a 
modestt  effect at the MA level, due to the low prevalence of the biasing source. 
Thiss disconnect seems to also operate in the case of dissertations. There is a large 
effectt  at the level of the primar y study but the low prevalence of that publication 
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typee attenuates the impact at the level of pooled analysis. Smith27 reports a 
considerablyy smaller effect size in dissertations (.48) compared with journal 
articless (.64). Dissertations made up 1.2% of primary studies in a set of 142 Mas 
examinedd by Cook et al.,28 indicating a low prevalence, similar to EMU RCTs. 
Finally,, Vickers and Smith29 examined 878 Cochrane reviews and concluded that 
inn only one instance did a dissertation have a significant impact on the result of 
thee meta-analysis. However dissertations are only one type of grey literature— 
excludingg all types of grey literature may substantially bias the results of Mas.24 

Reasoningg analogously, we note that Embase is only one of many bibliographic 
databasess and excluding all databases other than Medline could seriously 
compromisee the integrity of a meta-analysis. 

Wee believe that selective publication accounts for our finding that trials 
indexedd in Embase but not in Medline showed consistently smaller estimates of 
treatmentt effect. Generally, selective publication is the greater tendency for 
statisticallyy positive results to be written up, submitted to, and published in more 
prominentt journals—in this case journals indexed in both Medline and Embase. 
McAuleyy et al.24 found a similar effect when grey literature is excluded from a 
meta-analysis,, and note that its inclusion helps overcome the effect of selective 
publication.. No such mechanism is clearly at work here, although it would seem 
thatt the EMU effect is related to selective publication. In North America, Embase 
iss anecdotally thought to have better coverage of non-English language material 
andd to have less of a North American focus. We did find a greater proportion of 
firstt authors based in Europe than in North America among the EMU trials 
(Tablee 4), and relatively more EMU than non-EMU trials published in major 
Europeann languages other than English, a tendency found also by Paul and 
Lefebvre.300 Thus, European authors may have some tendency to publish studies 
withh less compelling results in their native languages, in more local journals.23 

Examiningg the journals that published a number of EMU's (Table 5) we note that 
nonee relate to clinical specialties. We speculate that these EMUs, with their 
smallerr treatment effects, were thought to be of less clinical interest and so were 
eitherr not submitted to, or were not accepted by, specialty clinical journals. 

Theree is no obvious clustering of EMUs in a certain ICD clinical area, nor is 
theree any safe number of trials where the risk of bias diminishes substantially. 
Theree was no dependence of the ROR MA-level bias on the number of non-EMU 
trials. . 

Thiss study has some a number of limitations. First, we examined quality only 
att the MA level. We did not compare the quality of EMU trials with others in the 
Mas,, but the work by Suarez-Almazor et al.11 found no significant differences 
betweenn the quality scores of controlled trials retrieved and missed by Embase 
andd Medline or both. Thus, from a quality perspective, the importance of these 
EMUU trials cannot be discounted. 
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Wee had access to Embase for the years 1988-2000, thus our findings may not 
generalizee to clinical specialties where a great deal of the relevant work was 
publishedd prior to 1988. We did not take into account that the searches of other 
databasess that the meta-analysts made could have resulted in the identification 
off  EMUs—we attribute the whole effect to Embase although we know from the 
reportedd methods that those that searched the authors of the Mas Embase 
reportedd searching searched other databases as well (median=3/ range 2-7). 

Wee identified Mas for our study based on their use of the terms Medline and 
Embasee in the abstract. Thus, our sample is biased towards including those Mas 
thatt provided a structured abstract. This may account for the slightly higher 
qualityy scores seen here than in other work done by our group.23-24 

Ourr findings are based on Mas using binary outcomes, and may or may not 
generalizee to other types of analyses. 

Thee general understanding among meta-analysts and information specialists 
iss that all relevant sources should be searched to identify as many eligible RCTs 
ass possible, and that one goal of broad-based searching is to avoid the possibility 
thatt only a biased subset of all studies be considered for inclusion. We show here 
thatt trials found in a database other than Medline cannot be assumed to be like 
thosee indexed in Medline—our EMU trials showed consistently smaller estimates 
off  intervention effectiveness. This would argue for searching as wide an array of 
bibliographicc databases as possible, since selective publication practices may also 
bee at work in other databases. It may not be necessary to search Embase if the 
searchh is otherwise comprehensive, as it was in the Mas examined here, however 
wee recommend that meta-analysts search as many sources as their resources 
permit. . 

Whilee it may not be necessary to search Embase in particular, some thought 
mustt be given to finding non-Medline trials. Clearly, the six journals producing 
threee or more EMUs (Table 5) are candidates for hand searching if the meta-
analystt does not have access to databases that index them fully. Other major 
bibliographicc databases such Biological Abstracts or Current Contents, as well as 
subject-specificc databases, may usefully complement Medline to ensure 
comprehensivee coverage—indeed many of our EMUs are indexed in those 
databases.. A further advantage of searching multiple databases is that databases 
differr in how they index the same item. We determined whether each trial was 
presentt in the databases by known-item searching, an approach that is clearly 
impossiblee for the meta-analyst. There is no guarantee that an indexed article 
wil ll  be retrieved, as almost all searches have less than perfect sensitivity, and 
indexingg practices have been cited as a limiting factor.31 Searching in multiple 
databasess may increase the chances of finding even those RCTs that are in 
Medline. . 
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Thee Cochrane Library maintains a registry of controlled trials (CCTR) that 
hass been compiled through multiple database searches and an extensive hand-
searchingg initiative.1'32 Indeed, in this instance it proved a useful surrogate to 
searchingg Embase, as 75 of the 94 EMU were also indexed in the CCTR. (It should 
bee noted, however, that we searched some time after the meta-analysts 
conductedd their searches, and some lag is to be expected before trials are located 
throughh other sources and added to the CCTR.32) We note that the Cochrane 
Libraryy appears to be an underused source; only 42% of the Mas studied here 
reportedd searching any aspect of it. 

Inn summary, we conclude that Embase, in the context of a thorough search 
includingg a variety of bibliographic databases and traditional bibliographic 
techniques,, makes a small contribution to the overall estimate of intervention 
effectivenesss in systematic reviews. Of course, this finding can benefit from 
replicationn and is subject to change over time, as bibliographic databases are 
constantlyy evolving products. We hope that this finding wil l become part of the 
bodyy of knowledge used by meta-analysts and practitioners of evidence-based 
librarianshipp in making decisions regarding resource utilization in Mas. The 
strengthh of such an evidence-based approach is that it provides a framework for 
self-correctionn as new information becomes available.5 
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Appendixx 1: An approximate method for  estimating trial-level 
ratioss of odds ratios 
Ann alternative to the logistic regression model of Schulz et al.22 is a weighted 
meann approach introduced below. Sterne et al. have independently developed 
similarr methods.33 This method has several advantages. It is more easily 
understoodd than the logistic regression approach because it parallels 
conventionall  methods for pooling trials using weighted means. The resulting 
weightss provide insight into the contributions of individual Mas to the pooled 
estimate.. Finally, a limitation of the logistic regression approach is that it does 
nott deal with heterogeneity across Mas. A natural extension of our method uses 
aa random effects model to account for this heterogeneity. 

Ourr method begins by computing the log ROR of EMUs versus non-EMUs 
forr each MA, denoted yif as follows. If there was a single EMU, the usual 
estimatee of the log odds ratio was computed along with the usual standard error 
estimate.. Otherwise, a pooled odds ratio was computed for the EMUs using the 
Mantel-Haenszell  procedure and the Robins et al.25 estimate of the standard error 
off  the log Mantel-Haenszel estimate was used. Using the same approach, an 
estimatee of the log odds ratio for the non-EMUs was computed, along with a 
standardd error estimate. The log ratio of the two odds ratio estimates was then 
computed,, and its standard error, sif was obtained as the square root of the sum 
off  the squared standard errors of the two log odds ratios. 

Too pool log ROR estimates across K Mas, a weighted mean d may be used 
wheree each estimate y. is assigned weight wi proportional to the inverse of its 

estimatedd variance sf, i.e. 

KK IK 

&&  = Z w^i  / Z wi  where wt = l/sf

Thiss is analogous to fixed-effect weighted-mean estimators commonly used 
inn meta-analysis, under the assumption of homogeneity of trial effects. To test 
thiss assumption, it is conventional to compute a heterogeneity statistic, 

fi=i>.-(*-£)fi=i>.-(*-£) 22/ / 
J=I I 
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whichh is distributed as chi-square on K-\ degrees of freedom under 
homogeneity.. When homogeneity does not hold, a random effects model may be 
usedd to pool log RORs, e.g., using the DerSimonian and Laird 34 method. 
Itt  might be argued that it is inconsistent to use a random effects approach across 
Mass to combine log RORs obtained using a fixed effects approach withi n Mas. Of 
course,, the within-M A log RORs could themselves be obtained using a random 
effectss (e.g., DerSimonian-Laird) approach. Thus, four  different approaches are 
possible,, depending on the assumptions one makes about heterogeneity within 
andd across Mas (i.e., fixed-fixed, fixed-random, random-fixed, random-random). 
Al ll  these methods can be regarded as approximations to full hierarchical models 
forr  combining information across Mas. Further  theoretical and empirical work is 
neededd to full y assess the relative merits of these different approaches. 
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Appendixx 2: Meta-analyses included in each group 
Notee that for Cochrane reviews, the year stated is the year of the last substantive 
updatee of the version of the review that we used in this study. Some of the 
Cochranee reviews may have been modified since we used them, and title and 
authorshipp may have changed. In most cases, the review we used was from the 
Issuee 3,1999 version of the Cochrane Library. 
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