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ABSTRACT 

Background - Although Cohen's convention regarding small (~ 0.2), medium 

(~ 0.5), and large (-0.8) effect sizes (ES) that originated in the socio-behavioral sciences 

approximately 40 years ago has been used heuristically in medicine as well, the extent to 

which it characterizes the range of ES for various medical therapies remains unknown. 

Objectives - (1) To calibrate the robustness of current interventions in medicine 

using different ES indices as the underlying metric, and (2) to examine whether the 

efficacy of therapeutic interventions in medicine have changed over the years. 

Methods - Three complementary studies have been conducted. Study I, which 

provides an indication of the range of ES in medicine currently, is a meta-meta analysis 

that summarizes 91 different meta-analyses of various treatments, from medicine to 

surgery to psychology. Study II used a pool of 250 different ES computed from 52 

original clinical trials published over the last 25 years to examine time trends associated 

with ES. Study III used traditional and cumulative meta-analyses of 76 trials representing 

30 different treatments for sepsis. Number-needed-to-treat (NNT) was calculated and 

adjusted for different control death rates to assess systematically objectives (1) and (2). 

Results - Study I: The mean ES for continuous variables was d 0.50 (SD 0.35, 

95%CI 0.32-0.69) and for dichotomous variables odds ratio 1.51 (SD 1.39, 95%CI 0.9-

2.13; p>0.05). Study II: A parsimonious theory-specified model accounted for 93.2% of 

the variance associated with ES estimates over the years. ES was statistically significant 

correlated with many design features but not with year of publication. Study III: Neither 

traditional meta-analysis nor cumulative meta-analysis found most treatment categories 
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for sepsis to be effective. Whereas the pooled relative risk estimate for the entire cohort 

of almost 22,000 patients was statistically significant with very narrow confidence 

interval (RR 0.92; 95%CI 0.88-0.96; p=0.00028), the NNT adjusted analysis had a wide 

range, including the potential for harm. 

Conclusion - Cohen's convention applies well to medicine. Most therapeutic 

interventions in this study had a small to moderate ES, indicating they have not changed 

dramatically over the years. These findings suggest that the ever-increasing biomedical 

knowledge does not result in ever-improving therapeutic efficacy. 
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CHAPTER 1. 

INTRODUCTION AND RATIONALE 

"Not only is effect size of central importance in power analysis, a moment's 
thought suggests that it is, after all, what science is all about. For sure, it's not 
about significance testing. A corollary of the long neglect of power analysis in 
behavioral science is a lack of a high degree of awareness of the magnitude of the 
phenomena. I have elsewhere (1965) discussed the slippery slope of "If it's 
statistically significant, it's important, consequential, worth talking about, large, 
that is, significant!"" (Cohen, 1988, p.532) 

The size does matter. It really does. The above quote from Cohen (Cohen, 1988) 

summarizes it all. This dissertation is about the magnitude of therapeutic effects in 

medicine and their estimation. But, rather than providing yet another theoretical account 

of the philosophy that underscores the chasm that lies between what is statistically 

significant and what is clinically meaningful (see Goodman, 1999), this dissertation aims 

to provide some empirical data to suggest how good we are. That is, how robust are 

therapeutic interventions in medicine nowadays and how they have changed over the 

years. 

The measurement unit that is used for the purpose of this discussion, effect size, is 

by no means a new one. Depending on how one interprets what an effect size is, it may 

be claimed that its history started around 1940, or about 100 years prior to that (Huberty, 

2002; Figure 1.1). Neither new are the various indices of effect size used in the present 

work (Cohen's d, Hedges's g, Rosenthal's r, the odds ratio, the relative risk, etc.) 

(Rosenthal, 1991). What is relatively new, rather, is the systematic attempt to produce 

empirical data that would put it all in significant perspective. In a way, this effort 
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provides an indirect indication of how large the return on the investment in medical 

research is, although it is acknowledged that such an analysis is value-laden and as such 

depends much on the eyes of the beholder. Therefore, no further inferences will be made 

regarding policy implications, although such inferences are not completely 

illogical. 

Figure 1.1 Effect size in historical perspectives. 
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Effect size as a rule-of-thumb 

Dr. Jacob Cohen is also credited with the creation of the most commonly used 

rule-of-thumb that purports to gauge the relative magnitude of effect sizes. Although 

coefficients of "utility" were proposed before Cohen's seminal work on effect size and 

power (e.g., Bolles & Messick, 1958), Cohen was among the first to devise an effect size 

parameter that is standardized and hence transcend the specific characteristics of 

particular data sets independent of specific population or sample values. For each 

statistical test's effect size index {d for the t test of means,/for the analysis of variance 
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and covariance, q for the differences between correlation coefficients,/ for multiple 

regression and correlation analysis, w for Chi-square tests for goodness of fit and 

contingency tables etc., see (Cohen, 1988)) Cohen proposed, as a convention, effect size 

values to serve as operational definitions of the qualitative adjectives "small," "medium," 

and "large." For example, in the case of comparisons between group means, Cohen 

proposed that small effect size (d, measured in units of standard deviation) is about d=.2, 

medium effect size (".. .one large enough to be visible to the naked eye" (Cohen, 1988, 

p.26) is about d=.5, and large effect size is about d=.S (Cohen, 1988). 

Underlying this metric approach is the notioii that some index of effect size can be 

devised for which useful, if arbitrary, comparisons may be made of the results of different 

experiments (Sechrest & Yeaton, 1981). Indeed, Cohen was acutely aware of the 

arbitrary nature of his convention, 

"This is an operation fraught with many dangers: The definitions are arbitrary, 
such qualitative concepts as "large" are sometimes understood as absolute, 
sometimes as relative; and thus they run a risk of being misunderstood. In 
justification, several arguments may be offered. It must first be said that all 
conventions are arbitrary. One can only demand of them that they not be 
unreasonable. Also, all conventions may be misused and their conventional status 
thus abused. ... Although arbitrary, the proposed conventions will be found to be 
reasonable by reasonable people." (Cohen, 1988,pp.l2-13). 

Although intended initially for use only in the social and behavioral sciences, 

Cohen's rule-of-thumb has been employed extensively in medicine as well. It is now 

often used both to provoke discussions around the adequacy of power analysis (e.g., 

Walach, Lewith, Bosch, & Utts, 2002) and to rank order the therapeutic effects by their 

relative size. Statements such as "We interpreted the SMD (Standardized Mean 
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Difference) using guidelines of Cohen in which a small effect size is 0.2 SD units, a 

medium effect is 0.5 SD units, and a large effect size is 0.8 SD units or greater." (Yanez 

& Rodrigo, 2002, p.480) are indeed common and purport to provide a yardstick by which 

interventions can be compared. 

In search for a common metric 

But, is this metric approach really that simple? How valid is it? While looking for 

empirical data that would support the truthfulness of this metric, only summary tables 

such as. Tables 1.1 (source: Lipsey & Wilson, 1993) and 1.2 (source: Rosenthal, 1995) 

could be found. To be quite honest, the relatively narrow range of effect sizes that the 

tables suggest has always puzzled me. After all, d, unlike r, is not bounded from -1 to 1. 

So, what prevents effect size measures such as Cohen's d form being 1.5 or 6 or even 10? 

Why is it that heterogeneous interventions have relatively homogenous outcomes? 

As compelling in its simplicity as it may appear, the use of Cohen's rule of thumb 

is not free of debate. Furukawa (Furukawa, 1999), for example, argued that "when only 

the effect size is reported, it is almost uninterpretable for non-statisticians. Cohen's 

guideline that effect sizes of 0.2, 0.5, and 0.8 correspond to small, medium, and large 

effects, respectively, is sometimes helpful, but it is rough and somewhat arbitrary, and it 

does not take account of the base rate." (p. 1680) Others, as well, felt that the clinical 

relevance of a treatment effect could not be deduced from Cohen's interpretation 

(Scholten, de Beurs, & Router, 1999). Is it at all possible that one single measure of 

benefit, a simple yardstick, whether Cohen's d or some other summary measure, would 
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convey it all? Many scholars have concluded that this is unlikely (e.g., Kristiansen, Gyrd-

Hansen, Nex0e, & Bo Nielsen, 2002). 

Table 1.1 Examples of effect size 
estimates (Cohen's d) across 
different medical interventions 

tire or 

Ou'cotno voriobic size range 

Medicoi 
Mortoliiy 

Aoriocoronary bypass sugery (Lynn 
& Donovon, 1980) 0.15 

AZT for AIDS IRosenihal, 1991b) 0.47 
Cyclospo/ine in or^an fran&plonrs 

IRosenfhal, J99ibl 0.30 
Chofnorhoropy for broosT cancor 

lESCTCG, 1988) 0.08 ro 0.1! 
Inrrovenous strepfokinose for 

myocordiol tnforction IStompfer, 
Goldfiaber. Yusul, Peto, & 

19831 0.08 

By-pass surgery; efl«scis on anginci 
ILyrtn & Donavon, 1980) O.SO 

Dipyridamole; effects on angina 
ISacks, Ancona-B«rk. Berrier, 
Nagalingom. & Cholmers, 1988J 0.24 

Drug freotmeinf {or arthrilis; various 

o^iicorries Anderson, & 
Meeuon, 19901 0.45 ^o 0.77 

Cycbsporino; effects on orgon 
rojecsion (Rosenthal. I991bl 0.39 

Anticoogylanfs; effects on 
thromboembolism rores 
iCholmers. Mafia, Smith. & 
Kunzler. 19771 0.30 

Psychological 
Dr-ug ireotmenf (or behoviorol 

disorders; behoviorol and 
cognitive oiir<;om<»s (Kovalc & 
Nye. 1984} 0.28 ro 0.74 

EloctroconvulsivG therapy; effects on 
depression IJonick et al., 1985) 0.80 

Drug treoTment for hyperactivity; 
cognitrve. behavioral and sociai 
outcomes (Kavole. I982j 
Otferibachei'& Cooper, 1983; 
Thyrb^r & Wolk^r. 19831 0 47 to 0 96 

Neurolopfic drugs for dementjo: 
effects on ogitation iSchneider, 
Pollock, & Lyness. 19901 0.37 

Hypertensive drug therapy; effects on 
quolity of life (Beto & 8onsol, 
1992) 0.11 to 0.28 

Table 1.2 Examples of effect size 
estimates (Rosenthal's r) across 
different medical interventions 
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Note: to convert rto d and vice versa the 
following two formulae can be used: 

r = d / sqrt (d^+4) 
d = lx I sqrt(l-r^) 

But, the question is not whether Dr. Cohen was right or not. Therefore, this 

dissertation is neither about confirming or refuting the truthfulness of Cohen's 

convention, nor is it about hypothesis testing (the null being statements such as "effect 

sizes in medicine are nil" or "effect sizes in medicine have not changed over the years.") 
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Rather, this dissertation presents a systematic attempt to produce empirical data that 

would indicate, through the lenses of therapeutic efficacy, how good we are. Put another 

way, it represents an attempt to learn about efficacy through the magnitude of effects. 

Objectives and outline 

Toward that end, the following two objectives were specified (1) to calibrate the 

robustness of current interventions in medicine using different effect size indices as the 

underlying metric; and (2) to examine whether the efficay of therapeutic interventions in 

medicine have changed over the years. Accordingly, this dissertation includes three 

complementary attempts to accomplish the above objectives. 

Stiidy I is a form of a meta-meta-analysis. It systematically summarizes 91 

different iheta-analyses that have been published in the year 2002 on various therapeutic 

interventions, from medicine to surgery to psychology. The results of this study provide 

an indication of the current state of affairs regarding the range of effect sizes in medicine 

nowadays (objective 1). 

Study II presents some 270 different effect sizes computed fi"om a sample of 

approximately 50 original reports of double-blind, randomized, placebo-controlled, 

clinical trials published over the last 25 years. This pool of effect sizes was used 

primarily to study through regression analysis whether there were any significant time 

trends that could predict and explain variance associated with effect size estimates 

(objective 2). 

Study III uses severe sepsis and septic shock, two related life-threatening 

complications of systemic infection, to assess in a systematic way both objectives (1) and 
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(2). Toward that end, a cumulative meta-analysis, a sophisticated form of meta-analysis 

that aims to examine the contribution of individual studies to the cumulatively pooled 

effect size estimates of meta-analyses was conducted on various treatments for sepsis. 

The metric of number needed to treat (NNT) was then used to convey results in a 

somewhat more meaningfiil way than the dimensionless metric of standardized mean 

differences {d). 

Significance 

This dissertation promises to have both a utilitarian value and a philosophical 

value. From a utilitarian standpoint, the product of the present work may provide 

researchers and policy makers with information that can then be used to adjust 

expectation for what is realistic in clinical research rather than what is wishful. Having 

such an up-to-date calibrated metric is especially appealing when one considers the fact 

that there are a lot of conjectures going on in the process of power analysis determination 

(Murphy & Myors, 1998). From a philosophical standpoint, this dissertation casts doubts 

on the common assumption that more knowledge leads to more effective treatments. 

Estimates are that the doubling time of biomedical knowledge nowadays is roughly 

nineteen years. This means, that there is approximately a fourfold increase of information 

within a clinician's career (Wyatt, 1991). One may then wonder, how well has all this 

knowledge over the years been translated into an ever-increasing therapeutic efficacy. 

Unfortunately, the findings of the three studies that compose this dissertation call into a 

serious question the claim that therapies in medicine are becoming ever more effective. 
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CHAPTER 2. 

HOW GOOD ARE WE? 

Background 

A recent survey found that about 70% of clinicians rely on review articles written 

by experts to guide their clinical decision-making (McAlister, Graham, Karr, & et al., 

1999). This reliance on review articles rather than on original research is, in part, a 

reflection of the fact that medical information is exploding. There is just too much 

information out there (Haynes, 1993). There are currently about 25,000 medical journals 

in print. MEDLINE has approximately 6 million references from 4,000 journals, with 

about 400,000 new entries added each year. Yet only less than 1% of retrieved citations 

result in a new or changed clinical decision (Haynes, Johnston, McKibbon, & Walker, 

1993). 

Review articles in the form of systematic reviews and meta-analyses, on the other 

hand, promise readers high return on the investment. They aim at providing readers 

(physicians, aUied health professionals, patients, health policymakers, and third part 

payers) with a more valid, reliable, and valuable summary of the literature, provided that 

the question of interest is well specified and the information needed to answer that 

question is available (Egger, Smith, & Altman, 2001). Therefore, it is not surprising that 

both systematic reviews and meta-analyses are considered the most rigorous sources of 

evidence for both the purposes of individual patient management decision-making and 

population-based health policy (Guyatt & Rennie, 2002). Both systematic reviews and 

meta-analyses are the flagships of evidence-based medicine. 
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Despite their obvious strengths, both meta-analysis and systematic review are 

prone to different forms of bias, many of which are researcher dependent (Cordray, 1993; 

Lipsey & Wilson, 2001; Rosenthal & DiMatteo, 2001). Consequently, meta-analyses and 

systematic reviews that arrive at conflicting or even erroneous conclusions (e.g., Hemila, 

1995) or that fail to produce any meaningful conclusions at all (e.g., Anderson, 1992; 

Linde & Jobst, 2000; Vogler, 1999) are not uncommon. In cases in which systematic 

reviews and meta-analyses were followed by large-scale randomized clinical trials, the 

results of both did not always agree (e.g., DerSimonian, 1999; loannidis, Cappelleri, & 

Lau, 1998; LeLorier, 1997). In part this is because minor decisions in the review process 

can have major impact on its outcome (Linde & Willich, 2003). 

Since hundreds of systematic reviews and meta-analyses are published every year, 

it would seem interesting not just to examine the sources of variance that affect the 

findings of any single systematic review or meta-analysis, but also to assess what we can 

learn from their collectively conclusions. Study I focuses on this universe of systematic 

reviews and meta-analyses. It aims to answer the following generic question - what is the 

range of effect sizes for therapeutic interventions in medicine nowadays? 

Rationale 

In principle, two major methodological approaches can be taken in order to assess 

the range of effect sizes within a discipline. First, a quantitative analysis of original 

research reports can be done using meta-analytic techniques. However, this approach is 

only possible when studies are considered homogeneous enough in order to be combined 

(the famous apples and oranges metaphor) (Egger et al., 2001). Since it is highly unlikely 



23 

that studies within a diverse disciphne such as medicine would be homogeneous enough 

in order to be combined, the present study adopted a different methodological approach 

to answer the above generic question. By using meta-analyses rather than original 

research reports of individual studies as its unit of analysis it was made possible to look at 

the range of effect sizes across conditions and settings without having concerns about 

heterogeneity. In fact, heterogeneity within that context is a welcome feature since 

"pooling apples and oranges is very useful if the question to be asked is concerned with 

fruit in general and not an individual variety" (Lau, Schmid, & Chalmers, 1995, p.49). 

Methods 

Sampling - The sampling frame for this study included meta-analyses published 

in English in peer-reviewed medical journals in the year 2002. Primarily, there are two 

sources from which a sample of such studies could be drawn. One is the Cochrane 

Library, the largest collection of systematic reviews, meta-analyses, and randomized trial 

registry available to date in medicine (Jadad & Haynes, 1998). The other is the universe 

of meta-analyses published in peer-reviewed medical journals. Despite the fact that the 

Cochrane Collaboration employs the most rigorous standardized methods for the 

conduction of meta-analysis (Clarke & Oxman, 2002), for the purposes of the present 

study the latter source was considered more adequate for two reasons. First, although not 

mandated by the Cochrane, most of the Cochrane supported meta-analyses are based on 

only randomized controlled trials (RCT). Since a recent systematic review challenged the 

justification of this practice (MacLehose et al., 2000) it was assumed that sampling from 

medical journals would be more likely to include also meta-analyses that are based on 
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both randomized controlled trials and quasi-experimental or observational studies. 

Second, while the electronic searchable version of the Cochrane Library (available 

through Ovid; Ovid Technologies, Version rel 6.0.0) does not provide the option of 

limiting the search to studies that have been published within a certain timeframe, 

MEDLINE does allow that. It should be acknowledged, however, that the decision to 

prefer one database to the other is somewhat arbitrary and arguments can be made to 

support the opposite decision i.e., to sample the Cochrane Library rather than medical 

journals. For example, since meta-analyses published within the Cochrane Collaboration 

always present their findings in the same way, using the same metric, a comparison 

among different meta-analyses might be easier and more meaningful. Also, many meta

analyses are published both in the Cochrane Collaboration and in peer-reviewed medical 

journals. Therefore, it was decided a-priori that if the electronic search would identify 

Cochrane-related publications, they would be eligible for inclusion. 

Literature retrieval - To identify all meta-analyses published in peer-reviewed 

medical journals in the year 2002, MEDLINE (Ovid Technologies Version: rel6.0.0) was 

searched between the years 1996 and 2003 using "meta-analysis" as a text word (Figure 

2.1). The search was then restricted to studies that looked primarily at adult humans and 

to studies published in English during the year 2002. No other restrictions were applied. 

Although concerns have been raised that meta-analyses confined to the English 

language may result in publication bias (Juni, Holenstein, Sterne, Bartlett, & Egger, 

2002; Moher et al, 1996), these concerns do not seem to apply to the present study for a 

couple of reasons. First, no restrictions have been applied to the languages of the original 
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research reports based on which the meta-analyses were conducted. Thus, the present 

study cohort included many trials published in languages other than English (see Tables 

2.2-2.7). Second, a recent study found that effect sizes did not differ significantly in 

language-restricted meta-analyses compared to language-inclusive ones (Moher, Pham et 

al., 2000). Thus, it is very likely that the inclusion of only meta-analyses that were 

published in English, an a-priori decision that was made primarily for reasons of 

convenience, did not introduce bias to the current study. 

To increase even further the completeness of the search, the MEDLINE search 

was supplemented by hand search of a number of clinical journals that were available for 

this purpose. No attempt was made to identify unpublished meta-analysis (also known as 

the "file drawer problem") primarily because it is unknown whether a file drawer 

problem even exists with respect to unpublished meta-analyses. At the end of the search, 

it was felt that the cohort of published meta-analyses found was large enough and very 

diverse so as to provide a mean to answer the study question. 

Data extraction - Once identified, abstracts of all potentially eligible meta

analyses were reviewed to determine if their main objective was indeed to assess 

therapeutic efficacy. Meta-analyses that focused primarily on diagnostic procedures, 

population screening, prognosis or risk assessment, psychological constructs, adverse 

effects of therapy, or that used laboratory tests rather than clinical endpoints as their main 

outcomes were all excluded (Figxire 2.1). No restrictions were imposed on the type of the 

therapeutic intervention being assessed (whether medical, surgical, or psychological/ 



educational) or the type of the meta-analysis (whether published or based on individual 

patient data). 

Figure 2.1 Progress thorough the stages of literature retrieval. Modeled after the 
QUOROM statement (Moher, Cook et al., 2000). 

Potentially relevant studies identified and screened for retrieval (n= 168) 

I. Database; MEDLINE <1996 to March Week 1 2003> 
Search Strategy: 
1. meta-analysis.tw. (5174) [meta-analysis as text word] 
2. limit 1 to (human and English language and all adult <19 plus years> 

and meta analysis) (908) 
3. limit 2 to yr=2002 (159) 

TT Mpita-analvses I'dftntifieH hv hand spiarr.hina ^9"^ 

M-A excluded due to lack of therapeutic interventions (n= 66) 
• M-A focused on diagnosis (n= 8) 
• M-A focused on screening (n= 4) 

• M-A focused on prognosis/risk assessment (n= 40) 
• M-A focused on psychological constructs ('n= 14) 

p 

• M-A focused on diagnosis (n= 8) 
• M-A focused on screening (n= 4) 

• M-A focused on prognosis/risk assessment (n= 40) 
• M-A focused on psychological constructs ('n= 14) 

Meta-analyses retrieved for more detailed evaluation (n= 102) 

M-A excluded due to lack of appropriate outcome (n= 8) 
• M-A focused on adverse effects of therapy (n= 7) 

• M-A focused on laboratory outcome (n= 1) 
P • M-A focused on adverse effects of therapy (n= 7) 

• M-A focused on laboratory outcome (n= 1) 

Potentially appropriate meta-analyses to be included in this study (n= 94) 

M-A excluded, due to logistical considerations (n= 3) 
• Full report of the M-A was unavailable (n= 3) w • Full report of the M-A was unavailable (n= 3) 

Meta-analyses included in this study (n= 91) 
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Once judged to be relevant, the full reports of the meta-analyses were retrieved 

and carefully read to determine final eligibility. The following information was extracted 

from all eligible meta-analyses; (1) Bibiliometric data (reference, author); (2) The main 

study question (or objective); (3) Details about the intervention (for both the experimental 

and the control arms); (4) The type of the meta-analysis (published or individual patient 

data); (5) The source of information (whether restricted to only randomized controlled 

trials or not; whether unpublished data were included or not, and whether studies in 

languages other than English were included or not); (6) The number of studies and 

subjects included in each meta-analysis; (7) The time span that the meta-analysis covers; 

and (8) The meta-analysis conclusions. 

Data management - Copies of the full-text reports of all the original eligible 

meta-analyses were obtained and kept in designated binders. All the data extracted were 

entered directly into an Excel-based spreadsheet (StatsDirect Statistical Software, version 

2.2.5, Cheshire, UK) after reference notes were made on the original reports so as to 

allow for reliability check and cross validation of the data extracted. A 10% reliability 

check against original references was done on two different occasions before the analysis 

so as to minimize the possibility of typographical errors. 

Outcome - The primary outcome of interest was the effect size estimate of each 

study. Because almost all meta-analyses tend to report many such estimates, especially 

when testing for robustness (i.e., assessing whether the results hold even in subgroup 

analyses), a decision was made to record only one effect size estimate for each meta

analysis. Thus, there was a need to define a-priori what effect size measure to record. The 
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following criteria were established: (1) The effect size of interest would be the one most 

directly related to the main study question; (2) In cases in which more than one effect size 

estimate was directly related to the main study question, the one that was based on 

maximum studies and maximum subjects would be recorded; (3) In cases in which the 

main study question specified more than one outcome of interest (ex. both morbidity and 

mortality), the effect size that was most directly related to the more severe outcome 

would be recorded; (4) In cases in which the main study question specified one outcome 

of interest but in more than one time point (ex. mortality at 3 month and 6 month), the 

effect size that described tlie Jong-term outcome would be recorded; and (5) In cases in 

which effect size estimates were calculated in more than one way (ex. intention-to-treat 

analysis vs. only patients who have been followed up for the entire duration of the study), 

the effect size estimate calculated using the more stringent method would be recorded 

following the recommendation of the Cochrane Collaboration (Clarke & Oxman, 2002). 

Index effect sizes were recorded in their original format. That is, for continuous 

outcomes, either as weighted mean difference (WMD) or standardized weighted mean 

difference (SMD, equivalent to Cohen's d). For dichotomous outcomes, the odds ratio 

(OR), risk ratio or relative risk (RR), rate difference (RD or ARR), and the hazard ratio 

(HR), were most commonly used. In a few cases, the summary effect size estimates were 

reported as either percentages or degree of change in the criterion variable associated 

with a unit of change in the predictor variable. In only one case Rosenthal's r was 

reported, and in no case was Hedges's g reported. Tables 2.2-2.7 summarize the data 

extracted from the study sample cohort. 
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Results 

One hundred and fifty-nine meta-analyses that were published in English in peer-

reviewed medical journals in the year 2002 were identified through the electronic search. 

Nine more meta-analyses were identified through hand search, for total potential eligible 

studies of 168 (Figure 2.1). Sixty-six meta-analyses (66/168= 39.3%) were judged to be 

ineligible for the present study primarily because they failed to include an assessment of a 

therapeutic intervention as their primary focus. Eight studies focused on the accuracy of 

diagnosis or diagnostic procedure/criteria; four studies were primarily concerned with 

population screening for a disease; forty studies focused on prognosis/risk assessment, 

mainly whether a certain genetic makeup is associated with higher risk for illness and/or 

more aggressive course of disease; and fourteen studies focused on psychological 

constructs such as satisfaction in the workplace. Table 2.1 provides some examples of 

studies that were excluded so as to illustrate the scope of the reasons for exclusion. 

Of the remaining 102 potentially eligible studies, 91 were included in the final 

analysis. Eight studies were excluded because their focus was on safety (assessed mainly 

by analyses of side-effects) rather than efficacy. One study was excluded because it 

focused on intermediate endpoints such as laboratory-related outcomes (effect of 

postmenopausal hormone replacement therapy on hemostatic variables) rather than on 

clinical events. Three other meta-analyses were excluded because the fiill report was not 

available at the time of the conduct of the present study. A detailed reference list of all 

the studies that have been excluded can be obtained from the author upon request. 
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Table 2.1 Examples of studies that were excluded from the present analysis. 
Reference Title 

(Lawlor, Ebrahim, & Is there a sex difference in the association between birth weight 
Davey Smith, 2002) and systolic blood pressure in later life? Findings from a meta-

regression analysis. 
(Combarros et al., The myeloperoxidase gene in Alzheimer's disease: a case-control 
2002) study and meta-analysis. 
(Smolak & Mumen, A meta-analytic examination of the relationship between child 
2002) sexual abuse and eating disorders 
(Beijer & de Blaey, Hospitalisations caused by adverse drug reactions (ADR): a meta-
2002) analysis of observational studies. 
(Chen, Fan, & Moe, Criterion-related validity of the Borg ratings of perceived exertion 
2002) scale in healthy individuals: a meta-analysis. 

Figures 2.2-2.5 depict the range of effect sizes across different interventions using 

Cohen's (sf, the odds ratio, and the relative risk for the meta-analyses included in the 

present study. Note that most of these effect size measures are between zero and one and 

that the confidence intervals of many others cross the point of equivalence (0.0 for 

Cohen's d, 1.0 for the odds ratio and risk ratio), which means that the effect is not 

statistically significant at the .05 level. 

Because of the heterogeneity in the format by which effect size measures are 

reported it was not possible to convert all the effect sizes into one common metric such as 

Cohen's d. Therefore, the pool of 91 effect sizes could not be analyzed systematically to 

test whether factors such as design (randomized vs. cohort), type of control (placebo vs. 

standard of care), number of subjects/studies included in the analysis, overall quality of 

the trials etc. affect the magnitude of effect sizes. Preliminary inspection of the pool of 

effect sizes, however, does not suggest that the distribution of effect sizes differ much 

among the different subgroups (Tables 2.2-2.7). Nonetheless, examination of the 

distribution of effect sizes reveals that some estimates stand out in their robustness (for 
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example, (Brosseau et al., 2002), Table 2.6). Although this effect size estimate is based 

on a relatively small number of studies and subjects, it is also possible that interventions 

that use devices (in this case TENS) may result in more robust effects due to enhanced 

placebo effects (Kaptchuk, Goldman, Stone, & Stason, 2000). Inspection of Table 2.6, 

however, does not lend support to this hypothesis. 

Figure 2.2 Range of effect sizes extracted from the present analysis 

.J 

O Cohen's d 

• Odds Ratio 

A Risk Ratio 2- TL 

-1 
0 40 BO 120 160 

refU (see tables 2.2-2.7) 
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Figure 2.3 Mortality Risi< (Log Relative Risk) from Various Meta-Anaiyses 

Meurer (14) HRT in women with breast cancer 

Bleaidey (48) Bone marrow transpiantation forpaed 

Jaber (59) Biocompatibiiity of hemodialysis membra 

Lesi (80) High loading dose of quinine in malaria 

Milne (81) Protein/energy supplementation in elder 

Leizorovicz (146) Bisoprolol in CHF 

Thahui (160) Thrombolysis in acute pulmonary embol 

I 1 1 
.1 .2 .5 12 

0.18(0.10, 0.31) 

0.68 (0.48, 0.95) 

0.92(0.76, 1.13) 

0.43(0.43,2.15) 

0.67(0.67, 0.87) 

0.71 (0.71, 0.83) 

0.63 (0.63, 1.23) 

Figure 2.4 Mortality Risk (Log Odds Ratio) from Various Meta-Anaiyses 

Wolff (45) Treatment for choroid plexus tumours 

Lamme (23) Relaparotomy in secondary peritonitis 

Wehling (72) Flecainide in supraventricular arrhyt 

Riddle (124) Exchange transfusion in severe malari 

Jong (147) Angiotensin receptor blockers I'n CHF 

Boersma (149) GP llb/llla inhibitors in UAP/AMI 

.01 
T—I—1^1 I—I—R-
.1 .2 .5 1 2 5 10 

0.19(0.07, 0.53) 

0.70(0.27, 1.80) 

3.31 (0.41, 26.45) 

1.20(0.70, 2.10) 

0.96(0.75, 1.23) 

0.93(0.76, 1.14) 

100 



33 

Figure 2.5 Standardized mean difference (Cohen's d) across different meta-analyses. 

Martin (6) Acupuncture in astiima 

Regensteiner (25) Cilostazol in intermittent claud 

Dempsey (27) Oral creatine to improve strength 

Yanez (47) Corticosteroids or topical H1R antagoni 

Sze (51) Acupuncture after stroke 

Furukawa (52) Low dosage tricyclic antidepressants 

Jones (53) Laxatives in chronic constipation ^ 

Nakash (60) Pharmacotherapy for bulimia nervosa 

van Emmerik (66) Single session debriefing after p 

Cuijpers (68) Peer-led or adult-led school prevent 

Kelley (69) Exercise in postmenopausal women 

Rodrigo (86) Nebulization in acute asthma 

Fink (95) Sildenafil citrate in erectile dysfunctl 

Smith (120) Venlafaxine compared with other antide 

Brosseau (137) TENS for chronic low back pain 

Busse (14) Low-intensity pulsed U/S and fracture h 

Wllcock (150) Selegiline in Alzheimer's disease 

Evans (155) Music as an intervention for hospital 

Salerno (156) Antidepressants In treating back pal 

I 
.01 

N I N 
.1 .2 .5 

~1 I I 
2 5 10 

0.17 (-0.05, 0.39) 

0.24 (0.34, 0.34) 

1.13(0.69, 1.58) 

0.36 (0.14, 0.57) 

0.49 (-0.03, 0.96) 

0.59 (0.30, 0.87) 

1.20 (-0.03, 2.80) 

0.64 (0.34, 0.94) 

0.65(0.14, 1.16) 

0.24 {0.06, 0.41) 

0.37(0.13, 0.60) 

0.19 (-0.01, 0.39) 

1.02(0.90, 1.13) 

0.14(0.07, 0.22) 

4.32(1.72, 10.36) 

6.41 (1.01, 11.81) 

0.00 (-0.11, 0.11) 

0.71 (0.46, 0.97) 

0.41 (0.22, 0.61) 

100 



Table 2.2 Meta-analyses that are based primarily on randomized controlled trials that compared medication with an 
active control. 

Ref Study Question Intervention Control Type of Type of Unpublished Non- # Period # ES construct ES estimate 
M-A studies 

included 
Studies? English? studi 

es 

covered subjects (95%CI) 

(Jee et al.. What is the Different Placebo Published OnlyRCT Yes No 20 1966- 1220 Reduction in Each 10 

2002) effect of 

magnesium 

supplementatio 

n on blood 

pressure? 

compounds 

of 

magnesium 

and/or 

antihyper

tensive 

drugs 

2001 systolic 

blood 

pressure 

mmol/day of 

Mg reduces 

systolic blood 

pressure by 

4.3 (2.2-6.3) 

points 

(San Miguel, How effective Combination Interferon Published Only RCT Yes Yes 10 1993- 1728 Sustained OR = 5.49 

Guillen, is combination therapy with monothe- 2001 virological (1.9-15.89) 

Cabases, & therapy with interfeton- rpay or response 

Buti, 2002) interferon-alpha 

2a/2b and 

ribavirin for 

patients with 

chronic 

hepatitis C 

previously non-

responsive to 

interferon? 

alpha 2a/2b 

and ribavirin 

different 

schedules 

of 

combinati 

on therpay 

(IFN+Riba 

vs. IFN; 5 

studies; 786 

Pts.) 

(Yanez & What treatment Intranasal Topical Published OnlyRCT NO No 9 1966- 648 Improvement d = 0.36 

Rodrigo, is more corticosteroi antihistam 2001 in total nasal (0.14-0.57) 

2002) effective: 

Intranasal 

corticosteroids 

or topical HI 

receptor 

antagonists for 

the treatment of 

allergic rhinitis 

ds ines symptoms (6 

studies; 346 

Pts.) 

(Travers, What is the IV beta2- Placebo or Published Only RCT Yes Yes 15 1966- 584 Failure to OR = 2.08 

Rowe, Barker, benefit of IV agonists Std. care 2000 improve (0.32-13.47) 

Jones, & beta2-agonists clinically 

Camargo, for severe acute (5 studies) 

2002) asthma treated 

in the 

emergency 

department? 



Ref Study Question Intervention Control Type of Type of Unpublislied Nod- # Period # ES construct ES estimate 
M-A studies Studies? Engiisli? stud! covered subjects (?5%CI) 

included es 
(?5%CI) 

(Nakash- How effective Various Altemativ Published OnlyRCT No No 16 1980- 918 Improvement d = 0.64 

Eisikovits, is pharmacothe Pharmacol 1999 in symptoms (0.34-0.94) 

Dierberger, & phamiacotherap r-apies ogical (Binge; 7 

Westen, 2002) y for bulimia 

nervosa? 

agent 

and/or 

psychoth

erapy 

studies; 404 

Pts.) 

(Turpie, Whether Fondaparinu Enoxapar IPD Only RCT No No 4 1988- 5385 New venous OR = 0.458 

Bauer, fondaparinux X in 2000 thromboemb (0.378-0.553) 

Eriksson, & may farther olism 

Lassen, 2002) reduce this risk 

ofvenous 

thromboemboli 

sm in major 

orthopedic 

surgery 

compared with 

enoxaparin? 

(Wienert & How effective Either Either IPD Only RCT No Yes 6 1987- 1070 Overall OR = 2.90 

Heusinger, is Escherichia bacterial ointment 1996 efScacy (2.20-3.83) 

2002) coli culture 

suspension 

alone or in 

combination 

with 

hydrocortisone 

in the local 

treatment of 

hemorrhoidal 

disease and 

perianal 

eczema? 

culture 

suspension 

from E. Coli 

alone or in 

combination 

with 

hydrocortiso 

ne 

base or 

hydrocorti 

sone 

ointment 

alone 

rated 

satisfactory 

U) 



Ref Study Question Intervention Control Type of 

M-A 
Type of 
studies 

included 

Unpublished 
Studies? 

Non-
English? 

# Period 
studi covered 

es 
2 1966-

2002 

# 
subjects 

ES construct ES estimate 
(95%CI) 

(Lesi & 

Mereraikwu, 

2002) 

(Rodrigo & 

Rodrigo, 

2002) 

(Lewis, 2002) 

In the treatment 

of severe 

malaria, how 

effective is high 

first (loading) 

dose regimen of 

quinine 

comparedwith a 

uniform (no 

loading) dose 

regimen? 

Whether 

continuous 

nebulization 

offered an 

advantage over 

intermittent 

nebulization for 

the treatment of 

adults with 

acute asthma in 

the emergency 

department? 

In elective 

surgery of the 

colon, which 

treatment is 

better in 

preventing 

surgical site 

infection: 

combined oral 

and systemic 

antibiotics or 

systemic 

antibiotics 

alone in 

preventing 

surgical site 

infection? 

Loading dose Uniform 

of quinine (no 

loading) 

dose of 

quinine 

Continuous 

nebulization 

with beta-

agonists 

Oral and 

systemic 

antibiotics 

Published OnlyRCT Yes Not 
specified 

72 

Intermitt

ent 

nebulizat

ion with 

beta-

agonists 

Published Only RCT Yes Yes 1966-

2001 
393 

Systemic Published Only RCT Not specified Not 

antibiotics specified 

13 1975-

1995 

2065 

Overall RR = 0.43 

mortality (0.09-2.15) 

d = 0.19 

(-0.01 to 0.39) 

Improvement 

in various 

parameters 

of 

pulmonary 

fiinction tests 

(at 2-3 

hours) 

Postoperativ RR = 0.51 

e surgical (0.24-0.78) 

site infection 



Ref Study Question Intervention Control Type of Type of Unpublislied Non- # Period # ES construct ES estimate 
M-A studies 

included 

Studies? English? studi 

es 

covered subjects (95%a) 

(Edmonds, How effective Inhaled Oral Published Only RCT Yes Yes 7 1966- 1314 Relapse at 7 OR = 1.00 

Camargo, is replacement corticosteroi corticoste 2001 days in mild (0.66-1.52) 

Brenner, & of oral ds roids acute asthma 

Rowe, 2002) corticosteroids 

with inhaled 

corticosteroids 

in the treatment 

of acute asthma 

following 

emergency 

department 

discharge? 

(4 studies; 

794 Pts.) 

(Chaiyakunapr In the care of Chlorhexidin Povidone- Published Only RCT Yes Yes 8 1960- 4143 Catheter- RR = 0.49 

uk, Veenstra, vascular e gluconate iodine 2001 related (0.28-0.88) 

Lipsky, & catheter-site. solution solution bloodstream 

Saint, 2002) which is more 

effective; 

chlorhexidine 

or povidone-

iodine solution? 

infections 

(3899 

catheters) 

(Marson, How effective Carbamazepi Valproate IPD Only RCT Yes Yes 5 1966- 1265 Time to HR = 0.97 

Williamson, is -ne 2000 treatment (0.79-1.18) 

Clough, cathamazepine discontinuat

Hutton, & compared to ion 

Chadwick, valproate (1195 Pts.) 

2002) monotherapy 

for epilepsy? 

(Keren & Is long-course Short term Long term Published Only RCT Not specified Not 16 Not Not Treatment RR= 1.94 

Chan, 2002) antibiotic 

therapy more 

effective than 

short-course 

therapy for the 

treatment of 

UTIs in 

children? 

antibiotic 

therapy 

antibiotic 

therapy 

specified specifi

ed 

specifi

ed 

failure (1.19-3.15) 

U) 



Ref Study Question Intervention Control Type of Type of Unpublished Non- # Period § ES construct ES estimate 
M-A studies Studies? English? studi covered subjects (95%CI) 

included es 

(D. Smith, Whta is the Venlafaxine Other Published Only RCT Yes Not 32 Not 5562 Improvement d = 0.14 

Dempster, relative efficacy antidepres specified specifi of depression (0.07-0.22) 

Glanville, and tolerability sants ed 

Freemantle, & ofvenlafaxine 

Anderson, compared with 

2002) other 

antidepressants 

7 

(Wurdeman, In the Either Either Published OnlyRCT No No 10 1985- 1303 Atrial RD = -21.5% 

Mooss, prophylaxis amiodarone placebo or 2000 fibrilation/ (-14.6% to-

Mohiuddin, & against atrial or sotalol std. care flutter (for 28.3%) 

Lenz, 2002) fibrillation/flutt sotalol; 

er after heart 5 studies; 

surgery, which 539 Pts.) 

drug is 

superior; 

Atniodarone or 

sotalol? 

(Jong, What is the angiotensin Placebo or Published Only RCT No Yes 17 1966- 12469 Overall OR = 0.96 

Demers, effect of receptor angiotens- 2001 mortality (0.75-1.23) 

McKelvie, & angiotensin blockers in-

Liu, 2002) receptor convertin 

blockers on gemyme 

mortality and inhibitors 

hospitalization 

in patients with 

heart failure? 

(Hayden, Is aspirin Aspirin Placebo or Published OnlyRCT Not specified Not 5 1966- 53035 Total OR = 0.72 

Pignone, effective for aspirin specified 2001 coronary (0.60-0.87) 

Phillips, & primary heart disease 

Mulrow, 2002) prevention of events 

cardiovascular 

events? 



Ref Study Question Intervention Control Type of Type of Unpublished Non- § Period # ES construct ES estimate 
M-A studies 

included 
Studies? English? studi 

es 

covered subjects (95%CI) 

(Wood et al.. What is the Ibutilide and Ibutilide Published Only RCT Not specified Not 4 Not 623 Conversion OR= 1.32 

2002) efifect of 

calcium 

channel 

blockers on the 

conversion 

efficacy of 

atrial 

fibrillation and 

atrial flutter by 

ibutilide? 

calcium 

channel 

blockers 

specified specific 

d 

efficacy to 

sinus rhythm 

(0.95-1.84) 

(Thabut et al., What is the Thrombolysi Heparin Published Only RCT No Yes 9 1967- 461 Overall RR = 0.63 

2002) efficacy and 

safety of 

thrombolytic 

therapy in 

patients with an 

acute 

pulmonary 

embolism? 

s 2000 mortality (0.32-1.23) 



Table 2.3 Meta-analyses in which effect size estimates are based on a comparison between an active arm and placebo. 

Ref Study Question Intervention Control Type of Type of Unpublished Non- # Period # ES construct ES estimate 
M-A studies 

included 

Studies? English? studi 

es 

covered subjects (95%CI) 

(J. Martin et What is the Real Placebo Published OnlyPC- No Yes 12 1970- 202 Improvement d = 0.17 

al., 2002) efficacy of 

acupuncture in 

asthma? 

acupuncture acupunct

ure 

RCT 2000 in FEVl 

(5 studies; 

86 Pts.) 

(-0.05-0.39) 

(Cremonini et Can probiotics Probiotics Placebo Published OnlyPC- No Yes 7 1987- 881 Antibiotic- RR = 0.3966 

al., 2002) prevent 

antibiotic-

associated 

diarrhea? 

RCT 2002 induced 

diarrhea 

(0.275-0.571) 

(Steidle et al.. How effective Alprostadil Placebo IPD OnlyPC- No No 2 303 Global OR = 4.69 

2002) is alprostadil 

topical cream 

for the 

treatment of 

erectile 

dysfunction? 

RCT satisfaction 

after 

treatment 

(2.65-8.31) 

(Regensteiner Whether Cilostazol Placebo IPD OnlyPC- No No 6 1992- 1751 Improvement d = 0.24 

et al., 2002) cilostazol 

improves 

treadmill and 

community-

based walking 

ability and 

health-related 

quality of life in 

patients with 

intermittent 

claudication 

resulting from 

peripheral 

arterial disease? 

RCT 1997 in treadmill 

exercise 

performance 

(0.14-0.34) 

(Dempsey, Does oral Creatine Placebo Published Randomi Yes Yes 16 1966- 414 Improvement d= 1.13 

Mazzone, & creatine zed or 2001 in maximum (0.69-1.58) 

Meurer, 2002) supplementatio 

n improve 

strengths? 

matched 

placebo 

controlled 

trials 

strength 



Ref Study Question Intervention Control Type of Type of Unpublished Non- # Period # ES construct ES estimate 
M-A studies 

included 

Studies? English? studi 

es 

covered subjects (95%CI) 

(Frohlich, Is trospium Trospium Placebo IPD OnlyPC- No No 2 1998- 517 Improvement WMD = 52 

Bulitta, & chloride RCT 2000 in 'maximum (32-71) 

Strosser, 2002) effective in 

patients with 

detrusor 

overactivity? 

cystometric 

bladder 

capacity' 

(Furukawa, What are the Low dosage Placebo or Published OnlyRCT Yes Not 41 1966- 2564 Improvement d = 0.59 

McGuire, & effects and side tricyclic standard specified 2000 in depression (0.30-0.87) 

Barbui, 2002) effects of low 

dosage tricyclic 

antidepressants 

in depression? 

antidepressa 

nt 

dosage 

tricyclics 

severity (low 

dose tricyclic 

vs. placebo; 

at 4weeks; 

17 studies; 

902 Pts.) 

(Jones, Talley, Are laxatives Laxatives Placebo Published Only PC- Not specified Not 11 1966- 549 Additional d= 1.2 

Nuyts, & effective in RCT specified 1998 stools per (-0.3 - 2.8) 

Dubois, 2002) chronic 

constipation? 

week 

(Wilkinson, How effective Nonoxynol-9 Placebo or Published Only RCT Yes Not 10 1966- 5909 New case of RR= 1.12 

Tholandi, is vaginally (N-9) no specified 2002 HIV (N-9 vs. (0.88-1.42) 

Ramjee, & administered spermicide treatment placebo; 

Rutherford, spermicide 4 studies; 

2002) nonoxynol-9 

(N-9) among 

women for the 

prevention of 

HIV and other 

sexually 

transmitted 

infections? 

3454 Pts.) 

(Edmonds, Are inhaled Inhaled Placebo or Published Only RCT Yes Yes 11 up to 730 Admission to OR = 0.30 

Camargo, corticosteroids corticosteroi systemic 2001 hospital (0.16-0.57) 

Pollack, & effective in the ds corticoste (inhaled 

Rowe, 2002) treatment of 

acute asthma in 

the emergency 

department? 

roids corticosteroi 

ds vs. 

placebo; 

5 studies; 

312 Pts.) 



Ref Study Question Intervention Control Type of Type of Unpublislied Non- # Period # ES construct ES estimate 
M-A studies 

included 
Studies? Englisli? studi 

es 

covered subjects (95%CI) 

(Fink, Mac What is the Sildenafil Placebo or Published Only RCT Yes Yes 27 1995- 6659 Percentage d= 1.02 

Donald, Rutks, efficacy and active 2001 of all sexual (0.90-1.13) 

Nelson, & safety of control intercourse 

Wilt, 2002) sildenafil citrate 

in the treatment 

of male erectile 

dysfunction? 

attempts that 

were 

successful 

(Sildenafil 

vs. placebo; 

14 studies; 

2283 Pts.) 

(Morimoto, What is the Cimetidine Placebo or Published OnlyRCT No No 5 1966- 282 Overall OR = 1.64 

Noguchi, efficacy of fasting 2001 complication (0.92-2.92) 

Sakai, cimetidine in s 

Shimbo, & acute 

Fukui, 2002) pancreatitis? 

(Waegemans How effective Piracetam Placebo Published Only PC- Yes Yes 19 1972- 1488 Improvement Peto OR = 

et a!., 2002) is piracetam in 

elderly patients 

suffering from 

dementia or 

cognitive 

impairment? 

RCT 2001 in the 

clinical 

global 

impression 

scale 

3.35 

(2.70-4.17) 

(Kranke, How effective Dimenhydrin Placebo Published OnlyPC- Not specified Yes 18 1966- 3045 Overall RB= 1.51 

Morin, is ate or RCT 2001 postoperative (1.27-1.78) 

Roewer, & dimenhydrinate diphenhydta nausea and 

Eberhart, for prophylaxis mine vomiting 

2002) of postoperative 

nausea and 

vomiting? 

fî e 



Ref Study Question Intervention Control Type of Type of Unpublished Non- * Period # ES construct ES estimate 
M-A studies 

included 

Studies? English? studl 

es 

covered subjects (95%CI) 

(Hochberg et To what extent Multiple Placebo Published Only PC- Not specified Not 18 Not 26494 New Up to 46% 

al., 2002) increases in 

bone mineral 

density and 

reductions in 

biochemical 

markers during 

antiresorptive 

therapy are 

associated with 

reductions in 

risk of 

nonvertebral 

fractures? 

antiresoiptiv 

e agents 

RCT specified specific 

d 

nonvertebral 

fracture 

risk reduction 

(Edwards, What is the Oral Tramadol, IPD Only PC- Yes No 7 1966- 1783 50% NNTfor 

McQuay, & analgesic tramadol acetamino RCT 2000 reduction in tramadol @6h 

Moore, 2002) efficacy and 

adverse effects 

of single-dose 

oral tramadol 

plus 

acetaminophen 

compared with 

its components 

in acute 

postoperative 

pain? 

plus 

acetaminoph 

-en 

phen, 

ibuprofen, 

or placebo 

pain (Dental 

pain; 

S studies; 

679 Pts.) 

2.6 (2.3-3.0) 

(Leizorovicz, What are the Bisoprolol Placebo IPD OnlyPC- No No 2 1994- 3288 Overall RR = 0.71 

Lechat, benefit and RCT 1999 mortality (0.60-0.83) 

Cucherat, & risks of long-

Bugnard, term bisoprolol 

2002) on major 

clinical events 

in patients with 

congestive 

heart failure 

U) 



Ref Study Question Intervention Control Type of Type of Unpublished Non- § Period # ES construct ES estimate 
M-A studies 

included 

Studies? English? studi 

es 

covered subjects (95%CI) 

(Beyer, Which one is Either cold- Mostly Published Only PC- Yes Yes 19 1967- 5000 Influenza OR= 1.50 

Palache, de more effective: adapted live placebo RCT 2001 (for (0.80-2.22) 

Jong, & Cold-adapted influenza influenza A-

Osterhaus, live influenza vaccine or H3N2; 

2002) vaccine or 

inactivated 

vaccine? 

inactivated 

vaccine 

6 studies) 

(Boersma et What is the Glycoprotein Placebo Published OnlyPC- No No 6 1990- 31402 Overall OR = 0.93 

al., 2002) clinical efficacy 

and safety of 

glycoprotein 

Ilb/IIIa 

inhibitors in 

patients with 

acute coronary 

syndromes who 

were not 

routinely 

scheduled to 

undergo early 

coronary 

revascularisatio 

n? 

Ilb/IIIa 

inhibitors 

heparin RCT 2001 mortality (at 

5 days) 

(0.76-1.14) 

(Wilcock, How effective Selegiline Placebo IPDand OnlyPC- Yes No 14 before 1073 Improvement d = 0.00 

Birks, is selegiline in VitB and or Published RCT 1999 in cognitive (-0.11 to 0.11) 

Whitehead, & the treatment of VitE function 

Evans, 2002) people with 

Alzheimer's 

disease? 

(long-term) 

(Hayden et al.. Is aspirin Aspirin Placebo or Published Only RCT Not specified Not 5 1966- 53035 Total OR = 0.72 

2002) effective for 

primary 

prevention of 

cardiovascular 

events? 

aspirin specified 2001 coronary 

heart disease 

events 

(0.60-0.87) 

(Salemo, How effective Antidepressa Placebo Published Only PC- Yes Yes 9 1966- 539 Decrease in d = 0.41 

Browning, & are nts RCT 2000 pain severity (0.22-0.61) 

Jackson, 2002) antidepressants 

in treating back 

pain in adults? 



Ref Study Question Interventioii Control Type of Type of Unpublished Non- # Period # ES construct ES estimate 
M-A studies 

included 
Studies? English? studi 

es 
covered subjects (95%CI) 

(Papadimitrop How effective VitD Placebo Published OnlyRCT Yes Yes 25 1966- 8124 Bone density WMD = 0.86 

oulos et al.. is vitamin D (either std. or (calcium) 2000 (Lumbar (0.17-1.54) 

2002) treatment in 

preventing 

osteoporosis in 

postmenopausal 

women? 

hydroxylated 

) 

spine; Std. 

VitD; 

4 studies; 

563 Pts.) 

(Shea et al.. How effective Calcium Placebo Published Only PC- Yes Yes 15 1966- 1806 Bone density WMD= 1.66 

2002) is calcium 

supplementatio 

n for the 

prevention of 

postmenopausal 

osteoporosis? 

(VitD) (VitD) RCT 2000 (Lumbar 

spine; 

9 studies; 

845 Pts.) 

(0.92-2.39) 

(Cranney, How effective Calcitonin Placebo Published Only PC- Yes Yes 30 1966- 6562 Bone density WMD = 3.74 

Tugwell, is calcitonin for (calcium. RCT 2000 (Lumbar (2.04-5.43) 

Zytaruk, the treatment of VitD) spine; 24 

Robinson, postmenopausal studies; 2260 

Weaver, Shea osteoporosis? Pts.) 

et a!., 2002) 

(Wells et al.. How effective Estrogen Placebo Published Only PC- Yes Yes 57 1966- 9958 Bone density WMD = 6.76 

2002) is hormone 

replacement 

therapy in 

treating and 

preventing 

osteoporosis in 

postmenopausal 

women? 

progesterone (calcium, 

VitD) 

RCT 1999 (Lumbar 

spine; 

6 studies) 

(5.63-7.89) 

(Cranney, How effective Raloxifene Placebo Published Only PC- Yes Yes 7 1966- 9874 Bone density WMD= 1.82 

Tugwell, is raloxifene for (calciimi. RCT 2000 (Lumbar (1.50-2.14) 

Zytaruk, the prevention VitD) spine; 

Robinson, and treatment 7 studies; 

Weaver, of 6428 Pts.) 

Adachi et al.. postmenopausal 

2002) osteoporosis? 

(Cranney, How effective Risedronate Placebo Published Only PC- Yes Yes 8 1966- 14832 Bone density WMD = 4.54 

Tugwell, is risedronate (calcium. RCT 2000 (Lumbar (4.12-4.97) 

Adachi et al.. for the VitD) spine; 

2002) treatment of 

postmenopausal 

osteoporosis? 

6 studies; 

2138 Pts.) 



Ref Study Question Intervention Control Type of 

M-A 

Type of 

studies 
included 

Unpublished 

Studies? 
Non-

English? 
# 

studi 
Period 
covered 

# 
subjects 

ES construct ES estimate 
(9S%CI) 

(Cranney, 

Wells et al., 

2002) 

How effective 

is alendronate 

for the 

treatment of 

postmenopausal 

women? 

Alendronate Placebo 

(calcium, 

VitD) 

Published Only PC-

RCT 

Yes Yes 11 1966-

2000 
12855 Bone density 

(Lumbar 

spine; 

8 studies; 

8219 Pts.) 

WMD = 5.81 

(5.32-6.29) 



Table 2.4 Meta-analyses in which effect size estimates are based on trials that used both randomized controlled and 
quasi-experimental designs. 

Ref Study Question Intervention Control Type of Type of Unpublislied Non- # Period # ES construct ES estimate 

M-A studies 

included 

Studies? English? studi 

es 

covered subjects (95%CI) 

(Camma et al.. What is the Different Not IPD Cohort Yes No 10 1998- 581 Complete OR= 1.09 

2002) effect of 

retreatment 

with interferon 

plus ribavirin of 

chronic 

hepatitis C non-

responders to 

interferon 

monotherapy? 

schedules 

and dosages 

of 

combination 

therapy 

specified andRCT 2000 sustained 

virological 

response 

(IFN+Riba 

vs. IFN; 

764 Pts.) 

(0.85-1.40) 

(Hay-Smith, How effective Anticholiner Placebo or Published Cohort Yes Yes 51 1966- 6713 Patient's RR=1.41 

Herbison, are g-ic drags no andRCT 2002 perception of (1.29-1.54) 

Ellis, & anticholinergic treatment improvement 

Moore, 2002) drags for the 

treatment of 

overactive 

bladder 

syndrome? 

(Vu, Parish, How effective Influenza No Published Cohort Yes Yes 15 up to Not Hospitalizati RR = 0.67 

Jenkins, & is an inactivated vaccine influenza and RCT 2001 specifi on for (0.62-0.73) 

Kelly, 2002) influenza 

vaccine in 

persons aged 65 

years and over 

living in the 

community? 

vaccine ed pneumonia 

and 

influenza (9 

studies) 

-P>. 



Ref Study Question Intervention Control Type of Type of Unpublished Non- # Period # ES construct ES estimate 
M-A studies Studies? English? studi covered subjects (95%CI) 

included es 

(Bristow, What is relative Different Different Published All types Not specified No 53 1989- 6885 Median Each 10% 

Tomacruz, effect of percent of percent of (including 1998 survival time increase in 

Armstrong, percent maximal maximal retrospect maximal 

Trimble, & maximal cytoreductiv cytoreduc -ive) cytoreduction 

Montz, 2002) cytoreductive e sivgery and -tive was associated 

surgery and different surgery with a 5.5% 

other chemotherpy and (3.3%-7.8%) 

prognostic different increase in 

variables on chemothe median 

survival among rpy survival time. 

cohorts of 

patients with 

advanced-stage 

ovarian 

carcinoma 

treated with 

platinum-based 

chemotherapy 

(Andriulli et Can gabexate or Gabexate or Not Published Not Not specified Not 14 Not Not Post ERCP OR = 0.68 

al.,2002) somatostatin somatostatin specified specified specified specifi specifi pancreatitis (0.44-1.04) 

administration ed ed (for 

before ERCP somatostatin; 

prevent post- 11 studies) 

ERCP 

pancreatitis in 

patients at high 

risk? 

00 



Table 2.5 Meta-analyses in which the primary intervention was educational, psychological, or behavioral. 

Ref Study Question Intervention Control Type of Type of Unpubiislied Non- # Period # ES construct ES estimate 
M-A studies 

included 

Studies? English? studi 

es 
covered subjects (95%CI) 

(Pilling, How effective Various Std. care Published Only RCT Not specified Not 13 1966- 641 Relapse after OR = 0.74 

Bebbington, are social skills interventions or other specified 1999 the 1st year (0.43-1.29) 

Kuipers, training and active of treatment 

Garety, cognitive intervent (social skills; 

Geddes, remediation ions 4 studies; 

Martindale et treatments in 125 Pts.) 

al., 2002) schizophrenia? 

(Pilling, How effective Various Std. care Published OnlyRCT Not specified Not 26 1966- 1860 Relapse after OR = 0.52 

Bebbington, are family interventions or other specified 1999 the 1st year (0.31-0.89) 

Kuipers, intervention active of treatment 

Garety, and cognitive intervent (family 

Geddes, behavior ions interventions 

Orbach et al.. therapy in ; 11 studies; 

2002) schizophrenia? 729 Pts.) 

(Norris, Lau, How effective Educational Usual care Published Only RCT No No 31 1980- 3731 Decrease in A decrease of 

Smith, is self- program (72) 2000 the level of l%foreveiy 

Schmid, & management glycosilated additional 23.6 

Engelgau, education for hemoglobin hours (13.3-

2002) adults with type 

2 diabetes? 

105.4) of 

contact 

between the 

participant and 

the educator. 

(Hill- 'What are the Various Not Published Cohort Not specified No 12 1966- 4074 Fall WMD = 0.08 

Westmoreland, effects of fall intervention specified and RCT 1999 prevention (0.05-0.1) 

Soeken, & prevention programs 

Spellbring, programs on the 

2002) proportion of 

falls in the 

elderly? 

4^ o 



Ref Study Question Intervention Control Type of Type of Unpublished Non- # Period # ES construct ES estimate 
M-A studies 

included 
Studies? English? studi 

es 

covered subjects (95%CI) 

(van Emmerik, How effective Various No Published Not Not specified Not 7 1967- 542 Prevention d = 0.65 

Kamphuis, is single session interventions intervent specified specified 2000 of post (0.14-1.16) 

Hulsbosch, & debriefing after ion traumatic 

Emmelkamp, psychological stress 

2002) trauma? disorder (non 

critical 

incident 

stress 

debriefing; 

3 studies) 

(Cuijpers, For drug Peer-led Adult-led Published Not Not specified Not 12 Not 12400 Prevention d = 0.24 

2002) prevention, 

which treatment 

is superior; 

Peer-led or 

adult-led school 

prevention 

program? 

program program specified specified specifi

ed 

of all 

substances 

(immediately 

after the 

intervention) 

(0.06-0.41) 

(Kelley, What is the Exercise Non- IPD Cohort Yes No 13 1966- 699 Bone density d = 0.37 

Kelley, & effect of exercise and RCT 1998 (Lumbar (0.13-0.60) 

Tran, 2002) exercise on 

lumbar spine 

BMD in 

postmenopausal 

women? 

spine) 

(Johnson et al., How effective Various Mainly Published Cohort Yes No 9 Up to Not Reduced OR = 0.69 

2002) are behavioral 

interventions 

programs for 

men who have 

on unprotected 

sex with men to 

prevent HfV? 

behavioral 

interventions 

wait list and RCT 1998 specifi

ed 

rates of 

unprotected 

sex 

(0.56-0.86) 



Ref Study Question Intervention Control Type of Type of Unpubiislied Non- # Period # ES construct ES estimate 

M-A studies 

included 

Studies? English? studi 

es 

covered subjects (95%CI) 

(Neumann et How effective Various Various Published Cohort Yes No 14 1988- Not Reduction in OR = 0.81 

al., 2002) are behavioral 

and social 

interventions 

for heterosexual 

adults on their 

adoption of 

safer sex 

behaviors or 

incidence of 

sexually 

transmitted 

diseases? 

interventions controls andRCT 1998 specific 

d 

overall 

sexual risk 

behavior 

index 

(0.69-0.95) 

(Semaan et al.. How effective Various Various Published Cohort Yes No 33 1988- 13847 Reduction in OR = 0.86 

2002) are HIV interventions controls andRCT 1998 unsafe sex (0.76-0.98) 2002) 

prevention 

interventions on 

the sex 

behaviors of 

drug users? 

behaviors 

(Robertson, How effective Exercise No IPD Cohort No No 4 1997- 1016 Falls OR = 0.67 

Campbell, is a home program exercise andRCT 2001 (0.56-0.79) 

Gardner, & exercise program 

Devlin, 2002) program on the 

numbers of falls 

and fall-related 

injuries in older 

people? 

(Stone et al.. What is the Various Not Published Cohort Not specified Not 108 1966- Not Increased OR= 16.0 

2002) relative 

effectiveness of 

previously 

studied 

approaches for 

improving 

adherence to 

adult 

immunization 

and cancer 

screening 

guidelines? 

interventions specified and RCT specified 1999 specifi

ed 

immunizati

ons 

(organization 

-nal change; 

29 studies) 

(11.2-22.8) 



Table 2.6 Meta-analyses in which the intervention was neither a medication nor educational, psychological, or behavioral. 

Ref Study Question Intervention Control Type of Type of Unpublished Non- # Period # £S construct ES estimate 
M-A studies 

included 
Studies? English? studi 

es 

covered subjects (95%CI) 

(Rizzoli, Does the use of Bilateral Single Published Only No Yes 8 1987- 16362 5 and 10 HR = 0.79 

Schiavon, & bilateral intemal intemal observati 2002 year survival (0.66-0.91). 

Bellini, 2002) internal 

mammary 

artery (IMA) 

grafts provide 

incremental 

benefit relative 

to the use of a 

single IMA 

graft? 

mammary 

artery grafts 

mammary 

artery 

grafts 

onal (7 studies; 

15,299 Pts.) 

(J. Martin et What is the Real Placebo Published Only PC- No Yes 12 1970- 202 Improvement d=0.17 

al., 2002) efficacy of 

acupuncture in 

astlmia? 

acupuncture acupimct-

ure 

RCT 2000 in FEVl 

(5 studies; 86 

Pts.) 

(-0.05-0.39) 

(Lamme et al.. What method of Planned On- Published Only Yes Yes 8 1966- 1266 In hospital OR = 0.70 

2002) relaparotomy is 

superior for 

secondary 

peritonitis? 

relaparotomy demand 

laparoto

my 

observati

onal 

2001 mortality (0.27-1.80) 

(Witt, 2002) What is the Superficial Enucleati Published Not No Not 28 1979- 4608 Risk of OR = 9.1 

significance of Parotidectom on specified specified 1999 recurrence as (3.6-23.3) 

the margin in y a fiinction of 

parotid surgery the surgical 

for pleomorphic procedure 

adenoma? (Superficial 

parotidecto

my vs 

enucleation; 

5 studies; 

597 Pts.) 

(Toumaye et What treatment Intracytoplas Different Published Only RCT Not specified Not 8 Not 4199 Fertilization RR= 1.9 

al., 2002) is superior: 

Intracytoplasmi 

c spemi 

injection or in 

vitro 

fertilization? 

-mic sperm 

injection 

types of in 

vitro 

fertilizati

on 

specified specifi

ed 

rate (1.4-2.5) 

TO 



Ref Study Question Intervention Control Type of Type of Unpublished Non- # Period # ES construct ES estimate 
M-A studies 

induded 

Studies? Engiisli? studi 

es 

covered subjects (95%CI) 

(Bleakley, How effective Autologous Non- Published Cohort Yes Not 8 1985- Not Overall RR = 0.68 

Lau, Shaw, & is bone marrow bone marrow myeloabl- and RCT specified 2000 specifi death (donor (0.48-0.95) 

Kaufman, transplantation transplantati ative ed BMT vs. no 

2002) for pediatric 

AML in first 

remission? 

on Chemother 
apy or no 

further 

therapy 

donor; 4 

studies; 1210 

Pts.) 

(Sze, Wong, Does Real Sham Published Only RCT Yes Yes 14 1966- 1213 Improvement d = 0.49 

Or, Lau, & acupuncture acupuncture acupnctu- 2001 in disability (-0.03 to 0.96) 

Woo, 2002) improve motor 

recovery after 

stroke? 

+ 

conventional 

therapy 

re + 

conventi-

onal 

therapy or 

just 

conventi

onal 

therapy 

(Acup+ 

conventional 

stroke rehab 

vs. 

conventional 

stroke rehab; 

6 studies; 

485 Pts.) 

(Banares et al.. Do vasoactive Combined Endoscop Published Only RCT Yes Yes 8 1994- 939 Initial RR= 1.12 

2002) drugs improve 

the efficacy of 

endoscopic 

therapy in the 

control of acute 

variceal 

bleeding? 

endoscopic 

and drug 

therapy 

-ic 

therapy 

2001 control of 

bleeding 

(1.02-1.23) 

(Hauber & What is the Contact Not Published Not No No 11 Not Not Total amount r = 0.91 

Scherer, 2002) relationship 

between 

various contact 

diode laser 

transscleral 

cyclophotocoag 

ulation (TSCP) 

parameters and 

reduced 

intraocular 

pressure (lOP) 

in patients with 

refractory 

glaucoma? 

diode laser 

transscleral 

cyclophotoco 

-agulation 

(TSCP) 

specified specified specifi

ed 

specifi

ed 

of energy 

delivered 

and success 

of the 

procedure 



Ref Study Question Intervention Control Type of 
M-A 

Type of 
studies 

included 

Unpubiishe<i 
Studies? 

Non-
Englisli? studi 

es 

Period # 
covered subjects 

ES construct ES estimate 
(95%CI) 

(Jaber et al., 

2002) 

(Sewnath et 

al., 2002) 

(Harris, 

Colford, 

Good, & Matz, 

2002) 

(Walschot, 

Laheij, & 

Verbeek, 

2002) 

What is the 

effect of 

biocompatibilit 

y of 

hemodialysis 

membranes on 

mortality in 

acute renal 

failure? 

How effective 

is surgery with 

preoperative 

biliary drainage 

(PBD) 

compared with 

surgery without 

PBD in patients 

with obstructive 

jaundice 

resulting from 

tumors? 

How effective 

is hypothermia 

in the 

management of 

severe brain 

injury? 

What are the 

frequency of 

complications 

and risk factors 

for 

complications 

following 

endovascular 

abdominal 

aortic aneurysm 

repair? 

Biocompatib 

le 

membranes 

Bioincom 

patible 

membrane 

Published Cohort 

and RCT 

Yes No 1994-

2000 
722 

Various 

methods of 

PBD + 

surgery 

Surgery 

alone w/o 

PBD 

Published Cohort 

and RCT 

No No 23 1966-

2001 
3155 

Hypothermia Normoth- Published Only RCT Yes 

ermia 

Endovascula Not 

r repair specified 

Published Not No 

specified 

Yes 

Yes 39 

1966-

2001 

1995-

2000 

668 

2387 

Overall 

mortality 

Overall 

mortality 

(only RCT; 

S studies; 

312 Pts.) 

Glasgow 

outcome 

scale score 

(4 studies; 

499 Pts.) 

Overall 

mortality 

RR = 0.92 

(0.76-1.13) 

Peto OR = 

1.19(0.63-

2.23) 

OR = 0.61 

(0.26-1.46) 

89/2387 = 

3.7% 



Ref Study Question Intervention Control Type of Type of Unpublislied Non- # Period ES construct ES estimate 
M-A studies 

included 

Studies? English? studi 

es 

covered subjects (95%CI) 

(Whelton, What is the Aerobic Variable Published Only RCT Not specified No 54 1966- 2419 Change in WMD = -3.84 

Chin, Xin, & effect of physical but no 2001 systolic (-4.97 to-

He, 2002) aerobic exercise 

on blood 

pressure? 

activity aerobic 

physical 

activity 

blood 

pressure 

2.72) 

(Singh, For secondary Endoscopic Endoscop Published Only RCT Not specified Not 7 1992- 445 Variceal 

II o
 

Pooran, prophylaxis of variceal -ic specified 2000 rebleeding (0.69-1.81) 

Indaram, & esophageal ligation and variceal 

Bank, 2002) variceal 

bleeding, which 

is superior: 

combined 

ligation and 

sclerotherapy or 

ligation alone? 

sclerotherapy ligation 

(Bucher, What is the Dietary or Placebo or Published Only RCT Not specified Not 11 1966- 15806 Nonfatal RR = 0.8 

Hengstler, effect of dietary non-dietary control specified 1999 myocardial (0.5-1.2) 

Schindler, & and non-dietary (supplementa diet infarction 

Meier, 2002) (supplemental) 

intake ofn-3 

polyunsaturated 

fatty acids on 

coronary heart 

disease? 

l)n-3 

polyunsatura 

t-ed fatty 

acids 

(n-3 

polyunsatura 

ted fatty 

acid-

enriched 

diets 

compared 

with control 

diets or 

placebo) 

(Brosseau et How effective Various Sham/pla Published Only RCT Yes Yes 5 1966- 565 Improvement d = 4.32 

al., 2002) is 

transcutaneous 

electrical nerve 

stimulation 

(TENS) for the 

treatment of 

chronic low 

back pain? 

methods of 

TENS 

cebo 

TENS 

2001 in pain (1.72-10.36) 



Ref Study Question Intervention Control Type of Type of Unpubiislied Non- # Period # ES construct ES estimate 
M-A studies 

included 
Studies? English? studi 

es 
covered subjects (95%CI) 

(Busse, Can low- Low- Sham/ Published OnlyRCT Yes Yes 6 1966- Not Reduction in WMD = 6.41 

Bhandari, intensity pulsed intensity placebo 2000 specifi time to (1.01-11.81) 

Kulkami, c& ultrasound pulsed ultrasound ed healing (3 

Tunks, 2002) therapy reduce 

the time to 

fracture 

healing? 

ultrasound studies; 158 

fractures) 

(Bristow et al., What is the Different Different Pubhshed All types Not specified No 53 1989- 6885 Median Each 10% 

2002) relative effect 

of % maximal 

cytoreductive 

surgery and 

other 

prognostic 

variables on 

survival among 

patients with 

advanced-stage 

ovarian CA 

treated with 

platinum-based 

chemotherapy 

percent of 

maximal 

cyto

reductive 

surgery and 

different 

chemo 

percent of 

maximal 

cytoreduc 

-tive 

surgery 

and 

different 

chemothe-

rpy 

(including 

retrospect 

-ive) 

1998 survival time increase in 

maximal 

cytoreduction 

was associated 

with a 5.5% 

(3.3%-7.8%) 

increase in 

median 

survival time. 

(Evans, 2002) How effective Music as No music PubUshed Only RCT Not specified Not 29 1966- Not Reduced d = 0.71 

is music as an adjunct to specified 2001 specifi anxiety (0.46-0.97) 

intervention for other ed (6 studies) 

hospital treatments 

patients? 



Table 2.7 Meta-analyses in which the primary outcome focus was mortality. 

Ref Study Question Intervention Control Type of Type of Unpublish-ed Non- # Period # ES ES estimate 

M-A studies 

included 

Studies? English? stud! 

es 

covered subjects construct (95%CI) 

(Rizzoli et al., Does the use of Bilateral Single Published Only No Yes g 1987- 16362 5 and 10 HR = 0.79 

2002) bilateral 

internal 

mammary 

artery (IMA) 

grafts provide 

incremental 

benefit relative 

to the use of a 

single IMA 

graft? 

internal 

mammary 

artery grafts 

internal 

mammary 

artery 

grafts 

observati

onal 

2002 year survival 

(7 studies; 

15,299 Pts.) 

(0.66-0.91). 

(Meurer & Cancer Estrogen no ERT Published Cohort Yes Yes 12 1966- 3236 Overall RR = 0.18 

Lena, 2002) recurrence and 

mortality in 

women using 

homione 

replacement 

therapy 

replacement 

therapy 

(ERT) 

and RCT 2001 mortality (6 

studies; 2987 

Pts.) 

(O.I 0-0.31) 

(Lamme et al.. What method of Planned On- Published Only Yes Yes 8 1966- 1266 In hospital OR = 0.70 

2002) relaparotomy is 

superior for 

secondary 

peritonitis? 

relaparotom 

y 
demand 

laparoto

my 

observati

onal 

2001 mortality (0.27-1.80) 

(Wolff, Sajedi, How effective Surgery, Surgery, Published Not Not specified Not 217 1966- 566 Overall OR = 0.19 

Brant, Coppes, are various radiotherapy radiothera specified specified 1998 mortality at 2 (0.07-0.53) 

& Egeler, treatment py. years for 

2002) modlaities for 

choroid plexus 

tumors? 

chemotherap 

y 
Chemother 
apy 

choroid 

plexus 

carcinoma 

(complete 

surgical 

resection vs. 

incomplete; 

77 Pts.) 



Ref study Question Intervention Control Type of Type of Unpublish-ed Non- # Period 
M-A studies 

included 

Studies? English? studi 

es 

covered 

How effective Autologous Non- Published Cohort Yes Not 8 1985-

is bone marrow bone myeloabl- andRCT specified 2000 

transplantation marrow ative 

for pediatric transplantati Chemother 
AML in first on apy or no 

remission? further 

therapy 

What is the Biocompatib Bioinco- Published Cohort Yes No 7 1994-

effect of le mpatible and RCT 2000 

biocompatibilit membranes membrane 

y of 

hemodialysis 

membranes on 

mortality in 

acute renal 

failure? 

Hoe effective is Flecainide Either Published Cohort Yes Yes 126 1966-

flecainide in placebo or and RCT 2000 

patients with other 

supraventricular antiarrhy

arrhythmias and thmics 

no significant 

signs of 

ventricular 

damage? 

How effective Various Std. care Pubhshed Only RCT No No 20 Not 

is resuscitation approaches specific 

therapy in to achieve d 

association with optimal 

physiologic, hemodynami 

clinical, and c state 

therapeutic 

influences in 

critically ill 

patients? 

ES 
construct 

ES estimate 
(95%CI) 

(Bleakley et 

al., 2002) 

(Jaber et al., 

2002) 

(Wehling, 

2002) 

(Kem & 

Shoemaker, 

2002) 

Not 

specifi

ed 

722 

6797 

2343 

Overall 

death (donor 

BMT vs. no 

donor; 4 

studies; 1210 

Pts.) 

Overall 

mortality 

Overall 

mortality 

RR = 0.68 

(0.48-0.95) 

RR = 0.92 

(0.76-1.13) 

OR = 3.31 

(0.41-26.45) 

Overall 

mortality 

(supranormal 

values vs. 

std. care 

before organ 

failure; 

7 studies; 

612 Pts.) 

RD = -0.23 

(-0.37 to -0.9) 

00 



Ref Study Question Intervention Control Type of Type of Unpnbiisli-ed Non- # Period # ES £S estimate 
M-A studies 

included 
Studies? Engiisii? studi 

es 
covered subjects construct (95%CI) 

(Lesi & In the treatment Loading Uniform Published OnlyRCT Yes Not 2 1966- 72 Overall RR = 0.43 

Meremikwu, of severe dose of (no specified 2002 mortality (0.09-2.15) 

2002) malaria, how 

effective is high 

first (loading) 

dose regimen of 

quinine 

compared with 

a unifonn (no 

loading) dose 

regimen? 

quinine loading) 

dose of 

quinine 

(Milne, Potter, Can protein and Protein and Usual Published Cohort Yes Yes 31 1966- 2464 Overall RR = 0.67 

& Avenell, energy energy practice andRCT 2001 mortality (26 (0.52-0.87) 

2002) supplementatio 

n improve 

nutritional 

status in elderly 

people? 

supplementa 

tion 

studies; 1755 

Pts.) 

(Sewnath et How effective Various Surgery Published Cohort No No 23 1966- 3155 Overall Peto OR = 

al., 2002) is surgery with 

preoperative 

biliary drainage 

(PBD) 

compared with 

surgery without 

PBD in patients 

with obstructive 

jaundice 

resulting from 

tumors? 

methods of 

PBD + 

surgery 

alone w/o 

PBD 

andRCT 2001 mortality 

(only RCT; 5 

studies; 312 

Pts.) 

1.19(0.63-

2.23) 

(Bown, What is the Published All types No No 171 1966- 21523 Overall 48% 

Sutton, Bell, & operative (including 2000 mortality (46-50%) 

Sayers, 2002) mortality of 

ruptured 

abdominal 

aortic aneurysm 

repair and how 

it has changed 

over time? 

retrospect

ive) 

VO 



Ref Study Question Intervention Control Type of Type of Unpublisli-ed Non- # Period # ES ES estimate 
M-A studies 

included 
Studies? English? studi 

es 
covered subjects construct (95%Cl) 

(Walschot et What are the Endovascula Not Published Not No Yes 39 1995- 2387 Overall 89/2387 = 

al., 2002) frequency of 

complications 

and risk factors 

for 

complications 

following 

endovascular 

abdominal 

aortic aneurysm 

repair? 

r repair specified specified 2000 mortality 3.7% 

(Riddle, Is adjunct Adjtmct Antimala Published Case- No No 8 1966- 279 Overall O R =  1 . 2 ( 0 . 7 -

Jackson, exchange exchange rial control 2001 mortality 2.1) 

Sanders, & transfusion transfusion Chemother 
Blazes, 2002) increases 

survival rates 

compared with 

antimalarial 

chemotherapy 

alone among 

patients with 

severe 

falciparum 

malaria? 

apy alone 

(Stewart, How effective Surgey plus Surgey IPD Only RCT Yes Yes 12 1965- 3004 Overall HR = 0.85 

2002) is 

chemotherapy 

in adult high-

grade glioma? 

radiotherapy 

plus 

chemotherap 

y 

plus 

radiother

apy 

2000 mortality (0.78-0.92) 

(Leizorovicz What are the Bisoprolol Placebo IPD Only PC- No No 2 1994- 3288 Overall RR = 0.71 

etal., 2002) benefit and 

risks of long-

term bisoprolol 

on major 

clinical events 

in patients with 

congestive 

heart failure 

RCT 1999 mortality (0.60-0.83) 

OS 
o 



Ref Study Question Intervention Control Type of 
M-A 

Type of 
studies 

included 

Unpublish-ed 
Studies? 

Non-
English? 

# 
studi 

Period 
covered 

# 
subjects 

ES 
construct 

ES estimate 
(95%CI) 

(Jong et al., 

2002) 

(Boersma et 

al., 2002) 

(Thabut et al., 

2002) 

What is the 

effect of 

angiotensin 

receptor 

blockers on 

mortality and 

hospitalization 

in patients with 

heart failure? 

What is the 

clinical efficacy 

and safety of 

glycoprotein 

Ilb/lIIa 

inhibitors in 

patients with 

acute coronary 

syndromes who 

were not 

routinely 

scheduled to 

undergo early 

coronary 

revascularisatio 

n? 

What is the 

efficacy and 

safety of 

thrombolytic 

therapy in 

patients with an 

acute 

puhnonary 

embolism? 

angiotensin Placebo or 

receptor angiotens-

blockers in 

converting 

enzyme 

inhibitors 

Glycoprotein Placebo 

Ilb/IIIa +/-

inhibitors heparin 

Published Only RCT No Yes 17 1966-

2001 
12469 Overall 

mortality 

Published OnlyPC-

RCT 

No No 1990-

2001 
31402 Overall 

mortality 

(at 5 days) 

Thrombolysi Heparin Published Only RCT No Yes 1967-

2000 
461 Overall 

mortality 

OR = 0.96 

(0.75-1.23) 

OR = 0.93 

(0.76-1.14) 

RR = 0.63 

(0.32-1.23) 
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Discussion 

Attempts to assess the range of effect sizes within a discipline using published 

meta-analyses have been made only scarcely in the past. In 1993, Lipsey and Wilson 

(Lipsey & Wilson, 1993) reviewed the social and behavioral literature in an attempt to 

quantify the efficacy of various psychological, educational, and behavioral treatments. 

Using Cohen's d as the summary effect size estimate they concluded based on a review 

of some 302 meta-analyses that "well-developed psychological, educational and 

behavioral treatments generally have meaningful positive effects on the intended outcome 

variables." (p, 1199) 

On average, the range of effect sizes found in the present study is compatible with 

the range suggested by Cohen (Cohen, 1988). However, a few notes are warranted. First, 

not all outcomes are rated equally in terms of their clinical significance. That is, a 

reduction of 7% in mortality is, of course, very different from a reduction of 7% in pain 

rating. Therefore, the absolute values of the effect size measures needs to be interpreted 

within their context. Second, even what seems to be a trivial change in terms of effect 

size when presented in units of standard deviation may in fact be not trivial at all. This is 

well illustrated with the method of binomial effect size display (BESD) advocated by 

Rosenthal and Rubin (Rosenthal & Rubin, 1982). BESD depicts the effects in terms of 

the proportion of treatment vs. control subjects who would achieve the desired outcome. 

Consider, for example, the meta-analysis that aimed at assessing the efficacy of 

antidepressants for treating back pain in adults ((Salerno et al., 2002), Table 2.3). The 

study found an effect size of d=OAl (0.22-0.61). According to Cohen this would be 
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translated into small to moderate effect size, which may lead to unwarranted dismissal of 

the results. However, when this effect size estimate is presented as BESD, the meaning of 

the effect may appear quite different. Cohen's d = OA\ means, in general, that 60% of the 

treatment arm have achieved the desired outcome compared to only 40% of the control 

group. This 20-percentage point spread between treatment and control success rates 

hardly seems like a negligible difference. Therefore, it is not advisable to dismiss effect 

sizes just because they appear to be small. 

Although calculation of a grand mean effect size as a measure of centrality is 

possible for each type of effect size measure, this value in and by itself is somewhat 

meaningless within the context of the present study. Therefore, the findings of the current 

study are presented in a way that emphasizes the full range of effect sizes obtained rather 

than focusing on a single parameter estimate. Examples do exist, however, for meta-

meta-analysis, in which effect size measures were extracted from different individual 

meta-analysis only to be then quantitatively combined (Katemdahl & Lawler, 1999). 

However, this approach, again, was considered inappropriate for the purposes of the 

present study since its aim was not to come up with one single estimate, however good it 

may be, but rather with a range of estimates so as to indicate how robust are various 

medical interventions at the present time. 

Study II was designed to test whether these estimates of robustness have changed 

over time. Taken together with Study I, Study II provides a more full picture of the 

landscape of effect sizes in medicine now and then. 
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CHAPTER 3. 

CHANGE IN MEDICINE: IS THERE ANY? 

Background 

Has the magnitude of effect size changed over time? Study II was aimed at 

assessing exactly that. It used a sample of randomized clinical trials published over the 

last 25 years to produce a large number (a bank or a library) of effect sizes that were then 

analyzed in an attempt to answer the above question. However, this strategy is far from 

being straightforward. There are many inherent theoretical and practical difficulties 

associated with the conduct of such time-dependent analysis over a span of a quarter of a 

century. For example, it is entirely possible that the end points of the studies may have 

changed, that the baseline severity of the disease may be different, that the studies may 

look at different subsets of patients who had previously been exposed to different drugs, 

and that the outcome criteria may be different. In short, the landscape of clinical trials 

may have changed. Therefore, it was decided to conduct an exploratory rather than a 

confirmatory study, one that would just map this landscape and provide an indication of 

any systematic change in effect size estimates that may have occurred over time. 

Methods 

Sampling - The sampling frame for this study included all double-blind, placebo-

controlled, randomized clinical trials that have been published in five leading medical 

journals (New England Journal of Medicine, The Lancet, Journal of the American 

Medical Association [JAMA], British Medical Journal [BMJ], and the Annals of Internal 
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Medicine) during the years 1975,1980,1985, 1990,1995, and 2000 and that have been 

indexed in MEDLINE. The rationale for this sampling frame was as follows. 

^ Choice of time frame - the decision to examine change in effect size estimates over 

the last 25 years rather than over a longer or a shorter period of time is admittedly 

arbitrary. One could have equally chosen any other time frame. Indeed, the original 

plan was to examine change over a longer period of time, perhaps 50 years, but a 

number of visits to the Arizona Health Sciences Library made it clear that such 

analysis would not be feasible for a couple of reasons. First, randomized controlled 

trials were quite rare some fifty years ago simply because it was not until 1946 that 

the first randomized controlled trial was conducted (Pollock, 1989). Second, the 

methods of data analyses and reporting of clinical results, even in the leading medical 

journals of the time, were strikingly different from what is currently the norm (cf. 

CONSORT statement) (Moher, Schulz, Altman, & Lepage, 2001). Thus, a concern 

was raised with respect to the accuracy, completeness and representativeness of the 

data extracted from such research reports. Moreover, electronic search engines such 

as MEDLINE cover only the period that starts in 1966. Thus, identifying published 

papers that appeared earlier would have necessitated a thorough hand search of Index 

Medicus supplemented by search of every single issue of these journals, both very 

laborious processes (The Cochrane Collaboration - Oral health review group, 2002). 

Therefore, for feasibility reasons, a decision was made to examine changes in effect 

size estimates over a span of a generation (1975-2000). 
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^ Choice of time points - the publication of thousands of new research reports every 

year necessitates some form of sampling. Two simple strategies with respect to the 

examination of potential change in effect sizes over time were considered: either 

probing every fifth year (that is, 1975, 1980, 1985,1990, 1995, and 2000 for a total of 

six time points) or probing every tenth year (say, 1980, 1990, and 2000 for a total of 

three time points). Since no theoretical justification could be made as to why to prefer 

the latter scheme to the former, a decision was made to have more data points so as to 

increase the sensitivity of the analysis over time. 

^ Choice of medical journals ~ For feasibility considerations, a decision with respect to 

sampling method of medical journals needed to be made. Medical journals differ in 

their scope, type of publications included, methods of reporting, and target audiences, 

among other things. Thus, along with periodicals that are aimed at highly specialized 

target audiences there are journals that aim at a much more general audience. The 

Lancet, for example, has the following statement in its instructions for authors, 

"The Lancet is an international general medical journal that will consider 
any original contribution that advances or illuminates medical science or 
practice, or that educates or entertains the journal's readers. Whatever you 
have written, remember that it is the general reader whom you are trying 
to reach. One way to find out if you have succeeded is to show your draft 
to colleagues in other specialties. If they do not understand, neither, very 
probably, will The Lancet's staff or readers." (The Lancet) 

Since, the present study was generic in that sense that the research 

question was not dependent on any specific content area, it was decided to sample 

journals that are considered more general in their scope. The choice of the New 

England Journal of Medicine, The Lancet, the Journal of the American Medical 



Association (JAMA), the British Medical Journal, and the Annals of Internal 

Medicine was natural. First, these periodicals are considered the leading journals 

in applied clinical medicine. That is, they tend to publish the most important 

research reports from the most important clinical trials. Thus, it was assumed that 

many advents in medicine that have been tested with the gold standard 

methodology of randomized clinical trials (RCT) would be captured by sampling 

these journals. Second, all five journals have high impact factor, a composite 

score that purports to indicate importance and influence (Institute of Scientific 

Information). Thus, it was considered that sampling these issues would not only 

increase signal-to-noise ratio, but also would provide relatively more conservative 

estimates of effect sizes due to more stringent methodology and data analysis 

strategies (ex. intention-to-treat) employed. Last, it is not uncommon in medicine 

to answer questions related to quality of information and results presentation 

formats by purposively sampling these exact five journals (e.g., Nuovo, 

Melnikow, & Chang, 2002). A potential limitation of these journals, however, is 

that they publish only in English so that the possibility of selection bias exists 

(Moher, Pham et al., 2000). However, this possibility is remote and theoretical 

because (1) these journals publish research papers from all over the world, and (2) 

nowadays more and more clinical trials are multinational and involve thousands 

of patients. 

^ Choice of randomized controlled trials - since it remains largely unclear whether 

quasi-experimental (observational) trials produce effect size estimates that are 



68 

systematically different from randomized controlled trials (Concato, Shah, & 

Horwitz, 2000; MacLehose et al., 2000; Pocock & Elboume, 2000), a decision was 

made to stick with one design methodology so as to decrease sources of method 

variance. Despite their significant shortcomings (TJ. Kaptchuk, 2001; Pincus, 2002), 

randomized controlled trials are still considered the gold standard of clinical trials. 

Furthermore, since effect size estimates for efficacy studies are likely to be 

systematically different in their scope and measurements than effect size estimates for 

effectiveness studies it seemed justifiable to limit the eligibility of studies included to 

only one or the other . The choice of inclusion of only randomized controlled trials 

was therefore an act of caution rather than a statement that these are the only 

legitimate research designs for the evaluation of therapeutic interventions. 

^ Choice of including only placebo controlled trials - stimulated by a recent analysis of 

placebo response in studies of major depression (Walsh, Seidman, Sysko, & Gould, 

2002), it was decided a-priori to include only placebo controlled randomized clinical 

trials with the hope that, as a secondary objective, enough data could be extracted 

from the research reports so as to examine any trends with respect to patterns of use 

of- and response to placebos over the last 25 years. 

^ Choice of including only double-blind trials - research has shown that masking 

(blinding), randomization, and attrition, are the most important methodological 

components of controlled trials that affect their effect size estimations (Jiini, Tallon, 

& Egger, 2000; Kjaergard, Villumsen, & Gluud, 1999; Schulz, Chalmers, Hayes, & 

Altman, 1995). To some extent the importance of blinding depends on the outcomes 



assessed. In some situations, for example, when examining the effect of an 

intervention on overall mortality, blinding of outcome assessment is irrelevant. 

Differences in the type of outcomes examined, as well as, in what is meant by 

blinding (Devereaux, 2001), could thus explain some of the effect size estimate 

discrepancies across studies. Since in the present study no restrictions have been 

applied to the type or scope of the outcome or endpoint of interest it was considered 

justifiable to include only double-blind studies so as to minimize the possibility that 

ascertaiimient bias may have ultimately lead to under- or over- estimations of 

therapeutic efficacy. -

^ The choice to include only studies that have been indexed in MEDLINE - Evidence 

indicates that the indexing process of electronic databases is suboptimal with respect 

to sensitivity and specificity (Clarke & Oxman, 2002; Egger & Smith, 1998; Haynes 

et al., 1990). Therefore, for purposes of completeness, reliance during the literature 

retrieval phase of meta-analyses on only electronic databases often results in 

publication bias (Macaskill, Walter, & Irwig, 2001). However, the present study was 

not concerned with completeness. Nor, were any attempts made to conduct formal 

quantitative analysis in which effect size measures are combined together to produce 

one pooled estimate. Thus, it seemed justifiable and more feasible to include only 

studies that were indexed in MEDLINE, even at the potential cost of compromised 

generalizability. Indeed, one of the potential limitations of Study II is not only the 

relatively small sample size, but also the fact that it did not use a random sampling 

method so as to produce a representative sample of the universe of all possible trials. 
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simply because it was suspected that using such a method would result in a cohort 

that is spread even more thin than what would be desirable and achieved by focusing 

on a limited sample of conditions (see below). 

Literature retrieval - To identify all randomized controlled trials that have been 

published in the New England Journal of Medicine, The Lancet, Journal of the American 

Medical Association, British Medical Journal, and the Annals of Internal Medicine 

during the years 1975,1980, 1985,1990,1995, and 2000, MEDLINE (Ovid 

Technologies, Version rel6.0.0) was searched between the years 1996 and 2003. To 

maximize the sensitivity of the search at the cost of its specificity, a sophisticated search 

strategy adopted form the Cochrane Collaboration (Clarke & Oxman, 2002) and the NHS 

Centre for Reviews and Dissemination (Khan, ter Riet, Glanville, Swoden, & Kleijnen, 

2001) was used. Table 3.1 shows the search method along with the rationale for each set 

of commands. 

Eligibility criteria - Once identified, abstracts of all potential eligible clinical 

trials were reviewed to verify eligibility. Once judged to be relevant, the full reports of 

the index studies were retrieved and carefully read to determine final eligibility. Studies 

were included if they were double-blind, placebo-controlled, randomized clinical trials 

that were published in five leading medical journals (New England Journal of Medicine, 

The Lancet, Journal of the American Medical Association, British Medical Journal, and 

the Annals of Internal Medicine) during the years 1975, 1980,1985,1990, 1995, and 

2000 and that have been indexed in MEDLINE. 



Table 3.1 MEDLINE search strategy adopted from the Cochrane and DARE 

To include only randomized controlled trials 
1. randomized controlled trial.pt. 
2. randomized controlled trials.sh. 
3. random allocation.sh. 
4. double blind method.sh. 
5. 1 or 2 or 3 or 4 

To include only human studies 
6. animal.sh. 
7. human.sh. 
8. 6 not (6 and 7) 
9. 5 not 8 
10. clinical trial.pt. 
11. exp clinical trials/ 
12. (clin$ adj3 trial$).ti,ab 
13. ((doubl$ or treb$ or tripl$) adj3 (blind$ or mask$)).ti,ab. 
14. random.ti,ab. 
45. research design.sh. 
16. 10 or 11 or 12 or 13 or 14 or 15 
17. 16 not 8 
18. comparative study.sh. 
19. exp evaluation studies/ 
20. follow up studies.sh. 
21. prospective studies.sh. 
22. (controls or prospectivS or volunteer$).ti,ab. 
23. 18 or 19 or 20 or 21 or 22 
24. 23 not 8 

To include only placebo controlled trials 
25. placebos.sh. 
26. placebo$.ti,ab. 
27. 25 or 26 
28. 27 not 8 

To include only top medical journals 
29. bmj.jn 
30. lancet.jn 
31. new england journal of medicine.jn. 
32. jama.jn 
33. annals of internal medicine.jn 
34. 28 and (9 or 17 or 24) 
35. 29 or 30 or 31 or 32 or 33 
36. 34 and 35 
37. limit year to (1975 or 1980 or 1985 or 1990 or 1995 or 2000) 
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Studies were excluded based on reading their abstracts if it was determined that: 

(1) they were not truly double-blind, randomized, controlled clinical trials; (2) they 

employed an experimental design in which human subjects were brought to a lab setting 

and tested (pre-post) rather than followed-up in a clinical setting; (3) the primary 

outcome measure was physiological rather than clinically relevant in terms of morbidity 

and/or mortality; (4) the primary outcome measure was diagnostic rather than 

therapeutic; (5) the experimental intervention was either surgical or procedural rather 

than a medicine (drug); (6) the experimental intervention was a vaccine; and (6) the 

publication type was either a review, an editorial, or a letter. 

The rationale behind these six exclusion criteria was three fold. First, to assure 

that the present study focused on effect size estimates that are clinically meaningful in 

terms of their robustness rather than focusing on proxies whose relevance is questionable. 

Second, to minimize the possibility of inclusion of confounding variables in the original 

reports that may inadvertently affect the effect size estimates. Third, to assure maximum 

efficiency in terms of ability to calculate effect sizes for multiple outcomes. Therefore, 

research reports that provided secondary analysis of previously published data were not 

excluded if judged to be relevant to the present study objectives and included enough raw 

data from which effect size estimates could be calculated. 

Data extraction - Table 3.2 summarizes the data extracted from all included 

original studies. Variables on the left side of the table are those that were considered 

predictors (independent). Variables on the right side of the table are those that were 

considered related to the criterion (dependent) variables i.e., effect size estimates. The 
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inclusion of these variables was theoretically driven rather than exploratory, and was 

meant to allow for a more thorough regression analysis. 

Variables were primarily of three types. Nominal variables such as, the reference, 

title, objective, conclusion etc. were included so as to provide some context for later 

phases of data analyses. Categorical variables were coded using predefined categorical 

descriptors (ex. for "other design features": 1= dose adjustment, 2= other simultaneous 

experimental interventions, 3= multiple treatment arms with varying dosages, 4= multiple 

treatment arms with different interventions, 5= varying length of follow-up etc.) or 

simply in a.binary format (ex. ITT = yes/no). Continuous variables were always recorded 

in their original metric. In all cases an attempt was made to be as explicit as possible. 

When data were missing they were recorded as "not specified". 



Table 3.2 Structure of the database with all the variables that were extracted form original reports. This information was 
later used to calculate the effect sizes. 

Independent Variables 
Bfbilioinetric Data Design 

Author 
Ref# 
Year 
Journal 
Title 
Disease condition 
Disease category 
Obledive 
Conclusion 

Run-in 

other design features 
Intervention (inci timing & method of admin) 
Co-int»vefflions 
Placebo (incl timing & tn^hod of admin) 
Othef rantrol arms 

Dependent Variablas 
Outcon>e(s) 

Piimary oulcome(s) + mettiods for their assessmeni 
SRConfl̂ ry o()focir>ie(s) + methc?ds for their assessmnet 

Losistics 
Funding 
# Sites 
Locatfon 

Recruitment mettiod 
LCftgth 

Analysis Effect Size 
Statistical plan 
IntentiotvTo-Treat 
Mower calculation 
Def of what was considered clinically meaningful 

Population 
Inclusion Cr 
E^^duslon Cr 
Total N 
#M3ie 
# Female 

IMethodology 
Quality score 
Randemization 
Blinding 

Consifuct 
Description 
Direction (higher value good ot tiad) 
Timing 

SouiC'ti uf diila 
Where it can be found in the paper 
Formula used to calculate the effect size 
Degree of confidence & amount of estimation involved in ES calc 

Binary outomes (OR.RR.RD) 
TxN 
CxN 
Tx event 
Cx event 

Cotrtinuous (d.g.r) 
Tx mean 

Tx SD (SE,Cl.t/F values) 
Gx SO (SE,CI,t/F values) 
Pooled SD 

Effect size parameters 
ES estimate +J- C! 
SE 
Weight 
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Outcome - For each unit of analysis (i.e., the original clinical trials) the primary 

outcome of interest was defined as all possible effect size estimates, regardless of their 

type. This operationalization is consistent with the objectives of the present study. That 

is, the larger the number and types of effect size estimates, the more generalizable the 

present study findings would be. Furthermore, because no attempt was made to 

statistically combine different effect sizes from different trials so as to create a pooled 

summary estimate, there was no need to be concerned about maintaining independence of 

data sources. Independence of effect sizes is a very important principle in formal meta

analysis. It allows for the inclusion of only one effect size per construct per study (Lipsey 

& Wilson, 2001; Rosenthal & Rubin, 1986). 

Because studies tend to report multiple findings in various formats, it was decided 

a-priori that for each study a list of all the dependent variables for which enough raw data 

were available would be created. By enough, it was meant that the study provided data in 

the form of event rates, group means, percentage change etc. from which effect size 

measures could later be calculated. Nonetheless, to limit the number of effect sizes per 

study to a manageable size, it was decided a-priori that whenever both clinical and 

laboratory data were reported, only clinical data would be recorded. No other weighting 

system was used to determine the relative importance of each effect size, although it is 

realized that clinical trials are typically powered only to detect a certain level of effect for 

a relatively small number of dependent variables. To allow for fiirther explanatory 

analysis, the study main objective, power calculations (when provided), descriptions of 
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what would have been considered clinically meaningful (when provided), and the actual 

conclusion of the study, were all recorded. 

Data manipulation - It is unfortunately the case that most trials in medicine report 

their findings in a very suboptimal way (Moher, Schulz, Altman, & CONSORT Group, 

2001). Seldom are findings reported in a meaningful way other than in terms of whether a 

certain test reached a point of statistical significance (Goodman, 1999a; Guyatt & Rennie, 

2002). Therefore, in almost all cases, there was a need to compute de-novo the effect size 

estimates for each eligible dependent variable using the data included in the original 

research reports. Since this was, at times, extremely difficult because many intermediary 

computations needed to be made to transform results reported in a relatively useless 

format to a more valuable configuration, the following resources were used (1) Lipsey 

and Wilson's procedures for computing effect sizes values (Lipsey & Wilson, 2001, see 

Appendix B), (2) Wilson's Effect Size Determination Program, an Excel-based program 

that allows the calculation of multiple effect size estimates from various sources of data 

(Wilson, 2001), and (3) ES: A computer program for effect size calculation (Shadish, 

Robinson, & Lu, 1999). Since none of these programs provide confidence intervals 

around the effects size estimates. Comprehensive Meta-Analysis (version 1.0.9; Biostat, 

Inc. USA) and the meta-analysis function of StatsDirect (StatsDirect Statistical Software 

version 2.2.5, Cheshire, UK) were used to compute 95% confidence intervals. 

Effect size estimates were computed in a number of ways, following acceptable 

standards in the field (Clarke & Oxman, 2002; Egger et al., 2001; Lipsey & Wilson, 

2001). For continuous outcomes, the standardized weighted mean difference (SMD, 
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equivalent to Cohen's d) was the preferred metric. SMD is superior to weighted mean 

differences (WMD) because it does not require that corresponding dependent variables 

that originate from different studies will be measured in exactly the same way. Hedges's 

g correction adjusting for unbiased effect size was applied when appropriate (Hedges, 

1981). For dichotomous outcomes, the odds ratio (OR), and risk ratio or relative risk 

(RR) were used. Although it is recommended that the log or probit OR be used when 

there is heterogeneity in measurement methods (Lipsey & Wilson, 2001), that is seldom 

the practice in medicine. Instead, once calculated, OR were transformed into Cohen's d 

using the following formula so as to create one standardized metric, 

d = In (odds of outcome given treatment) - In (odds of outcome given control^ 
71 

It should be emphasized that using 2x2 table analyses to test the null hypothesis of no 

treatment effect with respect to binary outcomes such as mortality is only an approximate 

procedure, since the length of observation is different for each patient. However, since 

length of follow-up (measured for example, in patient-years) was not routinely available, 

effect size estimates in the present study do rely on the approximation of 2x2 tables. As a 

caution both the Der Simonian and Laird random-effects model (Der Simonian & Laird, 

1986) and the Mantel-Haenszel fixed-effects model (Robbins, Breslow, & Greenland, 

1986) were used for comparison. However, effect size estimates from random-effects 

model were considered more appropriate because the model explicitly takes into account 

variation among the trials' results as well as the sampling variation within each trial. 
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Figures 3.1-3.2 and Table 3.3 (source: Lipsey & Wilson, 2001) provide an overview of 

the type of effect size chosen in each case. 

Data management - Copies of the full-text reports of all eligible original studies 

were obtained and kept in designated binders. All the data extracted were entered directly 

into an SPSS database (SPSS Version 11.0.1, Lead Technologies, Inc USA), after 

reference notes were made on the original reports so as to allow for reliability check and 

cross validation of the data extracted. A 10% reliability check against original references 

was done on two different occasions before the analysis so as to minimize the possibility 

of typographical eiTors. 

Data analvsis and statistical plan - All data analyses and statistical plans were 

determined a-priori, so as to minimize the possibility of bias. Since no formal hypothesis 

testing was planned, no statistical power calculations were made in advance to determine 

the number of studies or effect sizes needed. The regression analysis was run using SAS. 

Results were considered statistically significant if p<0.05 two-tailed. 



Figure 3.1 Effect size decision tree for studies involving group contrasts on 
dependent variables. This algorithm was used to guide effect size 
type selection (Source: Lipsey & Wilson, 2001). 

All studies Involve 
same measure/scale 

Studies use different 
measures/scales 

All dependent variables 
are Inherently dichotomous 

All dependent variables 
are inherently continuous 

Standardized mean 
difference ES 

Odds ratio; log of the 
odds ratio as ES 

Ai) dependent variables 
measured on a 
continuous scale 

Difference between proportions 
as ES [see Note 1] 

Unstandardlzed mean 
difference ES 

Some dependent variables are 
Inherently dichotomous, some 
are inherently continuous 

Some dependent variables 
measured on a continuous 
scale, some artificially 
dichotomized 

Do separate meta-analyses 
for the dichotomous and 
the continuous variables 

Standardized mean difference 
ES; those Involving dichotomies 
computed using probit, logit [see 
Note 2], or arcsine [see Note 3] 

Note 1 ; Effect size varies with 0<p<1; potential heterogeneity problem. 
Note 2: Overestimates effect size when the underlying distribution is not normal. 
Note 3: Underestimates effect size but often better than probit or logit when underlying 

distribution is not nonnal. 



Figure 3.2 Effect size decision tree for studies involving correlation or 
association between variables. This algorithm was used to guide 
effect size type selection (Source: Lipsey & Wilson, 2001). 

Odds ratio; log of tha odds 
ratio as ES Note 2] 

AJI variables measured 
on a continuous scale 

Both variables are 
Inherency dichoiomous 

Both variables are 
inherently continuous 

One variable is inherently 
continuous and one is 
inherently dichotomous 

Product moment correlation; 
Fisher Z-transformed ras ES 

Some variables measured 
on a continuous scale, some 
artificially dichotomized 

Standardized mean difference ES; 
problt, logit, or arcsine for any 
artificlaf dichotomies [see Note 2] 

Point bisertal coefficient as ES, 
correcting those involving a dichotomy 
of a continuous variable [see Note 4] 

Product moment correlation with 
Hunter & Schmidt correction for 
artificial dichotomizatlon; Fisher 
Z'transformed r as ES [see Note 1] 

Note 1: Adjustment for artificial dichotomization assumes the underlying distribution is normal; 
adjustment may be erroneous if underlying distribution is not normal. 

Note 2; Usually interpret^ as a group difference or comparison between subsamples. 
Note 3: Upper and lower limit of phi coefRcient is a function of the proportionate split; 

creates a problem if very extreme. 
Note 4: Upper arKl lower limit restricted when dichotomous variable has an extreme split. 
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Table 3.3 Effect size, standard error, and inverse variance weight formulas for each 
effect size type. For more detail see Appendix B (Source: Lipsey & 
Wilson, 2001). 

Effect Siz< Type Effect Size Statistic Standard Error Invene Variance 

Proportion—direct method 

Proportion—logit method 

Arithmetic mean 

Mean gain^-unstaodardized 

Mean gain—^standardized 

Mean difference—unstandardized 

Mean difTerenc&—standardized 

Proportion difference 

Logged odds^ratio 

Product-moment r 

5S, = log,[^] 

£S. = X = 

One Variable Rel^onships^ntnU Tendency Description 

SE, 

SE,' 

SE. 

J± + _!_ 
V np 11(1 - p) 

IV/o Variable Relationships—Pie-Post Contrasts 

ES.. 
^r5 "* ^ G 

SE, 

SE. 
r) . ES'., 

£S. 

ESi 

. ̂ 01 ~ ̂ 02 

IWo Variable Relationships—Group Contrasts 

,,[±71 
Y '*OI '*0 

SB^ . 

^ Pci " Pci 

Bfll __ 

iHca ^("oi +'»«) 

ES^o, = iog.(^-£j + l + i + i 

IVvo Variable Relationships-^Association between Variables 

ES, »r 

£S^,-.5log.[f^] S£z, = • 

' p(l-p) 

\»I = np(\ - p) 

Ill 
'""°4(l-r) + £i?, 

... ""'"M 

2(rtg, +nc2)^+ #ic|iic2^^« 

i£lfi£3 
P(l-P)(n0i+"02) 

abed 

ab{c + d) + cd(a + b) 

UotB. See \cjLi for definiUon of terms. 
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Results 

Six hundred and seven articles were identified through the MEDLINE search 

using the above-specified search strategy. After reading their abstracts, 219 were 

immediately excluded using the a-priori specified exclusion criteria. The rest, 388 

articles, were judged to be eligible for inclusion in the study. At this stage a pilot testing 

of the methodology proposed was conducted with the intent to find out whether the 

methodology was feasible, and in order to estimate the level of difficulty and time 

commitment needed for successfiil completion of the study. The results of this pilot 

testing were encouraging in terms of methodological feasibility, but discouraging in 

terms of time requirements. It was estimated that for each study included, about three to 

five hours would be needed in order to obtain the full report from the library, read the 

manuscript carefiilly, extract the necessary data, and calculate all possible effect sizes. It 

was estimated that most of this time would be spent on the two latter activities. Thus, it 

became evident early on that another sampling method needed to be developed for the 

cohort of 388 research reports. At this stage, careful tabulation was conducted in order to 

examine the distribution of publications across years, journals, disease categories, and 

disease conditions. Appendix A provides these tables. 

Since no power analysis was done a-priori there was no targeted number of 

articles that was considered a necessary minimum. Hence, it was decided to explore six 

different disease conditions: ischemic heart disease (IHD), rheiunatoid arthritis (RA), 

peptic ulcer disease (PUD), asthma, hyperlipidemia, and osteoporosis. The reasons as to 

why these disease conditions were chosen were: (1) as a group, they represent both 



chronic and acute conditions; (2) as a group, they represent a cluster of conditions for 

which much progress in therapeutic interventions has been made over the last 25 years; 

(3) as a group, they represent conditions for which clinical and research outcomes are 

diverse and include both morbidity and mortality measured in both continuous and binary 

ways; and (4) as individual conditions, they had an overall nice presentation, albeit not 

uniform distribution, (see appendix A) in the cohort of 388 research reports. 

Despite the multitude of computational resources available (three different 

softwares and two manuals), unfortunately in many instances effect sizes could not be 

computed. That was mainly due to, either (1) lack of provision of pertinent data in the 

original reports, such as in the case in which correlation between two dependent measures 

was needed in order to calculate effect sizes in studies that employed within subjects 

design, or (2) lack of acceptable simple procedures for calculating effect sizes in studies 

that use a cross-over design. Only recently, have such procedures been developed and 

published (Ciirtin, Altman, & Elboume, 2002a; Curtin, Altman, & Elboume, 2002; 

Curtin, Altman, & Elboume, 2002b; Elboume et al., 2002). However, since they were 

hard to implement an a-posteriori decision was made to exclude all trials that employed a 

crossover design. 

Fifty-two trials were included in the final analysis. They represent 13 different 

specific disease conditions related to ischemic heart disease, rheumatoid arthritis, peptic 

ulcer disease, and hyperlipidemia. Table 3.4 provides a detailed description of these 

trials. 



Table 3.4 A detailed description of key features of the clinical trials included in the present study. 

Ref Disease Funding Location # Sites Trial N Length ' Jadad ITT >2 Control Route Frequency 
Category (d) Score Analysis Arms Admin of Admin 

(Kerr et al., 1975) Acute MI ? Europe 1 81 0.01 3 No No Placebo Inh. ? 

(Campbell et al., Acute MI Federal Europe 1 56 12 4 No Yes Placebo P.O. 3 

1975) 

(Rowe, Neilson, Acute MI Federal Europe 1 70 7 4 No No Placebo P.O. 12 

& Oliver, 1975) 

(Anonymous, Post MI Federal North America 11-100 6026 1095 4 Yes No Placebo P.O. 2 

1980c) 

(Wilcox et al.. Acute MI Industry Europe 2-10 473 42 ^ 4 No Yes Active P.O. 3 

1980) drug 

(Nicholls, Acute MI Industry Europe 1 473 10 4 Yes No Placebo P.O. 3 

Haybyme, & 

Barnes, 1980) 

(Anonymous, Post MI Federal Europe 2- 10 878 730 5 No No Placebo P.O. 1 

1980a) 

(Anonymous, Post Ml ? North America 11-100 1558 730 3 No No Placebo P.O. 4 

1980d) 

(Veretraete et al.. Acute MI 9 Multinational 2- 10 129 0.2 : 4 Yes No Placebo I.V. 1 

1985) 

(Caims et al.. UAP Federal North America 2- 10 555 730 •5 Yes Yes Placebo P.O. 8 

1985) 

(Pedersen, 1985) Post MI ? Europe 11-100 1884 2190 3 Yes Yes Placebo P.O. 2 

(Anonymous, UAP Federal Europe 11-100 796 90 4 Yes Yes Placebo IV+PO 1 

1990b) 

(Lichtlen et al.. Stable ? Europe 2-10 425 1095 4 Yes No Placebo P.O. 4 

1990) IHD 

(Wilcox et al.. Acute MI Industry Multinational 11-100 2514 182 3 No No Placebo l.V. 1 

1990) 

(Anonymous, Acute MI ? Europe 11-100 1257 365 4 Yes No Placebo IV+PO 1 

1990a) 

(P. Smith, Post MI Federal Europe 2- 10 1214 1095 5 Yes No Placebo P.O. 1 

Ainesen, & 

Holme, 1990) 

(Liu & Wang, Post MI Federal Asia >101 13634 30 No No Placebo P.O. 3 

1995) 

(Anonymous, Post MI Industry Multinational >101 58050 35 5 Yes Yes Placebo IV+PO 2 

1995) 

(Serruys et al.. UAP 7 Multinational 11-100 1141 210 •s Yes Yes Placebo I.V. 2 

1995) 

00 
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1 

1 

1 

1 

2 

1 

2 

3 

2 

2 

3 

10 

1 

2 

2 

2 

1 

? 

Disease Funding 
Category 

Location # Sites Trial N Length 
(d) 

Jadad ITT >2 
Score Analysis Arms 

Control Route 
Admin 

Post MI Industry Europe >101 200 42 Yes No Placebo P.O. 

Stable 

IHD 

UAP 

Stable 

IHD 

Stable 

IHD 

Stable 

IHD 

Stable 

IHD 

Post MI 

Stable 

IHD 

Stable 

IHD 

Stable 

IHD 

Industry North America 11-100 2763 1500 2 No No ? P.O. 

Federal Europe 11-100 2457 365 4 Yes Yes Placebo Proced 

ure 

Federal Asia 2- 10 196 730 4 No No Placebo P.O. 

Industry Multinational 11-100 874 182 4 No No Placebo P.O. 

Federal Multinational >101 3577 1640 4 Yes Yes Placebo P.O. 

Industry North America 11-100 2064 30 5 Yes No Placebo I.V. 

Industry Europe 11-100 1510 365 5 Yes No Placebo P.O. 

Industry Multinational >101 7232 182 5 Yes Yes Placebo P.O. 

Federal NorthAmerica 2-10 306 1170 5 Yes Yes Placebo P.O. 

Federal Multinational >101 9541 1640 4 Yes Yes Placebo P.O. 

RA ? Europe 2- 10 41 21 

RA ? North America 1 44 90 

RA Industry Europe 2- 10 97 365 

RA both NorthAmerica 2-10 144 182 

RA Federal NorthAmerica 2- 10 219 335 

RA Industry NorthAmerica 2-10 148 182 

RA ? Europe ll-lOO 126 730 

RA Industry Multinational 11-100 428 380 

DU Industry Europe 2- 10 58 30 

No 

No 

No 

Yes 

Yes 

No 

No 

Yes 

No 

No 

No 

No 

No 

No 

No 

No 

Yes 

Yes 

Placebo 

Placebo 

Placebo 

Placebo 

Placebo 

Placebo 

Placebo 

I.V. 

P.O. 

Placebo IV-i-PO 

Placebo P.O. 

P.O. 

P.O. 

P.O. 

I.V. 

P.O. 



Ref Disease Funding Location # Sites Trial N Length Jadad ITT >2 Control Route Frequency 
Category (d) Score Analysis Arms Admin of Admin 

(Thanik, Chey, GERD Industry North America 1 54 30 3 No No Placebo P.O. 4 

Shah,& 

Gutierrez, 1980) 

(Graham et al.. GU ? North America 11-100 172 42 3 No No Placebo P.O. 4 

1985) 

(Peura & Stress ? North America 1 39 14 4 No No Placebo I.V. 4 

Johnson, 1985) Ulcer 

(Raskin et al.. NSAIDs Industry North America >101 1171 90 5 No Yes Placebo P.O. 4 

1995) 

(Silverstein et al.. NSAIDs Industry North America >101 8836 182 5 No No Placebo P.O. 4 

1995) 

(Moayyedi et al.. Dyspepsia both Europe 11-100 1751 730 5 Yes No Placebo P.O. 2 

2000) 

(J. Y. Lau et al., Bleeding Federal Asia 1 240 30 5 Yes No Placebo I.V. 1 

2000) PUD 

(Ghosh, Hyperlipi 7 Europe 1 39 365 5 No No Placebo P.O. 2 

Cochrane, & de demia 

Bono, 1975) 

(Anonymous, Hyperlipi Federal North America 11-100 3892 3102 3 No Yes Placebo P.O. 2 

1980b) demia 

(Brown et al., Hyperlipi Federal North America 1 120 2190 4 No Yes Placebo P.O. 3 

1990) demia 

(Maher et al.. Hyperlipi Federal North America 1 120 2190 4 No Yes Placebo P.O. 3 

1995) demia 

(Treasure et al.. Hyperlipi both North America 2-10 23 165 4 No No Placebo P.O. 2 

1995) demia 

(Shepherd et al.. Hyperlipi Industry Europe ? 6595 1825 4 Yes No Placebo P.O. 1 

1995) demia 

(Tonkin et al., Hyperlipi Industry Australia 11-100 9014 2190 4 Yes No Placebo P.O. 1 

2000) demia 

* Ml = Myocardial Infarction, UAP = Unstable Angina Pectoris, IHD = Ischemic Heart Disease, RA = Rheumatoid Arthritis, DU = Duodenal Ulcer, GU = Gastric Ulcer, GERD = Gastro 

Esophageal Reflux Disease, NSAIDs = Non Steroidal Anti Inflammatory Drugs, PUD = Peptic Ulcer Disease, ITT = Intention-to-Treat Analysis 



87 

Effect size magnitude - Two hundred and sixty nine effect sizes were computed 

and included in the final analysis. They were categorized into 28 different effect size 

classes based on the nature of the construct they purported to represent. Table 3.5 

provides a summary of these effect size estimates using both the odds ratio (for binary 

variables) and the standardized mean difference {d for continuous variables). Following 

common conventions, 0R<1 indicates superiority of the experimental intervention over 

the control ,  0R>1 indicates the opposite,  and 0R=1 means equivalence.  With d, 

interpretation depends on the direction of its sign and the phrasing of the effect size 

construct. For ease of interpretation and in order to follow the convention with respect to 

the odds ratio, all of the binary constructs and many of the continuous effect size 

constructs,  were stated in an xmdesirable direction so that ,  generally speaking, negative d 

means positive outcome. 

Inspection of these effect size measures reveals that with a few exceptions 

(outliers? Computational errors?), Cohen's convention from 40 years ago remains 

astonishingly correct. That is, the absolute value of d is almost always between 0 and 1 

regardless of the condition or the type of the intervention. Figure 3.3 provides a 

graphical representation of this. 
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Figure 3.3 Histogram of effect size distribution across the study sample. Because for 
some of the effect sizes a negative value means improvement whereas for others it means 
deterioration, depending on the phraseology of the effect size construct, the absolute 
value was taken, which explains why the curve is positively skewed. 



Table 3.5 Effect size estimates computed from the original 52 trials included in the analysis. 

Year Ref Disease Category ES Category ES#: Construct OR Cohen d 

1975 
(Kerretal., 1975) Acute MI Miscellaneous 1 Pain relief - All Pts 0.711 -0.395 

Miscellaneous 2 Pain relief - Pts with severe pain 0.086 -1.355 

Miscellaneous 3 Pain relief - All Pts (end of study) 0.489 -0.189 

(CampbeUetal., 1975) Acute Ml Arrhythmia 1 Arrhythmias (procainamide vs. placebo) 0.166 -0.992 

Arrhythmia 2 .Arrhythmias (mexiletine vs. placebo) 0.142 -1.077 

Arrhythmia 3 Arrhjfthmias (procainamide+mexiletine vs. placebo) 0.154 -1.033 

(Roweetal., 1975) Acute MI Arrhythmia 1 Arrhythmias - early 0.250 -0.765 

Arrhythmia 2 Arrhythmias - late 1.729 0.302 

Arrhythmia 3 Total mortality 3.273 0.653 

(Anonymous, 1975) Duodenal Ulcer Endoscopic finding 1 Duodenal ulcer healing 0.167 -0.988 

Endoscopic finding 2 Duodenitis healing 0.271 -0.721 

(Ghosh etal., 1975) Hyperlipidemia Total Cholesterol 1 Total Cholesterol @ 6m 0.25 

lOfiA 
Triglycerides 2 Triglycerides @ 6m 0.46 

l70U 

(Anonymous, 1980c) Post MI Overall Mortality 1 Total mortality 1.128 0.066 

CVS/CHF Mortality 2 Coronary mortality 1.092 0.048 

CVS/CHF Mortality 3 Total CVS mortality 1.079 0.042 

Hospitalization/Catheterization 4 Hospitalization (all causes) 0.949 -0.029 

Stroke 5 Stroke 0.632 -0.253 

Composite event 6 Overall coronary incidence 0.946 -0.03 

(Wilcox etal, 1980) Acute MI Overall Mortality 3 Death - All Pts. Placebo vs. Oxprenolol 1.449 0.205 

Overall Mortality 4 Death - All Pts. Placebo vs. Disopyramide 1.439 0.201 

Overall Mortality 5 Death - Only MI Pts. Placebo vs. Oxprenolol 1.349 0.165 

Overall Mortality 6 Death - Only MI Pts. Placebo vs. Disopyramide 1.444 0.203 

(Nicholls et al., 1980) Acute MI Overall Mortality 1 Overall mortality 0.833 -0.101 

Re-Infarction 2 Re-infarction 0.491 -0.392 

CHF 3 CHF 1.269 0.132 

Cardiogenic Shock 4 Cardiogenic Shock 0.785 -0.133 

(Anonymous, 1980a) Post MI Overall Mortality 1 Overall mortality 0.705 -0.193 

Re-Infarction 2 Recunent MI 0.414 -0.486 

Bleeding 3 Intracranial Hemorrhage 0.607 -0.275 

Bleeding 4 Extracranial Hemorrhage 9.524 1.243 

(Anonymous, 1980d) Post MI Overall Mortality I Overall mortality - analyzable 0.700 -0.197 (Anonymous, 1980d) 

Overall Mortality 2 Overall mortality - nonanalyzable 0.875 -0.088 

Overall Mortality 3 Overall mortality - analyzable + nonanalyzable 0.739 -0.167 

CVS/CHF Mortality 4 Cardiac mortality - analyzable + nonanalyzable 0.745 -0.163 

(Thanik et al., 1980) GERD Endoscopic finding 1 Endoscopic Healing 0.189 -0.918 

Symptomatology 2 Mean Symptom improvement 0.498 

Symptomatology 3 Symptomatic Improvement 0.158 -1.018 

(Anonymous, 1980b) Hyperlipidemia Overall Mortality 1 Mortality among compliers 0.989 -0.006 

oo 



Year Ref Disease Category ES Category ES# ' Construct OR Cohen rf 
Overall Mortality 2 Mortality - non compilers 0.832 -0.102 

Overall Mortality 3 Overall mortality 0.948 -0.029 

(Veretraete et al., 1985) Acute MI Angiography 1 Coronary artery patency 0.168 -0.985 

Overall Mortality 2 Overall mortality 0.238 -0.793 

(Cairns et al., 1985) Re-Infarction 1 Nonfatal MI 1.242 0.12 

CVS/CHF Mortality 2 Cardiac death 0.424 -0.473 

Overall Mortality 3 All causes mortality 0.552 -0.328 

(Pedersen, 1985) Post MI Overall Mortality 1 Overall mortality @ 3y 0.599 -0.283 

Overall Mortality 2 Overall mortality @ 6y 0.744 -0.163 

(Malaise et al., 1985) Rheumatoid Arthritis Symptomatology 1 Grip strength 0.526 

Pain 2 Pain Assessment 0.859 

Pain 3 Pain at awakening 0.667 

Pain 4 Physician's assessment 0.899 

Joint outcome 5 Swelling Score 0.813 

Joint outcome 6 Tenderness score 0.605 

(Kremer et al., 1985) Rheimiatoid Arthritis Symptomatology 1 50Fwalk 0 

Symptomatology 2 Grip strength 0.35 

Joint outcome 3 .'oint count 0.371 

Joint outcome 4 Joint swelling 0.017 

Symptomatology 5 Morning Stiffness 0.721 

Joint outcome 6 PIP Circumference 0.192 

Symptomatology 7 Time to Fatigue 0.185 

(Graham et al., 1985) Gastric Ulcer Endoscopic finding 1 Gastric Ulcer Healing @ 6w 0.373 -0.544 

Endoscopic finding 2 Gastric Ulcer Healing @ 7w 0.450 -0.44 

Endoscopic finding 3 Gstric Ulcer Healing @ 2w 0.351 -0.577 

(Peura & Johnson, Stress Ulcer Bleeding/Transfusions 1 Bleeding response -1.403 

1985) 0.079 

Endoscopic finding 2 Endoscopic response 0.192 -0.909 

Overall Mortality 3 Mortality 0.786 -0.133 

Bleeding/Transfiisions 4 Transfusion 0.095 -1.297 

lOOfI 
Bleeding/T ransfusions 5 Units of transfusion 1.384 

lyylt 

(Anonymous, 1990b) UAP Composite event 1 MI & Death - heparin @ 5d 0.690 -0.205 

Composite event 2 MI & Death - aspirin @ 5d 0.418 -0.481 

Composite event 3 MI & Death - heparin @ 30d 0.835 -0.1 

Composite event 4 MI & Death - aspirin @ 30d 0.289 -0.685 

Composite event 5 MI & Death - heparin @ 90d 0.858 -0.085 

Composite event 6 MI & Death - aspirin @ 90d 0.337 -0.6 

(Lichtien et al., 1990) Stable IHD Angiography 1 Change in % stenosis (Progression vs. all the rest) 0 

Angiography 2 Change in minimum diameter (progression vs. all the rest) 0.179 

Angiography 3 New lesions 0.720 -0.182 

(Wilcox etal., 1990) Acute MI Overall Mortality 1 Overall mortality® 6m all Dx 0.767 -0.193 

Overall Mortality 2 Overall mortality^ 6m only among MI patients 0.695 -0.2 

VO 
o 



Year Ref Disease Category ES Category ES# . Construct OR Cohen d 
Overall Mortality 3 Overall mortality® 6m among those who have been 

discharged 0.807 

-0.118 

Re-Infarction 4 Reinfarction @ 6m among those who have been discharged 1.317 0.152 

Stroke 5 Stroke @ 6m among everyone 1.502 0.225 

Overall Mortality 6 Overall mortality @ 12m all Dx 0.855 -0.086 

(Anonymous, 1990a) Acute Ml Overall Mortality 1 Overall mortality @ 12m 0.573 -0.307 

Overall Mortality 2 Overall mortality @ Im 0.495 -0.387 

Re-Infarction 3 Re-infarction @ 12m 1.295 0.143 

Stroke 4 Stroke @ 12m 2.677 0.543 

(P. Smith etal., 1990) Post MI Overall Mortality 1 Overall mortality 0.721 -0.18 

Re-Infarction 2 Re-infarction 0.608 -0.274 

Stroke 3 Stroke 0.436 -0.458 

(Hansen et al., 1990) Rheumatoid Arthritis Joint outcome 1 Joint swelling 0.105 

Joint outcome 2 Joint tenderness 0.041 

Symptomatology 3 Morning Stiflhess 0.087 

Pt's Assessment 4 Pts. overall assessment 0 

(Tugwell et al., 1990) Rheumatoid Arthritis Symptomatology 1 prip strength -0.309 

Joint outcome 2 Joint count 0.512 

Joint outcome 3 Joint swelling 0.404 

Joint outcome 4 Joint tenderness score 0.471 

Symptomatology 5 Morning stiffhess 0.198 

Pain 6 Pain (VAS 0-100) 0.537 

Functional improvement 7 Problem elicitation 0.073 

(Brown etal., 1990) Hyperlipidemia HDL Cholesterol 1 HDL(Cxvs. LS-C) 0.05 

HDL Cholesterol 2 HDL(Cxvs.N-C) 0.95 

LDL Cholesterol 3 LDL(Cxvs. LS-C) 0.679 

LDL Cholesterol 4 LDL (Cx vs. N-C) 1.229 

Total Cholesterol 5 TC(Cxvs. LS-C) 2.3 

Total Cholesterol 6 TC(Cxvs.N-C) 1.425 

VLDL Cholesterol 7 VLDL (Cx vs. LS-C) 0.74 

VLDL Cholesterol 8 VLDL (Cx vs. N-C) 1.4 

1995 

(Liu & Wang, 1995) Post MI Overall Mortality 1 Overall death 0.939 -0.035 

CHF 2 CHF 0.942 -0.033 

Cardiogenic Shock 3 Cardiogenic shock 1.136 0.071 

Arrhythmias 4 Arrhythmia 1.026 0.014 

(Anonymous, 1995) Post MI Overall Mortality 1 Overall Mortality (Captopril vs. placebo) 0.931 -0.04 

Overall Mortality 2 Overall Mortality (Mononitrate vs. placebo) 0.970 -0.017 

Overall Mortality 3 Overall Mortality (MgS04 vs. "open control") 1.059 0.032 

Hospitalization/Catheterization 4 PTCA or CABG (Captopril vs. placebo) 1.027 0.015 

Hospitalization/Catheterization 5 PTCA or CABG (Mononitrate vs. placebo) 1.022 0.012 

Hospitalization/Catheterization 6 PTCA or CABG (MgS04 vs. "open control") 1.025 0.014 

Stroke 7 Stroke (Captopril vs. placebo) 1.102 0.053 

Stroke 8 Stroke (Mononitrate vs. placebo) 0.969 -0.018 



Year Ref Disease Category ES Category ES# Construct OR Cohen d 

Stroke 9 Stroke (MgS04 vs. "open control") 1.072 0.038 

Re-Infarction 10 Re-infarction (Captopril vs. placebo) 1.057 0.031 

Re-Infarction 11 Re-infarction (Mononitrate vs. placebo) 1.022 0.012 

Re-Infarction 12 Re-infarction (MgS04 vs. "open control") 1.006 0.003 

CHF 13 CHF (Captopril vs. placebo) 0.974 -0.014 

CHF 14 CHF (Mononitrate vs. placebo) 1.016 0.009 

CHF 15 CHF (MgS04 vs. "open control") 1.088 0.047 

Cardiogenic Shock 16 Cardiogenic Shock (Captopril vs. placebo) 1.124 0.065 

Cardiogenic Shock 17 Cardiogenic Shock (Mononitrate vs. placebo) 0.990 -0.006 

Cardiogenic Shock 18 Cardiogenic Shock (MgS04 vs. "open control") 1.120 0.062 

(Semiys et al., 1995) UAP Composite event 1 Any event (death or major CHD) - Heparin vs. Hirudin 1.050 0.027 

Composite event 2 Any event (death or major CHD) - Hirudin vs. placebo + 

hir or hep 0.890 

-0.064 

(Ambrosioni et al.. Post MI CVS/CHF Mortality 1 Cardiac mortality -0.163 

1995) 0.744 

CHF 2 Severe CHF 0.529 -0.351 

Overall Mortality 3 Overall mortality (a) 0.672 -0.219 

Overall Mortality 4 ' Overall mortality (b) 0.766 -0.147 

Re-Infarction 5 Nonfatal reinfarction 0.930 -0.04 

(Tilleyetal., 1995) Rheumatoid Arthritis Joint outcome 1 >50% reduction in Joint swelling 1.839 0.336 (Tilleyetal., 1995) 

Joint outcome 2 >50% reduction in Joint tenderness 1.836 0.335 

Symptomatology 3 Grip strength (Lt) 0.156 

Symptomatology 4 Grip strength (Rt) 0.287 

MD's Assessment 5 MD assess disease act 0.117 

Functional improvement 6 Modified HAQ 0.2 

Symptomatology 7 Morning stiffness 0.073 

Pt's Assessment 8 Pt assess disease act 0 

(Tugwell et al., 1995) Rheumatoid Arthritis Functional improvement 1 Disability (HAQ) 0.607 

Joint outcome 2 Joint swelling 0.763 

Joint outcome 3 Joint tenderness 0.502 

MD's Assessment 4 MD assess disease act 0.822 

Pain 5 Pain 0.497 

Pt's Assessment 6 Pt assess disease act 0.606 

(Kinvan, 1995) Rheumatoid Arthritis Joint outcome 1 New erosions 0.338 -0.598 

(Raskin et al., 1995) NSAIDs Endoscopic finding 1 New Duodenal Ulcer 0.340 -0.595 

Endoscopic finding 2 New Gastric Ulcer 0.323 -0.623 

(Siiveistein et al., 1995) NSAIDs Complications 1 Serious UGI Compl 0.598 -0.284 

Complications 2 Serious ulcer Complica 0.487 -0.397 

Complications 3 Total Complications 0.558 -0.321 

(Maher et al., 1995) Hyperlipidemia LDL Cholesterol 1 LDL (CHD- nonresponders) 0.9 

LDL Cholesterol 2 LDL (CHD among responders) 0.48 

(Treasure et al., 1995) Hyperlipidemia HDL Cholesterol 1 HDL-C @ 5.5m 0.292 

LDL Cholesterol 2 LDL-C @ 5.5m 1.303 

Total Cholesterol 3 Total Cholesterol @ 5.5m 1.417 

to 



Year Ref Disease Category ES Category ES# Construct OR Cohen d 

(Shepherd et al., 1995) Hyperlipidemia CVS/CHF Mortality 1 CHD Death 0.666 -0.224 

LDL Cholesterol 2 LDL-C@4.9y 1.882 

Composite event 3 Nonfatal MI or CHD death 0.683 -0.21 

ZUUU 

(Shlipak et al., 2000) Stable IHD CVS/CHF Mortality 1 Cardiac Death 1.194 0.098 

Re-Infarction 2 MI 0.900 -0.058 

Composite event 3 Primary CHD events 0.979 -0.012 

(Wallentin et al., 2000) UAP Re-Infarction 1 MI 0.721 -0.18 

Overall Mortality 2 Overall mortality 0.547 -0.333 

Composite event 3 Death or MI 0.696 -0.2 

Hospitalization/Catheterization 4 Readmission 0.441 -0.451 

Hospitalization/Catheterization 5 j\ny intervention 0.181 -0.942 

(Boaz et al., 2000) Stable IHD CVS/CHF Mortality 1 Nonfatal MI 0.319 -0.63 

Overall Mortality 2 Death (any cause) 1.134 0.069 

CVS/CHF Mortality 3 CVS death 0.573 -0.307 

Stroke 4 Stroke 0.842 -0.095 

Re-Infarction 5 UAP 0.500 -0.382 

Re-Infarction 6 MI (fatal + nonfatal) 0.262 -0.739 

(Boden et al., 2000) Stable IHD CVS/CHF Mortality 1 Cardiac death 1.208 0.104 

Re-Infarction 2 Nonfatal MI 0.741 -0.165 

Re-Infarction 3 All recurrent ischemia 0.703 -0.195 

(Anonymous, 2000a) Stable IHD Re-Infarction 1 MI 0.767 -0.147 

Stroke 2 Stroke 0.675 -0.217 

CVS/CHF Mortality 3 CVS death 0.613 -0.27 

Overall Mortality 4 Overall mortality 0.746 -0.162 

Re-Infarction 5 UAP 1.008 0.004 

Hospitalization/Catheterization 6 Re-vascularization 0.830 -0.103 

(Anonymous, 2000b) Stable IHD Re-Infarction 1 MI 0.577 -0.304 

Overall Mortality 2 Death 0.492 -0.391 

Bleeding 3 Thrombotic bailout 0.442 -0.45 

Hospitalization/Catheterization 4 Urgent Target Vessel Re-vascularization 0.588 -0.293 

(Kober et al., 2000) Post MI Overall Mortality 1 Total mortality 0.945 -0.031 

CVS/CHF Mortality 2 Cardiac death 0.886 -0.067 

CVS/CHF Mortality 3 Arrhythmic death 0.923 -0.044 

Re-Infarction 4 MI 0.754 -0.156 

(O'Neill et al., 2000) Stable IHD Overall Mortality 1 Death (Xemilofiban lOmg vs. placebo) 1.688 0.289 

Overall Mortality 2 Death (Xemilofiban 20mg vs. placebo) 1.125 0.065 

Re-Infarction 3 MI (Xemilofiban lOmg vs. placebo) 0.952 -0.027 

Re-Infarction 4 MI (Xemilofiban 20mg vs. placebo) 0.886 -0.067 

Hospitalization/Catheterization 5 Urgent Revas (Xemilofiban lOmg vs. placebo) 1.124 0.065 

Hospitalization/Catheterization 6 Urgent Revas (Xemilofiban 20mg vs. placebo) 0.947 -0.03 

Bleeding 7 Bleeding (Xemilofiban lOmg vs. placebo) 1.965 0.373 

Bleeding 8 Bleeding (Xemilofiban 20mg vs. placebo) 3.352 0.667 

(Herrington et al., 2000) Stable IHD CVS/CHF Mortality 1 CHD death (Es vs. Placebo) 1.417 0.192 

U) 



Year Ref Disease Category ES Category ES# Construct OR Cohen d 
CVS/CHF Mortality 2 CHD death (Es + MPA vs. Placebo) 0.667 -0.224 

Re-Infarction 3 MI (Es vs. Placebo) 0.913 -0.05 

Re-Infarction 4 MI (Es + MPA vs. Placebo) 0.875 -0.074 

Hospitalization/Catheterization 5 Revas (Es vs. Placebo) 0.741 -0.165 

Hospitalization/Catheterization 6 Revas (Es + MPA vs. Placebo) 0.804 -0.121 

Hospitalization/Catheterization 7 Hosp for UAP (Es vs. Placebo) 0.828 -0.104 

Hospitalization/Catheterization 8 Hosp for UAP (Es + MPA vs. Placebo) 0.636 -0.25 

Stroke 9 Stroke (Es vs. Placebo) 0.868 -0.078 

Stroke 10 Stroke (Es + MPA vs. Placebo) 1.010 0.006 

Overall Mortality 11 Overall mortality (Es vs. Placebo) 1.435 0.199 

Overall Mortality 12 Overall mortality (Es + MPA vs. Placebo) 0.490 -0.393 

(Yusuf et al., 2000) Stable IHD Re-Infarction 1 MI 1.022 0.012 

Stroke 2 Stroke 1.173 0.088 

CVS/CHF Mortality 3 CVS death 1.050 0.027 

Overall Mortality 4 Overall mortality 1.000 0 

Hospitalization/Catheterization 5 Hospitalization (for AP or CHF) 1.060 0.009 

Re-Infarction 6 UAP 1.089 0.047 

(Lipsky et al., 2000) Rheumatoid Arthritis Symptomatology 1 ACR20 (20% improvement) 0.12 

Symptomatology 2 ACR20 (20% improvement) 5.223 0.912 

Symptomatology 3 ACR50 (50% improvement) 5.684 0.959 

Symptomatology 4 ACR70 (70% improvement) 9.401 1.236 

(Moayyedi et al., 2000) Dyspepsia Symptomatology 1 Dyspepsia @ 2y 0.778 -0.139 

H. Pylori eradication 2 H.Pylori eradication 0.017 -2.262 

Quality of life 3 QOL (PGWB) 0.067 

Symptomatology 4 Symptomatology 0.600 -0.282 

(J. Y. Lauetal., 2000) Bleeding PUD Overall Mortality 1 Death @ 30d 0.391 -0.518 

BleedingATransfiision 2 Recurrent bleeding 0.246 -0.774 

Bleeding/Transfusion 3 Transfusions 0.249 

Endoscopic Finding 4 Ulcer healing @ 8w 2.317 0.464 

(Tonkin et al., 2000) Hyperlipidemia CVS/CHF Mortality 1 CHD Death 0.734 -0.171 

Composite event 2 Nonfatal MI or CHD death 0.705 -0.193 

* ES = Effect Size, OR = Odds Ratio, MI = Myocardial Infarction, UAP = Unstable Angina Pectoris, IHD = Ischemic Heart Disease, RA = Rheumatoid Arthritis, DU = Duodenal Ulcer, GU 

= Gastric Ulcer, GERD = Gastro Esophageal Reflux Disease, NSAIDs = Non Steroidal Anti Inflammatory Drugs, PUD = Peptic Ulcer Disease, CVS = Cardiovascular System, CHF = 

congestive Heart Failure, QOL = Quality of Life. 

•o 



Correlations - Table 3.6 provides a summary of the Pearson correlation 

coefficients for the different pairs of continuous variables that were entered into the 

regression model. As one can see, there were a number of statistically significant trends 

over time with respect to study features, but not with respect to effect size (r=0.08, 

p=0.23). All those statistically significant correlations could be predicted a-priori based 

on common knowledge of the ecology of clinical trials nowadays, and therefore should 

be considered real trends rather than just statistical associations. For example, in recent 

years we have witnessed more and more mega clinical trials that involve many sites 

across different continents. Thus, it is not surprising that the number of sites (r= 0.48, 

p<0.0001) and number of patients enrolled as subjects (r=0.17, p=0.0072) were both 

statistically significantly correlated with years. 

Research methods and data analysis approaches have also improved dramatically 

over the last two decades. With the adoption of the CONSORT statement by all the 

leading medical journals (Moher, Schulz, Altman, & Consort Group, 2001) it is not 

surprising that the research reports of the clinical trials included in the present study have 

shown a trend for improvement in quality as measured by the Jadad score (Jadad et al., 

1996) over the years (r=0.34, p<0.0001). Likewise, more and more studies nowadays 

implement an intention-to-treat analysis (ITT) (r=0.46, p<0.0001). 

Two other correlations in the present cohort turned out to be statistically 

significant with respect to change over time. Compared to the past, studies nowadays 

tend to be longer (r=0.13, p=0.04) and involve less frequent administration of the 

experimental interventions (r= -0.38, p<0.0001). Whereas, these observations might be 
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true they may also represent artifacts that result from the way "frequency" as a variable 

was coded. Both administration of the experimental intervention once a day (qd) and 

continuous administration (ex. through IV infusion) were coded in the same way. Thus, 

further assessment of the true relationship between year and frequency of administration 

is warranted. 

A few other variables were significantly correlated. For example, total number of 

patients enrolled was correlated with number of sites (r=0.51, p<0.0001), quality of the 

study (r=0.28, p<0.0001), the use of ITT (r=0.27, p<0.0001), and inversely correlated 

with the length of the study (r---0.16, p=0.0089). 

Effect size, at least in the present sample, was statistically significant correlated 

with all the other variables except year, total sample size, and frequency of administration 

of the intervention. That is, effect size was correlated with the number of sites (r= 0.48, 

p<0.0001), trial quality (r=0.34, p<0.0001), ITT (r=0.45, p<0.0001), and length of study 

(r=0.19, p=0.0039). These correlations can be interpreted to mean that the hypothesis that 

more frequent administration of the experimental intervention would result in more 

robust effect size turned out not to be true at least in the present cohort (but, see comment 

above about coding). Interestingly, at least in this cohort, more rigorous design did not 

result in smaller effect sizes. 



Table 3.6 Correlation matrix. See text for explanation 
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Regression analysis - Split-plot general linear model (GLM) was used to conduct 

regression analysis. This procedure was selected because some of the variables such as 

specific study design features were nested (therefore fixed-effects) within other variables 

such as year, disease, and effect size category that were considered random. 

Only variables that were judged a-priori to be theoretically related to the 

magnitude of effect size were selected and tested in the model. The following variables 

were included: reference, disease category, source of funding, geographical location, 

number of sites, number of subjects, trial length, quality score, intention-to-treat, whether 

the trial had more than two arms, the type of the control group, the route of 
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administration of the intervention and its frequency, and the effect size category or 

construct. Figure 3.4 provides an overview of the PROC GLM code used. As can be seen 

the model included tests for possible one- and two- ways interactions between the 

random class variables year, disease, and category specifying the reference as an error 

term. The variables were entered into the model hierarchically in the following order: 

quality, ITT, length, control, route, frequency, funding, location, sites, and arms. Other 

hierarchical orders were also tried as a form of sensitivity analysis in an attempt to 

identify the most parsimonious explanatory model, and in order to learn the true 

i;i»utribution of each variable to the model. Overall, the above-specified model accounted 

for 93.2% of the variance (R = 0.932). Only three variables turned out to be statistically 

significant, disease (p=0.0008), length (p=0.0105), and location (p=0.0018). When 

ref category was used as the error term, category (p<0.0001) and disease*category 

(p=0.0011) were also statistically significant. Careful examination of the mean values 

revealed that most of the contribution in the location variable came from multinational 

trials, again a finding that soimds true. 



Figure 3.4 SAS code for the regression analysis. See text for explanation. 
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Discussion 

The present study extracted data from fifty-two original research reports of 

clinical trials conducted over the last twenty-five years to create a pool of more than 250 

effect sizes. As discussed previously, it is common that a large number of effect sizes can 

be computed for any individual study. In a recent meta-analysis, for example, more than 

240 individual outcome measurements were abstracted from 15 original reports (Travers 

et al., 2002). This pool of effect sizes was used to examine whether a change in the 

magnitude of effect sizes has occurred over the years. The analysis shows that, at least in 

this cohort of studies, there has not been such a change. 

However, the study design renders it limited in its generalizability. Two main 

potential threats to its internal and external validity deserve attention. First, it is 

acknowledged that the study sample size and sampling frame are likely not to be 

representative. The pros and cons of different sampling methods to address the study 

question have been discussed previously, and therefore will not be repeated here. What 

will be stressed again, however, is the caution that needs to be exercised whenever 

inferences are made based on the results of the present study so as to avoid generalized 

statements. Second, things have undoubtedly changed over the last 25 years. Thus, it is 

very likely that some of the secular changes that have occurred over time present a threat 

to the study validity. For example, it is likely that due to the advent of more effective 

therapy and improved methods of diagnosis patients who in the past qualified to 

participate in a study would have been potentially excluded now because of not being 

sick enough. This form of natural selection bias, so to speak, may result in trials 
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nowadays that enroll subjects that are more severe and more resistant to treatment. If 

indeed this is true, then it may partially explain why effect sizes have not changed 

significantly over the years. Similar arguments can be made for all other aspects of 

Cronbach's notion of UTOS (units, treatments, observations, and settings) (Cronbach, 

1982). Indeed, a recent time-trend analysis of treatments for depression provided 

empirical data to suggest that such changes occur to the extent that they threaten to 

invalidate normative data that was gathered even in the near past (Walsh et al., 2002). 

Shadish, Cook, and Campbell (Shadish, Cook, & Campbell, 2002) put it nicely, 

"The empirically-based threats can, should and do change over time as experience 

indicates both the need for new threats and the obsolescence of former ones. Thus, we 

add to the traditional statistical conclusion validity threats a new one called "Inaccurate 

Effect Size Estimation" in order to reflect the reality that social scientists now emphasize 

estimating the size of causal effects in addition to statistical significance tests." (p.39) 

Study III was specifically designed to minimize the possibility of effect-size 

related threats to validity. 
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CHAPTER 4. 

TIME TRENDS ANALYSIS OF TREATMENTS FOR SEPSIS AND SEPTIC 
SHOCK: A CUMULATIVE META-ANALYSIS 

Background 

Severe sepsis and septic shock are life-threatening complications of systemic 

infection. Although Gram-negative infections were predominant in the 1960s and early 

1970s, Gram-positive and fungal infections have increased in the past two decades and 

now account for about half of all cases of severe sepsis (Bochud, Glauser, & Calandra, 

2001). Because of the systemic nature of the infection that affects multiple organs and 

bodily systems, sepsis is better recognized as a clinical syndrome. Multiple organ 

dysfunction syndrome (MODS), systemic inflammatory response syndrome (SIRS), and 

multiorgan failure (MOF) have become common terms to denote the multisystem 

response in sepsis. 

Recent U.S. and European surveys have estimated that severe sepsis accounts for 

2-11% of all admissions to hospital or intensive care units (Angus et al., 2001). A recent 

review of the epidemiology of sepsis in the U.S. found that between 1979 and 2000, there 

was an annualized increase in the incidence of sepsis of 8.7 percent, fi-om about 164,000 

cases (82.7 per 100,000 population) to nearly 660,000 cases (240.4 per 100,000 

population) (Martin, Marmino, Eaton, & Moss, 2003). In terms of causing organisms, the 

rate of sepsis due to fungal organisms increased by 207 percent, with Gram-positive 

bacteria becoming the predominant pathogens after 1987. The total in-hospital mortality 

rate from sepsis and septic shock fell from 27.8 percent during the period from 1979 
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through 1984 to 17.9 percent during the period from 1995 through 2000, yet the total 

number of deaths continued to increase. Mortality was highest among black men. The 

leading cause of death from sepsis was multiorgan failure. The average length of the 

hospital stay decreased, and the rate of discharge to non-acute care medical facilities 

increased. Despite these trends, septicemia is still the most common cause of death in 

intensive care units, and thelOth-leading cause of mortality in the United States (National 

Center for Health Statistics, 2003). 

In recent years there has been a shift in our understanding of the underlying 

mechanisms that lead to sepsis. It is now believed that the morbidity of life-threatening 

infection occurs indirectly through the endogenous response of the host, rather than 

through the direct cytopathic effects of microorganisms or their toxins. The septic 

syndrome thus reflects a pansystemic response linked to the activation of cytokine and 

other proinflammatory molecules (therefore, SIRS). Since a full discussion of the 

enormously complex pathophysiology of sepsis falls outside the scope of this 

dissertation, which is mainly concerned with methodology, the reader is referred to 

external sources such as, Bochud & Calandra, 2003; Cross & Opal, 2003; Hotchkiss & 

Karl, 2003 for a current review of this topic. 

The mainstay of treatment for sepsis remains twofold: (1) identification and 

treatment of the underlying etiologic factors; and (2) provision of multidimensional 

supportive care, usually in an intensive care setting, to assure maintenance of tissue 

perfusion and oxygen delivery. However, the means to achieve these goals have changed 

quite dramatically over the past several decades. Our increased understanding of the 



104 

underlying pathophysiology of the sepsis syndrome, and the advent of molecular biology 

and biotechnology have led to more sophisticated therapies over the years. Thus, along 

with more traditional interventions that aim at homodynamic optimization (Kern & 

Shoemaker, 2002) almost 60 randomized controlled clinical trials of new therapies for 

sepsis have been undertaken in the last two decades to test the hypothesis that modulation 

of the endogenous host inflammatory response can improve survival for patients with a 

clinical diagnosis of sepsis (Marshall, 2002). Table 4.1 summarizes selected antibacterial, 

anti-inflammatory, and immunomodulating therapies in patients with severe sepsis and 

septic shock 

Tabl« 2 Selected anlibacterliil, anti-inllammaloiy, and Immunomodulating adjuncllve therapies Investigated In patients with severe 

sepsis and septic shock 

Typt ol Iherapi)' Target Is) Agents 

lleulialrsjlion ol niErobbI toxins Endotoxin AnII-tndoloxin antibodies, anii-lipid A antlbodus. 
tpopol/SKchMfdemihgiiK. h'po/ioljweelnilde imviol 

tlon-spKltlc antl-liilloinniatorj' ind 
Imniunonioclubllnii diuiis 

Multiple InlbninDtori' ind Imniiiiie nudlatofs Higti lost cortlcosteiolils. Iw dost coilicostHolds. 
pintoxnylllne. Ininiunogtoliullns. Inleiferon (nniina 

Inliibltlon ol sfwclllc mtdulors Pro-lnHwinutoiy cytokines: 

Tumooi niaosIs Ijctor AnlMgmour nicitisis lictor anilliadits. soluble tnmoui 
ntdosis bctor teciptors 

lnlaileuiiin-1 Inliiltuliln-t teciploi intagonisl 

Pliospholiiilil oompontnts: 

Phosphollpssi A2 Plwsphollpase A2 Inliibltoi 

Cxlo-ox^n3s> Ibupioltn 

Tiitombaani I^:oxibtn. Iitiocooaioli 

Pljtelil adli^ng tictoi Pljtelit ectli^illng lactoi antagonists, piiltbt adivjting bctor 
antyliiydiobse 

Oxyigsn radlculs At-icsl'/lc/sleini. stienlim 

tftlc oxidi #-raetliyl-i-Jijtaine 

Bndyidnin Btad>'klnin anttgonlsl 

CoincUon ol oojguloixilliy Coigulitlon cascade AntUlironibin III Ussui lactor pithray inliibitor. tclt/itid 
protein C 

Ollwt Prostaglandin Et. granuloc',tt cobny stimulation tactor 

Table 4.1 Selected treatments for sepsis. (Source: Bochud & Calandra, 2003) 

To examine whether any of these new therapeutic agents have led to improved 

survival in patients with sepsis and septic shock of various etiologies, and to assess 

whether treatment efficacy has increased over the years, a meta-analytic study using both 

traditional meta-analysis techniques and cumulative meta-analysis has been conducted. 
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Methods 

Literature retrieval - To identify all prospective randomized controlled trials that 

aimed at assessing the therapeutic efficacy of new interventions in adult patients with 

sepsis or septic shock of any etiology, MEDLINE (Ovid Technologies Version: rel6.0.0) 

was searched between the years 1966-2002 using the search method suggested by Graf et 

al. (Graf, Doig, Cook, Vincent, & Sibbald, 2002). The following keywords were used: 

"sepsis or septic or septicemia or SIRS"; and "random"; and "ICU or intensive care unit 

or critical illness or critical care or intensive therapy unit or intensive therapy"; and 

"human or patient". Records were searched in all fields and in any language. Search was 

limited, however, to studies in which the primary target population was adult humans 

(age>18 yrs), since sepsis in children and especially neonatal sepsis have a somewhat 

different etiology and course (Alejandria, Lansang, Dans, & Mantaring, 2003; Zeni, 

Freeman, & Natanson, 1997). A secondary search was conducted to locate reviews, meta

analyses, editorials, and monographs. Reference lists of all retrieved articles were 

searched by hand to detect any additional trial not found by the primary MEDLINE 

search. 

Eligibility criteria - Inclusion/exclusion criteria were modeled after Graf et al. 

(Graf et al., 2002). To be included in the present study, original reports had to be 

published as full articles. Publications based on subsequent subgroup analysis of larger, 

previously published trials were excluded. Also excluded were: (1) trials with mixed 

patient groups (e.g., septic and/or trauma patients, or sepsis and/or acute respiratory 

distress patients) in which the resuhs of the septic group were not clearly distinguishable 
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from those for the other patients; (2) trials in which sepsis was an outcome or 

complication, rather than the primary selection criteria for study entry; and (3) trials that 

used a cross-over design that often carry the threat of confounding issues associated with 

either the way they report findings (Elboume et al., 2002), or the way treatment is 

implemented (loannidis, Contopoulos-Ioannidis, & Lau, 1999). These exclusion criteria 

were applied to increase the internal validity of the study. 

Data extraction - Once identified, abstracts of all potential studies were reviewed. 

Once judged to be relevant, the full reports of the index studies were retrieved. The fiill-

texts were then carefully read to determine final eligibility for each study. Fhe following 

information was extracted from all eligible trial reports: (1) Bibliographic data (reference, 

author, year); (2) Details about the intervention (for both the experimental and the control 

arms); (3) The target population (medical and/or surgical); (4) Average severity score of 

patients included (usually in the form of APACHE II, SAPS, or MOF scores); and (5) 

The overall mortality/death rate assessed within the trial time frame. 

In addition, for each trial, the Methodological Quality Assessment Score 

(MQAS), a newly specifically designed measure that aims at assessing the 

methodological rigor of interventional trials in sepsis and septic shock, was either 

calculated or taken from a recent overview that attempted to examine whether 

methodological quality of sepsis trials has improved over the years (Graf et al., 2002). 

Items for the MQAS were created using validated criteria included in the CONSORT 

statement (Altman et al., 2001) reflecting important parameters such as, quality of 

randomization, concealment of treatment allocation, blinding, sample size calculation. 
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and statistical analysis, in addition to sepsis defining criteria, derived from consensus 

conferences and expert statements. Inclusion of the MQAS ratings in the present study 

was done so as examine whether methodological quality is a source of heterogeneity in 

relation to effect size estimates among studies. 

Outcome - The primary outcome of interest was overall mortality rate. This 

measure takes into account mortality of all causes, whether directly related to the 

underlying medical condition or not. Other surrogate endpoints, such as length of stay in 

the intensive care unit, were ignored since different hospitals may have different policies 

with respect to this issue, and since it was assumed that over a span of several decades 

there might have been secular changes that could affect the reliability of this measure (ex. 

insurance coverage). Overall mortality rate, on the other hand, was judged to be a 

superior outcome measure due to its relatively error-free characteristics. Also, the choice 

of overall mortality rather than condition-specific mortality as the outcome of interest 

was made so as to minimize the possibility of between and within study variance due to 

causal interpretations (i.e., whether the immediate cause of mortality was sepsis or the 

underlying condition that has led to sepsis). 

Data manipulation - Differences in the way studies report mortality rate reflect 

the fact that interventional studies in sepsis are of two major types. Some trials are 

designed to detect differences in mortality as the primary end point, whereas others focus 

on surrogate outcome measures such as physiological or biochemical parameters (Graf et 

al., 2002). Both types of studies have been included in this meta-analysis. 
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Since original studies differed in their length of follow-up, the point in time in 

which overall mortality was recorded was documented. An attempt, however, to extract 

time-to-event data at the individual patient level from all eligible studies so as to allow 

the calculation of hazard ratio (the most appropriate effect size measure for survival 

studies, see Parmar, Torri, & Stewart, 1998), failed due to lack of provision of key 

information parameters in the original studies. Thus, whenever overall mortality rate was 

reported for more than one point in time (e.g., 7-day, 14-day, and 28-day mortality), the 

latest time point was considered the index point of interest. 

Also, since studies differed in the way survival data were reported, overall 

mortality rate was documented in the following way. Whenever actual death event rates 

were reported, either in the text of the article or in a table, these rates were documented as 

is for each of the arms of the trial. Whenever death rates were reported as percentages, 

these percentages were transformed to numbers up to the closest integer, and then 

documented for each of the arms of the trial. Whenever neither actual death event rates 

nor percentages were reported, an attempt was made to infer the overall mortality rate 

from survival curves. Whenever mortality rate could not be reliably documented, the 

respective study was excluded. 

Data management - Copies of the full-text reports of all the original eligible 

studies were obtained and kept in designated binders. All the data extracted were entered 

directly into an Excel-compatible spreadsheet (StatsDirect Statistical Software version 

2.2.5) after reference notes were made on the original reports so as to allow for reliability 

check and cross validation of the data extracted. A 10% reliability check against original 
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references was done on two different occasions before the analysis in order to minimize 

the possibility of typographical errors. Meta-analysis was conducted in two ways. 

Traditional meta-analysis was conducted using Comprehensive Meta-Analysis (version 

1.0.9; Biostat, Inc. USA). Cumulative meta-analysis was conducted using Meta-Analyst, 

a DOS-based meta-analytic software provided graciously by Joseph Lau, MD. 

Data analysis and statistical plan - All data analysis and statistical plans were 

determined a-priori to minimize the possibility of bias. Following the recommendations 

of the Cochrane Collaboration, the relative risk (also known as the risk ratio; RR) was 

considered the primary effect size summary statistics of interest (Clarke & Oxman, 

2002). Since RR, like other binary summary effect size estimates, is computed from a 

2x2 frequency table (intervention/control - death/survival), the extracted data from all 

simple parallel two-arm trials were entered directly into each cell respectively. However, 

whenever a trial included more than one interventional arm (for example, multiple 

dosages arms), it was necessary to (1) determine which arm was the control group, and 

(2) lump the sample size and mortality rate of each of the various treatment arms together 

so as to have only one summary composite figure for each arm. The determination which 

of the multiple arms is the control arm was done simply by following the definitions of 

the authors of the original studies. Documenting the results of the various treatment arms 

was done in one of two ways. In some instances, the original authors have presented the 

data in that way (e.g., Haupt et al., 1991). In all other cases, the sample size and actual 

mortality rates from all the treatment arms were simply added together and then entered 

into the treatment strata of the 2x2 table. 
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Since by convention, the RR is reported in such a way that values <1 are taken to 

mean that the treatment results in better outcome than the control, and vice versa if the 

value is >1 (with 1.0 being the point of equivalence or equipoise), it was important to 

maintain consistency in the way data were entered into the 2x2 tables. Therefore, when 

survival rates rather than death rates were reported in the original trials, the 

complementary values were calculated and then entered into the appropriate strata of the 

2x2 tables. RRs were then calculated for each study from the raw data extracted using 

both the Der Simonian and Laird random-effects model (Der Simonian & Laird, 1986) 

and the Mantel-Haenszel fixed-effects model (Robbins et al., 1986) for comparison. 

The test of homogeneity of effects across studies was performed with a chi-square 

statistic, with p OA indicating heterogeneity. The test of homogeneity assesses whether 

the individual study results are likely to reflect a single underlying effect as opposed to a 

distribution of effects. Publication bias and the effects of small studies were assessed 

using the furmel plot regression method (Macaskill et al., 2001). When there is no 

publication bias, the regression slope has an expected value of zero. A negative 

regression slope suggests that small negative studies are not published. For a full account 

of methods of investigating and dealing with bias detection in meta-analysis see Sterne, 

Egger, & Smith, 2001. 

Numbers needed to treat were calculated using StatsDirect (StatsDirect Statistical 

Software version 2.2.5), which has a computational function that gives relative risk (RR), 

relative risk reduction (RRR), absolute risk reduction (ARR or risk difference, RD) and 

the number needed to treat (NNT) with exact or near-exact confidence intervals. 
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Confidence intervals for individual risks/proportions were calculated using the 

Clopper-Pearson method (Newcombe, 1998), for RR using Koopman's likelihood-based 

approach advocated by Gart and Nam (Gart & Nam, 1988; Koopman, 1984), and for OR 

using exact Fisher (Martin & Austin, 1991). Confidence intervals for RD and NNT were 

calculated using the iterative method of Miettinen and Nurminen (Miettinen & Nurminen, 

1985) for constructing confidence intervals for differences between independent 

proportions. Following common conventions, NNT were rounded up (Sackett, 1996). 

Since the assumption that mortality risk is constant across different studies and 

populations should seldom be made (Deeks & Altman, 2001; loannidis & Lau, 1997; 

Sharp, Thompson, & Altman, 1996; Smeeth, Haines, & Ebrahim, 1999; Smith, Song, & 

Sheldon, 1993; Thompson, Smith, & Sharp, 1997), NNTs were calculated not just for the 

observed or empirical data extracted from the included studies, but also for a range of 

likely control death rates. This was done by conducting a sensitivity analysis for NNT for 

each summary estimate of each type of therapy using death risks that were estimated to 

be moderate (-30%), high (-60%), or very high (~90%). 

Results 

Seventy-six prospective randomized clinical trials have been included in the 

present meta-analysis. Since the earliest trial that is included in this meta-analysis is from 

1976, the present analysis covers a period of more than twenty-five years. Table 4.2 

presents a breakdown of all the included studies based on their interventions. However, 

as Vincent, Sun, and Dubois (Vincent, Sun, & Dubois, 2002), acknowledged in a recent 

review on clinical trials of sepsis,"... in reality, these groups may well overlap, and it is 
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unlikely that, for such a complex disease process, any single agent will be effective for all 

patients—or even at all times for the same patient. A combination of strategies - a 

"cocktail" - will more likely produce definitive results." (p. 1084) 

Table 4.2 A breakdown of included studies based on their interventions. 

Class of therapy Specific intervention Years when tested 
Anti-cytokine Therapy (l)TNF-R:Fc 1996,1997,1999,2001 

(2) Anti TNF 1993, 1995(x2), 1996(x2), 
1998(x2), 2001 

(3) RhlL-lra 1994(x2), 1997 
Anti-endotoxin Therapy (4)E5 1991,1992,1995,2000 

(5) Anti LPS 1984,1985 
(6)HA-1A 1991,1994 
(7)J-5 1982,1988,1995 
(8) Taurolidine 1995 

Steroids (9) Hydrocortisone 1998 
(10) Methylprednisolone 1987(x2), 1988 
(11) Methylprednisolone or dexamethasone 1976,1984 
(12) Dexamethasone 1984 
(13) Low-dose hydrocortisone 2002 
+fludrocortisone 

Hemodynamic therapy (14) "optimal care"/early-goal 1992,1999,2001 
(15) Hydroxyethystarch 1989,1995,1996(x3), 1998 
(16) Norepinephrin 1994,1997 
(17) Nitric Oxide 1996 
(18) Cryoprecipitate 1987 
(19) Hemofiltration 1997 

Immunoglobulin (20) IVIG 1988(x2), 1991(x2) 
Coagulopathy (21)AT-III 1993, 1998(x2), 2001 

(22) PAF-ra 1994,1998 
(23) r-APC 2001 

Various drug interventions (24) Pentoxifylline 1996(x3), 1998 
(25) Ibuprofen 1991(x2), 1997 
(26) Naloxone 1985, 1989 
(27) N-Acetyl-L-Cystein 1994,1996,1998 
(28) Branch-chain AA 1997 
(29) Bradykinin antagonist 1997 
(30) ACE inhibitors 1998 

1975 1980 1985 1990 
1 1 

1995 2000 
1 1 1 1 ^ 1 1 

(11) (7) (5)(26) (18)(20) '(4)(14)(21)(3) (8) (1) (20) (9) (23) (13) 
(12) (10)(15) (25) (2)(16)(22) (17)(28)(30) 

(6) (27) (24) (29) 



Table 4.3 Randomized controlled trials that assessed various anti-cytokine interventions for sepsis. 

Ref Type of Anti- Type of Double- Multi- Surgical/ Trial Multi- N N Tx. Cx. Trial's Mortality Disease 

Cytokine Control Blind Center Medical Phase arm Tx Cx mortality mortality quality rate severity 

Intervention trial trial trial arm arm score 

(MQAS) 

assessed 

at 

(Abraham et TNF-R:Fc Placebo Yes Yes Both Not No 662 680 179 190 32 28 days SAPS = 

al., 2001) specified 34 

(Pittet et al., TNF-R;Fc Placebo Yes Yes Both Phase II Yes 169 78 50 28 29 28 days Not 

1999) specified 

(Abraham, TNF-R:Fc Placebo Yes Yes Not Phase II Yes 304 140 105 54 30 28 days Not 

Glauser, specified specified 

Butler, & et al, 

1997) 

(C. J. Fisher, TNF-R:Fc Placebo Yes Yes Both Not Yes 108 33 49 10 28 28 days APACHE 

Jr., Agosti, specified 11 = 25 

Opal, & et al. 

1996) 

(Reinhart et Anti TNF-a Placebo Yes Yes Both Not No 224 222 121 128 34 28 days APACHE 

al., 2001) specified 11 = 23 

(Abraham, Anti TNF-a Placebo Yes Yes Both Not No 949 930 382 398 38 28 days APACHE 

Anzueto, specified 11 = 28 

Gutierrez, & et 

al, 1998) 

(Cohen & Anti TNF-a Placebo Yes Yes Not Not Yes 386 167 144 66 38 28 days APACHE 

Carlet, 1996) specified specified 11 = 24 

(Reinhart, Anti TNF-a Placebo Open-label Yes Both Phase II Yes 93 29 44 12 29 28 days APACHE 

Wiegand, 11= 19 

Grimminger, 

& et al, 1996) 

(Abraham, Anti TNF-a Placebo Yes Yes Both Not Yes 645 326 196 108 32 28 days APACHE 

Wuaderink, specified 11 = 25 

Silverman, & 

etal, 1995) 

(Dhainaut, Anti TNF-a Placebo Open-label Yes Not Phase II Yes 32 10 20 6 31 28 days APACHE 

Vincent, specified 11 = 23 

Richard, & et 

al, 1995) 

(Clark et al.. Anti TNF-a Placebo Yes No Surgical Not No 28 28 10 11 32 40 days APACHE 

1998) specified 11 = 24 

(C. J. Fisher, Anti TNF-a Placebo Open-label Yes Not Phase II No 61 19 27 6 22 Not Not 

Jr. et al., 1993) specified specified specified 



Ref Type of Anti- Type of Double- Multi- Surgical/ Trial MiiHi- N N Tx. Cx. Trial's Mortality Disease 
Cytokine Control BUnd Center Medical Phase arm Tx Cx mortality mortality quality rate severity 

Intervention trial trial trial arm arm score 
(MQAS) 

assessed 
at 

(Opal, Fisher, rhlL-lra Placebo Yes Yes Not Not No 350 346 116 126 34 28 days Not 

Dhainaut, & et specified specified specified 

al, 1997) 

(C. J. J. Fisher, rhlL-lra Placebo Yes Yes Both Not Yes 591 302 177 102 34 28 days Not 

Dhainaut, specified specified 

Opal, & et al. 

1994) 

(C. J. Fisher, rhlL-lra Placebo Open-label Yes Both Phase II No 74 25 18 11 33 28 days APACHE 

Jr., Slotman, 11 = 23 

Opal, & et al. 

1994) 



Table 4.4 Randomized controlled trials that assessed various anti-endotoxin interventions for sepsis. 

Ref Type of Type of Double- Mnlti- Surgicaiy Trial Multi- N N Tx. Cx. Trial's Mortality Disease 

Anti- Control blind center Medical Pliase arm Tx Cx mortality mortality qnality rate severity 

Endotoxin trial trail trial arm arm score assessed 

Intervention (MOAS) at 

(Angus et E5 Placebo Yes Yes Not Not No 546 544 210 219 37 28 days Not 

al, 2000) specified specified specified 

(Bone, Balk, E5 Placebo Yes Yes Not Not No 264 266 117 109 37 30 days Not 

Fein, & et specified specified specified 

al, 1995) 

(Greenberg, E5 Placebo Yes No Both Phase 11 Yes 23 11 7 3 25 21 days Not 

Wilson, specified 

Kunz, & et 

al, 1992) 

(Greenman, E5 Placebo Yes Yes Not Not No 164 152 40 41 35 30 days APACHE 

Schein, specified specified =17 

Martin, & et 

al, 1991) 

(Aitchison Anti LPS Placebo Yes No Surgical Not No 17 17 9 10 23 in- Not 

& Arbuckle, specified hospital specified 

1985) 

(Lachman, Anti LPS Std. care Open- No Ob/Gyn Not No 14 19 1 9 21 Not Not 

Pitsoe, & label specified specified specified 

Gaffin, 

1984) 

(McCloskey, HA-IA Placebo Yes Yes Not Not No 1113 1086 427 387 25 14 days Not 

Straube, specified specified specified 

Sanders, & 

etal, 1994) 
(Ziegler, HA-IA Placebo Yes Yes Both Not No 255 276 100 118 37 28 days Not 

Fisher-C.J. specified specified 

J., Sprung, 

& et al. 

1991) 

(Calandra, J-5 Polyclonal Yes Yes Both Not No 30 41 17 22 27 Not Not 

Glauser, IVIG specified specified specified 

Schellekens, 

& et al. 



Ref Type of Type of Double- Multi- Surgical/ Trial Multi- N N Tx. Cx. Trial's Mortality Disease 
Anti- Control blind center Medical Phase arm Tx Cx mortality mortality quality rate severity 

Endotoxin trial trail trial arm arm score assessed 
Intervention (MOAS) at 

1988) 
(Ziegler, J-5 Nonimmune Yes Yes Not Not No 103 109 23 42 25 Not Not 

McCutchan, serum specified specified specified specified 

Fierer, & et 

al, 1982) 
(Willatts, Taurolidine Placebo Yes No Not Not No 49 51 21 23 31 28 days APACHE 

Radford, & specified specified = 18 

Leitennann, 

1995) 



Table 4.5 Randomized controlled trials that assessed various steroid regimens for sepsis. 

Ref Type of Type of Double- Multi- Surgical/ Trial Multi- NTs N Tx. Cx. Trial's Mortality Disease 

Steroid Control blind center Medical Phase arm arm Cx mortality mortality quality rate severity 

Intervention trial trial trial arm score assessed 

(MQAS) at 

(Bollaert, Hydro Placebo Yes Yes Not Not No 22 19 7 12 38 28 days Not 
Charpentier, cortisone specified specified specified 
Levy, & et al, 
1998) 

(Luce, Methyl- Placebo Yes No Both Not No 38 37 22 20 30 Not Not 
Montgomery, prednisolone specified specified specified 
Marks, & et al. 
1988) 

(Bone, Fisher- Methyl- Placebo Yes Yes Both Not No 191 190 65 48 32 14 Not 
C.J. J., prednisolone specified specified 

Clemmer, & et 
al, 1987) 

(Hinshaw... Methyl- Placebo Yes Yes Both Not No 112 111 23 24 19 14 Not 

1987) prednisolone specified specified 

(Sprung, Methyl- Placebo Yes Yes Not Not Yes 43 16 33 11 35 In Not 

Caralis, prednisolone or specified specified hospital specified 
Marcial, & et Dexamethasone 
al, 1984) 

(Schumer, Methyl- Placebo Yes No Not Not No 86 86 9 33 17 Not Not 

1976) prednisolone or specified specified specified specified 

Dexamethasone 
(Lucas & Dexamethasone Std. care No No Surgical Not No 23 25 5 5 18 14 days Not 

Ledgerwood, specified specified 

1984) 

(Annane et al.. IV Placebo Yes Yes Both Not No 150 149 82 91 53 28 days SAPS = 

2002) hydrocortisone 
4- pn 

specified 58 

T J'VJ 

Fludrocortisone 



Table 4.6 Randomized controlled trials that assessed "optimal approach" for sepsis. 

Ref Type of Type of Double- Multi- Surgical/ Trial Multi- N N Tx. Cx. Trial's Mortality Disease 
Intervention Control blind 

trial 
center 
trial 

Medical Phase arm 

trial 
Tx 

arm 
Cx 
arm 

mortality mortality quality 
score 

(MQAS) 

rate 
assessed 

at 

severity 

(Alia et al., "Optimal care" Std. care Open- No Both Not No 31 32 23 21 28 ICU APACHE 

1999) label specified 11 = 24 

(Tuchschmidt, "Optimal care" Std. care Open- No Medical Not No 26 25 13 18 22 14 days APACHE 

Fried, Astiz, & label specified 11 =22 

etal, 1992) 

(Boldt, Hydroxyethystarch Albumin Yes No Surgical Not No 75 75 21 25 33 Not APACHE 

Muller, solution specified specified 11 = 23 

Mentges, 

Papsdorf, & 

Hempelmann, 

1998) 

(J. Boldt, M. Hydroxyethystarch Albumin Yes No Surgical Not No 14 14 5 4 28 Not APACHE 

Muller, M. solution specified specified 11=22 

Heesen, O. 

Heyn, & G. 

Hempelmann, 

1996) 
(Boldt, Hydroxyethystarch Albumin Yes No Surgical Not No 15 15 4 5 26 Not APACHE 

Heesen, solution specified specified 11=20 

Muller, 

Pabsdorf, & 

Hempelmann, 

1996) 

(Boldt, Hydroxyethystarch Albumin Yes No Surgical Not Yes 14 14 3 6 25 Not APACHE 

Muller, solution specified specified 11 = 24 

Heesen, 

Neumann, & 

Hempelmann, 

1996) 

(Boldt et al.. Hydroxyethystarch Albumin Yes No Surgical Not No 15 15 5 5 26 Not APACHE 

1995) solution specified specified 11 = 23 

(Rackow et Hydroxyethystarch Albumin Unclear No Medical Not No 10 10 5 5 22 in- Not 

al., 1989) solution specified hospital specified 

(Levy et al.. Norepinephrine- Epinephrine No No Both Not No 15 15 7 6 24 Not APACHE 

1997) Dobutamine specified specified 11 = 24 

(Marik & Norepinephrine Dopamine Unclear No Medical Not No 10 10 5 6 26 Not APACHE 

Mohedin, specified specified 11= 18 

1994) 



(C. Martin, Norepinephrine 

Papazian, 

Perrin, Saux, 

& Gouin, 

1993) 

(Sander et al., HemofiUration 

1997) 

(Eichelbronner Nitric Oxide 

etal., 1996) 

(Hesselvik et Cryoprecipitate 

al., 1987) 

(Rivers et a!.. Early-goal 

2001) directed therapy 

Dopamine Yes No Not 

specified 

Std. care No No Both 

Aerosolized No No Both 

prostacyclin 

Plasma Unclear No Both 

Std, care Open- No Both 

label 

Not No 16 16 7 10 24 Not APACHE 

specified specified 11=31 

Not No 13 13 9 12 26 Not APACHE 

specified specified 11= 14 

Not No 8 8 3 6 22 Not Not 

specified specified specified 

Not No 16 16 6 7 28 In- Not 

specified hospital specified 

Not No 133 130 40 61 44 28 days APACHE 

specified 11 = 21 



Table 4.7 Randomized controlled trials that assessed intravenous immunoglobulins (IVIG) for sepsis. 

Ref Type of Type of Double- Multi- Surgical/ Trial Multi- N N Tx. Cx. Trial's Mortality Disease 
Intervention Control blind center Medical Phase arm Tx Cx mortality mortality quality rate severity 

trial trial trial arm arm score assessed 
(MQAS) at 

(Dominioni, Polyclonal Placebo Yes Yes Surgical Not No 29 33 11 222 27 28 days APACHE 

Dionigi, IVIG specified 11=18 

Zanello, & et 

al, 1991) 

(Schedei, Polyclonal Std. Open- No Both Not No 27 28 1 9 31 6 weeks APACHE 

Dreikhausen, IVIG care label specified 11 = 28 

Nentwig, & 

etal, 1991) 

(De Simone, Polyclonal std. Open- No Both Not No 12 12 7 9 20 30 days Not 

Delogu, & IVIG care label specified specified 

Corbetta, 

1988) 

(Grundman Polyclonal Std. Yes No Surgical Not No 24 22 15 19 31 28 days Not 

& Homung, IVIG care specified specified 

1988) 



Table 4.8 Randomized controlled trials that assessed various treatments associated with the coagulopathy of sepsis. 

Ref Type of Type of Double- Multi- Surgical/ Trial Muld- N N Tx. C*. Trial's Mortality Disease 
Interven Control blind center Medical Phase arci Tx Cx mortality mortality quality rate severity 

tion trial trial trial arm arm score 
(MQAS 

) 

assessed 
at 

(Warren et al., ATIII Placebo Yes Yes Both Not No 1157 1157 450 448 41 28 days Not 

2001) specified 

28 days 

specified 

(Baudo, Caimi, AT III Placebo Yes Yes Both Not No 60 60 30 33 38 30 days SAPS = 

de Cataldo, & et specified 16 

al, 1998) 

(Eisele, Lamy, ATIII Placebo Yes Yes Not specified Phase II No 20 22 5 9 28 30 days APACHE 

Thijs, & et al. 11=15 

1998) 

(Fourrier, ATIII Placebo Yes No Both Not No 17 18 7 9 37 28 days SAPS = 

Chopin, Huart, & specified 19 

etal, 1993) 

(Dhainaut, PAFra Placebo Yes Yes Both Not No 300 308 140 153 31 28 days SAPS = 

Tenaillon, specified 19 

Hernmer, & et al. 

1998) 

(Dhainaut, PAFra Placebo Yes Yes Not specified Phase III No 132 130 55 60 38 28 days SAPS = 

Tenaillon, Le, & 18 

etal, 1994) 

(Bernard et al.. rAPC Placebo Yes Yes Both Not No 871 857 216 268 45 28 days APACHE 

2001) specified 11 = 25 



Table 4.9 Randomized controlled trials that assessed various drug therapies for sepsis. 

Ref Type of Type of Double- Multi- Surgical/ Trial MuUt- N N Tx. Cx. Trial's Mortality Disease 
Intervention Control blind 

trial 
center 
trial 

Medical Phase arin 

trial 
Tx 

arm 
Cx 

arm 
mortality mortality quality 

score 
(MQAS) 

rate 
assessed 

at 

severity 

(Staubach, Pentoxifylline Placebo Yes Yes Surgical Not No 27 24 8 8 24 28 days APACHE 

Schroder, specified 11=18 

Stuber, & et 

al, 1998) 

(J. Boldt, M. Pentoxifylline Placebo Yes No Surgical Not No 13 13 1 1 24 Not APACHE 

Muller, M. specified specified 11 = 22 

Heesen, S. 

Heyn, & G. 

Hempelmann, 

1996) 

(Boldt, Pentoxifylline Placebo Yes No Surgical Not No 15 15 5 7 27 Not APACHE 

Muller, Heyn, specified specified 11 = 21 

Welters, & 

Hempelmann, 

1996) 

(Zeni et al.. Pentoxifylline Placebo Yes No Medical Not No 8 8 5 4 27 Not SAPS = 

1996) specified specified 19 

(Bernard, Ibuprofen Placebo Yes Yes Both Not No 224 231 37 40 35 30 days APACHE 

Wheeler, specified 11= 16 

Russell, & et 

al, 1997) 

(Haupt, Ibuprofen Placebo Yes Yes Not specified Not Yes 16 13 9 4 24 Not Not 

Jastremski, specified specified specified 

Clemmer, & 

etal, 1991) 

(Bernard et Ibuprofen Placebo Yes Yes Not specified Not No 16 14 3 6 31 30 days Not 

al., 1991) specified specified 

(Safani, Blair, Naloxone Placebo Yes No Not specified Not No 11 11 6 5 24 Not Not 

Ross, & et al. specified specified specified 

1989) 

(DeMaria, Naloxone Placebo Yes No Both Not No 10 13 6 10 19 Not Not 

Heffetnan, specified specified specified 

Grindlinger, 

&etal, 1985) 

(Spapen et N-Acetyl-L- Placebo Yes No Both Not No 12 10 5 4 32 Not APACHE 

al., 1998) Cysteine specified specified 11 = 23 



(Peake, 

Moran, & 

Leppard, 

1996) 

(Spies et al., 

1994) 

(Garcia-de-

Lorenzo et 

al., 1997) 

(Fein, 

Bernard, 

Criner, & et 

al, 1997) 

(Boldt, 

Papsdorf, 

Kumle, Piper, 

& 

Hempelmann, 

1998) 

N-Acetyl-L-

Cysteine 

N-Acetyl-L-

Cysteine 

Branch-chain 

amino acids 

Bradykinin 

antagonist 

ACE 

inhibitors 

Placebo Yes No 

Placebo Yes No 

Different Unclear Yes 

protocols 

of 

nutrition 

Placebo Yes Yes 

Placebo Yes No 

Both Not No 10 10 9 

specified 

Not specified Not No 29 29 17 18 

specified 

Not specified Not Yes 47 22 8 10 

specified 

Not specified Not Yes 378 126 150 52 

specified 

Surgical Not No 20 20 4 

specified 

29 

29 

28 

19 

23 

Not 

specified 

Not 

specified 

in 

hospital 

28 day 

Not 

specified 

APACHE 

11=33 

APACHE 

11= 19 

APACHE 

11= 17 

About 

45% 

mortality 

risk 

APACHE 

11= 16 
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Figure 4.1 provides a histogram of Cohen's d effect size for the 76 trials included in the 
present analysis. Note that the distribution is negatively skewed because d was calculated 
from the risk ratio (RR) so that RR<1 (denotes superiority of the treatment arm over the 
control) translates into reduced mortality, therefore the negative value for d in most cases. 

20 

10 

Std. Dev = .44 

Mean " - IS 

N = 76.00 0 

D 

Figure 4.1 Histogram of Cohen's d effect size for the trials included in the analysis. 

Figure 4.2 depicts the change in Cohen's d effect size over time for the 76 trials included 
in the present analysis. Note how the range of d has decreased over the years. 

0.0 

-.5 

-1.0 

-2.0 

Figure 4.2 Cohen's J as a function of the year in which the trials have been published. 
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Figures 4.3 and 4.4 (left side) provide a summary of the risk ratio for mortality for all 76 
trials included in the present analysis. Trials are ordered by increasing year. Note how in 
most cases the effect is not statistically significant. The pooled RR estimate for the entire 
cohort, however, is statistically significant with very narrow confidence interval 
(RR=0.917; 95%CI 0.876-0.960; p=0.00028) based on almost 22,000 patients. 
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Figure 4.3 Traditional meta-analysis of various therapies for sepsis (RR, D&L 
random effect model) 



126 

iTagrciatT Eiii-ja M'sciBl ri3«rS,mi2iiUi 'i i-icy'i 

f lW. i-lES:C- Sii 'ia 

:TrM 

"1 

t *11 1 
U:*! 

(• rfcibW,; 
LiXW 

'l,Trciba 
„ t M 

1.1 ulti'i f« 

•r i.T'M-riTi'ii 
•i-CnTH.fi 

?! 
Z' K- rr^yo 

p rJS^TjTi 

JL" »a^.lK*Si 

i. *''i V 
•Aw •• 
H r«iff • 
f, tixa 
I rVilS«*rj 
J* Cnkfmi 

Cn 

" £*r 
-CI rfijidj 
ii 

8> IffS'S 
3i.ti.it 

itK 
a 

MiSteUr 

s: 
D>,in 

J. 
rr-it^-Wr 
»i< iT.-cs 

r'f H 

h"p5fli 
S" Pi mar 
VAKwyri 
rj WK'Wi 

y<,l0S 

ri'lt 

I**J» 

Kit 

ihck I'luja aHir' n CI 

!D is:i 

Ak«j| t III i .1 
J—-

b IcWilli 
-gprfS TiiM'fei 

.j 

lb I 

l>3 

mf 
rat'K Sor>< &:< F-sxi a Ts'wJ «•? i -i!^:*5 Cfi-if!» 

Figure 4.4 Traditional (left) and cumulative (right) meta-analysis ranked ordered by 
increasing year for the 76 trials included in the analysis. 



127 

nsa-s'jQi'; Ey^.trxa lifedail il^trSirnuiikr i UavM 

S'^&-

'31.1 

< £«.•• 
c oe<ji'«-ir£-

S r.ir-j 
'a IrX'tl 

'4 

liif 
M'b''lli'n."4". 

ginisifa 

Jt r^Hri^ 

rcyi 

frM'« '^i 
k> lM.>nk ll'iill 

'ii'Crqjnu. 
iJJ C*4«W/' 
.€.|« 

3' ifia.jriae'r 
>:U%t 
&.'fi di^i n 

J'lU-:* 

IM 

M Vp^^ih 

0 

?y 
y pan* 
Sfs-icis 

ilM' 

4%sl'. a-iisrenas Stii» C.l 

...in,..., 

—41-

•— 
-*— 

U IJ 

i\£k Cv^siiircia SI*'. Ct 

-1 

••IK'" |H3i!tf_ , _ , 
-is"5!s Msisrefi!' rawr. ur^S")) Pi'irtss-rtTOire!?! = l(S"j»S CB-(is-

Figure 4.5 Traditional (left) and cumulative (right) meta-analysis ranked 
ordered by risk difference for the 76 trials included in the analysis. 



Table 4.10 provides the actual RR and d values along with the variance and the weight 
(1/variance) for each trial. 

Table 4.10 Results of meta-analysis of various therapies for sepsis. 
(Relative Risk, Random Effect (D&L) Model) 

Trial D var w (%) RR [RR- -RR] 

Schumer 1976 -1. ,299 0. .118 0. 00 0 .273 0. .139 0, .535 
Ziegler 1982 -0, ,546 0. .048 0. 01 0 .580 0, .376 0, . 892 
Sprung 1984 0. ,110 0. .035 0. 01 1 .116 0, .772 1. .615 
Lucas 1984 0. ,083 0, .317 0. 00 1 .087 0, ,361 3 . .275 
Lachman 1984 -1, .892 0. .987 0. 00 0 .151 0, ,022 1. .057 

Aitchison 1985 -0, ,105 0, . 093 0. 01 0 .900 0, ,494 1, .639 
DeMaria 1985 -0. .248 0, .090 0. 01 0 .780 0, ,434 1, .403 
Bone 1987 0. ,298 0. .026 0. 02 1 .347 0, ,984 1. .845 
Hinshaw (VASSCg) 1987 -0. .052 0. .067 0 . 01 0 .950 0. ,571 1, . 579 
Hesselvik 1987 -0. .154 0 , . 185 0. 00 0 .857 0. ,369 1, .990 
Luce 1998 0, .069 0, .042 0 . 01 1 .071 0. ,716 1, .601 
Calandra 1988 0, .055 0 , .047 0. 01 1 .056 0. ,692 1, .612 
De Simone 1988 -0, .251 0 , .087 0. 01 0 .778 0. ,436 1. .388 
Grundmann 1988 -0, ,323 0. .032 0. 01 0 .724 0. ,509 1. .029 
Safani 1989 0, .182 0, .185 0. 00 1 .200 0. ,517 2. .788 
Rackow 1989 0, .000 0. .200 0. 00 1 .000 0, ,416 2. .403 

Greenman 1991 -0, ,101 0. .037 0. 01 0 .904 0, ,621 1. .316 

Ziegler 1991 -0. ,086 0. .011 0. 03 0 .917 0, ,747 1, .126 

Haupt 1991 0, ,603 0. .222 0. 00 1 . 828 0, ,726 4 , .601 

Bernard 1991 -0, ,827 0. .366 0. 00 0 .438 0, , 134 1, .433 

Schedel 1991 -2, .161 1. .038 0. 00 0 . 115 0, ,016 0. . 849 

Greenberg 1992 0. ,110 0, ,342 0. 00 1 . 116 0, ,355 3 . .511 

Voerman 1992 -0. ,405 0. , 633 0. 00 0 .667 0, ,140 3 . .173 

Tuchschmidt 1992 -0, ,365 0, ,054 0 . 01 0 .694 0 .440 1. .095 

Dominioni 1991 -0. .564 0. , 072 0. 01 0 .569 0 .337 0, .961 

Martin 1993 -0, .357 0. ,118 0 . 00 0 .700 0 .357 1, .372 

Fourrier 1993 -0, .194 0, .140 0. 00 0 .824 0 .396 1, .713 

Fisher 1993 0, .338 0, ,135 0. 00 1 .402 0, .683 2 . .878 

McCloskey 1994 0, .074 0. ,003 0. 06 1 .077 0, .965 1. .201 

Spies 1994 -0. ,057 0. ,045 0. 01 0 .944 0, .622 1, .434 

Marik 1994 -0, .182 0 , ,167 0. 00 0 .833 0, .374 1. .855 

Dhainaut 1994 -0, .102 0 , ,020 0. 02 0 .903 0, .686 1. .188 

Fisher 1994a -0, .120 0, ,010 0. 03 0 .887 0, .726 1, .083 

Fisher 1994b -0, .593 0 , . 093 0. 01 0 . 553 0 , ,304 1, . 005 

Bone 1995 0. . 078 0. .010 0. 03 1 . 082 0, , 887 1, .318 

Willatts 1995 -0. .131 0, .051 0. 01 0 . 877 0, ,563 1. .366 

Boldt 1995 0. .000 0, .267 0. 00 1 .000 0, ,363 2, .752 

Abraham 1995 -0, .086 0. , 010 0. 03 0 . 917 0, ,756 1, .113 



Table 4.10 Continued 

Trial 

Dhainaut 1995 0. 
Boldt 1996b 0. 
Boldt 1996c -0. 
Eichelbronner 1996 -0. 
Peake 1996 0. 
Zeni 1996 0. 
Boldt 1996a 0. 
Boldt 1996d -0. 
Boldt 1996e -0. 
Cohen 1996 -0. 
Fisher 1996 0. 
Reinhart 1996 0. 
Bernard 1997 -0. 
Fein 1997 -0. 
de-Lorenzo 1997 -0. 
Levy 1997 0. 
Sander 1997 -0. 
Abraham 1997 -0. 
Opal 1997 -0. 
Bollaert 1998 -0. 
Staubach 1998 -0. 
Boldt 1998a -0. 
Spepan 1998 0. 
Boldt 1998b -0. 
Baudo 1998 -0. 
Eisele 1998 -0. 
Abraham 1998 -0. 
Dhainaut 1998 -0. 
Clark 1998 -0. 
Alia 1999 0. 
Pittet 1999 -0. 
Angus 2000 -0. 
Warren 2001 0. 
Bernard 2001 -0. 
Rivers 2001 -0. 
Reinhart 2001 -0. 
Abraham 2001 -0. 
Annane 2 002 -0. 

var w (%) RR [RR- -RR] 

0 .085 0 .01 1 .042 0. .587 1. .847 
1 .846 0 .00 1 .000 0. .07014, .349 
0 .210 0 

o
 

o
 0 .714 0. .291 1, .752 

0 .250 0 .00 0 .500 0. .188 1. .332 
0 .111 0 .00 1 .800 0. .936 3. ,460 
0 .200 0 .00 1 .250 0, .520 3 , .004 
0 .307 0 

o
 

o
 1 .250 0. .422 3. .705 

0 .317 0 .00 0 .800 0. .265 2. .411 
0 .357 0 .00 0 .500 0. .155 1, .614 
0 .014 0 . 03 0 . 944 0 . . 752 1, .186 
0 . 081 0 . 01 1 .497 0. . 857 2 . .614 
0 . 061 0 . 01 1 . 143 0. .705 1, .854 
0 . 043 0 . 01 0 . 954 0, .635 1, .434 
0 . 015 0 . 02 0 .962 0, .754 1. .226 
0 .158 0 .00 0 .374 0 , .172 0, .817 
0 .176 0 .00 1 .167 0. .512 2 , .657 
0 .041 0 .01 0 .750 0, .505 1. .113 
0 .018 0 .02 0 .895 0, .690 1. .162 
0 .011 0 .03 0 .910 0, .742 1, .116 
0 .128 0 

o
 

o
 0 .504 0, .250 1. .016 

0 .171 0 .00 0 .889 0, .395 2 . .001 
0 .293 0 

o
 

o
 0 .571 0. .198 1, .651 

0 .267 0 .00 1 .042 0, .379 2, .867 

0 .061 0 .01 0 .840 0, . 518 1, .363 
0 .030 0 . 01 0 . 909 0, . 646 1, .279 

0 .216 0 . 00 0 .611 0. .246 1, .519 
0 . 003 0 .06 0 . 941 0. .845 1. .047 

0 . 007 0 . 04 0 . 939 0. .796 1, .108 

0 . 119 0 . 00 0 . 909 0. .462 1, .790 
0 . 028 0 . 02 1 .131 0 , .816 1, .566 
0 . 037 0 .01 0 .824 0, .565 1, .202 
0 . 006 0 .04 0 .955 0. .824 1, .107 
0 .003 0 .06 1 .004 0, .907 1, .113 

0 .006 0 .04 0 .793 0. .681 0, .924 
0 .026 0 .02 0 .641 0. .467 0, ,880 
0 .007 0 .04 0 .937 0, .794 1, .105 

0 .008 0 .04 0 .968 0, .813 1, .152 
0 .010 0 .03 0 .895 0, .737 1 . 087 

D 

041 
000 

336 
693 
588 
223 
223 
223 
693 
058 
404 
134 
047 
039 
982 
154 
2 8 8  
110 
094 
686 
118 
560 
041 
174 
095 
492 
061 
062 

095 
123 
193 
046 
004 
232 
445 
065 
033 
111 
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Table 4.11 provides a summary of pooled effect size estimates (RR, D&L random effect 
model) for each of the intervention categories and individual treatments included in the 
present analysis. Figures 4.5-4.24 depict these results using traditional meta-analytic 
graphs stratified by the interventions. Tables 4.12-4.23 provide the summary statistics. 

Class of Specific Therapy RR P Death rate Death rate 
Therapy (95% CI) value (Therapy) (Control) 

Anti-cytokine .94 (.88-.99) .024* 1638/4676 1256/3335 
Therapy 

TNF-R:Fc (4 trials) .95 (.82-1.11) .532 383/1243 282/931 
Anti TNF-a (8 trials) .95 (.88-1.02) .146 944/2418 735/1731 
RhlL-lra (3 trials) .87 (.73-1.03) .094 311/1015 239/673 

Anti-endotoxin 
Therapy .97 (.88-1.07) .570 972/2578 983/2572 

E5 (4 trials) .99 (.89-1.11) .873 374/997 372/973 
Anti LPS (2 trials) .46 (.08-2.76) .396 10/31 19/36 
HA-IA (2 trials) 1.01(.86-1.2) .875 527/1368 505/1362 
J-5 (2 trials) .78 (.38-1.6) .501 40/133 64/150 
Taurolidine (1 trial) .95 (.61-1.48) .822 21/49 23/51 

Steroids .88 (.66-1.16) .359 246/665 244/633 
Hydrocortisone (1 trial) .5 (.25-1.02) .055 7/22 12/19 
Methylprednisolone (3) 1.17 (.94-1.5) .157 110/341 92/338 
Methylprednisolone or 
dexamethasone (2 trials) .56 (.11-3.02) .503 42/129 44/102 
Dexamethasone (1 trial) 1.09(.36-3.23) .882 5/23 5/25 
Low-dose hydrocortisone 
+fludrocortisone (1 trial) .9 (.74-1.09) .263 82/150 91/149 

Homodynamic 
therapy .81 (.7-.94) .005* 156/411 197/408 

"optimal care'Vearly-goal .8 (.53-1.22) .304 76/190 100/187 
Hydroxyethystarch (6) .87 (.62-1.21) .415 43/143 50/143 
Norepinephrin (2 trials) .75 (.45-1.26) .279 12/26 16/26 
Nitric Oxide (1 trial) .5 (.19-1.33) .166 3/8 6/8 
Cryoprecipitate (1 trial) .86 (.37-1.99) .720 6/16 7/16 
Hemofiltration (1 trial) .75 (.51-1.11) .153 9/13 12/13 

Immunoglobulin .66 (.47-.91) .012 34/92 59/95 
IVIG (4 trials) .66 (.47-.91) .012* 34/92 59/95 

Coagulopathy .9 (.82-.99) .038 903/2557 986/2552 
AT-III (4 trials) .99 (.9-1.09) .798 492/1254 499/1257 
PAF-ra (2 trials) .9 (.79-1.04) .159 195/432 219/438 
r-APC (1 trial) .79 (.68-.92) .003* 216/871 268/857 

Various drug 
interventions .94 (.8-1.11) .466 273/836 181/559 

Pentoxifylline (4 trials) .93 (.57-1.51) .769 19/63 20/60 
Ibuprofen (3 trials) .98 (.51-1.87) .941 49/256 50/258 
Naloxone (2 trials) .9 (.56-1.45) .661 12/21 15/24 
N-Acetyl-L-Cystein (3) 1.17 (.76-1.83) .476 31/51 27/49 
Branch-chain AA (1 trial) .37 (.17-.82) .014* 8/47 10/22 
Bradykinin antagonist (1) .96 (.75-1.23) .751 150/378 52/126 
ACE inhibitors (1 trial) .57 (.2-1.65) .301 4/20 7/20 



Mclii Aitil>ili tidliiiiilninlrril Ctiiitinlli.'irrrlibl'Uil Ttilcil Anll-C^tuliliie'llicnipy rnr.Sr|Khdlrlillvi> lilsli: Riiiiilaiii Kllvcl (IMil iMniirh 

Inivrrciiiiun Oinlrol Cilatian Year Treated (niilnil EfTectNaine 

Ami TNl'-a I'lawho Raiiiliart 2001 121,224 12S. 222 M«-tility.'a2!id 
Ami TNl'-a I'laccho Keinliait 19% 44,93. 12, 29 Mt-Tlalily'jaaSd 

Ami TNI-a I'kcebo l-'tiluT 19« 27 ,'61 6, 19 McTialily'SSSd 
Ami TNl"-a I'lac^bo Dliaimm 191^5 20,'.•?2 6.' 10 Wa[3liiy>ff2Sd 
Ami TNl-'-a IMaccbo i'oheii 19% 144.'1S6 66. 167 MtTlaliiy®21id 
Ami I NI-'-a Placeho Clatk 19® 10,'2S 11,'2S McTalliiy<ai4CU 

Ami TNl'-a I'laccbo Atraliain 1995 196 ,'645 lOS ,'326 MtTlaliiy'g2!id 

Ami rNl"-a niaceho Atraliain I99S iiS2,'949 ,s9X,'9.>0 MtTlalily @21id 
Rando AntiTNF-*(8> <M4/24m 7J5/1731 

Mill.-Ira I'laccbo Opul 1997 116, 550 126,' 346 Mt.TlalilyigiiKd 

ihll.-Ira I'laccbo l-tjlifr(lt) 19<4 IS ,'74 11, 25 Mori!iliiy,:a2S'd 
iWI-Ira Placebo I'iiJieria) 19W 17"; 591 102302 Mcrtaliiy ,S!2!!d 

Kandu rh[I.-lra(3) 311/11115 239/673 

l>!l-R;l"C Placebo Piliel 19» 50,' IW 2 S 7 K  McTialiiySSSd 

INI-R:IC Placebo I'Wu-r 19% 49; m 10 , 33 M":Tlaliiy,:a'2Sd 
1N1-R:1T Placebo Abraham 1997 105/304 5 4 ,  1 4 0  Mortal ily.:S2Sd 
1NI-R:IC Placebo Abraliani 2001 179, 662 190 . 6K0 MtTlaIity,'«'2Sd 

Kxndii (4) 3113 a 24J 282/<131 

Kando ro«ihiiied(!5i 1S3»/4671S 1256/3335 

0.5 KRc-ci I/mer t'npcT P\alue 

.937 .?-i4 1.105 .439 

1.143 .705 1.S54 .576 

1.402 .6.^3 2.S77 1 "^7 

1.042 .587 1.S47 .S.4:7 

.944 .752 1.1S6 .622 

.9W .462 1.790 .7.'<5 

.917 .756 1.113 .3.'S4 

.941 .S45 i.ty7 .263 

.946 .*78 UU9 .I4li 

.910 .742 1.116 .365 

.553 .304 I.IJ35 .062 

.SS7 .726 1.IS3 .24.5 

.S66 .732 I.II25 .1194 

.K24 .565 1.201 .321 

1.497 .S5K 2.614 .125 

.!(9? MO 1.161 .410 

MS .xn I.I5I .711 

.95i .it22 l.lOfi .532 

.935 .881 .991 .1124 

11.5 

l-awis TrealMRiit |-ai.or4 CunUnl 

Figure 4.6 Traditional meta-analysis of randomized controlled trials that tested anti-cytokine therapy for sepsis 
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Figure 4.9 Funnel plot of standard error by effect size for the 15 trials included 
in the anti-cytokine meta-analysis. 
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Figure 4.10 Funnel plot of precision by effect size for the 15 trials included 
in the anti-cytokine meta-analysis. 
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L'Abbe plot (symbol size represents sample size) 
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Figure 4.11 L'Abbe plot of precision by effect size for the 15 trials included 
in the anti-cytokine meta-analysis. 

Table 4.12 Summary statistics for the anti-cytokines meta-analysis 

Basic statistics 

Index 

Relative Risk 

iVIantel-
Fixed Effects 
Random Effects 

Inverse 
Fixed Effects 
Random Effects 

Number of outcomes = 15 

Relative risk and 
95% confidence interval 

Point Standard Lower Upper 
estimate error limit limit 

.9358 1.0306 .8821 .9928 

.9345 1.0304 .8813 .9910 

.9345 1.0304 .8813 .9910 

.9345 1.0304 .8813 .9910 

Test of null (2 
tall) 

Number of individual cases = 8011 

Test of heterogeneity 

Q-

Value Value 

.0279 8.8201 14.0000 .8424 

.0237 

.0237 8.8180 14.0000 .8425 

.0237 
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Table 4.13 Summary statistics for the anti-cytokines meta-analysis by type. 

Effect size and 95% confidence interval Test of null 

Point Standard Lower Upper z-wroup 
estimate error limit limit Value 

Anti TNF-a .9463 1.0387 .8785 1.0194 -1.454 
rhIL-Ira .8749 1.0735 .7614 1.0053 -1.885 
TNF-R:FC .9533 1.0692 .8361 1.0869 -.7145 
Combined .9345 1.0304 .8813 .9910 -2.262 

Source Q-Value df PValue 

Between classes 1.0630 2.0000 .5878 
Within classes 7.7555 12.0000 .8039 

Anti TNF-a 1.9822 7.0000 .9608 
TNF-R:FC 3.3447 3.0000 .3415 
rhIL-Ira 2.4286 2.0000 .2969 

Total 8.8180 14.0000 .8425 

PValue 

.1458 

.0594 

.4749 

.0237 

Table 4.14 Summary statistics for the anti TNF-a meta-analysis 

Basic statistics Number of outcomes = 8 Number of individual cases = 4149 

, . Relative risk and Test of null (2 t * «u * _ 
Index Q«/. toin Test of heterogeneity 

Relative Risk 

Mantel-Haenszel 
Fixed Effects 
Random Effects 

Inverse variance 
Fixed Effects 
Random Effects 

Point 
estimate 

.9467 

.9463 

.9463 

.9463 

Standard Lower Upper Q-
error 

1.0390 
1.0387 

1.0387 
1.0387 

i;;;;iV llmlT value value ^'<0) 

.8783 1.0205 -1.431 

.8785 1.0194 -1.454 

.8785 1.0194 -1.454 

.8785 1.0194 

.1525 1.9823 7.0000 .9608 

.1458 

.1458 1.9822 7.0000 .9608 

.1458 
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Table 4.15 Summary statistics for the TNF-R:Fc meta-analysis. 

Basic statistics 

Index 

Relative Risk 

Mantel-Haenszel 
Fixed Effects 
Random Effects 

Inverse variance 
Fixed Effects 
Random Effects 

Number of outcomes = 4 

Relative risk and 
95% confidence Interval 

Point 
estimate 

.9591 

.9537 

.9533 

.9538 

1.0693 
1.0771 

1.0692 
1.0786 

Test of null (2 
tail) 

Number of individual cases = 2174 

Test of heterogeneity 

Standard Lower Upper 
error limit limit 

.8411 1.0936 

.8246 1.1030 

.8361 1.0869 

.8224 1.1063 

Q-
Value Value P^alue 

-.624 .5324 3.3528 3.0000 .3404 
-.639 .5229 

-.715 .4749 3.3447 3.0000 .3415 
-.624 .5323 

Table 4.16 Summary statistics for the rhIL- Ira meta-analysis 

Basic statistics 

Index 

Relative Risk 

Mantel-Haenszel 
Fixed Effects 
Random Effects 

Inverse variance 
Fixed Effects 
Random Effects 

Number of outcomes = 3 

Relative risk and 
95% confidence interval 

Point 
estimate 

.8776 

.8682 

.8749 

.8661 

error limit limit 

Test of null (2 
tall) 

Number of individual cases = 1688 

Test of heterogeneity 

Standard Lower Upper Z- Q. 
Value Value 

1.0734 .7639 1.0084 
1,0858 .7389 1.0202 

-1.842 
-1.717 

1.0735 .7614 1.0053 -1.885 
1.0896 .7321 1.0247 

.0654 2.4305 2.0000 .2966 

.0860 

.0594 2.4286 2.0000 .2969 

.0939 
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Figure 4.12 Traditional meta-analysis of randomized controlled trials that tested 
anti-endotoxin therapy for sepsis. 
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Figure 4.13 Cumulative meta-analysis of randomized controlled trials that tested 
anti-endotoxin therapy for sepsis arranged by increasing year and type. 
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Figure 4.14 Funnel plot of standard error by effect size for the 11 trials included 
in the anti-endotoxin meta-analysis. 
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Figure 4.15 Funnel plot of precision by effect size for the 11 trials included 
in the anti-endotoxin meta-analysis. 



141 

L'Abbe plot (symbol size represents sample size) 

100-

80-

60-
Q. 

a 40-

20-

20 80 100 

control percent 

Figure 4.16 L'Abbe plot of precision by effect size for the 11 trials included 
in the anti-endotoxin meta-analysis. 

Table 4.17 Summary statistics for the anti-endotoxin meta-analysis 

Basic statistics Number of outcomes = 11 

Index 

Relative Risk 

Mantel-
Fixed Effects 
Random 

Relative risk and 
95% confidence interval 

estimate 

.9912 

.9727 

error limit 

Test of null (2 
tail) 

Point Standard Lower Upper Z-
limit Value 

Number of individual cases = 5150 

Test of heterogeneity 

df (Q) PVaiue PVaiue 

1.0362 .9244 1.0628 -.249 
1.0513 .8819 1.0729 -.553 

Q-
Value 

.8034 13.7705 10.0000 

.5806 
.1837 

Inverse 
Fixed Effects 
Random 

.9986 1.0362 .9315 1.0707 

.9716 1.0521 .8795 1.0733 
-.038 .9697 
-.567 .5705 

13.7259 10.0000 .1859 
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Table 4.18 Summary statistics for the anti-endotoxin meta-analysis by type. 

Effect size and 95% confidence interval Test of null 

Group 

Anti-LPS 
E5 
HA-1A 
J-5 
Taurolidine 
Combined 

Source 

Between classes 
Within classes 

Anti-LPS 
E5 
HA-1A 
J-5 
Taurolidine 

Total 

Point Standard Lower 
estimate error limit 

.7711 

.9909 
1.0391 

.7869 

.9503 

.9986 

1.3394 
1.0589 
1.0504 
1.1665 
1.2536 
1.0362 

.4349 

.8858 

.9436 

.5818 

.6102 

.9315 

Q-Value 

3.8940 
9.8317 
2.9537 
1.2577 
1.8279 
3.7924 

.0000 
13.7260 

Upper 
limit 

1.3673 
1.1086 
1.1442 
1.0642 
1.4800 
1.0707 

df 

4.0000 
6.0000 
1.0000 
3.0000 
1.0000 
1.0000 

.0000 
10.0000 

z-
Value PValue 

-.8894 .3738 
-.1593 .8734 
.7797 .4356 

- .1198 
-.2255 .8216 
-.0380 .9697 

PValue 

.4205 

.1319 

.0857 
,7392 
.1764 
.0515 

1.0000 
.1859 

Table 4.19 Summary statistics for the anti-LPS meta-analysis 

Basic statistics 

Index 

Relative Risk 

Mantel-Haenszel 
Fixed Effects 
Random Effects 

Inverse variance 
Fixed Effects 
Random Effects 

Number of outcomes = 2 

Relative risk and 
95% confidence interval 

Test of null (2 
tail) 

Number of individual cases = 67 

Test of heterogeneity 

Point 
estimate 

.5756 

.4440 

.7711 

.4610 

Standard Lower Upper Z- Q-
error 

;r PValue ,,'7, df(Q) PValue 
limit limit Value Value * ' 

1.3620 .3141 1.0547 -1.788 
2.7479 .0612 3.2199 -.8031 

1.3394 .4349 1.3673 -.8894 
2.4921 .0770 2.7603 -.8480 

.0738 3.9554 1.0000 .0467 

.4219 

.3738 2.9537 1.0000 .0857 

.3964 
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Table 4.20 Summary statistics for the HA-IA meta-analysis. 

Basic statistics 

Index 

Relative Risk 
Mantel-Haenszel 
Fixed Effects 
Random Effects 

Inverse variance 
Fixed Effects 
Random Effects 

Number of outcomes = 2 

Relative risk and 
95% confidence interval 

Point 
estimate 

1.0408 
1.0183 

1.0391 
1.0136 

Test of null (2 
tall) 

Number of individual cases = 2730 

Test of heterogeneity 

Standard Lower Upper 
error limit limit 

Q-
Value Value 

1.0504 .9452 1.1461 .8140 
1.0793 .8768 1.1825 .2374 

1.0504 .9436 1.1442 .7797 
1.0900 .8562 1.2000 .1571 

.4157 1.8291 1.0000 .1762 

.8123 

.4356 1.8279 1.0000 .1764 

.8752 

Table 4.21 Summary statistics for the E5 meta-analysis. 

Basic statistics 

Index 

Relative Risk 
Mantel-Haenszel 
Fixed Effects 
Random Effects 

Inverse variance 
Fixed Effects 
Random Effects 

Number of outcomes = 4 

Relative risk and 
95% confidence interval 

Point 
estimate 

.9879 

.9909 

.9909 

.9909 

Number of individual cases = 1970 

Test of heterogeneity 

Standard Lower Upper 
error limit limit 

Test of null (2 
tail) 

Z- Q-
Value Value 

1.0591 .8828 1.1055 -.213 
1.0589 .8858 1.1086 -.159 

1.0589 .8858 1.1086 -.159 
1.0589 .8858 1.1086 -.159 

.8317 1.2606 3.0000 .7385 

.8734 

.8734 1.2577 3.0000 .7392 

.8734 

Table 4.22 Summary statistics for the J-5 meta-analysis. 

Basic statistics 

Index 

Relative Risk 
Mantel-Haenszel 
Fixed Effects 
Random Effects 

Number of outcomes = 2 

Relative risk and 
95% confidence interval 

Point Standard Lower Upper 
estimate error limit limit 

Test of null (2 
tail) 

Number of individual cases = 283 

Test of heterogeneity 

Value value 

.7287 1.1705 .5352 .9920 -2.011 .0443 4.0415 1.0000 .0444 

.7834 1.3631 .4269 1.4377 -.7879 .4307 

Inverse variance 
Fixed Effects 
Random Effects 

.7869 1.1665 .5818 1.0642 

.7831 1.4385 .3840 1.5971 -.6723 
.1198 3.7924 1.0000 .0515 
.5014 
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Figure 4.17 Traditional meta-analysis of trials that tested different steroid regimens for sepsis. 
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Figure 4.20 Traditional meta-analysis of trials that tested various hemodynamic therapies for sepsis. 



Meta Analysis of Trials That Tested Various Immunoglobulin (IVIG) Therapies for Sepsis 

Rando 

Intervention Control Citation Yea T reated Control EffectNam« 

IVIG Std care De Simone 198 7/12 9/12 Mortality @301 

IVIG Placebo Dominioni 199 11 /29 22/33 Mortality @2&d 

IVIG Std care Grundmann 198 15/24 19/22 Mortality @???d 

IVIG Std care Sctiedel 199 1 /27 9 /28 Mortal ily @42d 

IVIG (4) 34/92 5Q f65 

Combined (4 34/92 59/65 

0.1 0.2 0.5 1 2 10 Effec Lower Upper PValuo 

.778 .436 1.338 .336 

.569 .337 .561 .024 

.724 .509 1.029 .C66 

.115 .016 .849 .006 

.657 .474 .910 .012 

.657 .474 .910 .012 

0.1 0.2 0.5 1 2 5 10 
Fn-wsTrBcfnstrt Fa^o-s Ccfir«:4 

Figure 4.21 Traditional meta-analysis of trials that tested various immunoglobulin (IVIG) therapies for sepsis 
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Figure 4.22 Cumulative meta-analysis of trials that tested various immunoglobulin (IVIG) therapies for sepsis arranged by year 
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Figure 4.23 Traditional meta-analysis of trials that tested various therapies for the coagulopathy associated with sepsis. 
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Figure 4.24 Traditional meta-analysis of trials that tested miscellaneous therapies for sepsis 
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Cumulative Meta-Analvsis 

In recent years there has been a growing understanding that clinical evidence is a 

dynamic process rather than a static estimation of a single treatment effect at a single 

time-point. (Clarke & Oxman, 2002) This development parallels the slowly growing 

transition in medicine from hypothesis testing using the null-frequentist approach that 

emphasizes statistical determination of what works and what does not (Goodman, 1999a) 

to a more meaningfiil analysis that focuses on the magnitude of the difference in outcome 

between two or more alternative treatments i.e., the effect size. Cumulative meta-analysis 

attempts to bridge this transition from frequentist approach to bias-free estimation of 

effect size that has policy implications (J. P. loannidis et al., 1999). 

Cumulative meta-analysis is a sophisticated form of meta-analysis that aims at 

assessing the contribution of individual studies to the cumulatively pooled effect size 

estimate(s) of the meta-analysis. However, unlike the updating of prior meta-analyses 

when new studies appear, in which a single pooling is performed and the contribution of 

prior individual studies to the pooled result is not readily apparent, in a cumulative meta

analysis, repeated poolings are performed as each study is added. The accumulating 

results are looked at as a whole for the picture that the trends present and the impact of a 

published or planned study on the overall result can be assessed (J. Lau et al., 1995). 

Cumulative meta-analysis is most naturally interpreted in the Bayesian framework 

(Goodman, 1999b). It provides the history of the evolution of the posterior probability 

distribution of clinical trial results. This allows us to quantify the changes in our belief 

about the treatment effect as the data accumulate. The knowledge available before the 
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current data arrive is incorporated into the prior distribution and the knowledge available 

after the current data are processed is expressed by the posterior distribution. This 

posterior distribution then becomes the new prior distribution when more data arrive (J. 

Lau et al., 1995). 

The accumulation of studies within the cumulative meta-analytic framework may 

proceed according to any number of parameters according to the question under interest. 

For example, studies can be accumulated based on the year of completion or publication 

of each study, the event rate in the control group, the size of each study, the size of the 

difference between the treatment and the control groups in each study, some quality score 

that has been assigned to each study, or other covariates such as drug dosage or time-to-

treatment. With each criterion, the studies may be sequentially pooled in ascending or 

descending order (J. Lau et al., 1995). 

The different ways by which studies are accumulated provide different insights 

into the relative contribution of individual studies to the body of evidence in favor or 

against any given treatment. This can best be understood as a form of sensitivity analysis. 

When studies are accumulated by their publication year, the earliest year at which the 

treatment effect becomes statistically significant (by whatever definition is preferred) can 

be established. A cumulative meta-analysis ordered by ascending or descending control 

event rates provides insights into the severity of illness in the study population as well as 

disease and treatment trends over time (provided that the randomization process is 

balanced). A cumulative meta-analysis ordered by increasing study size often reveals that 

although the addition of larger studies with their possibly confounding ancillary 
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treatments and lower event rates in the control group may decrease the size of the final 

estimate of treatment effect, a meta-analysis of only small studies would not be erroneous 

in concluding that the treatment is efficacious. A cumulative meta-analysis ordered by the 

magnitude of the difference between treatment and control (an index of effect size) can 

be used to highlight the heterogeneity of treatment effect and to help identify studies that 

may be very different either by protocol design or patient characteristics. The impact of 

potential negative or inconclusive studies on the overall pooled result can thus be 

estimated. And finally, assuming some relation between a quality score and outcome, a 

cumulative meta-analysis of studies arranged by descending quality scores allows 

examination of the impact of successively excluding studies of lesser quality on the 

overall result. 

To further illustrate the differential utility of traditional meta-analysis versus 

cumulative meta-analysis in terms of the data produced, the landmark study by Lau et al. 

(J. Lau et al., 1992) will be used. Other illustrations of the different approaches by which 

data can be accumulated within the cumulative meta-analytic framework can be found in 

(J. Lau et al., 1995). Lau et al. sought to examine the body of evidence that exist to 

support or refute the use of fifteen treatments and preventive measures for acute 

myocardial infarction. (J. Lau et al., 1992) To do so, they reviewed all the double blind, 

randomized, placebo-controlled trials evaluating intravenous streptokinase as 

thrombolytic therapy for acute infarction between 1959 and 1988. Figure 4.25 (source: J. 

Lau et al., 1995) presents their results in two ways - in the traditional meta-analytic style 

on the left and as cumulative meta-analysis arranged by publication year on the right. 



153 

Figure 4.25 Comparison of a typical meta-analysis (left) and cumulative meta-analysis 
(right) of intravenous streptokinase for acute myocardial infarction with 
overall mortality as an endpoint 
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Fig. I. Comparison of a typical tneta-analysis (left) and cumulative meta-analysk (right) or intravenous 

streptokinase Tor acute myocardial infarction with overHll mortality as an endpoint. The Mantcl-Hacnszel 

metliod of pooling was used. Odds ratios and their respective 95% confidence intervals of individual 

studies and the overall estimate are plotted on a logarithmic scale on the left graph. Cumulative odds ratio 

and their 95% confidence intervals are plotted on the right graph. The cumulative numbers of patients 
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on publication >'car. (Keprinted by permission of The New England Jounul uf Mcdicine 1992; 327: 230. 

As Lau et al. (J. Lau et al., 1995) discuss, the following points are apparent from 

inspection of the two graphs in Fig. 4.25. First, looking at both the point estimates and 

their corresponding 95% confidence intervals, the probability that intravenous 

streptokinase was effective (i.e., reduced mortality) was at least 0.975 (97.5%) by 1973 

after only 2432 patients had been randomized. At that time there was at least a 50% 

chance that the treatment reduced mortality by at least 20%. By 1977, after 4084 patients 
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had been randomized, the probability that treatment reduced mortality by about 10% was 

97.5%, and the probability that treatment was effective was more than 99.5%. A meta

analysis reaching this conclusion was in fact published in 1982 (Stampfer, Goldhaber, 

Yusuf, Peto, & Hennekens, 1982) and yet two very large studies, with a no-treatment 

control group, GISSI-1 (Gruppo Italiano per to Studio delta Streptochinasi nell'Infarto 

(GISSI). 1986) and ISIS-2 (ISIS-2 (Second International Study of Infarct Survival) 

Collaborative Group., 1988) were started long afterwards. Second, as can be seen from 

the shrinking width of the 95% confidence intervals, the only impact of the two very 

large studies was to increase the precision of the estimate of the treatment effect. They 

had no effect on determining whether or not the treatment was effective. 

Intrigued by this approach to meta-analysis, a second study using cumulative 

meta-analysis was undertaken to further explore whether in part many interventions for 

sepsis are clinically and statistically insignificant because they lack power. The results, as 

shown in the following figures, suggest that power is probably not the problem, nor is a 

low base rate for mortality. It seems like these trials fail for other reasons. Some of the 

potential explanations why sepsis trials have failed in recent years are discussed by 

Vincent, Sun, and Dubois (Vincent et al., 2002) and include: (1) the possibility that the 

experimental agents are ineffective; (2) the possibility that the doses of the experimental 

agents are inadequate; (3) the possibility that the timing of the intervention is inadequate; 

(4) the possibility that patient population is too heterogeneous; and (5) the possibility that 

single interventions are ineffective. Regardless of the explanation, it is evident that even 
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in the case of sepsis the range of effect sizes of our therapeutic interventions is quite 

disappointing. 

Number-needed-to-treat 

To illustrate how disappointing effect sizes have been in the case of sepsis, the 

summary effect size measure of number-needed-to-treat (NNT) has been used. 

The concept of NNT was reported first by Laupacis et al, (Laupacis, Sackett, & 

Roberts, 1988) in 1988 with the intent to provide readers with additional information to 

help them decide whether a treatment should be used. The NNT indicates how many 

patients on average have to be treated to avoid an undesirable event or to achieve one 

desirable event at a specific point in time. It is calculated as the inverse of the absolute 

risk reduction (ARR) caused by treatment. Absolute risk reduction and NNT vary with 

the patient's baseline risk of the target event. For patients at very high risk of the target 

event, the NNT will tend to be low, and treatment is likely to be justified. For patients at 

very low risk of the target event, NNT is likely to be high enough to raise doubts about 

whether treatment is warranted, even when the outcome being prevented is serious. 

Despite the intuitive appeal of NNT, concerns have been expressed about its 

limitations. Cook and Sackett (1995) note that NNT presents a problem when the results 

of an RCT with patients at one baseline risk are applied to a particular patient at a 

different risk(Cook & Sackett, 1995). Chatellier et al (Chatellier, Zapletal, Lemaitre, & et 

al., 1996) express concern on extrapolating NNT to time points not considered in trials. 

Wu and Kottke (Wu & Kottke, 2002) provided an excellent example to illustrate the 

problem with interpreting NNT. They reported a comparison of the NNT values for 3 
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interventions: cardiac transplantation, implantable cardioverter defibrillators (ICDs), and 

cholesterol lowering. The 1-year NNT was 1 for cardiac transplantation, 4 for ICDs, and 

at least 600 for a treatment that lowered serum cholesterol levels by 10%. On the basis of 

NNT, one might conclude that cardiac transplantation is the most effective way to control 

cardiovascular disease. However, they also estimated the potential contribution of each of 

the 3 interventions to a population-wide reduction in cardiovascular mortality. According 

to the demonstrated efficacy of each intervention and the candidacy rates in a population, 

cardiac transplantation could reduce cardiovascular mortality by 0.9%, ICDs could 

reduce cardiovascular mortality by Ll%, and cholesterol-level decreases of 10% could 

reduce cardiovascular mortality by at least 4.8% and perhaps by as much as 7.8% (Wu & 

Kottke, 2001). Artalejo (Artalejo, Banegas, Artalejo, & Guallar-Castillon, 1998) pointed 

out that although the NNT for each type of patient can be narrowed down somewhat 

depending on his or her clinical characteristics, even then it is not possible to ascertain 

which patients will benefit, just as it is impossible to ascertain which patients will have 

adverse effects of exposure to risk factors for many chronic diseases because of 

individual variability. They expressed a concern that the use of NNT in clinical practice 

could lead to a decrease in therapeutic acceptance and compliance, if the patient's 

perception of the number is different from that of the clinician. 

Nevertheless, NNT still has a place in the landscape of effect size. Furukawa 

(Furukawa, 1999) constructed a conversion table (Table 4.23) from effect size into NNT 

that can be used whenever the effect size (ES) is presented as a SMD. The numbers were 

calculated under the binormal and equal variance assumptions, which meta-analysts 
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usually presuppose when they resort to ES. For example, if a treatment with an ES of 0.2 

is administered to patients whose response rate could be 30% in the control condition, the 

NNT is calculated to be 13.7. One could also start from the response rate among those 

treated. For example, if you find a treatment is effective and satisfactory in 60% of the 

patients who receive the experimental treatment and a meta-analysis reports an ES of 0.5 

for that treatment, then the NNT is 5.1. 

R>sspons« rat« (%) 

Control group 10 20 30 40 50 60 70 80 90 

Exp&rFni«ntal group 90 80 70 60 50 40 30 20 10 

ESO-2 25'2 isl" liT 127 TM" IsT 15-2 iiT 

ES 0.5 8'5 6-0 5-3 5-1 5'2 5-7 6-8 9-1 16-0 

ESO-8 4-6 3'5 3-2 3'3 3'5 4.8 6-7 12-3 

ESl-O 3'5 2'8 2'6 2-7 2 9 3-4 42 6-0 11-3 

Conversion from ES into NNT 

Table 4.24 presents the NNT for each therapeutic class for sepsis stratified by the 

control group expected overall mortality, as just one final way to present effect sizes for 

various treatments for sepsis in a more intuitive way. 

Class of Therapy NNT NNT adjusted NNT adjusted NNT adjusted 
Observed for 30% CER for 60% CER for 90% CER 

Anti-cytokine Therapy 39 Benefit 48 Benefit 24 Benefit 16 Benefit 
(EER 1638/4676; CER 256/3335) (21Bto202B) (28B to 245 B) (14B to 123 B) (10 B to 82 B) 
Anti-endotoxin Therapy 194 Benefit 248 Benefit 124 Benefit 83 Benefit 
(EER 972/2578; CER 983/2572) (47 H to 32 B) (58 H to 42 B) (29 H to 21 B) (20 H to 14 B) 
Steroids 65 Benefit 83 Benefit 42 Benefit 28 Benefit 
(EER 246/665; CER 244/633) (27Hto 15 B) (33 H to 21 B) (17Hto 11 B) (11 Hto7B) 
Hemodynamic therapy 10 Benefit 16 Benefit 8 Benefit 6 Benefit 
(EER 156/411; CER 197/408) (6 B to 29 B) (11 Bto43 B) (6 B to 22 B) (4Bto 15 B) 
Immunoglobulin 4 Benefit 9 Benefit 5 Benefit 3 Benefit 
(EER 34/92; CER 59/95) (3 B to 10 B) (6Bto 17 B) (3 B to 9 B) (2 B to 6 B) 
Coagulopathy 31 Benefit 39 Benefit 20 Benefit 13 Benefit 
(EER 903/2557; CER 986/2552) (17B to 149 B) (23B to 185 B) (12 B to 93 B) (8 B to 62 B) 
Various drug interventions 362 Harm 391 Harm 196 Harm 131 Harm 
(EER 273/836; CER 181/559) (20 H to 21 B) (19 H to 25 B) (lOHto 13 B) (7 H to 9 B) 

Table 4.23 
Conversion of ES into NNT 
(Source; Furukawa 1999) 

Table 4.24 Number-Needed-to-Treat (NNT) for each class of therapies stratified based on observed 
and relative risk of event (overall mortality) in the control arm (CER = Control Event 
Rate; EER = Experimental Event Rate; B = benefit; H = harm). 
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Discussion 

Sepsis, which remains one of the leading causes of mortality in critically ill 

patients, has in recent years become one of the prime conditions for which there has been 

an ongoing effort to effectively translate valuable bench sciences knowledge into 

improved bedside care. Increased understanding of the complex pathophysiology that 

underlies sepsis has continuously led to the development of sophisticated novel biological 

treatments that aim at controlling the imderlying pathology of the condition. These new 

treatments brought with them tremendous hope for reduced mortality. Although 

epidemiological evidence suggests that mortality fiom sepsis has fallen sharply during 

the last ten years (G. S. Martin et al., 2003), a question remains as to what accounts for 

that improved survival. Despite encouraging results from phase 2 clinical trials, most 

methodologically rigorous large-scale definitive phase 3 clinical trials examining those 

new biological treatments for sepsis have, in fact, failed to demonstrate reduction in 

mortality (Angus & Crowther, 2003). At the same time, there continued to be 

improvement in supportive care for sepsis (ex. superior control of infections, early-goal 

directed volume resuscitation, more appropriate ventilation techniques, better attention to 

metabolic regulation, etc.) Using mortality as the primary endpoint, the present study 

employed sophisticated meta-analytic techniques to examine whether treatment efficacy 

for sepsis and septic shock have increased over the years. The results of these analyses 

cast doubt on whether novel treatments for sepsis and septic shock are indeed superior to 

standard of care in terms of reduced mortality. 
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The mean effect size for the entire cohort of 76 studies included in the present 

analysis was d= 0.19 (SD 0.44). The pooled RR estimate for the entire cohort was 

statistically significant with very narrow confidence interval (RR=0.92, 95%CI 0.88-0.96, 

jt?=0.00028) based on almost 22,000 patients. The reduction in risk of mortality for 

individual studies ranged from RR 0.15 (95%CI 0.02-1.06, j!7>0.05) to RR 1.83 (95%CI 

0.73-4.6,/>>0.05). Compared with various controls, only two categories of treatments, 

anti-cytokine therapies (15 trials, 8011 patients, RR 0.94, 95%CI 0.88-0.99, p=0.024), 

and hemodynamic therapies (15 trials, 819 patients, RR 0.81, 95%CI 0.7-0.94,/?=0.005), 

and only two specific treatments, IVIG (4 trials, 187 patients, RR 0.66, 95%GI 0.47-0.91, 

/?=0.012), and rAPC (1 trial, 1728 patients, RR 0.79, 95%CI 0.68-0.92,/>=0.003) showed 

a statistically significant reduction effect on mortality rate. 

Although Friedman, Silva, and Vincent (Friedman, Silva, & Vincent, 1998) 

reported a significant overall trend of decreased mortality from sepsis over the period 

1958-1997 (R^ 0.49, j!7< 0.05) based on 131 studies (99 prospective and 32 retrospective) 

involving a total of 10,694 patients, the present analysis covering the period between 

1976 and 2002 could not find such a trend based on 76 trials (all prospective) involving a 

total of 21,998 patients. Two potential explanations for this incongruence in findings 

might be: (1) the inclusion of only prospective randomized controlled trials in the present 

analysis; and (2) the increasing incidence of failed trials for novel sepsis treatments. 

Since the completion of Study III at least one new multicenter international placebo-

controlled trial examining a new treatment for sepsis, tissue factor pathway inhibitor, (the 

OPTIMIST trial) has reported negative results in terms of effect on mortality (Abraham 



160 

et al., 2003). For a full discussion on the potential reasons why so many sepsis trials fail 

to show positive effects, please refer to (Angus & Crowther, 2003; Bochud & Calandra, 

2003; Cross & Opal, 2003; Marshall, 2002; Vincent et al., 2002) 

The small effect sizes found in the present analysis are consistent with findings 

from previous analyses. Natanson and colleagues (Natanson, Esposito, & Banks, 1998)^ 

for example, performed a meta-analysis of 21 clinical studies that evaluated the efficacy 

of nonglucocorticoid mediator specific anti-inflammatory agents in more than 10,000 

patients and found survival benefit of OR 1.11 (95%CI 1.02-1.2,/>= 0.02). These findings 

suggest that it would be unlikely any single inflammatory mediator modulation would 

provide the "home run" therapy anticipated, and it is more likely that survival from sepsis 

will improve only through combination therapy directed at multiple stages of the sepsis 

process (Cross & Opal, 2003). 

The NNT analyses adjusted for different control death rates (risk of mortality; 

moderate ~ 30%, high ~ 60%, and very high ~ 90%) found that for most categories of 

therapy there exists the potential for harm. For example, in the steroid group the 

calculated NNT ranged from 28B (benefit) to 83B, the 95%CI ranged from 33H (harm) 

to 7B. The most effective treatment based on the NNT analysis was IVIG. This finding, 

however, needs further confirmation in larger clinical trials since the total number of 

patients enrolled in the 4 trials examining IVIG for sepsis was particularly small (187) 

while the control death rate approached 62%, driving the NNT down. Future clinical 

research into novel therapies for sepsis must attempt to identify those subgroups of 

patients based on stage or severity of the condition that might benefit from the therapy. 
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CHAPTER 5. 

CONCLUDING REMARKS 

Despite evidence for the chasm that often lies between what is clinically 

important and what is statistically significant, the Fisherian approach to hypothesis 

testing continues to dominate all aspects of biomedical and behavioral research (Krueger, 

2001). This approach sanctifies the p value, a measure of the probability that given that 

null hypothesis is true the data is what it is or more extreme (although it should be noted 

that researchers are typically interested in the opposite question, "given the data, what is 

the probability that the null hypothesis is true?" see Cohen, 1994). And yet, p values, no 

matter how small they are, cannot serve as coefficients of utility, efficacy, effectiveness, 

or efficiency, simply because they tell us nothing about the magnitude of the effects 

attributed to the intervention, let alone their clinical significance (Greenwald, Gonzalez, 

Harris, & Guthrie, 1996). Effect sizes, on the other hand, purport to provide exactly that -

an indication of the magnitude of treatments effects. It is therefore not surprising that in 

recent years effect sizes have been increasingly advocated as important parameters for 

clinical trials planning, research findings interpretations, and accumulation of results 

across studies. 

Interpretations of effect sizes, however, are not free of pitfalls. Shadish, for 

example, recently suggested that adding to the traditional statistical conclusion validity 

creates a new threat which he called "inaccurate effect size estimation" reflecting the 

reality that scientists now emphasize estimating the size of causal effects in addition to 

statistical significance tests (Shadish et al., 2002). Indeed, the uncritical use of effect size 
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indicators may lead to different interpretations of similar research findings because of 

differences in assumptions underlying the nature of the research, operational 

characteristics of the phenomenon being studied, or the methodological features of the 

trial (Fren & Monroe, 1996). Despite those differences, it is clear that effect sizes are 

valuable, albeit not perfect, summary measures of the degree to which a treatment might 

be effective. Provided that research findings are interpreted within their proper 

constrains, effect size indicators provide a useful metric that help to assess the relative 

magnitude of effects of competing therapeutic, diagnostic, and prognostic alternatives. 

Using effect sizes as a common metric, this dissertation aimed at providing some 

empirical data to suggest how good we are by examining (1) how robust therapeutic 

interventions are in medicine nowadays, and (2) how therapeutic efficacy might have 

changed over the years. The three complementary studies that have been undertaken to 

address these two objectives provide an interesting account of the magnitude of 

therapeutic efficacy as assessed by clinical trials. Together, they suggest that, unlike what 

would have been expected in terms of the return on the vast societal investment in 

biomedical research (Lenfant, 2003), Cohen's rule-of-thumb regarding effect sizes (small 

~ 0.2, medium ~ 0.5, and large -0.8 SD) from more than 40 years ago needs no updating. 

Statistical power analysis tables that depend on those effect size estimates remain well 

calibrated. 

Study I was designed as a meta-meta analysis. It systematically summarized 91 

different meta-analyses published in 2002 of various therapeutic interventions, from 

medicine to surgery to psychology. The results of this study provide an indication of the 
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range of effect sizes in medicine nowadays. With only a few exceptions, most meta

analyses produced effect size estimates well within Cohen's range. The mean ES in the 

cohort of studies examined for continuous variables was d 0.50 (SD 0.35, 95%CI 0.32-

0.69) and for dichotomous variables, OR 1.51 (SD 1.39, 95%CI 0.9-2.13). 

Study II presented a pool of 250 different effect sizes computed from 52 original 

reports of double-blind, randomized, placebo-controlled clinical trials published in 

medicine over the last 25 years. This pool of effect sizes was used primarily to study 

whether there were any significant time trends that could predict and explain variance 

associated with effect size estimates. A split-plot general linear model regression 

analysis, including tests for possible one- and two- ways interactions, that included only 

variables that were judged a-priori to be theoretically related to the magnitude of effect 

size accounted for 93.2% of the variance (R =0.93). The analysis showed that there were 

a number of statistically significant trends over time with respect to study features, but 

not with respect to effect size (r=0.08,j[7=0.23). Effect sizes were statistically significant 

correlated with the number of trial sites (r=0.48,/?<0.0001), trial quality (i=0.34, 

jc»<0.0001), intention-to-treat analysis (r=0.45,/7<0.0001), and length of trials (r=0.19, 

/»=0.0039), but not with year of publication, total sample size, and frequency of 

administration of the intervention. Interestingly, at least in this cohort, more rigorous 

trials design did not result in smaller effect sizes. 

Study III used severe sepsis and septic shock as a model to systematically assess 

both dissertation objectives (1) and (2). Toward that end, a cumulative meta-analysis, a 

sophisticated form of meta-analysis that aims at assessing the contribution of individual 
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studies to the cumulatively pooled effect size estimates of meta-analyses was conducted 

on various treatments for sepsis. The metric of number needed to treat (NNT) was then 

used to convey results in a somewhat more meaningful way than the dimensionless 

metric of standardized mean differences (Cohen's d). Seventy-six clinical trials 

representing 30 different treatments for sepsis and septic shock were included in the 

analyses. Compared with various controls, only two categories of treatments, anti-

cytokine therapies (RR 0.94,95%CI 0.88-0.99, j!?=0.024), and homodynamic therapies 

(RR 0.81, 95%CI 0.7-0.94,/»=0.005), and only two specific treatments, immunoglobulin 

(IVIG) (RR 0.66, 95%CI 0.47-0.91, p=0.012), and rAPC (RR 0.79, 95%CI 0.68-0.92, 

/?=0.003) showed a statistically significant reduction effect on mortality. The NNT 

adjusted analysis had a wide range, including the potential for harm. 

So, where does all of that leave us? Although the results of the three 

complementary studies converge to suggest that effect sizes in medicine continue to be 

modest at best, much caution should be exercised before one concludes that the answer to 

the question, "How good are we?" is "Not too good..." Here is why. 

First, single summary estimates of therapeutic efficacy in the form of effect size 

indices, such as Cohen's d, may not capture the entire story. Although effect sizes 

provide a crucial index of the effect an average patient can expect to achieve, it typically 

does not yield valuable information on response variability. Therefore, a more nuanced 

portrait of efficacy might be required, such as in the case of multidimensional meta

analyses that present multiple measures (Nakash-Eisikovits, Dierberger, & Westen, 

2002). 
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Second, since not all outcomes weigh equally (e.g., morbidity vs. mortality), the 

size of a therapeutic effect might be meaningful even if at first glance it appears small. 

This is best illustrated by the method of the binomial effect size display (BESD) method 

advocated by Rosenthal and Rubin (Rosenthal & Rubin, 1982). This method depicts 

therapeutic effects in terms of the proportion of treatment vs. control subjects who would 

achieve the desired outcome. Utilization of the BESD method may lead to different 

inferences about the relative efficacy and worth of an intervention than say Cohen's d. 

For example, Cohen's d=QA\ means, in general, that 60% of the treatment arm have 

achieved the desired outcome compared to only 40% of the control group. This 20-

percentage point spread between treatment and control success rates hardly seems like a 

negligible difference. Therefore, it is not advisable to dismiss effect sizes just because 

they appear to be small. 

Third, the methods by which effect size indices are calculated are certain to affect 

the overall magnitude of the effect size estimates. For example, since Cohen's d describes 

the difference in outcomes between two groups in standard deviation units, a comparison 

between an experimental intervention and a placebo is likely to generate larger effect size 

estimates than a comparison of the same experimental treatment when tested against an 

active control (Temple & Ellenberg, 2000). Recent analyses suggest that drug trials 

sponsored by the pharmaceutical industry are likely to produce larger, statistically 

significant effect sizes, while publicly funded trials typically favor the investigated drug 

only half of the time, as expected under equipoise (Bodenheimer, 2000; Djulbegovic et 

al., 2000; Rochon et al., 1994). Furtehrrmore, empirical evidence among a small number 
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of meta-analyses of the published literature confirms that early trials tend to show larger 

estimates of the treatment effect than late trials (Rothwell & Robertson, 1998). Therefore, 

comparison of effect sizes across conditions and settings without taking into 

consideration the context and constraints of the condition under consideration, the 

research methods employed, and the nature of the effect size index used, is somewhat 

meaningless. 

Fourth, there is often a discrepancy between what observational and 

epidemiological studies show and what randomized clinical trials suggest. Recent 

examples include discrepancies in the efficacy assessment of honnone replacement 

therpy (Rossouw et al., 2002) and antioxidant supplementation (Lawlor, Smith, Kundu, 

Bruckdorfer, & Ebrahim, 2004). Study III, which focused on sepsis, also points toward 

such a discrepancy. Whereas both review of the clinical trials literature on treatments for 

sepsis and meticulous meta-analyses suggest that these treatments are likely to be 

ineffective in reducing mortality, recent epidemiological data indicate that the total in-

hospital mortality rate from sepsis and septic shock fell from 27.8 percent during the 

period from 1979 through 1984 to 17.9 percent during the period fi-om 1995 through 

2000 (Martin, Marmino, Eaton, & Moss, 2003). Thus, when assessing how good we are it 

is not advisable to rely only on double blind, placebo-controlled randomized clinical 

trials. Evidence exists indicating that this rigorous research paradigm may, in fact, 

introduce bias into the process of efficacy assessment (Kaptchuck, 2001) and that the 

results of these trials may not generalize to real world situations (Tunis, Stryer, & Clancy, 

2003). 
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Fifth and last, it has been suggested that in modem-day medicine the therapy of 

choice to combat most diseases is reasonable enough for advances to be by small 

increments (Yusuf, Collins, & Peto, 1984). If this is indeed the case, than the fact that the 

present analyses did not find an increase in effect sizes over time might not be the result 

of lack of progress in medicine, but rather of inherent theoretical and practical difficulties 

associated with the conduct of such time-dependent analysis over a span of a quarter of a 

century. For example, it is entirely possible that the end points of the studies may have 

changed, that the baseline severity of the disease may be different, that the studies may 

look at different subsets of patients who had previously been exposed to different drugs, 

and that the outcome criteria may be different. In short, the landscape of clinical trials 

may have changed over time. Thus, caution needs to be exercised before one concludes 

that medical therapies have not improved in terms of efficacy and safety over the years. 

There have been many breakthroughs in medicine over the years. We should all 

be very proud of them. But as George Eliot (1819-1890) once said, "The strongest 

principle of growth lies in human choice." For medicine to make even more progress and 

for treatments to become even more effective we should all make the right choices. The 

four choices I advocate for future clinical research are to move from group means to 

individual differences, from modalities to systems, from efficacy to effectiveness, and 

from single studies to cumulative evidence. 



APPENDIX A, LITERATURE SEARCH RESULTS FOR STUDY 



MEDLINE search strategy adopted from the Cochrane & DARE 

To include only randomized controlled trials 
L randomized controlled trial.pt. 
2. randomized controlled trials.sh. 
3. random allocation, sh. 
4. double blind method.sh. 
5. 1 or 2 or 3 or 4 
To include only human studies 
6. animal.sh. 
7. human, sh. 
8. 6 not (6 and 7) 
9. 5 not 8 
10. clinical trial.pt. 
11. exp clinical trials/ 
12. (clin$ adj3 trial$).ti,ab 
13. ((doubi$ or treb$ or tripl$) adj3 (blindS or mask$)).ti,ab. 
14. random.ti,ab. 
15. research design.sh. 
16. 10 or 11 or 12 or 13 or 14 or 15 
17. 16 not 8 
18. comparative study.sh. 
19. exp evaluation studies/ 
20. follow up studies.sh. 
21. prospective studies.sh. 
22. (controls or prospectivS or volunteer$).ti,ab. 
23. 18 or 19 or 20 or 21 or 22 
24. 23 not 8 
To include only placebo controlled trials 
25. placebos.sh. 
26. placebo$.ti,ab. 
27. 25 or 26 
28. 27 not 8 
To include only top medical journals 
29. bmj.jn 
30. lancetjn 
31. new england journal of medicine.jn. 
32. jama.jn 
33. annals of internal medicine.jn 
34. 28 and (9 or 17 or 24) 
35. 29 or 30 or 31 or 32 or 33 
36. 34 and 35 
37. than to limit year to either 1975,1980,1985,1990,1995,2000 



Results of MEDLINE Search Using The Above Search Protocol 

Total Hits; All Journals - All Years 

1975 1980 1985 1990 1995 2000 Total 
Annals 8 10 9 17 17 31 92 
BMJ 0 0 0 17 22 16 55 
JAMA 18 8 8 12 19 31 96 
Lancet 25 30 26 39 28 55 203 
NEJM 13 15 14 38 45 36 161 
Total 64 63 57 123 131 169 607 

(80-90-00) 63 123 169 355 

t 
Eligible Papers (As Determined Bv Their Abstract); All Journals - All Years 

1975 1980 1985 1990 1995 2000 Total 
Annals 2 10 6 12 13 11 54 
BMJ 0 0 0 10 7 6 23 
JAMA 3 6 4 9 9 22 53 
Lancet 10 15 21 29 18 43 136 
NEJM 8 12 13 34 27 28 122 
Total 23 43 44 94 74 110 388 

(80-90-00) 43 94 110 247 

t 
Eligible Papers Onlv From The Lancet & NEJM 

1975 1980 1985 1990 1995 2000 Total 
Annals 
BMJ 
JAMA 
Lancet 10 15 21 29 18 43 136 
NEJM 8 12 13 34 27 28 122 
Total 18 27 34 63 45 71 258 

(80-90-00) 30 63 71 164 
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Corrected Results By Disease Category - All Journals. All Years 

1975 1980 1985 1990 1995 2000 Total 
Cardiovascular 4 10 9 20 9 16 68 
Endo/Metabolism 2 5 2 11 9 8 37 
Gastroenterology 2 2 4 4 11 7 30 
Hematology 1 3 1 1 3 3 12 
Infectious 6 6 8 15 14 19 68 
Nephrology 1 3 0 2 2 2 10 
Neurology 3 2 9 5 10 29 
OB/GYN 3 1 1 4 3 1 13 
Oncology 2 2 3 4 1 5 17 
Pediatrics 2 2 5 3 12 24 
Psychiatry 1 0 1 2 1 5 10 
Pulmonology 1 4 1 8 2 10 26 
Rheumatology 1 5 3 3 4 16 
Miscellaneous 1 5 3 8 8 25 

# DB-P-RCT 23 43 44 91 74 110 385 

DB-P-RCT = Double blind placebo randomized controlled trial 

Corrected Results By Disease Category - Lancet & NEJM Only. All Years 

1975 1980 1985 1990 1995 2000 Total 
Cardioyascular 4 8 8 9 7 12 48 
Endo/Metabolism 2 4 2 8 5 4 25 
Gastroenterology 2 1 2 4 5 7 21 
Hematology 1 3 1 1 3 1 10 
Infectious 2 2 4 8 8 9 33 
Nephrology 1 1 1 1 2 6 
Neurology 3 2 7 3 5 20 
OB/GYN 3 1 3 1 1 9 
Oncology 2 2 2 4 1 4 15 
Pediatrics 2 1 5 2 11 21 
Psychiatry 1 1 1 1 4 
Pulmonology 1 6 2 8 17 
Rheumatology 4 2 2 3 11 
Miscellaneous 1 5 3 5 3 17 

# DB-P-RCT 18 27 34 62 45 71 257 
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Results By Disease Category - for All Journals 1980-1990-2000 
("After elimination of disease categories with less than a total of 15 eligible papers 

+ Pediatrics + miscellaneous') 

1975 1980 1985 1990 1995 2000 Total 
Cardiovascular 10 20 16 46 
Endo/Metabolism 5 11 8 24 
Gastroenterology 
Hematology 
Infectious 6 15 19 40 
Nephrology 
Neurology 3 9 10 22 
OB/GYN 
Oncology 
Pediatrics 
Psychiatry 
Pulmonology 4 8 10 22 
Rheumatology 
Miscellaneous 

# DB-P-RCT 28 63 63 154 

Results By Disease Category - for All Journals 1980-1990-2000 
(After elimination of disease categories that were not represented in all years + Pediatrics 

1975 1980 1985 1990 1995 2000 Total 
Cardiovascular 10 20 16 46 
Endo/Metabolism 5 11 8 24 
Gastroenterology 2 4 7 13 
Hematology 3 1 3 7 
Infectious 6 15 19 40 
Nephrology 3 2 2 7 
Neurology 3 9 10 22 
OB/GYN 1 4 1 6 
Oncology 2 4 5 11 
Pediatrics 
Psychiatry 
Pulmonology 4 8 10 22 
Rheumatology 1 3 4 8 
Miscellaneous 

# DB-P-RCT 40 81 85 206 
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Results By Disease Category - for the Lancet & NEJM All Years 
(After elimination of disease categories with less than a total of 15 eligible papers 

+ Pediatrics + Miscellaneous) 

1975 1980 1985 1990 1995 2000 Total 
Cardiovascular 4 8 8 9 7 12 48 
Endo/Metabolism 2 4 2 8 5 4 25 
Gastroenterology 2 1 2 4 5 7 21 
Hematology 
Infectious 2 2 4 8 8 9 33 
Nephrology 
Neurology 3 2 7 3 5 20 
OB/GYN 
Oncology 2 2 2 4 1 4 15 
Pediatrics 2 1 5 2 11 21 
Psychiatry 
Pulmonology 1 6 2 8 17 
Rheumatology 
Miscellaneous 1 5 3 4 4 17 

# DB-P-RCT 12 23 27 54 37 64 217 

Results By Disease Category - for the Lancet & NEJM All Years 
(After elimination of disease categories that were not represented in all years + 

Miscellaneous') 

1975 1980 1985 1990 1995 2000 Total 
Cardioyascular 4 8 8 9 7 12 48 
Endo/Metabolism 2 4 2 8 5 4 25 
Gastroenterology 2 1 2 4 5 7 21 
Hematology 1 3 1 1 3 1 10 
Infectious 2 2 4 8 8 9 33 
Nephrology 
Neurology 
QB/GY>J 
Oncology 2 2 2 4 1 4 15 
Pediatrics 
Psychiatry 
Pulmonology 
Rheumatology 
Miscellaneous 

# DB-P-RCT 13 20 19 34 29 37 152 
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Results By Disease Category - for the Lancet & NEJM 1980-1990-2000 
(After elimination of disease categories with less than a total of 15 eligible papers 

+ Pediatrics + Miscellaneous") 

1975 1980 1985 1990 1995 2000 Total 
Cardiovascular 8 9 12 29 
Endo/Metabolism 4 8 4 16 
Gastroenterology 
Hematology 
Infectious 2 8 9 19 
Nephrology 
Neurology 
OB/GYN 
Oncology 
Pediatrics 
Psychiatry 
Pulmonology 1 6 8 15 
Rheumatology 
Miscellaneous 

# DB-P-RCT 15 31 33 79 

Results By Disease Category - for the Lancet & NEJM 1980-1990-2000 
(After elimination of disease categories that were not represented in all years + Pediatrics 

+ Miscellaneous) 
1975 1980 1985 1990 1995 2000 Total 

Cardiovascular 8 9 12 29 
Endo/Metabolism 4 8 4 16 
Gastroenterology 1 4 7 12 
Hematology 3 1 1 5 
Infectious 2 8 9 19 
Nephrology 1 1 2 4 
Neurology 3 7 5 15 
OD/GY>J 
Oncology 2 4 4 10 
Pediatrics 
Psychiatry 
Pulmonology 
Rheumatology 
Miscellaneous 

# DB-P-RCT 24 42 44 110 



Breakdown By Disease All Years. All Journals 
(A= Annals, B= BMJ, J= JAMA, L= Lancet, N = NEJM) 

Disease 1975 1980 1985 1990 1995 2000 

3 

IHD 35(L),58(N 
) 

11(J),21(L),24(L), 
26(L),39(L),58(N 
), 
60(N) 

20(L),47(N),56(N 
) 

53(L),73(L),82(L),84(L) 

94(N), 

57(J),78(L), 
84(L),117(N),121(N 
) 

70(J),91(L), 
93(L),104(L), 
114(L),122(L), 
123(L),151(N), 
152(N),167(N) 

C/3 Arrhythmia 37(L),48(L) 1(A),52{N) 14(A),107(N) 
o 

••§ 
a 
U 

CHF 63(N) 59(L) 62(L),90(N), 
108(N) 

13(A),71(J), 
129(L),150(N), 
168(N) 

HTN 5(A),29(L),33(L), 
51(N) 

2(A),20(B),24(B), 
31(B),65(L),112(N) 

12(A) 72(J) 

PVD 31(L),44(L) 25(B) 
Lipids 49(L) 17(J),55(N) 17(J) 119(N) 7(A),11(A),47(J), 

72(L),112(N),118(N 
) 

107(L) 

nS -t-» 
V 

O 

Osteoporosis 27(L) 55(N) 1(A),12(A),93(N),109(N 
), 
110(N),116(N) 

4(A),92(N) 11(A),73(J), 
140(N) 

•T3 a 
W 

DM 62(N) 49(N) 10(A),100(N) 115(N) 61(J),63(J), 
80(L) 

Obesity 46(L) 55(L) 
Thyroid 54(N) 54(L) 
Acromegaly 145(N) 
PUD/GER 46(L) 2(A) 2(A),6(A) 5(A),6(A) 88(L),154(N) 
Gallstones 54(N) 111(N) 9(A), 14(A) 

2 IBD 51(N) 102(N),114(N) 135(N),159(N) 
M n) GI Bleeding 30(L) 75(L) 34(B),69(L),116(N) 
O PBC 45(N) 97(N) 

Hep B 113(N) 
HepC 1(A) 



Disease 1975 1980 1985 1990 1995 2000 
IBS 117(L) 
Adenoma 83(L),136(N) 
Achalasia 110(N) 
MM 63(N) 57(N) 

O Coagulation 62(N) 18(A),100(L) 
B DVTA^TE 30(L) 14(A) 
K Sickle 26(L) 95(N) 

BMT/Leukemia 79(L) 89(N)103(N) 
HIV 5(A),6(A),9(A).80(L), 

89(N),91(N),95(N), 
104(N) 

8(A),91(N),101(N), 
I05(N),111(N) 

1(A),30(A), 
48(J),56(J), 
64(J),98(L), 
138(N) 

Herpes 1(A),55(N) 13(J) 3(A),11(J),15(J) 2(A),33(B) 
BactemriaAJTI 2(A) 7(A) 
Com Cold 16(J)25(J) 31(A),67(J), 

99(L),146(N) 
TB 39(L) l109(N) 

3 O CMV 8(A) 
O 

t4-l C 
Malaria 73(L) 95(L),108(L), 

110(L) 
Cocci 28(A) 
Candida 3(A) 115(N) 
Trav Diarrhea 12(J) 
Urogenital 41(L) 7(A) 113(N) 155(N) 
Lyme 53(N) 
Post Surgery 29(L) 120(N) 
URTI 16(J) 55(J) 38(B) 
"exotic" 24(L),58(N) 99(N) 79(L) 124(L) 
Sepsis 28(L) 44(J),58(J) 77(J) 

Nephr Renal Failure 4(A) 30(B) 20(B) 115(L),139(N) 
0 Transplant 10(A) 118(N) 83(L) 
u I-, —. Parkinson 40(L) 51(J) 
Z p o MS 23(L),25(L) 40(L) 158(N) 



Disease 1975 1980 1985 1990 1995 2000 
Epi 45(L) 72(L),102(N) 
Alzheimer/ 
Dementia 

27(B),88(N),98(N), 
i01(N) 

44(B),66(J), 
119(L),84(L) 

Stroke/carotid 58(L) 16(A),40(J),100(N), 
106(N) 

76(J),102(L), 
166(N) 

General... 78(L) 49(J) 
Autonomic Fail 54fN) 
Migraine 68(L) 
Breast issues 29(L) 66(L) 
Infertility 42(L) 74(L) 61(L) 

o Pregnancy 59(N) 20{L) 23(L) 81(L) 50(J) 
QQ 
O Postmenopause 18(J) 149CN) 

PMS 48(J) 
Breast CA 64(N) 7(A) 16(A),112(L) 
Anti-emesis 60(N) 59(N) 108(N) 137(N) 
Melanoma 56(N) 103(N) 
GI 25(L) 97(L) 

o c Cancer- general 57(N) 
O Head & Neck 106(N) 86(L) 

Ovarian 121(N) 
Radiation 82(L) 

cn 13 0) 
Oh 

33(L),50(N) 14(J),43(L) 48(L),52(L),63(L), 
I05(N),114(N) 

35(B),75(L),85(L) 32(B),79(L), 
86(L),92(L), 
94(L),96(L), 
105(L),132(L), 
142(N),143(N) 

'l57(N),165(N) 
Mania 27(L) 

j3 Depression 21(B) 59(J) 
General... 52(N) 51(L) 
Schizophrenia 19(B) 
Anxiety/Panic 60(J),68(J) 



Disease 1975 1980 1985 1990 1995 2000 
PTSD 78(J) 
Bulimia 133(L) 
Asthma 22(J) 5(A) 13(A),18(B),57(L),60(L 

),69(L),70(L),87(N),90( 
N) 

59(L) 85(L),87(L) 

a o 
a 

COPD 6(A),8(A),15(J) 34(B),101(L), 
156(N) 

p- CF 21(L) 107(N) 
ARDS 65(J) 
PE 126(L) 
ABP 144(N) 
PolymyosiTS 9(A) 
RA 8(A),27(L),37(L), 

50(N) 
32(B),64(L) 3(A),88(N),93(N) 153(N) 

a 
g Raynaud's 34(L) 

Bechet 117(N) 
Scleroderma 19(A) 
RSD 141(N) 
Psoriatic art 90(L) 
Alcohol 44(L) 38(L),48(N) 55(J) 
Psoriasis 19(L) 
Iatrogenic 22(L) 67(L) 
Dental 36(L) 
Kava 67(L) 
Iron/vitamins 71(L) 60(L) 10(A) 

u o Allergy 96(N) 33(B) 

is Smoking 38(B),41(J) 41(B) 
Homeopathy 39(B) 
Surgery 87(N) 125(L) 
Diet 120(L) 
Sleep 64(L) 148(N) 
BPH 65(L) 
Methadone 62(J) 



Summary of All Years, All Journals By Disease 

Disease 1975 1980 1985 1990 1995 2000 Total 
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IHD 2 7 3 5 5 10 32 

C
ar

di
ov

as
c 

ul
ar

 Arrhythmia 2 2 2 6 
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CHF 1 1 3 5 10 
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HTN 4 6 1 1 12 C
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PVD 2 1 3 
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Lipids 1 2 1 6 1 11 
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DM 1 1 2 1 3 8 
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Obesity I 1 2 
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Thyroid 1 1 2 E
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Acromegaly 1 1 
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PUD/GER 1 1 2 2 2 8 
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Gallstones 1 1 2 4 
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IBD 1 2 2 5 
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GI Bleeding 1 1 3 5 
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PBC 1 1 2 
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HepB 1 1 G
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HepC 1 1 
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IBS 1 1 
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Adenoma 2 2 
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Achalasia 1 1 
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MM 1 1 2 
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o Coagulation 1 2 3 
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DVTA^TE 1 1 2 
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Sickle 1 1 2 H
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BMT/Leukemia 1 2 3 
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HIV 8 5 7 20 
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s Herpes 2 1 3 2 8 
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fe
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BacteruriaAJTI 1 1 2 
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u 
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Common Cold 2 4 6 



Disease 1975 1980 1985 1990 1995 2000 Total 
TB 1 1 2 
CMV 1 
Malaria 1 3 4 
Coccidiomycosis 1 1 
Candida 1 1 2 
Travelers' Diarrhea 1 1 
Urogenital 1 1 1 1 4 
Lyme 1 1 
Post Surgery 1 1 2 
URTI 1 1 1 3 
"exotic" 2 1 1 I 5 
Sepsis 1 2 1 3 

Neph Renal Failure 1 1 1 2 5 
ro Transplant 1 1 1 3 

Parkinson 1 1 2 
MS 2 1 1 4 

bO Epilepsy 1 3 
'o Alzheim/Dementia 4 8 

Stroke/carotid 1 4 3 8 
General... 1 1 2 
Autonomic Fail 1 1 
Migraine 1 1 
Breast issues 1 1 2 
Infertility 1 1 1 3 

O Pregnancy 1 1 1 1 1 5 
OQ 
o Postmenopause 1 1 2 

PMS 1 1 
Breast CA 1 1 2 4 

W) Anti-emesis 1 1 1 1 4 W) 
Melanoma 1 1 2 

o G GI 1 1 2 
o Cancer- general 1 1 

Head & Neck 1 1 2 



Disease 1975 1980 1985 1990 1995 2000 Total 
Ovarian 1 1 
Radiation 1 1 

Peds 2 2 5 3 12 24 
Mania 1 1 
Depression 1 1 2 

J3 General... 1 1 2 
>^ CO Schizophrenia 1 1 

PH Anxiety/Panic 2 2 
PTSD 1 1 
Bulimia 1 1 
Asthma 1 1 8 1 2 13 
COPD 3 3 6 

O g CF 1 1 2 
3 ARDS 1 1 

PE 1 1 
ABP 1 I 
Polymyositis 1 1 
RA 4 2 3 1 10 

i Raynaud's 1 1 
o Bechet 1 1 
S Scleroderma 1 1 

RSD 1 1 
Psoriatic arthritis 1 I 
Alcohol 1 2 1 4 
Psoriasis 1 1 
Iatrogenic 1 1 2 
Dental 1 1 

o Kava 1 1 
Iron/vitamins 1 1 1 3 
Allergy 1 1 2 
Smoking 2 1 3 
Homeopathy 1 1 
Surgery 1 1 2 



Disease 1975 1980 1985 1990 1995 2000 Total 
Diet 1 1 
Sleep 1 1 2 
BPH 1 1 

Disease 1975 1980 1985 1990 1995 2000 Total 
IHD 2 7 3 5 5 10 32 
Lipids 1 2 1 6 1 11 
Osteoporosis 1 1 6 2 3 13 
PUD/GER 1 1 2 2 2 8 
Asthma 1 1 8 1 2 13 
RA 4 2 3 1 10 

5 12 10 22 19 19 87 

Disease 1975 1980 1985 1990 1995 2000 Total 
CHF 1 1 3 5 10 
HTN 4 6 1 1 12 
HIV 8 5 7 20 
Herpes 2 1 3 2 8 

2 2 7 15 11 13 50 
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Results by Medical Category -1975 

Annals (8) BMJ (0) JAMA (18) Lancet (25) NEJM (13) (64) 

Cardiovascular 35,37,48 58 4 

Endo/Metabolism 49 62 2 

Gastroenterology 46 54 2 

Hematology 63 1 

Infectious 1,2 16,25 39 55 6 

Nephrology 40 1 

Neurology 
OB/GYN 29,42 59 3 

Oncology 60,64 2 

Pediatrics 
Psychiatry 27 1 

Pulmonology 22 1 

Rheumatology 
Miscellaneous 
N/E 3,4,5,6,7,8, 9,10,11,12,13,14,15,17,18, 

19,20,21,23,24,26 
28,30,31,32,33,34,36,38, 
41,43,44,45,47,50,51 

52,53,56,57,61 

# DB-P-RCT 2 3 10 8 23 



Results by Medical Category - 1980 

Annals (10) BMJ (0) JAMA (8) Lancet (30) NEJM (15) (63) 

Cardiovascular 1 11 21,24,26,39 52,58,60,63 10 

Endo/Metabolism 17 27,46 54,55 5 

Gastroenterology 2 51 2 

Hematology 30 57,62 3 

Infectious 3,7 12,13 29,41 6 

Nephrology 4,10 20 3 

Neurology 23,25,45 3 

OB/GYN 18 1 

Oncology 56,59 2 

Pediatrics 33 50 2 

Psychiatry 0 

Pulmonology 5,6,8 15 4 

Rheumatology 9 1 

Miscellaneous 44 1 

N/E 14,16 19,22,28,31,32,34,35,36,37,38, 
40,42,43,47,48 

49,53,61 

# DB-P-RCT 10 6 15 12 43 



Results by Medical Category -1985 

Annals (9) BMJ (0) JAMA (9) Lancet (26) NEJM (14) (58) 
Cardiovascular 5 20,29,31,33,44 47,51,56 9 
Endo/Metabolism 49,55 2 
Gastroenterology 2,6 30 45 4 
Hematology 26 1 
Infectious 3 11,15,16 24,28 53,58 8 
Nephrology 0 
Neurology 40 54 2 
OB/GYN 23 1 
Oncology 7 25 57 3 
Pediatrics 14 43 2 
Psychiatry 52 1 
Pulmonology 21 1 
Rheumatology 8 27,34,37 50 5 
Miscellaneous 19,22,36,38 48 5 
N/E 1.4,9 10,12,13,17,18 32,35,39,41,42 46 
# DB-P-RCT 6 4 21 13 44 

OO 
OS 



Results by Medical Category -1990 

Annals (17) BMJ(17) JAMA (12) Lancet (39) NEJM (38) (123) 

Cardiovascular 2,14 20,24,25,31 35,38,40,41,46 53,59,65,73,82,84 94,107,112 20 

Endo/Metabolism 1,10,12 54,55 93,100,109,110,116,119 11 

Gastroenterology 75 97,111,113 4 

Hematology 79 1 

Infectious 5,6,7,8,9 36,45 80 89,91,95,99,104,115,120 15 

Nephrology 30 118 2 

Neurology 27 39 58,72,78 88,98,101,102 9 

OB/GYN 42 66,74,81 4 

Oncology 103,106,108,121 4 

Pediatrics 48,52,63 105,114 5 

Psychiatry 19 51 2 

Pulmonology 13 18 57,60,69,70 7,90 8 

Rheumatology 32 64 117 3 

Miscellaneous 67,71 96 3 

N/E 3,4,11,15,16,17 21,22,23,26,28,29,33,34 37,43,44 47,49,50,56,61,62,68,76,77,83,85 86,92,122,123 

#DB-P-RCT 11 9 9 28 34 91 

oo 



Results by Medical Category - 1995 

Annals 
(17) 

BMJ (22) JAMA (19) Lancet (28) NEJM (45) (131) 

Cardiovascular 12 57 62,78,84 90,108, 117,121 10 

Endo/Metabolism 4,7,11 47 72 92,115,112,118 9 

Gastroenterology 1,5,6,9,14 34 69 102,114,110,116 11 

Hematology 89,95,103 3 

Infectious 2,8 33 44,55,58 73,79 91,101,105,109,111,113 14 

Nephrology 20 83 2 

Neurology 16 40 68 100,106 5 

OB/GYN 48,50 61 3 

Oncology 86 1 

Pediatrics 35 75,85 3 

Psychiatry 21 1 

Pulmonology 59 107 2 

Rheumatology 3 88,93 3 

Miscellaneous 38,39 41 60,64,65, 67 87 7 

N/E 10,13,15,17 18,19,22,23,24,25, 
26,27,28,29,30,31,32 
36,37 

42,43,45,46,49,51,52, 
53,54,56 

63,66,70,71,74,76,77, 
•80,81,82 

94,96,97,99,104,119,120, 
122,123,124,125,126,127, 
128,129,130,131 

# DB-P-RCT 13 7 9 18 27 74 



Results by Medical Category - 2000 

Annals (31) BMJ(16) JAMA (31) Lancet (55) NEJM (36) (169) 

Cardiovascular 13 70,71,72 91,93,104,114,122,12 
3,129 

150,151,152,167,168 16 

Endo/Metabolism 11 61,63,73 80,107 140,145 8 

Gastroenterology 83,88,117 135,136,154,159 7 

Hematology 14,18 100 3 

Infectious 1,28,30,31 38 48,56,64,67,77 95,98,99,108, 
110,124 

138,146,155 19 

Nephrology 115 139 2 

Neurology 44 49,51,66,76 84,102,119 158,166 10 

OB/GYN 149 1 

Oncology 16 82,97,112 137 5 

Pediatrics 32 79,86,92,94,96,105, 
132 

142,143,157,165 12 

Psychiatry 59,60,68,78 133 5 

Pulmonology 34 65 85,87,101,126 144,156 8 

Rheumatology 19 90 141,153 4 

Miscellaneous 10 33,41 55,62 120,125 148 9 

N/E 2,3,4,5,6,7,8,9, 
12,15,17,20,21,22 
,23,24,25,26,27,2 
9 

35,36,37,39,40, 
42,43,45,46,47 

50,52,53,54,58, 
69,74,75 

81.89.103.106.109.11 
1.113.116.118.121.12 
n 

128,130,131 

134,147,160,161,162,16 
3, 
164,169 

#DB-P-RCT 11 6 22 41 28 109 



APPENDIX B. PROCEDURES FOR COMPUTING EFFECT SIZES VALUES 
FROM ELIGIBLE STUDY REPORTS 

Source: Lipsey, M. W., & Wilson, D. B. (2001). Appendix B. procedures for 
computing effect sizes values from eligible study reports. In: Practical 
meta-analysis (Vol. 49). Thousand Oaks, CA: Sage Publications; 172-206. 
Reprinted by permission of Sage Publications, Inc. 



Appendix B 

Procedures for Computing 
Effect Sizes Values from 

Eligible Study Reports 

Throughout this volume we have referred to three common efleci size 
indices, the standardized mean difference the correlation coeffi
cient {ES,), and the odds-ratio (ESq^). A challenge in meta-analysis is 
obtaining values for the desired effect size statistic from eligible stud
ies. Many studies report only the results of inferential statistics and tail 
to report the descriptive statistics required for effect size com|)uiation, 
e.g., means, standard deviations, or correlation coefficients. As a lesult. ii 
is frequently necessary to manipulate the statistical information available 
in a report to extract or, at least, to estimate the effect size value. Thi.s 
appendix provides formulas and examples for computing or e.stimaiing ihe 
standardized mean difference, correlation coefficient, and odds-ratin from 
a variety of statistical data. 

S T A N D A R D I Z E D  M E A N  D I F F E R E N C E  
E F F E C T  S I Z E  

The standardized mean difference effect size iES,„,) is used lo syn
thesize results from studies that contrast two groups on measures that 
have a continuous underlying distribution. The two groups may be differ
ent experimental conditions, such as treatment and control, or naturally 
occurring groups, such as males and females. The definitional formula for 
this effect size is based on the means and standard deviation.s for the two 
groups being contrasted. That formula is presented in Table Bit) at the 
end of this appendix along with a variety of other formulations that are 
either algebraically equivalent (produce the same result) or yield approxi
mations of varying degrees. These formulas are discussed in the following 
text and are illustrated with fictitious data. 

Direct Calculation of ES,„ 

The basic formula for ES,„ is the difference between the group means 
divided by the pooled standard deviation (Formula 1. Table BIO). For 
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intervention meta-analyses, a positive effect size should reflect a positive 
effect of treatment. Therefore, if a smaller score on a measure indicates 
.success relative to a larger score, the direction of the subtraction in the 
numerator of Formula I should be reversed (comparison mean minus the 
treatment mean). For group differences meta-analyses, consistency must 
he applied in defining groups I and 2. If the contrast is between boys and 
gills, for instance, boys must always be group 1 and girls must always be 
group 2 (or vice-versa) in Formula 1. Although this may seem obvious, 
in our experience it is easy to make errors in assigning the algebraic sign 
to effect sizes during coding. 

Example. A .study reports the mean self-esteem score on a standardized 
scale With higher values indicating more self-esteem. For the treatment 
group oi n = 25, the mean score is 127.8 and, for the comparison group 
of n = 30, the mean i.s 132.3. The standard deviations are 10.4 and 
9.«, respectively. Using Formula 1 from Table BIO, the pooled standard 
deviation for this data is 10.08 and the effect size is —0.45 (the minus 
.sign indicating that the control group did better on self-esteem than the 
treatment group). 

_  /  ( n ,  -  l ) . y f  - f -  { n ^  -  l ) j 2  
•^lonleil ./ ~ ; -

Y n, -I- ^2 — 2 

[(25- l)10.42-f (30- 1)9.8^ 
= V 1̂73̂ 12 = 

127.8 -132.3 
= -0 45 

10.08 

Algebraically Equivalent Formulas for ES,„ 

It is common for a study to report the results of a statistical significance 
test of the difference between two group means, such as a /-value or an F-

ratio, without reporting the means and standard deviations. Formulas 2-5 
in Table B10 provide a way to compute effect sizes in this situation. Within 
rounding error, these formulas produce the same value as Formula 1 and 
are thus algebraically equivalent. It is important to note that Formulas 
2 and 3 only apply to /-values from independent r-tests, that is, /-tests 
performed on the means from two groups of different individuals, and 
Formulas 4 and 5 only apply to a one-way ANOVA testing the difference 
between two independent group means. A one-way ANOVA with three or vo 
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more groups or more complex ANOVA designs with multiple factors is 
discussed later. 

Example, [-value. A study reports a r-value of 1.68, favoring the ireai-
ment group with treatment n — 10 and comparison group n — 12 A', 
shown below, using Formula 2 (Table BIO), ES,„, — 0.72. 

In, 4-n, / 10+ 12 Fll' 
ES„=t / ' ^ = 1.68 = 1.68,/-— = 0.72 

Y Y (10)(12) V 120 

Example, F-ratio. The difference between a treatment and a control 
group using a one-way ANOVA is reported as F = 13.1, with df = \ . 98 
Thus, N — 9B + 2 — 100. Using Formula 5 (Table BIO) for a onc-w;iy 
ANOVA and assuming the groups have equal sample sizes produces ;iii 
ES,„ of 0.72. 

|ES,J = 2/1 = 2/^.0.72 

Be sure to put the correct sign on this effect size value. The precediiiu 
formula will always return a positive value. Change the sign to negative 
if group I performed less well than group 2. In the absence of reported 
means for each group, this generally can be inferred from the disciissi(Mi 
of results in the report. 

Exact Probability Levels tor a t-value or F-ratio 

A common situation is the reporting of exact probabilities levels only, 
such as: "a Ntest showed that the effect was statistically signifitaiii 
(p = .037), indicating a positive effect of treatment." If the reported pmh-
ability level is from a ?-test or one-way ANOVA based on two groups, the 
associated /-value or F-ratio can be determined from appropriate tables 
(e.g.. Table B13 at the end of this appendix) or from the inverse distri
bution function in most newer computer spreadsheet programs, such as 
Excel or Quatro Pro. With the ;-value or F-ratio in hand, £5„„ can be 
determined using the appropriate formula (2-5) as described earlier. Noie 
that df = N — 1 = (rii + — 2) = 2n — 2. Since p-values are always 
positive, the sign of the effect size must be determined from the narrative 
portion of the report. 

\  I ' l  . N  U  I  X  B :  P R O C E D U R E S  175 

Example. You have n, = 10 and /jj = 12 (i.e., df = 20) and are told 
that the /-test is significant at p = .037. Interpolating between the values 
2.086 and 2.528 in Table B13, the r-value for p = .037 and df = 20 
IS apprnxiniatcly 2.278. Using the procedures described in the preceding 
Icxi, the effect size is O.^JS. 

IF.S-,.,: = 2.27K = 221% J~ =0.98 
Y ('0)^12,' V 120 

The above method using the /-distribution (Table HI3) also can be used 
wiih :i probability value associated with a one-way F-ratio based on only 
isvo groups, in which case I' — F. 

Calculation of Means and Standard Deviation.5 

honi a Frequency Distribution 

When the dependent measure takes a limited number of values, the fre
quency distribution lor each value or group of values may be reported 
rather than the means and standard deviations. Tf the resulting categories 
arc imlcrcd, that is, range from low \o high on some dimension, then a 
mean {md standard deviation for each group can be calculated and used 
ill 1-ornnila I of Table BIO. For example, a study of an innovative pro-
hatiiMi program lor juvenile delinquents may report the number of pro
bation v iolations Sbr the treatnieni and comparison subjects grouped into 
ihc caicgorie.s 0, !-2, 3-4, and >4 violations, as shown in Table HI. The 
(inly additional siatistical information for this outcome measure may be 
the sample sizes (125 and 104, respectively) and a chi-squaie test. The 
tlii-square value cannot be used for effect size purposes since it has more 
ihun a single degree of freedom idf = 3 for a 4 x 2 table) and hence 
docs iiin represent the central teiidcnty contrast between groups. Means 
,ind stainlard deviaiions for each group, treatment and comparison, can be 
calculated using the following procedure. 

•SVi'/) /. Assign a n,imerical value to each category of the measure, e.g., 
ilic iiiKlpoint of the jtiouping if ii mvolvcs a numeric range, as in the 
pietcdint; example, or simply number the categories serially (e.g., 1, 2, 

4i starting with the lowest category. For example, you could assign the 
lahie-, 1. 2, and 3. respectively, to the categories low, medium, and high. 
The aciual numeric value is less important than that the values reflect the 
LOrrcct order of the groupings. 
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Step 2. Convert percentages into actual frequencies if the frequeiicic.>. 
are not given. In Table Bl, the number of persons in the treatment group 
with 0 violations was 45% of 125 (n of the treatment group) or 56 persons 

Step 3. Multiply the assigned grouping value (denoted as ,v; Sirr 
times the frequency (denoted as /) for that category. 

Step 4. Square each grouping value (;c) and multiply it by the frequencs 
(/) for that category. These steps are most easily accomplished by creaiing 
a table such as the one illustrated in Table B2. The mean and standard 
deviations for each group are based on the sums of the values generated 
in Steps 2, 3, and 4, using Formulas 7 and 8 from Table BIO, Using ihi.-
sums shown in Table B2, the mean for the treatment group is: 

- _ _ 180 - -Yf-- ̂ 5 - 1-80 

Similarly, the mean for the comparison group is; 

^ ^ ^ 1 9 4 ^  
E/ 104 

The standard deviatioi^ for the treatment group is; 

_ /(i:/)(E;cV)-(S;c/)' 
Sr — (E/)= 

125(527) - 229^ /13434 _ ^ 
125^ V 15625 

Table Bl 

Treatment Group Comparisim (Jnuip 
Violations (%) (%) 

0 45 40 

1-2 35 42 

3-4 12 8 

>4 8 10 
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Table B2 

Sicp / 

Vv(/(/c 

Treatment Group 

Siep 2 

Frequency 

f 
Step 3 

X * f 
Step 4 

f 

i 

2 

-1 
Tot n Is 

56 
44 
15 
10 

125 

56 
88 
45 
40 

229 

56 
176 
135 
160 
527 

Sli p ! 

Value 

\ 

Comparison Group 

Step 2 

Freifuency 

J 

Step J 
x * f  

Siep 4 

*  f  

1 
T 

.1 
4 
TouiK 

42 

44 
8 

10 
104 

42 
88 
24 
40 

194 

42 
176 
72 

160 
450 

The standaid deviation for the comparison group is; 

' ~ (Ex/y 

(Xf) 

104(450) - 194- / 9164 

104' ~ V 10816 ~ 

Using Formula 1 (Table B10), the effect size, with a positive sign indicat
ing Icvver violations in the treatment group, is calculated as 

-(1,80 - 1.87) i'i.r,,, = - , = 0.08 
/  I)(. '?3)- + (I04-I».9;)-

V 12.'i+in4-2 

Approximations Based on Continuous Data— 
The Point-Biserial Coefficient 

.•\ study may report the relationship between group membership and a 
multivalued dependent variable as a correlation coefficient (for correla-
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tions involving a dichotomous dependent measure, see the following dis
cussion regarding the phi coefficient). This specific type of correlacion i;. 
the point-biserial coefficient, aldtiough it can be calculated using the st;in-
dard formula for the Pearson product-moment correlation. Formula 9 in 
Table BIO provides an apprcxinnation of from r, the Pearson iirod 
uct or point-biserial correlation coefficient, for equal sample sizes in each 
group. Formula 10 should be used when the sample sizes are uneqir.il. 

Example. A study reports a correlation between the group variable 
(treatment = 1 and control = 0) and the dependent variable as r = 0.2"'. 
with M = 50 {n — 25 in each group). If higher scores on the dependeni 
variable are more favorable, then this correlation indicates a positive ireiit 
ment effect, since the treatment group also has the higher value on the 
independent variable (1 vs. 0), Based on Formula 9, the estimate of ES.„, 
for this data is 0.56, as shown below. 

2r 2(.27) .54 „ 
ES,„, = , = • . = — = 0.56 

' Vl - .27' .96 

Estimating ( X ,  -  X j )  and 

In thinking about the standardized mean difference type effect si/.e ii is 
useful to consider the numerator and denominator separately. The iiumei-
ator is an estimate of the mean difference between the groups being con
trasted, such as a treatment and a control group, on a specific mea.surc 
This estimate may be derived directly by differencing the group means, 
as is done in Formula 1 in Table BIO, but may also be estimated in (Uher 
ways. The denominator of ES,„, serves to standardize the estimated group 
difference based on the variability of whatever measure it represents Ide
ally, this is the pooled standard deviations for the groups being compared. 
However, when those standard deviations are not available, the pooled 
standard deviation may be estimable from other data. The following .sec
tions discuss methods for estimating the numerator and the denominator 
of ES,„ when the means or standard deviations for each group are not 
reported. 

Estimates of (X, — X,), the Numerator of ES,„ 

Situations arise in coding ES,„ where means for each group on ihe 
measure of interest are not reported but some other statistics relating lo 
the group difference are available, e.g., mean gain scores or covanance 
adjusted means. The group difference estimates discussed in thi.s section 
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represent "adjusted" effects, typically adjusted for pretest differences. An 
important issue is the comparability of ES,„ based on adjusted, rather than 
observed, values. It is recommended, therefore, that the meta-analyst keep 
Ir.ick of the method used tor calculating the effect size and assess at the 
analysis stage whether or not there is a relationship between effect size 
calculation method and magnitude of effect size. Although conceptually 
(he use of effects that have been adjusted for sources of pretest nonequiv-
alencc in an intervention study can strengthen the overall conclusions, 
mixing together adjusted and unadjusted effect size estimates may con
tribute to between-study heterogeneity and thus should be accounted for. 
Furthermore, this mix may obscure between-study differences if adjust
ment practices are confounded with other study differences. Note also that 
the adjusted mean difference is only the "top half of ES,„, and must 
he divided by the pooled standard deviadon of the outcome measure or 
an estimate of that value obtained using the methods discussed later. For 
comparability with other effect sizes, it is important that that pooled stan
dard deviation not be adjusted downward for variance associated with 
cuvanates or other adjustments. 

(Jain Score Estimate o/ (X, — X^). The most common adjusted estimate 
of treatment effects is the gain score. The gain score is simply the posttest 
or time-two value of a measure minus the pretest or time-one value of the 
same measure for the same respondents. A little algebra shows that the 
diderence between the mean gain score for the treatment and comparison 
groups is equivalent to the difference between the posttest means minus 
the difference on the pretest means. That is, the posttest means are "cor
rected" by subtracting out any difference at pretest. If there is no differ
ence at pretest, this simply yields the difference between posttest means. 
If there is a difference at pretest, this yields a "net" group difference at 
posttest over and above what was already there at pretest. Thus, if a study 
reports the mean gain score for each group, the difference between those 
means can serve as an estimate of the numerator of ES„„. To obtain £5„>, j f n  S i n '  

however, the pooled standard deviation of the posttest scores must either 
he provided or be estimated. Note that the standard deviation of the gain 
scores should not be used as the denominator in Formula 1. That stan
dard deviation reflects the variability in treatment gains, not the sample 
variability on the outcome measure itself. This is discussed in more depth 
later. 

t-Kvuriaie Adju::ied Means Estimate of (X, — X2). Covariate adjusted 
means are another form of adjusted means a meta-analyst may encounter. ^ 

vo 
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In its simplest form, a covariate adjusted mean is generated from a uik '-
way analysis of covariance (ANCOVA) with the pretest on the dependcni 
variable as the covariate. A more complex analysis will include miilii 
pie covariates. Assuming the adjustments are reasonable for the purpose 
at hand, these adjusted means can be used in place of observed means 
In other words, the difference between the adjusted means can serve us 
the estimate of the treatment effect. Again note that the pooled standanl 
deviation for the denominator must not involve any reductions in vananci; 
associated with the covariate. 

Regression Coefficient Estimate of (X, — Xi). Algebraically equivalcni 
to the difference between two covariate adjusted means is the unstandual-
ized regression coefficient (denoted as B) for group membership from 
multiple regression analysis. Assuming that group membership has been 
dummy coded (e.g., 0 and 1), the B for group membership is equal to tlic 
difference between the two group means, adjusted for the other variables 
in the regression model. Therefore, B divided by the unadjusted pooled 
standard deviation of the dependent measure, or an estimate thereof, pro
duces ES,„. 

Estimates of the Pooled Standard Deviation, the Denominator of ES , 

A critical element in the comparability of £5,„, values based on dit-
ferent measures, as is typical in meta-analysis, is the standardizuiion nl 
the difference between the groups via the standard deviation. Thus, .in 
ES^.„, of .50 indicates that the two groups being contrasted differ by halt 
of the population value of the standard deviation on the dependent N an 
able as estimated from sample values. The use of an incorrect estimaie 
of ipooied i'* ^he denominator of ES^„, such as the standard deviation til 
gain scores instead of the original dependent variable values, therefore, 
can produce inaccurate estimates. There are several methods of estiniaiint; 
•fpooicd correctly when the standard deviation for each group is not reported 
directly. 

Full Sample Standard Deviation. The full sample standard deviaiioD 
can be used as an estimate of .fpooiej. However, the full sample standard 
deviation overestimates the pooled standard deviation to the degree iliai 
there is a treatment or group differences effect, since the variability across 
individuals includes variability due to treatment or the group characteris
tic under investigation. If the expected difference is small to modest, then 
the full sample standard deviation may be a serviceable approximaiioM 
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to the pooled .standard deviation. It i.s possible, however, to estimate the 
within groups standard deviation from the full sample standard deviation 
and the group means using Formula 14 in Table BIO. For example, sup
pose .1 study cornparing satisfaction with treatment for integrated versus 
nonintcgrated mental health .services for children reported the means for 
each group as 6.2 and 5.1, respectively. The study also reported the full 
sample .standard deviation as a- = 2.3. Using Formula 14, can be 
found as below. 

• piuilcj 
\j 

I) 
<"<:;i+"c72) 

N - 1 

/ 2 V (210 — n — 130(1401) 
_ / - ' ^ ; ((30+i40) 

y 270 -1 
= 2,23 

Independent t-tesl. Although ES^„, can be computed directly from a r-
value, there are situations in which a nieta-analyst may be interested in 
also coding the means and standard deviations into the database. Since t 

is a function of the difference between the means, the standard deviation 
and .sample size, can be calculated from t using Formula 15 in 
Table BIO. For example, suppose a study of a drug prevention program 
reported posttest self-esteem scorcs for the intervention group (n = 54) 
and the comparison group (n — 48) of 93.4 and 89.6, respectively, and a 
/-value equal to 2,359. Using Formula 15, is determined as follows. 

X, 93.4 - 89.6 
= = = 8 . 1 2  

'/W 2 . 3 5 9 /  
5^l-^48 

(54)(48) 

Standard Error of the Mean. A study may report the standard errors 
ot the individual' means, rather than the standard deviations. These are 
olicn denoted as \y, s.e., or se. The standard error is used to construct 
a toiihdence interval for the mean. If the sample size for each group 
I.s known, then the .standard deviation for each group can be determined 
using Formula 16 in Table B 10. For example, consider a study comparing 
boys In = 150) and girls (n = 139) on a math achievement test that 
reports the means (102.3 and 105.4) and standard errors (1.29 and 1.35) 
for each group. The standard deviation for each group can be found using 
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Formula 16, as shown below. 

^boys = = ' .297150- I = 15.75 

= == 1.357139^ = 15.86 

These standard deviations and the means can now be used in the ilefiiii 
tional Formula 1 for ES,„,. 

It may occur that, rather than standard errors, a study reports confidence 

intervals. The standard error of the mean can be determined from iho 

confidence interval by dividing the confidence interval in half and ihen 

dividing again by the critical value associated with the confidence interval 
(e.g., 1.96 for a 95% confidence interval). For example, suppose a study 
reports a confidence interval of the mean gross-motor mobility scorc lor  

the intervention condition (physical therapy) of 19.1 to 23.5. The st i ind^inl  

error is thus: 

.5(C/) .5(23.5-19.1) .5(4.4) 
~ 1.96 1.96 

The standard deviation can now be found using the procedure illu.straiccl 
above for standard errors. 

One-way Analysis of Variance with Three or More Groups. A sdicly 
design may incorporate more than two experimental conditions m n:ii-
urally occurring groups. For example, a group differences metn-MiKil\ 
comparing learriing disabled students with low-achieving, but noi U um 
ing disabled students, may encounter studies that have the two groups 
of interest plus a group of average achieving students. In intervtniion 
meta-analyses, some studies may have multiple treatment group.s oi imil-
tiple control groups. If the individual means and standard deviatioiiK arc 
reported, of course, then the standard formula for E5„„ can be applied 
directly to the relevant data. However, studies of this type may lepoi i a 
one-way analysis of variance (F-raUo) testing the differences between all 
the group means together. The formula presented earlier fot c<.)iTipuiing 
ES,„, from F cannot be used in this situation because a one-way analy
sis of variance with three or more groups yields an omnibus test beiween 
all the means and as such does not directly index the difference lor ilie 
two groups of interest (e.g., learning disabled students vs. low-aLhicvnig 
students). If means for each group are reported, then the F-ratio ciin bt; 
used to estimate the pooled within groups standard deviation and F.S , i an 
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Table B3 

Gr, U J p  

Li-nrning disabled .indents 

Lmv ;ichiever.<;, not learning disabled suident.', 

Average achievemen! .qtudent.'i 

Ailvantc placemeri; liudenls 

Reading Achievement 

Test Scores by Group 

Means n 

55.38 

59.40 

75.14 

88.00 

13 

18 

37 

22 

Mien be computed in the usual way. Without the group means, however, 
an effect size cannot be computed in thi.s case. 

f is  the rat io Df the mean-square,? between groups to the mean-squares 
within group.s and the mean-squares within groups is the pooled within 
gi<iii|),s variance Tlierefore, the pooled standard deviation can be calcu
lated by (a) using the group means and sample sizes to compute the 
mean-squares between group.s, and fb) dividing the mean-squares between 
gioiips by F and taking the square root. The definition formula for 
(Formula 1) ca.n then be applied, u.sing the means for the groups of 
intere.si. 

Example. Suppo.se a study reports the data in Table B3. The F-ratio 
lor this data is reported as F,, = 7.05. The meta-analyst wants £Sj„, 
lor the difference between the first two groups. Unfortunately, the study 
did not report the standard dcviation.s. An e.stimate of nonetheless 
tan be obtained from the mean-.squares between (A/5'b„^„„) and the F-
iiitio using Formula 17 in Table BIO, can be easily calculated 
by Heating a labie with a column fiir each term of the equation, as shown 
in Table B4, 

Table B4 

Calcularmn nf 

'•"•"I' ^ n nX nX^ 

719,94 39,870.28 

1069.20 63,510.48 

2780.18 208,902.73 

1936.00 170,368.00 

6505,32 482,651.49 

I 5,i.3S 
- 59,4(1 

7,1,14 
.1 HX,()0 

TiU'jls 

.^066,94 13 

352X,3h 18 

5646.02 37 
7744,00 22 

90 
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Using Formula 17, the 's: 

482651.49-^^ 482651.49-470213.20 -3— = = 4146.10 
4 -  1 

and Spooled is 

MS, ^24 25 
pooled . p V 7 05 

V ' oneway ' ' 

The ES,„ effect size can now be calculated using Formula I  in Table B  I ' l  

by taking the difference of the two means of interest (learning disableil 

students and low-achieving students), and dividing by the above pooled 

standard deviation. Note that is based on the within group variabililv 

for all of the groups, not just the two groups of interest. Under many 

situations, this will produce a better estimate of the population standaiil 

deviation than that based on the smaller sample (two groups only). Only 

when the within groups standard deviations substantially differ from one 

another will this produce a biased estimate of the population variance 

Analysis of Variance, Two-way Factorial Designs. The F statistic. anJ 
associated mean-squares from factorial designs, such as a treatment (tv.ii 
levels) by diagnosis (three levels) design, cannot usually be translonued 
into a comparable effect size using the prior formulas. This i.-; due ui 
the redefinition of the within-cells variance term for the F. That i.s, the 
variability due to the second factor (e.g., that between diagnostic group.si 
has been removed from the within-cells variance. Thus using the forego 
ing formulas would produce an underestimate of and, correspond
ingly, an overestimate of £5i„,. To correct this, the sum-of-squares tor ilie 
nontreatment factor and the interaction terms are added to the .sum-ol 
squares within cells to obtain the correct sum-of-squares within troainieni 
groups (Formula 18 in Table BIO). Dividing the result by the appropnaiu 
degrees of freedom and taking the square root produces the pooled si an 
dard deviation. 

Example. Table B5 is from a 2 x 2 factorial design with treatmeni as 

factor A (treatment vs. control) and subject gender as factor B (nudes \ s 

females). The means for the treatment and control groups are 14409 and 

114.86, respectively. The total N is 474. 
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Table B5 
Analy<:i.<: of Variance Table 

Siiurr S S  4f MS 

Trcuimeni 

lienilci 

Tieniinciii Gender 

Residir.il 

78,341.02 
225,853,52 

22,915.08 
1,637.885,70 

I 

470 

78,34L02 

225,853.52 

22,915.08 

3484.86 

22.48 

64.81 

2.58 

Using Formula 18 from Table BU), the pooled standard deviation can 
be determined for this data (note that 55 = df{MS) if it is not reported 
tliiccily 1. The effect size ES,^ is then calculated using the reported means 
..\nd pooled .standard deviation derived from the analysis of variance 
lahle as 

l s s „  +  s s , ,  +  s s , „  
ixi'iletl , j 77 ! TT T7-

V '^flt + 

/225853.52 4- 22915.08 1637885.70 
~ V T+T+ITO 

__ 144.09 -114.86 
6lli = 

NoiL- that this procedure applies to a two-way factorial design for which 
both tuctors are between subjects, that is, no subject is represented in more 
ihaii one cell of the design. It cannot be applied to a repeated measures 
design, such as a treatment by testing occasion (pretest vs. posttest) anal-
y.sis ol variance. However, in the simple case of two treatment groups and 
two nieasuremeni occasions (e.g., pretest and posttest), the square root of 
ihc residual mean-.squares between (denominator of the F-ratio for the 
treaiiiient factor) is the pooled standard deviation. 

One-way AnaLy.'iis of Covariance.. can be computed from a one
way analysis of covariance if the means for the two relevant groups, the 
mean-square error or residual from the ANCOVA, and the correlation 
between the covariate and the dependent variable are reported. Unfortu
nately, it is rare for all of this information to be available in the written 
report. 

Example. An ANCOVA was performed on a .study with two groups 
(treatment and control) with the pretest scores used as the covariate. The 

-4 
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correlation between the pretest and posttest is .88, The treatmem group 
posttest mean is 14.41 and the control group mean is 11.49, with higher 
scores reflecting better outcomes. The mean-square error or residual i n  

the ANCOVA is reported as 10.49 with = 471. Using Formulas I'.' 
and 1 in Table BIO, the effect size is computed as 

V  \  1  - 2 /  V  \ 1  -  O . S B V W T I  - 2 )  •Spooled ' 

14.41-11.49 „ 

~ 6^83 " 

Gain Score Standard Deviation. A situadon related to the analysis of 
covariance is gain score analysis. As discussed earlier regarding estimate.s 
of (X| - X2), the standard deviation of the gain scores indexes the van-
ability in the gain score, rather than in the population variability on the 
measure of interest. Therefore, to standardize a mean difference between 
groups on produces an effect size that is based on standardized dil-
ference scores rather than on standardized units of the dependeni mea
sure. If the correlation coefficient between the pretest and posttest scores 
is known or can be estimated, then the desired pooled standard deviation 
can be estimated using Formula 20 in Table BIO. 

Example. A study reports a gain score analysis for the dependent vari
able of math achievement contrasting a cooperative learning math tutorial 
program with a regular instruction comparison group. The gain score stan
dard deviation is reported as 6.34, with a correlation of .65 between t h e  

pretest and posttest scores. Using Formula 20, the posttest standard devi
ation for the dependent measure is estimated as 

•^gain = 7 

•Spooled - ̂ 2(1 - r) ~ V2(l - 0.65) 

Standard Deviation from Another Study. In some situations it may be 
possible to obtain an estimate of the standard deviation for a specific 
measure from another study that used that measure with a very similar 
sample. In other words, the standard deviation for a particular variable in 
one study could be used to calculate an effect size for another study if the 
two studies used identical measures and had comparable samples 
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Dichotomized Data 

•\ dichotomous measure is one for which there are only two possible 
values, such as "successful" and "unsuccessful" or "passed" and "failed." 
.'Mso, a researcher may dichotomize a multi-item scale, grouping subjects 
into those above and below a certain cut-point. For example, a study on the 
effectiveness bt a treatrneni for anxiety may group all respondents above a 
particular score on an anxiety inventory as "anxious" and those below that 
score as "not anxious," Dichotomized data are often reported descriptively 
as the number, percent, or proportion in each category. Studies may also 
present a chi square test or a phi coefficient (conelation) for such data. 
Methods for estimating under varying conditions for dichotomous 
data are outlined in the following text. 

Frequencies, Percentages, and Proportions 

[t is common to report dichotomized dependent measures as a per
cent, proportion, or frequency. Examples include the percent of patients 
improved, the proportion of delinquents who re-offended, or the num
ber of job training client.s employed at 12-month follow-up, ES,„ can be 
approximated from such data by differencing the probit or arcsine trans-
foimed proportions (Formulas 21 and 22 in Table BIO), The probit method 
always produce.s a larger absolute value of ES^,„ relative to the arcsine 
method and assumes an underlying normal distribution on the construct 
measured. As an estimate of ES„^, both the probit and the arcsine method 
may over or underestimate the true value if the construct does not have 
a normal distributional form. The conditions under which each method 
performs best are not well known and need further research. We prefer 
the more conservative arcsine transformation method. For the intervention 
studies on which we have conducted meta-analyses, the arcsine method 
has produced effect sizes that are more consistent with the values from 
similar studies for which direct calculation of could be made. If pro-
bit or arcsine transformed effect sizes are to be combined with effect size 
values based on means and standard deviadons, then a sensitivity analy
sis should be performed to assess the influence of including the probit or 
arcsine estimated ES„„ values. 

Note that only proportions that represent the proportion of subjects 
111 each category are suitable for this method of estimating ES„„. Other 
proportions, such as average proportion of time subjects are in treatment, 
should not be handled in this way. An amount or proportion of time or 
••ome other factor for each subject is a continuous variable for effect size 
calculation purposes and not a dichotomous one, despite its being called a 
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proportion." Put another way, eligible proportions are situations in which 
each subject is categorically assigned to one of two groups according t() 
whatever characteristics define the categories. 

Example. A study of a physical rehabilitation program for siroke 
patients reports the following data on the percentage of clients in the ircai-
ment and control conditions rated as "improved" at posttreatment. 

Not Improved Improved 

Treatment 32% 68% 

Control 37% 63% 

The success proportion for the treatment groups is 68/100 or .68. Likewise 
the success proportion for the control group is 63/100 or .63. The aicsme 
transformed values obtained from Table B14 (at the end of this appeiulixi 
that correspond to these proportions are 1.939 and 1.834, respecnvely. 
ES^m 'S the difference between these values, or Q.11, that is: 

= arcsine{.6i) - arcsinei.63) = 1.939 - 1.834 = 011 

Chi-Square Test 

The difference on a dichotomous response variable between two groups 
is often tested with the chi-square test for 2x2 contingency lables. If 
a study reports only the chi-square value and not the cell frequencies, 
then can be approximated with Formula 23 in Table BIO. Note that 
this formula is only appropriate for chi-square values based on a 2 >. 2 
contingency table (i.e., a with df = 1). If the chi-square has more 
than 1 degree of freedom then the effect size estimate must be based on 
the frequency table as described earlier. Also note that Formula 2.1 always 
returns a positive value. Therefore, the direction of the effect must be 
determined separately and the appropriate sign given to the ES,,,,. 

Example. You are given a value of 4.02, df = 1 (i.e., ;i 2 x 2 
table), in which the control group (n = 22) shows more success than the 
treatment group (n = 18). Using Formula 23, the effect size is: 
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Exact Prdbability oj a Chi-Square 

A report may provide an exact p-value for a chi-square test without the 
associated chi-square value. Using Table B16 (at the end of this appendix) 
the chi-square value associated with the reported p-value can be looked 
up. interpolating if necessary. Calculation of then proceeds as above. 

Phi-Coefficitnt (r) for 2x2 Contingency Tables 

A study may report the correlation between group membership (treat
ment vs. control or two naturally occurring groups) and a dichotomous 
ependent variable. This is called the phi coefficient and can easily be 

transformed into an approximate ES,„ with the same formula used gen
erally for correlations (Formula 24 In Table BIO). This formula is alge
braically equivalent to the chi-square method (Formula 23) discussed 
above. The direction for the effect size (positive or negative sign) can be 
cliflicult to determine, since it is depends not only on whether high or low 
scores are "good" on the dependent measure but also on how group mem
bership was coded. In treatment intervention studies, the treatment group 
IS generally assigned the higher value relative to the control group, such 
as the value I for the treatment and the value 0 for the control. A careful 
reading of the study report is often needed to ascertain whether or not this 
convention was followed in a particular study. 

Example. You are given the correlation (r = .15) between the group 
variable (treatment = I, control. = 0) and the dichotomous variable 
"rehospitalized" (yes = I, no = 0). with A' = 50 (« = 25 in each group). 
•Since high scores on the dependent measure are less favorable (indicating 
thai the subject was rehospitalized) and the group membership variable is 
coded with high scores for treatment, the reported positive correlation indi
cates a negative iTe.ax.mtnl effect, i,e., the treatment condition is associated 
with more rehospitalizations. Using Formula 24, ES,^ is calculated as 

, 2'- 2(.I5) .30 

T H E  C O R R E L A T I O N  C O E F F I C I E N T  

E F F E C T  S I Z E  

Many eligible studies for a meta-analysis of correlations will report 
the summary data directly as a correlation coefficient, greatly easing the 
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coding process. However, there may be studies that report the relation
ship between the constructs of interest in another form, such as a joint 
frequency table, a chi-square, or as means and standard deviations (i.e., 
contrasting two groups on a continuous measure). A correlation coclfi-
cient can be computed from many of these studies using the fomuilas in 
Table B11 at the end of this appendix. 

The formulas in Table Bll are organized around the nature of ihe iwo 
measured variables whose association is being represented, starling witti 
formulas for the case of both variables measured on a continuous scale (lU 
least multivalued and ordinal). Next are formulas for ES^ with a dichoto-
mous and a continuous measure. Last are formulas for ES, based ou iwo 
dichotomous measures. If the two constructs are both inherently continu
ous, then the ideal index for ES, is also based on two variables n\easured 
continuously. However, studies investigating the relationship between con
tinuous constructs may nonetheless measure one or both in a dichotn-
mous fashion. For example, in a study of the relationship between ihe 
two continuous constructs of drug use in elementary school and in\i)lve-
ment in delinquent behavior in junior high school, drug use may be mea
sured dichotomously (using drugs, not using drugs) and so may delinqueni 
behavior (arrest history, no arrest history). Recall from the discussion on 
effect size adjustments (Chapter 6) that dichotomization of a continnous 
construct attenuates the strength of the observed correlation (see Chapiei ^ 
for a discussion of combining effect sizes based on constructs measured 
on both a continuous and dichotomous scale). Therefore, if a study icports 
the same data in a continuous and dichotomous form, the former is prefer
able to the latter. In other words, the formulas nearer the top of Tabic B11 
are preferred over those nearer the bottom, other things equal. 

Definitional Formula for ES, 

Table B11 presents the standard computational formula for the Pearson 
product-moment correlation coefficient (Formula 1). This is the typical 
definition for a correlation coefficient (£5^) and is presented for relerence 
purposes. It is rare for a study to provide the individual level data needed 
to apply this formula. Furthermore, as stated previously, many studies of 
the type collected for a meta-analysis of conelations will report £5, values 
based on this or an equivalent formula dircctly. 

It is worth noting that while Formula 1 (Table Bll) is designed (or 
continuous data, it can be applied to data where one or both variables 
are dichotomous, so long as each dichotomous variable has been dummy 
coded, that is, the categories coded as 0 and 1. The result will be equiva
lent to what would be obtained from Formulas 2-6 for a dichotomous and 
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continuous variable (the point-biserial coefficient) or from Formulas 8 and 
) for two dichotomous variables (the phi coefficient). Thus, all of these 
formulas are algebraically equivalent to the definitional formula, although 
the latter formulas are only appropriate in the specific case of a dichoto
mous variable or two dichotomous variables. 

•loint Frequency Distributions for Discrete 
or Grouped Continuous Data 

The relationship between two variables may be represented via a joint 
Irequency distribution. For example, a study may report the percentage of 
subjects in each cell of a table that cross-tabulates IQ in the fifth grade 
(grouped into intervals labeled below normal, normal, and above nor
ma!) by involvement in criminal activity in the ninth grade (categorized 
as none, minor involvement, and serious involvement). The correlation' 
between continuously measured IQ and criminal activity variables would 
be preferred to the correlation using the grouped data. However, a study 
may only provide the frequency table. In these situations, ES, can be esti
mated by using Formula 2 in Table Bll. Note that for a variable with 
three or more categories to be appropriate for this calculation, it must be 
al least ordinal m nature; that is, each successive category must represent 
a higher (or lower) level of the construct than the prior category. In some 
cases, multiple nominal categories can be collapsed into two meaningful 
categories, thus creating a dichotomous variable. 

Example. A 3 x 5 joint frequency table showing the relationship 
between conduct disorder and IQ has the data in Table B6. To apply For- • 
mula 2 in Table B11, we reorganize the data so that all of the frequencies 
are in a single column with a separate column indicating row number and 
column number as shown in Table B7, then compute the indicated prod
ucts and sum.s. Inserting the column sums from this table into Formula 2, 

Table B6 

Low 

1 

Conduct Disorder 

2 3 4 

High 

5 

I Q  Billow normcit 1 247 62 33 24 8 
Normal 7 SO 44 40 14 6 
Above normal 18 6 11 4 4 
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Table B7 

r c / / X r X c / X '• f xc ./ ' I < -

1 I 247 247 247 247 247 141 
1 2 62 124 62 •124 h2 24X 
1 3 33 99 33 99 33 297 
1 4 24 96 24 96 24 m 
1 5 8 40 8 40 K 200 
2 1 50 100 100 50 2(10 50 
2 2 44 176 88 88 17ft 176 
2 3 40 240 80 120 160 360 
2 4 14 112 28 56 % 224 
2 5 6 60 12 30 24 150 
3 1 18 56 54 18 l(i2 IS 
3 2 6 36 18 12 24 
3 3 n 99 33 33 'Ji.i 
3 4 4 48 12 16 U) 64 
3 5 4 60 12 20 M-) 100 
Total 571 1591 811 1049 137? 2641 

ES, is calculated as 

P.9 - - E(/r)E(/c) 

\/{N^fr^ - (E/r)^)(/^E/c^ - (E/c)^) 

571(1591)-(81I)(1049) 

v/(571(1377) -8]1^)(571(2641) - 1049^) ~ 

A Dichotomous and a Continuous Measure 

A meta-analysis of correlational effect sizes is likely to involve many 
studies with a dichotomous measure correlated with a continuous measure. 
If not presented as a correlation, such studies will typically report the 
data as means and standard deviations for each of the groups represented 
by the dichotomy or as inferential statistics such as a f-valuc or F-ratio. 
For example, the mean and standard deviation in math cichieveirient may 
be reported for boys and girls. The formulas for computing ES, m these 
cases are presented in the following text. 

Means and Standard Deviations 

The correlation between a dichotomous variable and a continuous vari
able can be computed from die means and standard deviations for each 
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group of the dichotomous variable using Formulas 3 or 4 from Table B11 

or example, suppose a study on gender difference in mathematical abil-
y por s means of 105.2 and 106.5, respectively, on a math aptitude test 

or a sample of equal numbers of fifth grade boys and girls. The pooled 

rrSle R!7Ih°" " 3 
in lable Bll, the correlation is as follows. 

£5^ = ~ ̂ 2)/'''pooled 

J ( ( X ,  - -I- l/p(l - p )  

^(105.2-106.5)/14.5 

7?I05.2 ^06.5/14.5)^ 1/(.5(1 - .5)) " 

If the study reports the full sample standard deviation, rather than indi
vidual standard deviations for each group, then use Formula 4. 

An Independent i-Tesi 

The ;-test tor mdependent groups can be used to test the strength of the 
relationship between group membership, such as gender, and a dependent 
measure, such as math performance. If the means and standard deviations 
are not reported, then an ES^ can be computed from the f-value and the 
sample sizes of the contrasted groups using Formula 5 in Table Bll; 

E x a m p l e .  A study ol the effect of alcohol and violence reports a r of 
.. or ihe contrast of the mean value on the Buss aggression inventory 

tor heavy (« = 25) versus light (n = 52) users of alcohol. With this data, 
ES^. car; be computed as 

+ n ^ - 2  7 0 , 5 7 - ' +  2 5 5 2  -  2  

An h -ratio from a One-way Analysis 
of Variance with Only Two Groups 

As with the r-value, a correlation can be computed from an F-ratio for 
tlic between-groups contrast from a one-way analysis of variance using 
Formula 6 in Table B11. The F-ratio must represent the contrast between 
the two groups of interest and not be adjusted for covariates. Since the F-
ratio is always positive, Formula 6 always returns a positive value. If the 
observed relationship between the group membership and the variable of 
interest is .negative, given the desired coding of group membership, then 
the sign ot ES^ must be changed. 
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Two Dichotomous Measures 

The 2x2 Contingency Table 

The relationship between two dichotomous variables can be represenied 
ma 2 X 2 contingency table and ES^ calculated using the standard Icrmula 

phi (Formula 7, Table Bll). For example, a study of the relationship 
between alcoholism and domestic violence for a sample of niantal dyads 
reported the frequency of male partners with a diagnosis of alcoholism 
by the frequency of marital dyads experiencing abuse perpetrated by the 
male partner (Table B8). Applying Formula 7 to this data yields CT,. 

^ ̂  b c ^  

^J(a + b){c + d)(a + c){b + d) 

30(105)-45(20) 

V(:itJ + 45)(20+ lUb)(30 + 20)(45+ 105) " 

The Chi-Square 

Rather than presenting the reader with a 2 x 2 contingency table some 
research reports may represent the relationship between two'dichmoniou.s 
variables only as a chi-square value. A chi-square based on a 2 < 2 con
tingency table can be converted to ES, using Formula 8 in Table B11 
Formu as 8 and 7 are algebraically equivalent, that is, they produce an 
equivalent ES, if the chi-square is based on the same data as used in For
mula 7. Note that the chi-square used in this formula must have only I 
degree of freedom. Chi-squares based on contingency tables dimensioned 
greater than 2x2, such as a 3 x 2, have more than I degree of freedom 
and cannot be converted to a correlation coefficient. Also note thai since 
chi-square is always positive, this formula will always return a positive 
value. The coder must determine the direction of the correlation from the 
text of the study report and apply the appropriate algebraic sign. 

Positive diagnosis 

for alcoholism 

Negative diagnosis 

for alcoholism 

Table B8 

Domestic Abuse Nr, D<niu-.Ktu Abuse 

30 4.'i 

20 105 

A P P E N D I X  B :  P R O C E D U R E S  

Approximations and Probability Values 

In rare cases, a study may report the significance level (p) for a corre
al,on and not report the correlation value itself. For correlations between 
wo continuous variables or between a continuous and a dichotomous vari-

tJ^k P^babihty level for the correlation is based on the ?-distribution. 
hnd ES from p, look up the /-value associated with the reported 

/;-value and degrees of freedom (N ~ 2) in Table B13 (at the end of fliis 
appendix). Compute ES, using Formula 9 in Table Bll. For example 
suppose a study reports that drug use among adolescents is not correlated 
vvith aggressiveness (/; = .18) in a sample of A' = 273. Using Table B13 
t e /-value for a p = .18 with df = 21 \ is interpolated as 1.355. Insertihg 
this value in Formula 9 yields ES,. 

~ d f  V 1-355--I-(273-2) 
The probability value for an ES, based on two dichotomous variables 

us based on the chi-square distribution, not the /-distribution. Therefore, 
to determine ES, based on a p-value for the relationship between two 
dichotomous variables, look up the chi-square value associated with that 
p-value and df = 1 and apply Formula 8 in Table Bll. For example 
the chi-square value associated with p = .18 and d/ = 1 is 1 854 Usine 
Formula 8 and N = 273, ES, is calculated as below. 

I F C I  f^ - ^ 5 4  

It should not be suiprising that ES, is the same as in the previous example, 
using the same p-value and sample size. This reflects a basic relationship 
between all these formulas in general and the relationship between the t-
and chi-square distributions in particular. 

O D D S - R A T I O  E F F E C T  S I Z E  

Effect size coding for the odds-ratio is straightforward. The odds-ratio is 
based on the frequencies of a 2 x 2 contingency table and is thus an index of 
the relationship between two inherently dichotomous variables. Calculation 
of an odds-ratio is typically based on the number of persons within each 
category (cell) of the contingency table. However, the odds-ratio can also 
be computed from cell or row proportions. If the marginal distributions of 
the 2x2 contingency table are known, then it is also possible to impute the 
cell frequencies from a correlation coefficient or a chi-square. The specifics kj 
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of calculating an odds-ratio in each of these situations are discusscd below 
(see Table B12 at the end of this appendix for a listing of the formulns i. 

Calculation Based on Cell Frequencies 

The simplest formula for the odds-ratio effect size statistic is based on 
cell frequencies. Suppose a clinical trial for the efficacy of a new mlertility 
drug had two treatment conditions; a group that received the new dmg 
and a group that received a placebo, with 30 subjects in each. The .study 
reported that five women in the treatment condition became pregnani, 
whereas only two women in the placebo condition became pregnant. These 
data are presented in a 2 x 2 contingency table in Table B9. Note that the 
cells have been labeled a, b, c, and d, reading from left to right. Usinp 
Formula 1 in Table B12, the odds-ratio is calculated as follows 

_ a d  _  5(28) 

b e -

Calculation Based on Row Proportions 

In the preceding example, the data can also be represented as the proj^oi-
tion within each group (i.e., row) with a successful outcome, that is. p,., 
and For the foregoing data, equals 5/30 or 0.167, and p,-. equai.s 

2/30 or 0.067. Applying Formula 2 in Table B12 to these proportu.ns yields 
the same odds-ratio as the formula based on the cell frequencies 

E S  =  ~Pc2) ^ 0.167(1 -0.067) 
PG2(I-Pgi) 0.067(1 -0.167)"^^ 

Calculation Based on Cell Proportions 

The odds-ratio can also be calculated from the proportion dl suh|ects 
within each cell, and pj. These proportions are caltulatcd as 
the cell frequency divided by the total sample size, that is, the sum of" all 
four cell frequencies. With the previous data, for instance, /)(,/1 is 5/60 

Table B9 

Yes 

Pregnant 

No Tniiil 

New drug a = 5 fa = 25 30 

30 
Placebo c = 2 t/ = 28 

30 

30 
Total 7 53 60 
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or O.OH3. Using Formula 3 in Table BI2. the odds-ratio for the prior data 
IS once again calculated as 2,8. Note the similarity between this formula 
and formula I. 

r-c _ P'-P'i 0.083(0.467) 
o / •) p — ——— » o o 

P,Pr 0.417(0.033) " 

Imputation of 2 x 2 Contingency Table 
from Correlation and Marginal Proportions 

Studies of the relationship between two dichotomous variables may 
I epoit findings as a coiTelation coefficient and may not report the raw fre
quencies, proportions, or percentages needed for the preceding formulas. 
Using the correlation and the marginal proportions, that is, the proportion 
of subjects in at least one row and one column of the 2 x 2 contingency 
table, the cell frequency for each cell can be imputed. For example, sup
pose we know that the correlation coefficient for the data in Table B9 
IS .156, the proportion of subjects in row one, p^^, is 30/60 or .5, and 
the proportion of subjects in column one, p,,, is 7/60 or .117. Applying 
Formula 4 in Table B12 returns the value 5, the frequency of cell a: 

f  p , . / •  -  P . , ) )  

t;=60(.5f.ll7) + .l56y.5(.117)(] - .5)(1 -.117)^ =5 

The remaining cell frequencies can now be found through subtraction. For 
example, cell b is 30 (.5 of 60) minus 5, or 25. Cells c and d can be 
found in a similar fashion. After calculating the cell frequencies, apply 
Formula ] (Table B12) to calculate the odds-ratio. 

Unfortunately, in practice studies that report the marginal frequencies 
or proportions typically also report the cell frequencies. However, in some 
situations it may be reasonable to estimate the marginal proportions. 
The closer the estimates are to .5, the more conservative the calculated 
odds-ratio. 

Imputation of 2 x 2 Contingency Table Based 
on Chi-Square and Marginal Proportions 

With only a slight modification of Formula 4 in Table B12, the pre
ceding procedure for imputing the cell frequencies from a correlation can 
be applied to a chi-square. Once again the two marginal proportions or 
reasonable estimates thereof are needed. For the foregoing infertility treat
ment example, the chi-square equals 1.456. The first cell frequency (a) 
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can be imputed using Formula 5. 

a = 60 1^0.5(0.117) + ^•436(Q.5)(0.117)(I - 0.5)(1 -  0 . 1  1 7 ,  \  ^  _  

Imputation of Odds-Ratio from Continuous Data 

It may occur that a subset of studies eligible for inclusion in meta
analysis of odds-ratios use a continuous dependent measure to contrast 
the groups. For example, many studies of diagnostic tests report data in 

a dichotomous form as the means on the test for the group with and thai 
without the condition being diagnosed. Hasselblad and Hedges (1995) 
have shown how the standardized mean difference effect si/e can be con
verted into an odds-ratio (and vice versa) for meta-analysis. Using For
mula 6 from Table B12, a standardized mean difference effeci size com
puted with any of the formulas from Table BIO can be converted into an 
odds-ratio (or logged odds-ratio) equivalent. Suppose, for example, that a 
standardized mean difference effect size computed on means and standard 
deviations using Formula 1 in Table BIO has a value of .32. Formula 6 in 

Table B12 then yields the odds-ratio as follows. 

= , 7., 

IU]le BIO 

Useful formulas for calculating ES,„ from a range of statisiicni tiaia 

Formula needed and definilinn 11/ wrms 

Direct calculation formula for £5",^ 

(0 — ~ Means (X), standard devuuinn.s i.vi.  and 
'Spooled 

sample sizes (/7) !i)r catii  group. 
/ ( n ,  -  l ) j J - t - ( n i -

•Spooled ./ , _ 

Algebraically equivalent formula.s for ES,„ 

r r  _  l " i  + " 2  
Independent /-test i / i  ;tntl .sample size. ' '  

^ ^ (n) for each group 

(3) Independent r-ie.sl in .iiiJ imai sample 
• / n  

size ( N ) .  Assume,s ji, -
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Table BIO 
continued 

F o r m u l a  

OirccE Cjicuhuion formula for ES 

Data needed and definition of terms 

(4,1 1 = I  F { n ,  - f  > ] , )  

f 5 )  i £ i , , j  =  2,/ —  

V N 

Exaci probabilities levels for a /-value 

( 6 j  I  =  I U F { f > ,  d f )  

Calculaiion ol mean.s and siandard deviations from 

( 1 )  X  
2./, 

/ C£f, )CZx; fi -  CZx, /])' '-
(81 ,v = I _ 

, V  i U r  

Approximation.s based on continuous data 

(9) ES„„ = 

V I - r' 
n o . i  E S . . .  =  

Estimates — X; ol fiuimerator of 

HI) F,  -  F; A, -

( 1 2 )  F ,  - -  X .  -  X ,  
jdiiiMcil *a<Jiu«ed 

1 1 3 )  X , - X , ^ B  

Estimates of {denominator of ES,J 

' 1 ^ '  = .  =  v  +"2 

w - 1 

F-ratio ( . F )  from a one-way ANOVA 

and sample sizes (n) for each group. 

F-ratio ( F )  from a one-way ANOVA 

and total sample size {N). Assumes 

" 1  =  " 2 -

Determine the /-value for a p-value and 

df from Table BI3 or an inverse dis

tribution function (IDF) in a spread

sheet or statistical software program. 

Use result and Formula 3 to obtain 

effect size. Note: t- = F. 

a grouped frequency distribution 

Frequency counts (/) for each level (i) 

o f  a  v a r i a b l e  ( x ) .  

Frequency counts (/) for each level (i) 

of a variable (jc). 

Correlation (r) between group member

ship and dependent variable (assumes 

equal n in groups). 

Correlation (r) between group member

ship and dependent variable, and the 

proportion (/?) of the total sample in 

one of the two groups. 

Mean gain score (A) for each group. 

Cov^riate or regression adjusted means 

(^«ijo.u:d) for each group, 

Unstandardized regression coefficient 

(5) for group membership. 

Full-sample standard deviation (j), 

group means (X), group sample sizes 

( n ) ,  a n d  t o t a l  s a m p l e  s i z e  ( N ) .  

to 
o 
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Table BIO 

continued 

F o r m u l a  
Dam needed and definilion of ii i ,ns 

(15) i — Spooled — 

, /HL HI 
V n.nj 

(16) ,r = se-Jn — I 

( • 7 )  W  =  

-Spooled — 

y ' oneway 

•£.n,X] -
•' / E/iy 

k - \  

'^fa +df^ 

-'pooled — 
V2(l - r) 

Approximations based on dichotomous data 

(21) ES,„ = probilip,) -  probit(p^) 

(22) ES,„ = arcsine(p,) -  arcsine(p^) 

(23) |£S.„| = 2, 
N - X '  

(24) ES,^ = 
2r 

Vl — f 

Means (X) and sample si/es i/i i ii.i ,:;kIi 

g r o u p ,  a n d  a s s o c i a t e d  / - v a h i c  i / i .  

Standard error of the mean i.vr 

pie size (n) for any groii|i 

inc) -sain-

F-ratio { F )  from a nne-w;iy ANOVA 

with k groups and the ineun (,V) iind 

s a m p l e  s i z e  ( n )  f o r  e i i c h  ( i r t M i p  I  n  

The sums-of-squares (,S",V) iuul degrees 

of freedom (df) from a tactnrjiil (iwo-

way) ANOVA. Subscripts mdiciitc I'lic-

lors (A and B) and within groups or 

residual term (w). 

The mean-square error iA/.V i .iml 

associated degrees of frceilom u l f t .  

and correlation (r) belwecn coviinaic 

and dependent variable I'nim ii one

way ANCOVA, 

Standard deviation of the gam scores 

(•'iiiii) snd the correlation H I neiween 

time-one and time-two scores 

Probit transfonnation (Tahic H I ̂ i ol die 

proportion {p) of succcssc^ Inr each 

group. 

Arcsine transformaiioii (Tahli' HI4i i.( 

the proportion (p) of succcsses for 

each group. 

Chi-square ( x ^ )  with d f  =  

sample size (W). 

Phi-coefficient (r). 

.ind lolal 
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Table Bll 

'u-seful formulas for calculating ES, from a range of statistical data 

F o r n m l a  
Data needed and definition of terms 

Proiolype or definilion of ihe r-iype effect .size 

( I )  

1 - ^  _ __ ~ ^-1^, Sy, 
Individual level data for each variable 

( x  a n d  y )  a n d  t o t a l  s a m p l e  s i z e  ( N ) .  ^ J  J  daiiipic ^/V }  
, ' .r, - (S.t,) )((VSy; - (Sy,)-) This is the standard computational for

mula for the Pearson product-moment 

-loint frequency or contingency table 

(2) 

i - : s  A ' s : ( / - f c ) - £ ( / . , - ) i : ( / . c )  

correlation. 

Cell frequencies, /. for a k by j table 

where k or j is greater than 2. N is "• J ulall ju. yv Ii 

V {A/i;/.r--('i:/.r)-)(A'i;/-(;^-(E/.c)-) total sample size, r is table row num

ber, and c is table column number 

associated with each /. 

A dichoiomou.s by a coni inuous measure (point-biserial r) 

' ^ ' _ The pooled standard deviation, , for ! V V ' ! pooled 
E S ,  = ' ' ~ the dependent measure, means ( X )  

l a x ,  -  F , ) / i -  , 2  I  I sample sizes (n) for each group, 

V  '  "  p ( |  -  p )  a n d  t h e  p r o p o r t i o n  ( p )  o f  t h e  t o t a l  

sample in one of the two groups. 

( 4 )  [ T i ;  _  ' ' ' ' i  ~  - y i J v ' p M  -  p )  Full sample standard deviation ( s )  for 

'he dependent measure, means. ( X )  
and sample sizes (n) for each group, 

and the proportion (p) of the total 

sample in one of the two groups. 

Independent /-test (/) and sample sizes 

(n) for each group. 

/ F  +  n +  > r ^  F - m \ o  ( F )  from a one-way ANOVA 

' • " and sample sizes ( n )  for each group. 

Two (lichoioiiu)u.s variable.s |2 x 2 ctintingency table) 

Cell frequencies (a, b, c, and d) of a 2x2 

contingency table. 

V 77 Chi-square (x') with d/ = 1 and total 

sample size { N ) .  

i - i )  F S ,  
x '  / •  - t -  H |  +  

' ( 1 )  | f . V | = = :  

n ,  E S  =  ( " d - h r )  

V -f- r)(/) + d) 

(8) |F.V,1 = /^ 

Signi f icance  tes t  for  r  

I')) ES, = '  

• / ' '  +  d f  
The /-value (/) testing the statistical sig

nificance of r. If exact p reported 

for r, determine i from Table B13 

or inverse disu-ibution function .in a O 

spreadsheet. 

K) 
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Table B12 
Useful formulas for calculating ESq j , from a range of statistical data 

Formula Data needed and definition n f  t e r m s  

Cell frequencies of a 2 x 2 contingency table 

ad ( I )  =  
h e  

Row or group proportions 

Pi(l - Pi) 
(2) ESon = 

PiC - PI )  

Cell proportions of a 2 x 2 contingency table 

(3) E5o, = £l£i 
P k P ,  

Impute cell frequencies from a correlation 

(4) 

a = ̂  (p,l Pel + '•x/Prl'-clC - Pr,W - Pel)) 

b = Np„ -  a 

c — — a 

d = N — (a + b + c) 

Impute cell frequencies from a chi-square 

(5) 

- w ( p . p , . i + / ^  
( 1 - P m ) ( 1 - P H ) )  

N  

b = Np,, -  a 

c = t ^ P c ,  -  a  

d  =  N - { a +  b  +  c )  

Odds-ratio equivalent from continuous dependent measure 

The cell frequencies, lahcled n. h.. , and 

(i, of a 2 X 2 coiitingeiKv lable. 

The proportion ( p )  of persons in each 

group or condition with a successrul 

or desirable outconic. 

The cell proportions (p) Im each celi 

{a, h, c, d) of a 2 X 2 where ihe pro

portion is the cell IVequency divided 

by the total sample size. 

The correlation coefficieni lor a 2 >; 2 

contingency table (rl, lolal sample 

size (AT), and the marginal proportion 

for the first row (/.),, ) ami lirsi column 

(P.i). 

The chi-square value for a 2 x 2 contin

gency table (r), toial sample size (N). 

and the marginal propurlion for the 

first row {p,|) and lirsi column (/),,). 

(6) ESa ES„^ from any formula m Table BIO, 

jr = 3.14, € = nuUirai Ingarilhm. 
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Table B13 
Two-tailed /-values from the /-distribution by df and p-value 

P-value (Two-tailed) 

4/ 80 ,50 .20 .10 05 
•02 01 .002 .001 

0 32.5 1,000 3,078 6.314 12.706 31,821 

0.289 0.816 1,88ft 2.920 

( ) 2 ' . 7  0 . 7 6 5  1 , 6 3 8  2 , 3 5 3  

4 0.271 0.741 1.533 2,132 

0.267 0,727 1,476 2,015 

63.657 3)8.309 636.621 

1 " — 4,303 6,965 9 925 22 377 ^qq 

( ) 2 - . 7  0 , 7 6 5  1 , 6 3 8  2 , 3 5 3  3 . 1 8 2  4 . 5 4 1  5 . 8 4 1  l o ; 2 1 5  1 2 ^ 4  

2.776 3.747 4.604 7.173 8,610 

6 0,265 0,718 1,440 

7 (!,263 0,711 ),415 | S95 

X 0,262 0,706 1,397 1,860 

y 0,261 0.703 1,383 1,833 2^262 

10 (1260 0.700 1,372 1,812 

11 0.260 0,697 1.363 1,796 2.201 2.718 

12 (>,259 0,695 1.356 1,782 2.179 

13 0.259 0.694 1,350 1,771 2,160 

14 0,258 0,692 1,345 1,761 2.145 

15 0,258 0,691 1,341 1.753 2.131 

2.571 3.365 4.032 5.893 6.869 

943 2.447 3.143 3.707 5.208 5.959 

2.365 2.998 3,499 4.785 5.408 

2.306 2.896 3.355 4.501 5 041 

2.821 3.250 4.297 4.781 

2.228 2.764 3.169 4.144 4.587 

3,106 4.025 4.437 

2.681 3.055 3.930 4.318 

2,650 3,012 3.852 4',221 

2.624 2.977 3.787 4.140 

2.602 2.947 3.733 4.073 

120 2.583 2,921 3.686 4,015 

2.567 2.898 3.646 3.965 

19 0.257 0,688 1,328 1.729 2.093 

2l> 0.257 0,687 1.325 1,725 

21 0,257 0,686 1.323 1,721 2.080 

22 0,256 0.686 1,321 1717 2 074 

2.1 0,256 0,685 1,319 1,714 2.069 

16 0,258 0,690 1,337 1,746 2.._„ 

17 0,257 0,689 1,333 1.740 2,110 

l« 0.257 0.688 1,330 1.734 2,101 2,552 2.878 3.610 3,922 

2.539 2.861 3.579 3.883 

2.086 2.528 2.845 3.552 3.850 

2.518 2,831 3.527 3.819 

2.508 2.819 3.505 3.792 

2.500 2.807 3.485 3.768 

2.492 2,797 3.467 3,745 

2,485 2,787 3,450 3.725 

2,479 2.779 3.435 3.707 

2.473 2.771 3.421 3.690 

2.467 2.763 3.408 3.674 

2.462 2,756 3.396 3.659 

2.457 2.750 3.385 3,646 

2,423 2.704 3.307 3.551 

24 0.2S'. 0.685 1,318 1.711 2,064 

25 0.i56 0,684 1,316 1,708 2,060 

26 0.2.S6 0.684 1,315 1,706 2,056 

27 0,256 0,684 1,314 1.703 2 052 

28 0.2.56 0,683 1,313 1.701 2,048 

29 0,i5fi 0,683 1,311 1,699 2,045 

30 0.256 0,683 1,310 1,697 2,042 

4(1 0.255 0.681 I „303 1,684 2.021 

60 0,254 0.679 1.296 1.671 2 000 

120 0,254 0.677 1.289 1,658 
2.390 2.660 3.232 3.460 

1.980 2.358 2.617 3,160 3 373 

00 0.253 0,674 1.282 1.645 1.960 2.326 2.576 3.090 3^291 

SOURCE: Ciimpuicr gencralcd using SPSS 6,0 for Windows. 

to 
o 
ON 
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Table B14 
Arcsine transformations { < j > )  for proportions (/j) 

p 
P <!> 

P P 

0.00 0.000 0.25 1.047 0.50 1.571 0.75 
0.01 0.200 0.26 1.070 0.51 1.591 ().7f. 
0.02 0.284 0.21 1.093 0.52 1.611 0.77 
0.03 0.348 0.28 1.115 0.53 1.631 0.7S 
0.04 0.403 0.29 1.137 0.54 1.651 (1.70 
0.05 0.451 0.30 1.159 0.55 1.671 0 SO 
0.06 0.495 0.31 1.181 0.56 1.69! O.HI 
0.07 0.536 0.32 1.203 0.57 1.711 O H :  
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Table B15 
Probit tran.sformations (j) for proportions (p) 
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Table B16 
Chi-square critical values for df = I 

p-values (Right tail) 
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