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estimatess of intervention efficacy reported in meta-

analyses? ? 
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Summary y 
Backgroundd Most meta-analysis of randomized trials do not assess the quality of 
includedd studies. Yet, mere is a growing body of evidence indicating that trial 
qualityy can alter the estimates of intervention effectiveness. We examined this 
issuee evaluating whether different methods of quality assessment provide 
differentt estimates of the effectiveness of interventions evaluated in randomized 
controlledd trials. 
Methodss We randomly selected 11 meta-analyses involving 127 randomized 
controlledd trials evaluating the effectiveness of interventions used for circulatory 
andd digestive diseases, mental health, and pregnancy and childbirth. We 
replicatedd all the meta-analyses using published data from the primary studies. 
Thee quality of reporting of all 127 clinical trials was assessed using component 
andd scale approaches. To explore the effects of quality on the quantitative results, 
wee examined the effects of different methods of incorporating quality scores 
(sensitivityy analysis and quality weights) on the results of the meta-analyses 
Findingss The quality of trials was low. Masked assessments provided 
statisticallyy higher scores (mean=2.74, SD=1.1) compared with unmasked 
assessmentss (mean=2.55, SD=1.2). Low quality trials (<2), compared with high 
qualityy trials (>2), were associated with an increased estimate of benefit by 34% 
(RORR = 0.66; 95%CI: 0.52, 0.83). Trials using inadequate allocation concealment, 
comparedd to those using adequate methods, were also associated with an 
increasedd the estimate of benefit of 37% (ROR = 0.63; 95%CI: 0.45, 0.88). The 
averagee treatment benefit across all trials was 39% (OR = 0.61; 95%CI: 0.57, 0.65). 
Includingg trials with low quality scores (<2) increased this effect to 52% (OR = 
0.48;; 95%CI: 0.43, 0.54). Whereas, including trials with high quality scores (> 2) 
reducedd the effect to 29% (OR = 0.71; 95%CI: 0.65,0.77). Using all the trial scores 
ass quality weights reduced the effect to 35% (OR = 0.65; 95%CI: 0.59, 0.71) and 
resultedd in the least statistical heterogeneity. 
Interpretatio nn Studies of low methodological quality in which the estimate of 
qualityy is incorporated into the meta-analyses can alter the interpretation of the 
benefitt of intervention, whether a scale or component approach is employed in 
thee assessment of trial quality. 
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Introductio n n 
Thee conduct of a meta-analysis is a retrospective scientific exercise1 and, as such, 
iss susceptible to several sources of biases.2 Meta-analyses of randomized 
controlledd trial s (RCTs) predictably include studies of variable methodological 
quality.. Features of randomized trial s that confer  the least biased estimates of 
treatmentt  effect have been studied with intensity lately. Differences in quality 
acrosss trial s may indicate that the results of some trial s are more biased than 
otherr  ones. Meta-analysts need to take this information into consideration in 
orderr  to minimize or  avoid bias whenever  possible. Similarly , there are few data 
too guide reviewers as to whether  any one method of quality assessment provides 
aa more biased estimate than any other  one. In this study, we addressed whether 
thee method of quality assessment of RCTs using a validated scale approach 
comparedd to one involving individual components influences estimates of 
treatmentt  effectiveness. 

SelectionSelection of meta-analyses 

Wee randomly (random numbers table) selected 12 meta-analyses from our  larger 
databasee of 491 meta-analysess of RCTs. Three inclusion criteri a were used: 1) the 
reportt  was published in English, 2) there was no formal incorporation of quality 
scoress in the quantitative analysis, and 3) the outcomes were presented as binary 
data,, reported using an overall quantitative summary result. Meta-analyses were 
excludedd if the report did not provide references for  the included trials. Nine of 
thee meta-analyses were randomly chosen from the three most frequently 
reportedd categories of the International Classification of Disease (CD-9), three 
eachh from digestive diseases,3" 5 circulatory diseases,6" 8 and mental health.911 The 
remainingg three meta-analyses were randomly chosen from the Cochrane 
Databasee of Systematic Reviews (CDSR, 1995 issue 2) one from stroke,12 and two 
fromm pregnancy and childbirth. 1314 

SelectionSelection of RCTs 

Eachh meta-analysis was reviewed by two of us regarding the reported principl e 
outcome(s).. Because most of the meta-analyses did not explicitly report the 
primar yy outcomes,15 these outcomes were selected based on the largest number 
off  RCTs reporting data on that endpoint (e.g., mortality) . One meta-analysis14 

wass excluded from our  study because the data from this study was provided to 
thee principal investigator  solely for  the purposes of his meta-analysis (personal 
communication—Dr.. A. Grant). This resulted in the selection of 22 independent 
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outcomess (due to non-overlapping trials) across 11 meta-analyses from which 127 
RCTss were identified and retrieved. 

QualityQuality assessment 

Thee report of each RCT included in each meta-analysis was photocopied twice. 
Onee copy was masked to authors, their affiliations, any other identifiers, such as 
fundingg sources, and references using a black marker. The quality of reporting of 
eachh of the resulting 254 RCTs was assessed by all of us using an incomplete 
randomizedd Latin square design (i.e., each reviewer was randomized to receive 
bothh masked and unmasked RCTs but never the same one). 

Qualityy assessments were completed using a validated scale16 and individual 
componentss known to affect estimates of intervention effectiveness.17 The scale 
consistss of three items pertaining to descriptions of randomization, masking, and 
dropoutss and withdrawals in the report of an RCT (see Appendix 1 for 
definitionss of terms used). The scale ranges from zero to five with higher scores 
indicatingg superior reporting (see Appendix 1 for complete details). The 
individuall  components assess the adequacy of reporting of randomization, 
allocationn concealment and double-blinding and are described in detail 
elsewhere177 (see Appendix 1 for definitions of terms used). We also recorded 
informationn on trial sponsorship. We pre-tested our methods by completing an 
inter-observerr reliability study, assessed with the intra-class correlation 
coefficientt (ICC), using a separate set of RCTs (values above 0.61 were considered 
ass substantial agreement,18 a priori). 

DataData extraction 

Inn addition to the quality assessment of each RCT the following data were also 
extracted:: the number of events and patients in the control group, and the 
numberr of events and patients in the experimental group. The data were 
extractedd independently by two people (ALJ, DM) and consensus was achieved 
forr any discrepancies before data entry. 

DataData analyses 

Too assess mean differences in quality scores between masked and unmasked 
RCTss we used a paired t-test. To assess differences between masked and 
unmaskedd trials in the proportion with adequately reported components we used 
chi-squaree analysis and logistic regression. 

Thee point estimate and 95% confidence intervals (95%CI) from each meta-
analysiss were replicated using the same analytical procedures reported by the 
authorss of the original publication (see Appendix 2). To examine the impact of 
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qualityy assessment on the combined point estimates we replicated the 
methodologyy used elsewhere.17 Briefly, logistic regression models were used to 
exploree the relationship between a binary outcome of an unwanted event (e.g., 
death)) with several independent factors. The independent variables included an 
overalll  intervention effect, trial indicators to allow for the variation among the 
trials,, modified treatment effects to capture variation among the meta-analyses, 
andd an estimate of quality. Quality scores were incorporated into the analysis in a 
varietyy of ways. As a threshold (see Appendix 2 for details), a quality weight (see 
Appendixx 1 for definition and usage), or individual component (e.g., double-
blinding).. We also performed a sensitivity analysis to further explore the 
relationshipp between a component assessment of quality compared to a scale one. 

Thee results of these analyses are reported in terms of a ratio of odds ratios 
(ROR)) and odds ratios (OR). By our modeling convention, an OR and ROR (see 
appendixx 1 for definition) below one indicates an effective intervention in the 
subgroupss of trials defined in the nominator compared to those in the 
denominator.. The mean residual deviance of the fitted models reflects the degree 
off  heterogeneity between trials after adjusting for the independent factors. As 
suggestedd elsewhere,17 we used an approximate F-test for evaluating the effects 
off  heterogeneity using the models. For all analyses probability values < 5% were 
consideredd statistically significant. 

Results s 
Thee 127 RCTs included in the 11 meta-analyses involved 10,492 patients. The 11 
meta-analysess were published between 1988 and 1995 in 10 journals and the 
CDSR.. The trials they contained were published between 1960 and 1995 and 
publishedd in 57 journals, and three books. One study was unpublished. The 
majorityy of outcomes (15/22, 68%) included can be defined as "objective" (e.g., 
histologicc remission, major amputation, overall mortality, conception rate, 
smokingg cessation assessed biochemically). 

Ann assessment of the quality of reports of RCTs under masked and 
unmaskedd conditions using a scale and component evaluation are presented in 
Tablee 1. The overall quality of reporting of RCTs using a scale assessment was 
2.744 (out of five, SD=1.1) corresponding to 54.8% of the maximum possible value. 
Theree were statistically significant differences in the evaluation of the quality of 
reportingg of RCTs under masked and unmasked conditions (see Table 1). Masked 
assessmentt resulted in statistically higher quality scores 2.74 compared to 
unmaskedd assessments 2.55. This difference corresponds to 3.8%. We have based 
alll  further analyses presented in this paper on masked assessments only. Using a 
componentt approach to quality assessment, few RCTs reported on either the 
methodss used to generate the randomization schedule (15.0%) or the methods 

99 9 



ChapterChapter 6 

usedd to conceal the randomization sequence until the point of randomization 
occurredd (14.3%). When assessed under masked conditions, compared to 
unmaskedd ones, allocation concealment was identified more frequently (14.3% 
vs.. 10.7%) as adequate (see Table 1). Using the scale approach, 121 (95%) trials 
weree described as randomized and/or reported on the methods used to generate 
participantt assignment. Of these trials only 19 (16%) adequately described 
allocationn concealment. 

Tablee 1. Quality of reporting of 127 randomized controlled trials assessed using a 
scale211 and individual quality components under masked and unmasked 
conditions.3 3 

Qualit yy ratin g scale 

Randomization n 
Double-blinding g 
Withdrawals/drop--
outs s 
Totall  score* 
Componentt  approach 
too qualit y assessment 

Randomization n 
generation n 
Allocation n 
concealment* * 
Double-blinding g 
*Pairedd t-test for scale, p 

Maskedd (n=127) 

Meann (SD) 
1.099 (0.45) 
1.100 (0.84) 

0.599 (0.49) 
2.744 (1.10) 

Percent t 
15.0 0 

14.3 3 

66.4 4 
== 0.005 

^Adequatee allocation concealment (p = 0.004) 

Unmasked d 
(n=127) ) 

Meann (SD) 
1.088 (0.45) 
1.000 (0.79) 

0.50(0.50) ) 
2.555 (1.20) 

Percent t 
14.3 3 

10.7 7 

64.3 3 

%% difference (95% CI) 

0.022 (-0.05,0.08) 
0.100 (0.02,0.18) 

0.099 (-0.002,0.18) 
0.199 (0.006,0.32) 

0.077 (-2.05,3.45) 

3.600 (0.94,6.26) 

2.11 (-1.60,5.80) 

Wee were able to closely replicate the results of the published meta-analyses 
forr all 22 selected outcomes. Evaluating the influence that quality assessments of 
thee primary trials have on the results of the meta-analyses in presented in Table 
2.. Trials with a low quality score (< 2), compared with a high quality score (> 2), 
resultedd in a significantly greater estimate of the treatment effect by 34% (ROR = 
0.66;; 95%CI: 0.52,0.83). The effects of these results on an individual meta-analysis 
aree presented in Table 3. 

Wee conducted a threshold analysis to determine whether the exaggerated 
interventionn effects reported above in relation to the quality scores could be 
explainedd by those RCTs in which allocation concealment was inadequately done 
andd inadequately reported, as has been previously suggested.17 Our analyses (see 
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Tablee 2) did not result in any meaningful differences in terms of magnitude and 
directionn of bias or  statistical significance than those already reported here. 

Byy incorporating estimates of quality based on individual components, we 
alsoo detected exaggerated estimates of treatment effect (see Table 2). Clinical 
trial ss reporting allocation concealment inadequately, compared to those trial s 
reportin gg it adequately, produced statistically exaggerated estimates of treatment 
effectss of 37% (ROR = 0.63; 95%CI: 0.45, 0.88). We did not find any significant 
differencess in treatment effects for  RCTs whether  or  not their  reports adequately 
describedd how the randomization sequence was generated. Similarly , we did not 
findd an exaggerated treatment effect whether  or  not RCTs adequately described 
howw they achieved double blinding. 
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Tablee 2. Relationship between different methods of incorporation quality 
assessmentt (threshold, statistical weight, and individual components) into meta-
analysiss and the resulting estimates (and measures of precision) of intervention 
effects. . 
Methodd of qualit y 
assessment t 

Interventio nn effect 
modifier * * Assessmentt  of heterogeneity 

Ratioo of odds ratios 
(95%%  CI) 

Ratioo of heterogeneity between trial s 
(p-valuee from a test of similar  degree 

off  heterogeneity between trial s 
Scale e 
Loww (<2) vs high (>iy 
Loww (<2) vs high (>2)2 

Component t 
Randomization n 
generation3 3 

Allocationn concealment3 

Double-blinding3 3 

Mai nn analysis 
Sensitivityy analysis 
Loww quality 
Highh quality 
Qualityy weight 

0.666 (0.52, 0.83) 
0.733 (0.56, 0.94) 

0.899 (0.67,1.20) 
0.633 (0.45, 0.88) 
1.111 (0.76,1.63) 

Interventio nn effect6 

ORR (95% CI) 
0.611 (0.57,0.65) 

0.488 (0.43,0.54) 
0.711 (0.65,0.77) 
0.65(0.59,0.71) ) 

1.066 (F test with 49, 71 df, 2P = 0.41) 
1.011 (F test with 49,51 df, 2P = 0.49) 

1.366 (F test with 102,18 df, 2P = 0.23) 
1.177 (F test with 101,18 df, 2P = 0.36) 
1.022 (F test with 39,81 df, 2P = 0.46) 

Estimatedd heterogeneity between 
trials 7 7 

2.999 (D2 with 121 df) 

2.888 (D2 with 49 df) 
2.733 (D2 with 71 df) 
1.599 (D2 with 121 df) 

*Thee analysis used the convention that treatment was more effective to prevent an adverse outcome. 
Therefore,, an odds ratio (OR) below one indicates an effective intervention. Furthermore, a ratio of 
oddss ratios (ROR) of less than one also indicates an exaggeration of treatment effect. 
11 Allowing for summary OR to vary according to quality (i.e., quality by treatment interaction) in a 
basee model consisting of intervention, trials and modified odds ratios (OR) according to MA's. 
2Sensitivityy analysis only including trials with allocation concealment reported inadequately. 
3Allowingg for summary OR's to vary simultaneously according to the components (i.e. component by 
treatmentt interactions). 
4Thee residual deviance reflects the degree of heterogeneity between trials derived from a base model 
consistingg of intervention and trial factors. 
5Ann approximate F-distribution was assumed for the ratio of residual deviances to compare the 
heterogeneityy between different ways of incorporating quality. A larger degree of heterogeneity 
betweenn trials results in a larger than 1 ratio. 
6Averagee intervention effect estimated from a base model consisting of intervention and trial factors. 
expectedd degree of heterogeneity (i.e. residual deviance) is one. 
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Tablee 3. An illustration of the effect quality assessment, including different 
methodss of assessment and how the resulting scores are incorporated into the 
quantitativee data synthesis/ can have on the results of a meta-analysis. 

Testt for statistical 
Treatmentt effects to prevent deep vein heterogeneity (2P 
thrombosiss related death (n = 5 RCTs) OR (95% CI) values)* 
Mainn analysis 0.53 (0.32,0.90) 0.7135 

Sensitivityy analysis 
Low-qualityy trials (quality score <2, n=2 RCTs) 0.42 (0.15,1.17) 0.5210 
High-qualityy trials (quality score >2, n=3 
RCTs)) 0.57 (0.30,1.10) 0.4725 
Qualityy weight (n=5 RCTs) 0.52 (0.27,0.98) 0.7123 
"Testt for heterogeneity based on Breslow-Day31 

Lensingg and colleagues12 examined the effects of Low-Molecular-Weight Heparins (LMWH) 
onn several outcomes including death. Five RCTs were included in this analysis resulting in a 
statisticallyy beneficial effect of LMWH reducing mortality by 47% (OR=0,53; 95%CI: 0.32, 
0.90).. Two of the trials scored < 2 while the remaining three scored > 2. When quality 
assessmentss were incorporated into the analysis the beneficial effect of LMWH disappeared. 
Usingg low quality trials (< 2) the odds ratio was no longer significant (OR=0.42; 95%CI: 0.15, 
1.17)) although the point estimate suggests a greater effectiveness of LMWH. Similar results 
weree obtained if only high quality trials (> 2) were used (OR=0.57; 95%CI: 0.30,1.10). Using 
aa quality weight resulted in almost no exaggeration of the point estimate while maintaining 
thee precision of the statistical result (OR=0.52; 95%CI: 0.27,0.98). 

Thee average treatment benefit across all trials was 39% (OR = 0.61; 95%CI: 
0.57,, 0.65). Including trials with low-quality scores (< 2), into the quantitative 
analysis,, resulted in an average treatment benefit of 52% (OR = 0.48; 95%CI: 0.43, 
0.54).. Whereas, including trials with high-quality scores (> 2) into the analysis, 
resultedd in an average treatment benefit of 29% (OR = 0.71; 95%CI: 0.65,0.77). 
Usingg all the trial scores as quality weights resulted in an average intervention 
benefitt of 35% (OR = 0.65; 95%CI: 0.59, 0.71). Using a quality weight, compared 
withh low quality scores or high quality ones, to incorporate estimates of quality 
intoo the quantitative analysis also produced the least statistical heterogeneity (see 
Tablee 2). 

Discussion n 
Assessingg the quality of reports of randomized trials included in a meta-analysis 
addss another layer of complexity to the reviewing process. However, our results 
suggestt that incorporating an estimate of the quality of randomized trials is 
important.. We found a clinically important and statistically significant 30%-50% 
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exaggerationn of treatment effectiveness when results of lower quality trials are 
pooled.. Inflated estimates of treatment effectiveness were found whether the trial 
qualityy assessments were made using a scale approach or an individual 
componentt approach. 

Thesee results are consistent with the work of Schulz and colleagues17 who 
examinedd clinical trials in the field of obstetrics and childbirth and found that 
inadequatelyy concealed trials, compared to adequately concealed ones, 
exaggeratedd treatment effectiveness by about 30%-40%. Our work is based on 
analysiss of studies from four clinical topics, and adds to the body of evidence that 
ignoringg trial quality may introduce bias in the results of meta-analysis. This 
effectt is likely to vary somewhat depending on how the treatment effect is 
summarizedd (e.g., relative risk, risk difference) and the control group event rate 
(e.g.,, mortality, quality of life). 

Thee results of our sensitivity analysis indicate that significant exaggeration of 
treatmentt effects, in terms of treatment effect, remain regardless of whether trials 
inn which allocation concealment are adequately reported are removed from the 
analysis.. Unfortunately, our review indicated that few trials report on methods of 
allocationn concealment despite its importance. Hopefully new efforts to help 
improvee the quality of reporting of RCTs wil l better this situation. Reviewers 
shouldd not interpret our results as having to make a choice between using a 
componentt or scale approach to quality assessment. Both approaches offer 
advantages. . 

Wee used both the individual component approach and scale approach for 
qualityy assessment including items derived from empirical studies showing that 
theyy can overestimate the effectiveness of an intervention. Whether these results 
remainn stable, using different criteria is uncertain. We have previously shown19 

thatt different scales when applied to the same RCT can provide markedly 
differentt estimates of quality in terms of absolute scores and rankings. It is 
possiblee that using less empirically based criteria for quality assessment may 
providee different estimates regarding the exaggeration of results than those 
reportedd here. 

Ourr results indicate that using quality as a weight appears to produce less 
statisticall  heterogeneity, a result that may have been statistically expected. It is 
difficult ,, and beyond the scope of this study, to statistically examine whether the 
reductionn in statistical heterogeneity is an artifact or a real effect associated with 
qualityy assessment. It is unlikely that our results could be explained solely on 
artifactt alone. Using only high quality trials or giving more weight to trials of 
higherr quality is likely to result in a higher signal/noise ratio thus reducing 
heterogeneity.. Nonetheless, there may be certain conceptual advantages to using 
aa quality weight rather than a threshold approach. For example, by using a 
qualityy weight it is possible to include all of the trials rather than a selected 
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samplee as would be common when using a threshold approach. Our  study is 
limitedd by not exploring the influence of other  ways to incorporate quality 
weightss into the quantitative analysis.20 

Thee component approach to quality assessment may be advantageous by 
beingg able to incorporate new evidence quicker  than those who are developing 
scaless appropriately using accepted standards.21 Scale developers wil l find it 
difficul tt  to incorporate new evidence into their  tools quickly. For  this reason, 
manyy meta-analysts may prefer  using a component approach to quality 
assessment. . 

Inn using a scale approach to assess quality we found that masked assessments 
providedd statistically higher  scores compared to unmasked assessments. 
Whetherr  this small absolute difference of 3.8% is important , in terms of 
additionall  efforts required by reviewers, is debatable. Many reviewers may see 
thiss difference as too small to be of importance. Several reports have examined 
thee effects of masking on quality assessments of clinical trials.16'22'23 There appears 
too be littl e consistency in these results in terms of their  direction and magnitude. 
Itt  is likely that a systematic review of this literatur e would shed light on this 
issue.. Such a review in beyond the present mandate of our  group. 

Ourr  study is limited in that we did not explore the relationship between 
unmaskedd quality assessments and estimates of treatment effects. In addition, the 
usee of a quality score as a weight is based on an assumption that there is a linear 
relationshipp between the estimates of quality and the weights assigned to the 
responsee options (e.g., 1, 2, or  3). It is possible that the scaling relationship is not 
linearr  and the weighting system is more complex. If data appeared to suggest an 
indirectt  relationship our  results may not be valid. Our  study is also limited in 
thatt  we used an abbreviated two-response option, compared to the three-
responsee one, as reported in Schulz et al,17 to assess allocation concealment. It is 
possiblee that this resulted in the observed differences, in the proportion of trial s 
reportin gg adequate allocation concealment, between masked and open quality 
assessment.. This categorization might also explain less overlap between the 
componentt  approach and the scale one. Despite our  categorization, our  results 
aree remarkably consistent with those reported by Schulz et al.17 

Ourr  results highlight the influence low quality trial s have in the conduct of 
systematicc reviews. This has not gone unnoticed. Recently considerable energies 
havee focused on developing evidence-based methods to help improve the quality 
off  reporting of clinical trials.24-26 Several journals have endorsed these 
approaches27300 and incorporated them into their  "instruction s to authors."  It is 
hopedd that improving the quality of reporting of RCTs wil l also help reduce the 
biass of including such trial s in systematic reviews. 
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Appendixx 1 

DefinitionDefinition of quality 

Thee confidence that the study design, conduct, analysis, and presentation have 
limitedd biased comparisons of the intervention under consideration. 

Randomiztion Randomiztion 

Usingg a sale approach to the assessment of randomization involved. Was the 
studyy described as randomized (this includes the use of words such as randomly, 
random,, and randomization)? An additional point is given if the method to 
generatee the sequence of randomization was described and it was appropriate 
(e.g.,, table of random numbers, computer generated). However, a point was 
deductedd if the method to generate the sequence of randomization was described 
andd it was inappropriate (e.g., date of birth). 

Double-blinding Double-blinding 

Wass the study described as double blind? An additional point is given if the 
methodd of double blinding was described and it was appropriate (e.g., identical 
placebo).. However, a point was deducted if the method of blinding was 
describedd and it was inappropriate (e.g., comparison of tablet versus injection 
withh no double dummy). 

DropoutsDropouts and withdrawals 

Dropoutss and withdrawals are defined, using the scale, as trial participants who 
weree included in the study but did not complete the observation period or who 
weree not included in the analysis [but need to be described]. The number and 
reasonss for withdrawal in each group must be stated for a point to be awarded. If 
theree were no withdrawals, it should be stated in the report. If there is no 
statementt on withdrawals, this item is given no point. 

GenerationGeneration of random numbers 

Clinicall  trials that reported the following methods for generation of their 
allocationn sequence were considered adequate computer, random number table, 
shuffledd cards or tossed coins, and minimization. Inadequate methods included 
alternatee assignment and assignment by odd/even birth date or hospital number. 
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AllocationAllocation concealment 

Wee divided allocation concealment into two categories. Adequately concealed 
trial ss were trial s in which concealment up to the point of treatment (e.g., central 
randomization)) was reported. Unclearly concealed trials, which incorporated 
inadequatelyy (e.g., alternation) concealed trials, were trial s in which allocation 
concealmentt  was not reported. 

Low-qualityLow-quality trials 

Usingg a scale approach to quality assessment low quality trial s were those ones 
scoringg < 2 (out of maximum possible score of 5). This assignment was made 
priorr  to the beginning of the study. 

High-qualityHigh-quality trials 

Usingg a scale approach to quality assessment high quality trial s were those ones 
scoringg > 2 (out of maximum possible score of 5). This assignment was made 
priorr  to the beginning of the study. 

RatioRatio of odds ratios 

Typically,, clinical trial s are conducted such that the experimental intervention, 
comparedd to the standard intervention, prevents an unwanted outcome (e.g., 
mortality) .. Therefore, an odds ratio < 1 favors the intervention under 
consideration.. In the context of this study a ratio of odds ratios (e.g., low quality 
trial ss versus high quality trials) can be interpreted as providing an estimate of the 
effectss of quality on the point estimate and precision of the result. An ROR can be 
interpretedd much the same way as an OR. 

ThresholdThreshold analysis 

Forr  trial s assessed using individual components only those trial s that adequately 
reportt  the characteristic are included in the analysis. Using a scale approach only 
thosee trial s scoring above a pre-specified score are included in the analysis. 

SensitivitySensitivity analysis 

Forr  trial s assessed using individual components two data syntheses are 
completed::  analyzing the results for  those trial s in which the item is adequately 
reported,, and also presenting the results for  those trial s that inadequately report 
thee characteristic. Using a scale approach two analyses are also completed: 
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analyzingg the results for those trials in which the item scores above a pre-
specifiedd score, and presenting the results for those trials scoring below the pre-
specifiedd score. 

QualityQuality weight 

Inn the main meta-analysis, one combines the study estimates weighting 
proportionallyy to their precision to derive the pooled estimate. In the 
correspondingg sensitivity analysis, we advocated the use of a quality weight that 
wass a product of precision and the quality of reporting score. By weighting on 
precisionn and trial quality (in this study scaled by the quality score), we can 
assesss the effect of various bias induced aspects of the trial design and reporting 
onn the pooled estimates of treatment effectiveness. 

Replication Replication 

Forr each meta-analysis, we extracted the statistical methods used to derive the 
combinedd treatment estimates and faithfully replicated these pooled estimates in 
thee main analysis. 

StatisticalStatistical heterogeneity 

Inn the logistic regression analysis, the variation in a clinical outcome was related 
too its systematic sources such as trials and treatment through logistic regression 
models.. For each model, the deviance divided by its degrees of freedom was 
regardedd as an approximate measure of over dispersion, reflecting the degree of 
heterogeneityy between trials. We used approximate F ratio tests to compare the 
heterogeneityy of trials with low quality, high quality and quality weight. 
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Appendixx 2 
Supposee that K independent studies give data as in Table 1, each compares a 
treatmentt and control on a binary outcome with an assessed quality score qk. 

Tablee 1. Observed counts for study k among K 2x2 contingency tables 
Treatmentt Group 
Treated d 
Control l 
Total l 

Success s 
ak k 

Ck k 

tk k 

Failur e e 
bk k 

dk k 

Nk-tk k 

Total l 
mk k 
nk k 
Nk k 

Mantel-Haenszell  method 
Wee define notations that use the counts shown in Table 1. Let 
Rkk = akdk/Nk, R+ = 2k Rk and Sk = bkCk/Nk, S+ = Ek Sk 

Pkk = (ak + dk) /Nk and Qk = (bk + ck)/Nk 

Thee MH estimate 9AMH = R+/S+ is a weighted average of the study specific 
estimatee of the odds ratio Q\ with weight equal to Sic. To account for quality 
assessment,, define S'k = qkSk and S'+ = £kS'k. The weighted average scheme 
imposess that R'k = qkRk and R'+ = 2k R'k, hence the quality-adjusted estimate 0'AMH 

== R+/S+. As a consequence, an appropriate variance for 0'AMH on a log 
scale(Robinn 86) is 
var(logg 9'AMH) = .5 Zk [(PkR'k/R V) + (PkS'k + QkR'k)/(R'+SV) + (QkSk/S'+

2)]. 

Petoo method 
Define e 
Ekk = (ak + bk)(ak + Ck) / Nk [1] 
andd Vk = (ak + ck)(bk + dk)(ak + bk)(ck + dk) / (Nk

A2(Nk -1) ). [2] 
Underr the null hypothesis of no treatment effect and fixed marginal totals of 
Tablee 1, Ek and Vk is respectively the mean and variance of a hypergeometric 
randomm variable Ak (with instance ak). Each study observation ak can be 
weightedd by its quality score qk in the combined estimate A+ - Zk qicaic, 
expectationn E+ = Zk qkEk and variance V+ = Ek qk

2Vk. A quality-adjusted estimate 
off  the common odds ratio 0 (log scale) is (A+-E+)/V+ with variance 1/V+. 

Inverse-variancee weighted method 
Thiss method of combining results is generally applicable to all endpoints (e.g. 
absolutee risk difference, relative risk, and treatment group rates). Let Gk be a 
genericc outcome estimate (e.g. relative risk RR) from study k and Wk = l/var(Gk), 
thee inverse-variance weighted estimate for the K studies is G where G = (Sk 

WkGk)) / (Zk Wk) with variance var(G) = l / (Z k Wk). With the additional 
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adjustmentt by quality assessment, define W'k = qkWk then the combined estimate 
G'' becomes 
G'' = (ZkW'kGk) / (2*  W'k) with variance var(G') = (2*  qkW'k) / (Zk W'k) 2. 

Testt  of no treatment effect 
Underr the null hypothesis, the mean Ek and variance Vk of Ak is given in [1] and 
[2],, respectively. Let the quality adjusted A+ = Ek qkak, expectation E+ = Zk qkEk 
andd variance V+ = Zk qk2Vk, then null hypothesis can be tested (Cochran 1954) by 
thee chi-square statistic 
X 2=(A + -E+ )2 /V + + 

withh 1 degree of freedom. 

Testt  of homogeneity of the odds ratios 
Thee chi-square test of constant odds ratio sums up the squared deviations of 
observedd ak and its expectation E(Ak | 9A), each standardized by its variance 
(Bresloww and Day 1980) 
X22 = Zk [ (ak -E(A k | 9A )] 2/Var(Ak | 9A) [5] 
(K-ll  degree of freedom). This test is affected by the quality adjustment only 
throughh the quality adjusted estimate 9A. In our calculations, we use the Mantel-
Haenszell  estimate 9'AMH/ the asymptotic estimate E(Ak | 9AM-H) arid V(aAk | t k; 
6AM-H)) given in [3] and [4j, respectively. 

Withh respect to quality adjustment, the global statistic in [5] may lack power 
againstt the alternative of a systematic increase or decrease in the observed ak 
withh an increase in quality qk (Breslow and Day 1980). In such situation, a chi-
squaree test (one degree of freedom) for a trend between the observed ak and trial 
qualityy qk can be calculated as follows 
XX22 = [Zkq k(a k-E(A  k 10A))]  2 / [Zkq k 2Var(A  k | 9

A)-[E kq kVar(A  k 19A)]2/[Z kVar(A 
k|9A)]] . . 

Dersimonian-Lair dd method for  random effect model 
Wee refer back to the generic notations used previously in the Inverse-variance 
weightedd method. The Breslow-Day chi-square statistic for homogeneity test [5] 
cann be calculated for any outcome G (Dersimonian and Laird 1986) 
Qbb = ZkUk(Gk-GA)2 

wheree GA is the weighted estimate GA = (Zki>kGk) / (Zk^k) and i)k the inverse of the 
kk within-trial variance. The weighted estimate GA can be adjusted for quality 
assessmentt through x>\ = qk\)k to G'A = (£ku'kGk) / (Zki>'k). However, quality 
assessmentt only affects the statistic Qb and the subsequent estimate At,2 of the 
between-triall  variation through the quality-adjusted estimate G'A. When 
homogeneityy is present, one non-iterative estimate of At,2 is 
Ab22 = max[0, (Qb- (K - 1 ) ] / [Xk\)k - (3*1*  2 / ZkDk)] 
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Underr  a random effect model, a combined estimate GRD can be weighted both 
onn quality score qk and the sum of within - and between-trial variations Wk = 
l / ( l / \ ) kk  + Ab2) 
GRDD = (EkW'kG k) / (X kW'k ) where W'k = qkWk 

andd variance Var(GRD) = (2*qkW'k ) / (EkW'k) 2. 
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