
Technical Review 
Number 13 
 
 
 
Empirical Evaluation of the Association Between 
Methodological Shortcomings and Estimates of 
Adverse Events 
 
 
Prepared for: 
Agency for Healthcare Research and Quality 
U.S. Department of Health and Human Services 
540 Gaither Road 
Rockville, MD 20850 
www.ahrq.gov 
 
 
Contract No. 290-02-0024 
 
 
Prepared by: 
Oregon Evidence-based Practice Center, Portland, OR 
 
 
 
Investigators 
Roger Chou, M.D. 
Rongwei Fu, Ph.D. 
Susan Carson, M.P.H. 
Somnath Saha, M.D., M.P.H. 
Mark Helfand, M.D., M.P.H. 
 
 
 
 
 
 
 
 
AHRQ Publication No. 07-0003 
October 2006 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

This report is based on research conducted by the Oregon Evidence-based Practice Center 
(EPC) under contract to the Agency for Healthcare Research and Quality (AHRQ), Rockville, 
MD (Contract No. 290-02-0024). The findings and conclusions in this document are those of 
the authors, who are responsible for its content, and do not necessarily represent the views of 
AHRQ. No statement in this report should be construed as an official position of AHRQ or of 
the U.S. Department of Health and Human Services. 
 
The information in this report is intended to help clinicians, employers, policymakers, and 
others make informed decisions about the provision of health care services. This report is 
intended as a reference and not as a substitute for clinical judgment.  
 
This report may be used, in whole or in part, as the basis for the development of clinical 
practice guidelines and other quality enhancement tools, or as a basis for reimbursement and 
coverage policies. AHRQ or U.S. Department of Health and Human Services endorsement of 
such derivative products may not be stated or implied.  



 ii

This document is in the public domain and may be used and reprinted without permission except 
those copyrighted materials noted for which further reproduction is prohibited without the 
specific permission of copyright holders. 
 
 
Suggested Citation: 
Chou R, Fu R, Carson S, Saha S, Helfand M. Empirical Evaluation of the Association Between 
Methodological Shortcomings and Estimates of Adverse Events. Technical Review No. 13. 
(Prepared by the Oregon Evidence-based Practice Center under Contract No. 290-02-0024.) 
AHRQ Publication No. 07-0003. Rockville, MD: Agency for Healthcare Research and Quality. 
October 2006. 
 
 
 
 
 
 
 
 

 
 
 
 

Dr. Saha was supported by a Research Career Development award from the Health Services 
Research and Development Service of the Department of Veterans Affairs and by a Generalist 
Physician Faculty Scholar award from the Robert Wood Johnson Foundation. 



 iii

Preface 
 
 The Agency for Healthcare Research and Quality (AHRQ), through its Evidence-based 
Practice Centers (EPCs), sponsors the development of evidence reports and technology 
assessments to assist public- and private-sector organizations in their efforts to improve the 
quality of health care in the United States. The reports and assessments provide organizations 
with comprehensive, science-based information on common, costly medical conditions and new 
health care technologies. The EPCs systematically review the relevant scientific literature on 
topics assigned to them by AHRQ and conduct additional analyses when appropriate prior to 
developing their reports and assessments. 
 To bring the broadest range of experts into the development of evidence reports and health 
technology assessments, AHRQ encourages the EPCs to form partnerships and enter into 
collaborations with other medical and research organizations. The EPCs work with these partner 
organizations to ensure that the evidence reports and technology assessments they produce will 
become building blocks for health care quality improvement projects throughout the Nation. The 
reports undergo peer review prior to their release.     
 AHRQ expects that the EPC evidence reports and technology assessments will inform 
individual health plans, providers, and purchasers as well as the health care system as a whole by 
providing important information to help improve health care quality. 
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Structured Abstract 
 
Objective: Accurate harms data are necessary to appropriately assess the balance between 
benefits and harms of interventions. Numerous deficiencies in the quality and reporting of harms 
associated with clinical interventions have been reported. Little is known, however, about 
whether such perceived methodological shortcomings are associated with lower estimates of 
harms. 
 
Study Design and Setting: Studies reporting harms associated with (1) carotid endarterectomy 
(CEA) for symptomatic stenosis, (2) rofecoxib for arthritis, and (3) CEA for asymptomatic 
stenosis were identified using published systematic reviews. A standardized abstraction form, 
including eight pre-defined criteria for assessing the quality of harms reporting, was used to 
extract data. Univariate and multivariate analyses were performed to empirically evaluate the 
association between quality criteria and estimates of harms. A quality-rating instrument for 
studies reporting harms was developed based on the results of the analyses of studies of CEA for 
symptomatic stenosis. The quality-rating instrument was tested on the other data sets. 
 
Results: In 111 studies of CEA for symptomatic stenosis, meeting five of the eight quality 
criteria was associated with significantly higher rates of stroke or death. A quality-rating 
instrument with four of the five criteria predicted adverse events (5.7 percent in studies rated 
“adequate”, compared to 3.9 percent in studies rated “inadequate” [p=0.0003]). In multivariate 
analyses, the quality rating assignment remained significant when controlling for other clinical 
and study-related variables. Different quality criteria, however, predicted lower estimates of risk 
for myocardial infarction in 16 trials of rofecoxib, and none of the quality criteria predicted 
lower estimates of stroke of death in 18 studies of CEA for asymptomatic stenosis. Evaluation of 
the latter two data sets was limited by small numbers of trials and low rates of evaluated adverse 
events. 
 
Conclusions: The presence of methodological shortcomings can predict lower estimates of 
serious harms. Clinicians and researchers should carefully consider the potential effects of 
individual methodological shortcomings when evaluating estimates of harms associated with 
clinical interventions. However, we were unable to develop a generic summary quality-rating 
instrument for studies of harms because specific methodological shortcomings were not 
consistently predictive across data sets. 
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Chapter 1:  Introduction 
 
 
Every health care intervention is associated with a risk of harmful or adverse events that must 

be balanced against the potential favorable outcomes.1 Recent highly publicized examples of 
harms associated with medical interventions emphasize the importance of accurate measurement 
and reporting of harms.2-4 In studies that report harms, estimates of adverse events may vary 
because of differences in the underlying risk of the populations studied,5, 6 differences in the 
delivery of the intervention (such as the skill of the surgeon7 or dosing of medication), and 
random or systematic errors in adverse event assessment due to deficiencies in the design or 
execution of the study. Systematic reviews should therefore assess the generalizability of study 
findings to other clinical settings and populations, and evaluate for potential biases in assessment 
and reporting of harms. 

Studies have consistently demonstrated that assessment and reporting of harms in clinical 
trials is suboptimal, with adverse events infrequently defined, unclear or inadequate methods for 
identifying adverse events, poor description of severity of harms, and little space devoted to 
adverse event reporting.8-12 Guidelines for improving harms reporting have been published to 
help address perceived shortcomings in measurement, analysis, and reporting of harms data.13 
The Cochrane Collaboration has also proposed draft guidelines for evaluating adverse events in 
systematic reviews.14 However, little is known about the empirical associations between such 
perceived shortcomings and estimates of harms.15 Empiric evaluations have been published on 
the association between methodological shortcomings and estimates of efficacy16-19 and 
diagnostic test characteristics.20 Similar information is necessary to help readers appropriately 
judge the validity of studies reporting harms data. 

The purpose of our study was to empirically assess the association between perceived 
methodological shortcomings and estimates of serious complications from surgical and medical 
interventions. We compared estimates of harms from studies meeting eight pre-defined criteria 
designed to assess the quality of harms reporting to studies not meeting the criteria. We 
hypothesized that estimates of harms would be understated in studies with methodological 
shortcomings as measured by the quality criteria, even after controlling for other clinical and 
study design-related variables that could affect adverse event rates. 

Our main analyses were performed on a large data set of studies of carotid endarterectomy 
(CEA) for symptomatic stenosis. Based on the analyses of this data set, we developed a generic 
summary quality-rating instrument for studies reporting harms. In order to assess the 
reproducibility of our results, we also analyzed a smaller data set of studies of the same 
intervention (CEA) in patients with asymptomatic stenosis. In addition, because the association 
between methodological shortcomings and estimates of harms may differ across interventions, 
we also evaluated a third data set consisting of studies of the drug rofecoxib, a cyclooxygenase-2 
selector inhibitor recently withdrawn from the market because of concerns over increased 
cardiovascular risk.21 
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Chapter 2:  Methods 
 
 

Selection of Relevant Studies 
 

Studies of CEA for symptomatic stenosis were identified from our earlier evidence review of 
diagnostic strategies for stroke22 and augmented with studies from the reference lists of three 
other systematic reviews.23-25 We included all randomized controlled trials, cohort studies, and 
surgical series reporting complication rates. We retrieved all studies of CEA for asymptomatic 
stenosis from the reference lists of two systematic reviews.25, 26 We also retrieved all of the 
randomized controlled trials of rofecoxib for arthritis included in a recent meta-analysis.2 
Abstracts were excluded because they provide insufficient information to adequately judge 
quality. 

 
Assessment of Study Quality 

 
Study quality was assessed using eight criteria (Table 1). Each criterion was chosen on the 

basis of: (1) face validity as a marker of rigorous adverse event assessment, or (2) results from an 
earlier meta-analysis24 of CEA suggesting predictability for adverse event rates. For instance, 
studies with independent assessment of complications (criterion 6) were associated with higher 
complication rates than studies in which the surgeon performing the procedure assessed 
complications.24 Prospective or retrospective study design, on the other hand, was not included in 
our criteria list because it was not a significant predictor in the earlier meta-analysis. Examples 
of criteria that have not been empirically studied but had face validity include pre-defining of 
adverse events (criterion 4) and non-biased selection of patients for assessment of harms 
(criterion 1). 

Studies were scored either 0 (inadequate) or 1 (adequate) for each criterion. Studies that did 
not report enough information to accurately assess a criterion were rated inadequate. 
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Table 1. Quality assessment tool for studies reporting adverse events 

Criterion Score 
1: Study is a properly randomized controlled trial (according to Jadad 
criteria17), or an observational study with a clear pre-defined inception 
cohort (that attempted to evaluate all patients in the inception cohort) 

Quality criterion 1: Non-
biased selection 

0: Study does not meet above criteria (e.g., convenience samples) 
1: Study reports 2 or more demographic characteristics, presenting 
symptoms/syndrome and at least 1 important risk factor for complications 

Quality criterion 2: 
Adequate description of 
population 0: Study does not meet above criteria 

1: Study reports number lost to follow-up, and the overall number lost to 
follow-up is low (threshold set at 5% for studies of carotid endarterectomy 
and 10% for studies of rofecoxib) 

Quality criterion 3: Low 
loss to follow-up 

0: Study does not meet above criteria 
1: Study reports explicit definitions for major complications that allow for 
reproducible ascertainment (what adverse events were being investigated 
and what constituted an event) 

Quality criterion 4: 
Adverse events pre-
specified and defined 

0: Study does not meet above criteria 
1: Study reports methods used to ascertain complications, including who 
ascertained, timing, and methods used 

Quality criterion 5: 
Ascertainment technique 
adequately described 

0: Study does not meet above criteria 
1: Independent or masked assessment or complications (for studies of 
carotid endarterectomy, someone other than the surgeon who performed 
the procedure; for studies of rofecoxib, presence of an external endpoint 
committee blinded to treatment allocation) 

Quality criterion 6: Non-
biased ascertainment of 
adverse events 

0: Study does not meet above criteria 
1: Study examines 1 or more relevant confounders/risk factors (in addition 
to the comparison group in controlled studies), using acceptable statistical 
techniques such as stratification or adjustment 

Quality criterion 7: 
Adequate statistical 
analysis of potential 
confounders 

0: Study does not meet above criteria 
1: Study reports duration of follow-up and duration of follow-up adequate to 
identify expected adverse events (threshold set at 30 days for studies of 
carotid endarterectomy and 6 months for studies of rofecoxib) 

Quality criterion 8: 
Adequate duration of 
follow-up 

0: Study does not meet above criteria 
>6: Good 

4-6: Fair 

Total quality score=sum 
of scores (0-8) 

<4: Poor 

Adapted from Meenan et al. Effectiveness and Cost-Effectiveness of Echocardiography and Carotid Imaging in the 
Management of Stroke. Evidence Report/Technology Assessment Number 49. (Prepared by Oregon Health & 
Science University Evidence-based Practice Center under Contract No. 290-97-0018.) AHRQ Publication No.  
02-E022. Rockville, MD: Agency for Healthcare Research and Quality. July 2002. 

 
Several criteria deserve comment regarding their application. “Non-biased selection” 

(criterion 1) was judged adequate for randomized controlled trials if they were properly 
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randomized according to the widely-used Jadad definition.17 For observational studies, non-
biased selection was judged adequate if the study defined an inception cohort and attempted to 
evaluate all patients meeting the definition. Examples of studies that would not meet this 
criterion are studies that evaluated convenience samples or studies in which an inception cohort 
was not clearly defined. “Adverse events pre-specified” (criterion 4) was judged adequate if the 
study reported the adverse events being investigated and how an “event” was defined. 

Exact application of several criteria varied according to the intervention being studied. 
Specifically, we defined “adequate duration of follow-up” (criterion 8) as at least 30 days for 
studies of CEA and at least 6 months for studies of rofecoxib, and “low loss to follow-up” 
(criterion 3) as <5 percent for studies of CEA and <10 percent for studies of rofecoxib. For 
studies of CEA, “non-biased ascertainment” (criterion 6) was defined as ascertainment 
performed by someone other than the surgeon who did the procedure. For trials of rofecoxib, we 
defined “non-biased ascertainment” as assessment by a blinded, external endpoint committee.2 
For “adequate statistical analysis of potential confounders” (criterion 7), studies of CEA had to 
assess at least one confounder to meet the criterion. Trials of rofecoxib had to analyze at least 
one confounder in addition to the treatment group (rofecoxib versus control). 

Data Abstraction 
Two investigators (R.C. and S.C.) independently applied the quality criteria and abstracted 

data for all studies. When quality assessments differed, consensus was reached before assigning 
final ratings. All quality assessments were made before complication rates were abstracted from 
each study. 

We also abstracted the proportion of patients with cardiovascular comorbidities, study-level 
demographic characteristics (gender, race, and mean age), year of publication, funding source, 
setting, use of blinding (for the rofecoxib studies), and other study design features (such as 
randomized controlled trial or observational study, prospective or retrospective design, 
population-based or not population-based) in order to assess their impact on estimates of adverse 
events. We also abstracted variables that might be proxies for study quality such as author 
category (based on reported departmental and institutional affiliations),24 whether the study 
reported severity of adverse events, the amount of text devoted to adverse events methods and 
reporting (recorded as the proportion of the total amount of text, excluding abstract and 
discussion),12 and high (>7) Journal Impact Factor (based on 2003 data). Journal Impact Factor is 
a general measurement of journal quality27 and is based on citation counts.28 We selected a 
modest uniform threshold for classifying a journal as high Journal Impact Factor, though the 
interpretation of a specific value can vary depending on the journal’s target audience (for 
example, a general medical audience versus a subspecialty journal). Because most CEA studies 
either did not report volume of surgeries or surgeon experience, we simply rated studies 
according to whether they did or did not analyze any surgeon-related variable. Variables such as 
use of shunting or type of anesthesia were not analyzed because they were not associated with 
differential complication rates in previous studies.29, 30 For studies of rofecoxib, the authors of a 
recent meta-analysis provided published and unpublished data on rates of myocardial infarction.2 
Because that meta-analysis found that the dose of rofecoxib, the type of control (placebo, non-
naproxen nonsteroidal anti-inflammatories, or naproxen), and adequate allocation concealment 
were not associated with differences in risks for myocardial infarction, we did not analyze these 
variables. 
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Data Analysis 
Chi-square tests or Fisher’s exact tests (when cell values were less than five) were used to 

evaluate associations between individual quality criteria and other independent variables for each 
data set. Standard tests for heterogeneity were performed for all meta-analyses, with p values 
<0.10 considered significant. 

Univariate analyses were performed to determine the association between individual 
methodological and clinical variables and adverse event rates. For each data set, random effects 
meta-regression models (in which between-study variance is incorporated into the analysis) were 
used to examine the effects of quality criteria and other study design and clinical or demographic 
factors on rates of stroke or death (studies of CEA) or odds ratios (OR) for myocardial infarction 
(trials of rofecoxib). The OR was evaluated as the dependent variable for trials of rofecoxib 
because of low absolute event rates (mean 0.3 percent). Data analyses for the rofecoxib trials 
were similar to analyses performed in a recently published meta-analysis.2 Specifically, trials of 
rofecoxib with no events in both the rofecoxib and control group were excluded; control groups 
were combined; for any trial in which there were no events in either the rofecoxib or control 
group the OR was calculated by adding 0.5 to all cells;31 and for trials with extensions, 
appropriate weighting was performed to avoid duplicate counting of data. 

We calculated an initial summary quality score by adding up the scores of the eight criteria 
and assigned an initial overall quality rating based on the following arbitrary cutoffs: good=>6, 
fair=4-6, poor=<4. The univariate analyses and tests of association were used to develop more 
parsimonious quality rating instruments by removing non-predictive quality criteria, or those that 
did not improve the performance of quality rating instruments. Quality rating instruments were 
analyzed using different cutoffs for good, fair, or poor (three categories); adequate or inadequate 
(two categories); and the raw quality score as predictors of adverse events. 

Multivariate meta-regression models using individual quality rating criteria or summary 
quality rating instruments and other clinical or study design-related variables were compared for 
goodness-of-fit using Akaike’s Information Criterion (AIC),32 corrected AIC (AICC),33 and the 
Schwarz-Bayesian Information Criterion (BIC).34 A smaller value of these criteria indicates a 
better fit, with a difference of 3 to 7 indicating an important difference between models.35 
Variables initially entered into the multivariate models were chosen based on the univariate 
analyses. Additional model selection was performed using backwards elimination methods. 
Variables that were highly correlated with quality ratings according to tests of association were 
preferentially removed during the model selection process, but we assessed their effects by 
adding them back to the final models. 

When possible, subgroup analyses were performed to better control for the effects of clinical 
factors on complications. Additional analyses were also performed to assess the association 
between the raw quality score and complication rates using the baseline quality rating instrument 
and more parsimonious quality rating instruments. 

All analyses were performed with SAS 9.1 (SAS Institute Inc., Cary, NC, U.S.A.). 
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Chapter 3:  Results 
 

 
Characteristics of Studies of CEA for Symptomatic 

Stenosis 
 

We included 111 studies of CEA for symptomatic stenosis. Nine were randomized trials. Of 
102 observational studies, 16 were population-based (attempted to assess all patients undergoing 
CEA in a pre-defined population). Eight of the 111 studies were published in journals with a 
high (>7) Journal Impact Factor. Eighty-two studies were performed in North America and 23 in 
Europe. Ten had a single surgeon author, 53 had multiple surgeon authors, and 48 had at least 
one non-surgeon author. Many studies did not report cardiovascular risk factors. For example, 
the proportion of patients with diabetes, the most frequently reported co-morbidity, was reported 
in 57 percent of studies. 

Tests of Association 
Three quality criteria were very highly (p<0.001) associated with one another (Table 2): 

criterion 4 (adverse events pre-defined), criterion 5 (ascertainment technique adequate 
described), and criterion 6 (non-biased ascertainment). Overall quality rating (good, fair, or poor) 
was highly associated (p<0.0001) with author category (single surgeon, multiple surgeons, or at 
least one non-surgeon), funding source (mostly government, not reported, or other), and high 
(>7) Journal Impact Factor. 
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Table 2. Tests of association (p values shown*) for discrete independent variables in studies of carotid endarterectomy for symptomatic 
stenosis 

 

Quality criterion 
1: Non-biased 
selection 
(yes or no) 

Quality 
criterion 2: 
Adequate 
description of 
population 
(yes or no) 

Quality 
criterion 3: 
Low (<5%) 
loss to follow-
up (yes or no) 

Quality 
criterion 4: 
Adverse 
events pre-
defined 
(yes or no) 

Quality 
criterion 5: 
Ascertainment 
technique 
adequately 
described (yes 
or no) 

Quality 
criterion 6: 
Non-biased 
ascertainment
(yes or no) 

Quality 
criterion 7: 
Adequate 
duration (>30 
days) of 
follow-up 
(yes or no) 

Quality 
criterion 8: 
Statistical 
analysis of 
confounders 
(yes or no) 

Quality rating 
(poor, fair, or 
good) 

Quality criterion 1: 
Non-biased selection — 0.6146 0.5536 0.0015 0.0008 0.0031 0.1387 0.0024 <.0001 

Quality criterion 2: 
Adequate description 
of population 

0.6146 — 1.000 0.2392 0.9580 0.4705 0.2358 0.8882 0.0128 

Quality criterion 3: 
Low (<5%) loss to 
follow-up 

0.5536 1.000 — 0.5584 1.00 1.00 0.5774 0.0518 0.4260 

Quality criterion 4: 
Adverse events pre-
specified and defined 

0.0015 0.2392 0.5584 — <.0001 <.0001 0.0832 0.0342 <.0001 

Quality criterion 5: 
Ascertainment 
technique adequately 
described 

0.0008 0.9580 1.00 <.0001 — <.0001 0.0012 0.0085 <.0001 

Quality criterion 6: 
Non-biased 
ascertainment 

0.0031 0.4705 1.00 <.0001 <.0001 — 0.0092 0.0273 <.0001 

Quality criterion 7: 
Statistical analysis of 
confounders 

0.0024 0.8882 0.0518 0.0342 0.0085 0.0273 0.2116 — 0.0001 

Quality criterion 8: 
Adequate duration 
(>30 days) of follow-
up 

0.1387 0.2358 0.5774 0.0832 0.0012 0.0092 — 0.2116 <.0001 

Quality rating (poor, 
fair, or good) <.0001 0.0128 0.4260 <.0001 <.0001 <.0001 <.0001 <.0001 — 

* p values reported for Fisher's exact test when there were less than 5 events in 1 or more cells; otherwise p values for chi-square tests. 
Bold values indicate associations between quality criteria in final 4-criteria quality rating instrument. 
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Table 2. Tests of association (p values shown*) for discrete independent variables in studies of carotid endarterectomy for symptomatic 
stenosis (continued) 
 

Author category 
(single surgeon 
author, multiple 
surgeons, or at 
least one non-
surgeon) 

Setting 
(North 
America, 
Europe, or 
other) 

Funding source 
(pharmaceutical, 
mostly 
government, 
other, or unclear) 

Prospective 
study 
(yes or no) 

Population-
based study 
(yes or no) 

Randomized 
controlled trial 
(yes or no) 

High (>7) 
Journal 
Impact Factor
(yes or no) 

Adverse 
events 
discussed by 
severity  
(yes or no) 

Discussion of 
hospital or 
surgical 
volume or 
experience 
(yes or no) 

Quality criterion 1: 
Non-biased selection 0.0723 0.9582 0.0024 0.0011 0.2849 0.0250 0.0252 0.6173 0.0592 

Quality criterion 2: 
Adequate description 
of population 

0.1170 0.7687 0.2090 0.5774 0.7164 0.2651 0.0173 0.8906 0.7378 

Quality criterion 3: 
Low (<5%) loss to 
follow-up 

1.00 1.00 0.3762 0.5584 1.00 1.00 1.00 0.5984 1.0000 

Quality criterion 4: 
Adverse events pre-
specified and defined 

0.0023 0.6042 0.0149 0.6669 0.0077 0.0868 0.0002 0.6602 0.0035 

Quality criterion 5: 
Ascertainment 
technique adequately 
described 

<.0001 0.3734 <.0001 0.5769 <.0001 0.0267 0.0012 0.2807 0.0009 

Quality criterion 6: 
Non-biased 
ascertainment 

<.0001 0.7551 <.0001 0.1525 0.0004 0.0022 <.0001 1.00 <.0001 

Quality criterion 7: 
Statistical analysis of 
confounders 

0.0236 0.0358 0.1087 0.9061 0.0239 0.7277 0.7078 0.0974 0.0135 

Quality criterion 8: 
Adequate duration 
(>30 days) of follow-
up 

0.1202 0.4790 0.003 0.0498 0.5554 0.0050 0.0114 0.8342 0.9684 

Quality rating (poor, 
fair, or good) <.0001 0.7060 <.0001 0.0413 0.0006 0.0501 <.0001 0.3064 0.0026 

* p values reported for Fisher's exact test when there were less than 5 events in 1 or more cells; otherwise p values for chi-square tests 
Bold values indicate associations between quality criteria in final 4-criteria quality rating instrument 
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Univariate Analyses 
For five of the eight individual quality items (non-biased selection, low loss to follow-up, 

adverse events pre-specified and defined, ascertainment technique adequately described, and 
non-biased and accurate ascertainment of adverse events), meeting the criterion was significantly 
(p<0.05) associated with differences in rates of stroke or death (Table 3). Criteria that were not 
associated with significant differences in estimates of stroke or death were criterion 2 (adequate 
description of population), criterion 7 (statistical analysis of confounders), and criterion 8 
(adequate duration of follow-up). 

Other variables associated with significantly higher rates of stroke or death were author 
category (studies with multiple authors and at least one non-surgeon having the highest rates), 
prospective study, population-based study, randomized controlled trial, high Journal Impact 
Factor, analysis of surgeon-related variables, and the patient population variables mean age and 
the proportion with coronary artery disease (Tables 3 and 4). 
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Table 3. Univariate analyses of rates of stroke or death associated with carotid endarterectomy for 
symptomatic stenosis—discrete variables 

Independent 
variable Study category 

Number of 
studies 

Pooled rate of stroke 
or death (95% 
confidence interval) in 
univariate analyses 

p value for difference 
in complication rates 

1: adequate 70 5.1% (4.4% to 5.8%) p=0.0101 Quality criterion 1: 
Non-biased 
selection 0: inadequate 41 3.7% (2.9% to 4.5%) 

1: adequate 67 4.6% (3.9% to 5.3%) p=0.9024 Quality criterion 2: 
Adequate 
description of 
population 

0: inadequate 44 4.5% (3.7% to 5.4%) 

1: adequate 108 4.6% (4.1% to 5.2%) p=0.0187 Quality criterion 3: 
Low loss to follow-
up, and patients 
lost to follow-up 
analyzed for 
adverse events 

0: inadequate 3 2.2% (0.3% to 4.2%) 

1: adequate 43 5.9% (4.9% to 6.8%) p=0.0006 Quality criterion 4: 
Adverse events pre-
specified and 
defined 

0: inadequate 68 3.8% (3.2% to 4.4%) 

1: adequate 35 5.7% (4.6% to 6.8%) p=0.0082 Quality criterion 5: 
Ascertainment 
technique 
adequately 
described 

0: inadequate 76 4.0% (3.4% to 4.6%) 

1: adequate 32 5.7% (4.6% to 6.9%) p=0.0136 Quality criterion 6: 
Non-biased and 
accurate 
ascertainment of 
adverse events 

0: inadequate 79 4.1% (3.5% to 4.7%)  

1: adequate 69 4.8% (4.1% to 5.5%) p=0.1509 Quality criterion 7: 
Adequate statistical 
analysis of potential 
confounders 0: inadequate 42 4.0% (3.2% to 4.9%)  

1: adequate 48 5.0% (4.1% to 5.9%) p=0.1877 Quality criterion 8: 
Adequate duration 
of follow-up 

0: inadequate 63 4.2% (3.5% to 4.9%)  

Single author and 
surgeon 

10 2.8% (1.7% to 3.8%) p=0.0327 (single versus 
multiple surgeons) 
p<0.0001 (single 
surgeon versus non-
surgeon) 

Multiple authors, all 
surgeons 

53 4.2% (3.5% to 4.9%) P=0.0181 
(multiple surgeons 
versus non-surgeon) 

Author category 

At least one non-
surgeon author 

48 5.6% (4.6% to 6.5%) 
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Table 3. Univariate analyses of rates of stroke or death associated with carotid endarterectomy 
for symptomatic stenosis—discrete variables (continued) 

Methodological 
variable Study category 

Number of 
studies 

Pooled rate of stroke 
or death (95% 
confidence interval) 
in univariate 
analyses 

p value for difference 
in complication rates 

North America or 
Canada 

82 4.2% (3.6% to 4.8%) p=0.0771 (North 
America versus 
Europe); 
p=0.2395 
(North America versus 
other) 

Europe 23 5.7% (4.2% to 7.3%) p=0.8560 (Europe 
versus other) 

Setting 

Other, not reported 
or unclear, or 
international 

6 6.0% (3.1% to 9.0%) 

Mostly government 14 5.3% (3.6% to 6.9%) p=0.6221 
(government versus 
other); 
p=0.2479 
(government versus 
not reported) 

Other 15 5.9% (4.1% to 7.6%) p=0.0810 (other versus 
not reported) 

Funding source 

Not reported or 
unclear 

82 4.2% (3.6% to 4.8%) 

Yes 31 5.2% (4.0% to 6.4%) p=0.1851 Prospective study 
No 80 4.3% (3.7% to 5.0%) 
Yes 16 6.3% (4.6% to 8.0%) p=0.0259 Population-based 

study 
No 95 4.3% (3.7% to 4.8%) 

Yes 9 7.4% (4.5% to 10.2%) p=0.0444 Randomized 
controlled trial 

No 102 4.4% (3.8% to 4.9%) 
Journal Impact 
Factor >7 

8 7.8% (4.8% to 10.8%) p=0.0262 Published in high 
Journal Impact 
Factor journal Journal Impact 

Factor <=7 
103 4.3% (3.8% to 4.9%) 

Yes 58 4.8% (4.0% to 5.6%) p=0.5281 Reports adverse 
events by severity 

No 51 4.4% (3.7% to 5.2%) 
Yes 21 6.2% (4.7% to 7.7%) p=0.0150 Analysis of hospital 

or surgeon volume 
or surgeon 
experience No 90 4.2% (3.6% to 4.7%) 
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Table 4. Univariate analyses of rates of stroke or death in studies associated with carotid endarterectomy for symptomatic stenosis—
continuous variables 

Demographic or risk factor variable 
Number of studies 
with available data 

Odds ratio for risk of stroke or death per unit 
change in independent variable 
(95% confidence interval) p value 

Proportion of patients who smoke 45 0.6137 (0.2087 to 1.8049) 0.3667 

Mean age of patients in study 83 0.9671 (0.9356 to 0.9997) 0.0479 

Proportion of patients who are male 87 1.0077 (0.9905 to 1.0252) 0.3769 

Proportion of patients who are white 16 0.6741 (0.3626 to 1.2533) 0.1953 

Proportion of patients with diabetes 63 0.7514 (0.1147 to 4.9244) 0.7622 

Proportion of patients with hypertension 61 0.8433 (0.8433 to 3.1001) 0.7943 

Proportion of patients with coronary artery disease 50 0.1645 (0.04864 to 0.5563) 0.0045 

Proportion of space devoted to discussion of adverse 
event assessment methods (cm of text/total text, 
excluding discussion section) 

111 1.0369 (1.0144 to 1.0598) 0.0014 

Proportion of space devoted to discussion of adverse 
event assessment results (cm of text/total text, excluding 
discussion section) 

111 1.0124 ( 0.9991 to 1.0258) 0.0684 
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Developing a Quality Rating Instrument 
Using all eight quality criteria, reported rates of stroke or death were highest for studies rated 

good-quality (pooled rate 6.3 percent, 95% CI 4.6 percent to 8.0 percent), intermediate for fair-
quality studies (5.3 percent, 95% CI 4.1 percent to 6.5 percent), and lowest for poor-quality 
studies (3.8 percent, 95% CI 3.2 percent to 4.4 percent); the differences were statistically 
significant for good versus poor (p=0.0076) and fair versus poor (p=0.0289), though not for good 
versus fair studies (p=0.3557). 

To develop a more parsimonious quality rating instrument, we removed criterion 2 (adequate 
description of population), which was not associated with differential adverse event rates, and 
criteria 5 and 6, which were highly associated with (but not as predictive as) criterion 4 (adverse 
events pre-defined). After comparing all possible 4-item instruments using the remaining 5 
criteria, we found that a quality rating instrument with criteria 1 (non-biased selection), 3 (low 
loss to follow-up), 4 (adverse events pre-defined), and 8 (adequate duration of follow-up) 
performed similarly to the 5-criteria instrument (Table 5). We also found that quality rating 
instruments using a single cutoff (adequate or inadequate) performed similarly to instruments 
using multiple cutoffs (good, fair, or poor). Using the 4-criteria instrument, studies rated 
“adequate” (score >=3 out of 4) had a significantly (p=0.003) higher pooled rate of stroke or 
death of 5.7 percent (95% CI 4.8 percent to 6.6 percent) compared to 3.7 percent (95% CI 3.1 
percent to 4.3 percent) for studies rated “inadequate” (score <3). The summary quality rating also 
predicted rates of surgical complications better than any individual quality criterion. 

For the four criteria instrument, a steady increase in the pooled complication rate was 
observed with increasing quality scores (scores of 1, 2, 3, and 4 associated with rates of 3.1 
percent [95% CI 2.2 percent to 3.9 percent], 4.0 percent [95% CI 3.2 percent to 4.8 percent], 5.6 
percent [4.4 percent to 6.7 percent], and 6.0 percent [4.5 percent to 7.4 percent], respectively). 
For instruments with more criteria, higher scores were associated with higher pooled 
complication rates until a threshold was reached at scores >=4 (Table 6).  
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Table 5. Analysis of different quality rating instruments on pooled rates of stroke or death associated with carotid endarterectomy for 
symptomatic stenosis 

Quality rating instrument Score 

Number 
of 
studies 

Pooled rate of stroke or 
death (95% confidence 
interval) in univariate 
analyses 

Significance of differences in 
pooled complication rates Goodness-of-fit 

>6: good 16 6.3% (4.6% to 8.0%) p=0.0074 (good vs. poor),  
p=0.3530 (good vs. fair) 

AIC=755.0, AICC=755.4, BIC=765.9 

>4 and <=6: fair 27 5.3% (4.2% to 6.5%) p=0.0290 (fair vs. poor) 

Quality instrument using 8 criteria 
and baseline cutoffs for good, fair, 
or poor 

<=4: poor 68 3.9% (3.3% to 4.5%) 
>5: good 27 6.1% (4.8% to 7.4%) p=0.0002 (good vs. poor),  

p=0.0187 (good vs. fair) 
AIC=753.0, AICC=753.3, BIC=763.8 

>2 and <=5: fair 64 4.4% (3.7% to 5.1%) p=0.0207 (fair vs. poor) 

Quality instrument using 8 criteria 
and 'best' cutoffs for good, fair, or 
poor 

<=2: poor 20 3.0% (2.1% to 4.0%) 
>3: good 54 5.6% (4.8% to 6.5%) p<0.0001 (good vs. poor), 

p=0.0024 (good vs. fair) 
AIC=747.8, AICC=748.2, BIC=758.7 

>1 and <=3: fair 43 3.9% (3.2% to 4.6%) p=0.0249 (fair vs. poor) 

Quality instrument using 7 criteria 
(excludes criterion 2, 'adequate 
description of population') and 
'best' cutoffs for good, fair, or poor 

<=1: poor 14 2.5% (1.5% to 3.5%) 
>=4: adequate 54 5.6% (4.8% to 6.5%) p=0.0002 

 
AIC=750.0, AICC=750.3, BIC=758.2 Quality instrument using 7 criteria 

(excludes criterion 2) and 'best' 
cutoffs for adequate or inadequate 

<4: inadequate 57 3.6% (3.0% to 4.2%) 
>=4: adequate 
 

39 5.9% (4.8% to 6.9%) p=0.0005 AIC=752.8, AICC=753.1, BIC=761.0 Quality instrument using 5 criteria 
(1, 3, 4, 7, and 8) and 'best' cutoffs 
for adequate or inadequate 

<4: inadequate 72 3.9% (3.3% to 4.4%) 
>=3: adequate 50 5.7% (4.8% to 6.6%) p=0.0003 AIC=750.4, AICC=750.7, BIC=758.6 Quality instrument using 4 criteria 

(1, 3, 4, and 8) and 'best' cutoffs 
for adequate or inadequate 

<3: inadequate 61 3.7% (3.1% to 4.3%) 
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Table 6. Pooled rate of stroke or death in studies of carotid endarterectomy for 
symptomatic stenosis according to number of quality criteria met 

Quality score 
Number of 
studies 

Pooled rate of stroke or death 
(95% confidence interval) 

7 criteria quality rating instrument (criteria 1, 3-8) 
1 14 2.5% (1.5% to 3.5%) 
2 21 4.1% (2.9% to 5.2%) 
3 22 3.8% (2.8% to 4.7%) 
4 21 5.3% (4.0% to 6.6%) 
5 11 5.2% (3.9% to 6.6%) 
6 10 5.3% (3.9% to 6.6%) 
7 12 5.2% (3.8% to 6.6%) 
5 criteria quality rating instrument (criteria 1, 3, 4, 7, 8) 
1 15 2.6% (1.6% to 3.5%) 
2 22 4.1% (3.0% to 5.3%) 
3 35 4.2% (3.4% to 5.0%) 
4 21 6.0% (4.6% to 7.4%) 
5 18 6.0% (4.5% to 7.5%) 
4 criteria quality rating instrument (criteria 1, 3, 4, 8) 
1 23 3.1% (2.2% to 3.9%) 
2 38 4.0% (3.2% to 4.8%) 
3 30 5.6% (4.4% to 6.7%) 
4 20 6.0% (4.5% to 7.4%) 
3 criteria quality rating instrument (criteria 3, 4, 8) 
1 45 3.4% (2.7% to 4.1%) 
2 44 5.1% (4.2% to 6.0%) 
3 22 5.9% (4.6% to 7.3%) 

 

Inter Rater Reliability 
The overall quality rating (adequate or inadequate) using the four-criteria instrument was in 

agreement between two investigators for 19/20 of a random selection of studies (Kappa = 0.90).  

Multivariate Regression Analyses 
A model with four individual quality criteria (1, 3, 4, and 8) performed similarly to a model 

using the composite four-criteria quality rating instrument that categorized studies as “adequate” 
or “inadequate” (AICC goodness-of-fit test 751.4 vs. 750.7). An “adequate” rating using the 
four-item instrument was an independent predictor of the reported adverse event rate after 
adjustment for North American setting (associated with lower complication rates), randomized 
controlled trial or population-based study design (each associated with higher complication 
rates), and the proportion of total text devoted to reporting adverse event results (higher 
proportion associated with higher complication rates) (Table 7). The four-criteria instrument 
performed similarly as a binary (adequate versus inadequate) or continuous (quality score 0-4) 
variable (AICC goodness of fit statistic 738.1 versus 738.6).
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Table 7. Final multivariate model for rates of stroke or death in studies of carotid endarterectomy for symptomatic stenosis 

Model 

Independent variables 
initially entered into 
model 

Independent variables 
in final model 

Effect size 
(ln odds ratio) p value 

Goodness of fit 
statistics for model 

study rated ‘adequate’ 
(score >=3) 

study rated ‘adequate’ 
(score >=3) 

0.3038 p=0.0130 AIC=737.1, 
AICC=738.1,  
BIC=756.0 

setting: North America setting: North America -0.4011 p=0.0034  
setting: Europe 
randomized controlled trial randomized controlled 

trial 
0.5361 p=0.0140  

population-based study population-based study 0.4192 p=0.0058  
proportion of text devoted 
to reporting adverse event 
results (continuous 
variable) 

proportion of text devoted 
to reporting adverse 
event results (continuous 
variable) 

0.01505 p=0.0167  

proportion of text devoted 
to reporting adverse event 
methods (continuous 
variable) 
prospective study 
Journal Impact Factor 
adverse events reported by 
severity 
surgical factors discussed 
(hospital or surgeon 
volume or experience) 
funding source not 
reported 

Multivariate model using 
4 criteria quality rating 
instrument 

funding source 
governmental 

    

AIC=Akaike's Information Criterion 
AICC=corrected Akaike's Information Criterion 
BIC=Schwarz-Bayesian Information Criterion 
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Adding high (>7) Journal Impact Factor or the variable “single surgeon author” to the 
multivariate model did not improve the model. No other variables were significant in 
multivariate models, though incomplete reporting in the primary studies limited analysis of 
demographic factors and comorbidities. 

Subgroup Analyses 
An “adequate” quality rating (using the four-criteria instrument) was associated with higher 

reported complication rates across most clinical subgroups of patients, including patients with 
transient ischemic attacks (5.3 percent vs. 3.6 percent, p=0.0783), patients undergoing early (<3 
to 6 weeks after symptoms) CEA (9.7 percent vs. 3.1 percent, p=0.0053), asymptomatic patients 
(reported separately from patients with symptoms) (3.2 percent vs. 1.4 percent, p=0.0021), and 
stroke patients (6.8 percent vs. 5.9 percent, p=0.3681). In multivariate analyses limited to the 
studies that reported mean age or proportion of patients with coronary artery disease, an 
“adequate” quality rating remained significant when controlling for those factors (Table 8). An 
“adequate” rating also predicted higher complication rates in univariate analyses of population-
based observational studies (7.1 percent vs. 4.4 percent, p=0.0424) and non-population based 
observational studies (5.0 percent vs. 3.4 percent, p=0.0071), as well as in a multivariate model 
using data from all observational studies (excluding randomized trials). 

 
Table 8. Multivariate models for rates of stroke or death in subgroups of studies of carotid 
endarterectomy for symptomatic stenosis 

Model 
Number of 
studies 

Independent variables in 
final model 

Effect size 
(in odds ratio) p value 

study rated ‘adequate’ 
(score >=3) 

0.4151 p=0.0022 

setting: North America -0.3708 p=0.0137 
randomized controlled trial 0.4568 p=0.0562 

population-based study 0.3195 p=0.0685 
proportion of text devoted to 
reporting adverse event 
results (continuous variable)

0.01444 p=0.00776 

Multivariate model limited 
to studies reporting mean 
age 

83 

mean age in years 
(continuous variable) 

-0.02681 p=0.1004 

study rated ‘adequate’ 
(score >=3) 

0.3395 p=0.0135 

setting: North America -0.3618 p=0.0258 
randomized controlled trial dropped from model 

(p>0.10) 
 

population-based study dropped from model 
(p>0.10) 

 

proportion of text devoted to 
reporting adverse event 
results (continuous variable)

0.01441 p=0.0278 

Multivariate model limited 
to studies reporting 
proportion of patients with 
coronary artery disease 

50 

proportion of patients with 
coronary artery disease 
(continuous variable) 

-0.01380 p=0.0182 
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Studies of CEA for Asymptomatic Stenosis 
 

We included 18 studies of CEA for asymptomatic stenosis. Six were randomized trials, 15 
were set in North American, and none were population-based studies. Rates of stroke and death 
were low in these studies, ranging from 0 percent to 4.6 percent. 

None of the eight quality criteria (Table 9), quality rating instruments, or other clinical or 
study-design related variables were associated with significant differences in rates of stroke or 
death. Using the final four-criteria instrument developed based on the analyses of studies of CEA 
for symptomatic stenosis, rates of stroke or death were 2.4 percent and 2.5 percent in studies 
rated adequate and inadequate, respectively. In fact, little correlation was observed between 
quality scores and complication rates. For example, 7seven studies that only met one or two of 
the eight quality criteria reported complication rates ranging from 1.4 percent to 4.6 percent. 
Two studies that met seven or eight of the quality criteria reported complication rates of 1.3 
percent and 3.0 percent.  

Because no variables were significant in univariate analyses, we did not attempt multivariate 
regression analyses. 
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Table 9. Univariate analyses of association between quality criteria and rates of stroke or death in 
studies of carotid endarterectomy for asymptomatic stenosis 

Independent variable Score 
Number of 
studies 

Pooled rate of stroke or 
death (95% confidence 
interval) 

p value for 
difference in 
complication rates

1: adequate 10 2.4% (1.8% to 3.1%) 0.9763 Quality criterion 1: Non-
biased selection 0: inadequate 8 2.4% (1.4% to 3.5%)  

1: adequate 13 2.4% (1.8% to 3.0%) 0.7304 Quality criterion 2: 
Adequate description of 
population 0: inadequate 5 2.6% (1.2% to 4.1%)  

1: adequate 18 2.4% (1.8% to 3.0%) -- Quality criterion 3: Low loss 
to follow-up and patients 
lost to follow-up analyzed 
for adverse events 0: inadequate 0 --  

1: adequate 6 2.2% (1.4% to 3.0%) 0.3551 Quality criterion 4: Adverse 
events pre-specified and 
defined 0: inadequate 12 2.7% (1.8% to 3.6%)  

1: adequate 6 2.6% (1.8% to 3.4%) 0.4132 Quality criterion 5: 
Ascertainment technique 
adequately described 0: inadequate 12 2.2% (1.4% to 3.0%)  

1: adequate 6 2.6% (1.8% to 3.4%) 0.4132 Quality criterion 6: Non-
biased and accurate 
ascertainment of adverse 
events 0: inadequate 12 2.2% (1.4% to 3.0%)  

1: adequate 5 2.4% (1.7% to 3.2%) 0.9710 Quality criterion 7: 
Adequate statistical 
analysis of potential 
confounders 0: inadequate 13 2.4% (1.6% to 3.3%)  

1: adequate 7 2.4% (1.7% to 3.2%) 0.9463 Quality criterion 8: 
Adequate duration of 
follow-up 0: inadequate 11 2.4% (1.6% to 3.2%)  

 

Studies of Rofecoxib 
We included 16 randomized controlled trials of rofecoxib in patients with arthritis. Two 

studies published only as abstracts were excluded.36, 37 Two trials were published in journals with 
high (>7) Journal Impact Factor, four were published since 2001, and two were written by 
authors from a single department and institution. Pharmaceutical companies funded all of the 
trials. 

In univariate analyses of the eight quality criteria, only criteria 6 (blinded external endpoint 
committee; pooled OR 3.69 versus 0.68, p<0.0001) and 7 (adequate statistical analysis of 
confounders; pooled OR 4.99 vs. 1.39, p=0.0164) were significantly associated with a higher risk 
for myocardial infarction (Table 10). Studies published in high Journal Impact Factor journals 
were the same as the studies that met criterion 7. Presence of an external endpoint committee 
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blinded to treatment allocation was a stronger predictor of differences in risk for myocardial 
infarction when its presence was assessed using published or unpublished data than when relying 
only on published information (pooled OR 3.83 vs. 1.37, p=0.0468). Blinded assessment of 
complications (defined as assessor not aware of treatment allocation, but not necessarily a review 
committee independent from the study) was not associated with a significantly lower risk of 
myocardial infarction (pooled OR 1.68 vs. 3.94, p=0.2134).  

 
Table 10. Univariate analyses of risk for myocardial infarction in randomized controlled trials of 
rofecoxib 

Independent variable Score 
Number of 
studies 

Pooled odds ratio for 
myocardial infarction, 
rofecoxib versus control 

p value for 
difference in 
odds ratios 

1: adequate 6 2.19 (0.93 to 5.15) 0.7212 Quality criterion 1: 
Non-biased selection 0: inadequate 10 1.80 (0.96 to 3.35)  

1: adequate 8 1.97 (1.02 to 3.78) 0.9118 Quality criterion 2: 
Adequate description 
of population 0: inadequate 8 1.85 (0.83 to 4.13)  

1: adequate 8 2.19 (1.16 to 4.12) 0.5313 Quality criterion 3: Low 
loss to follow-up and 
patients lost to follow-
up analyzed for 
adverse events 

0: inadequate 8 1.56 (0.69 to 3.51)  

1: adequate 4 2.64 (1.19 to 5.84) 0.3417 Quality criterion 4: 
Adverse events pre-
specified and defined 0: inadequate 12 1.59 (0.85 to 2.96)  

1: adequate 10 2.10 (0.82 to 5.38) 0.8282 Quality criterion 5: 
Ascertainment 
technique adequately 
described 

0: inadequate 6 1.85 (1.02 to 3.38)  

1: adequate 9 3.69 (2.61 to 5.20) <0.0001 Quality criterion 6: 
Non-biased and 
accurate ascertainment 
of adverse events 

0: inadequate 7 0.68 (0.42 to 1.09)  

1: adequate 2 4.99 (2.28 to 10.93) 0.0164 Quality criterion 7: 
Adequate statistical 
analysis of potential 
confounders 

0: inadequate 14 1.39 (0.86 to 2.25)  

1: adequate 7 1.69 (0.85 to 3.33) 0.5874 Quality criterion 8: 
Adequate duration of 
follow-up 0: inadequate 9 2.24 (1.07 to 4.71)  

After 2001 4 2.71 (0.99 to 7.40) 0.4563 Publication year 
Before or during 
2001 

12 1.72 (0.97 to 3.06)  

North America 8 1.41 (0.63 to 3.15) 0.4306 Setting 
Other 6 2.22 (1.05 to 4.70)  
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Table 10. Univariate analyses of risk for myocardial infarction in randomized controlled trials of 
rofecoxib (continued) 

Independent variable Score 
Number of 
studies 

Pooled odds ratio for 
myocardial infarction, 
rofecoxib versus 
control 

p value for 
difference in odds 
ratios 

Study had blinded 
assessment of 
complications. 

13 1.68 (0.99 to 2.83) 0.2134 Blinded outcomes 
assessment 

Study not 
adequately blinded 
or unclear. 

3 3.94 (1.22 to 12.72)  

Study had an 
external endpoint 
committee 
according to 
published data. 

3 3.83 (1.81 to 8.07) 0.0468 External endpoint 
committee (published 
data only) 

Study does not 
meet above criteria 
or unclear. 

13 1.37 (0.80 to 2.36) 
 

Journal Impact 
Factor >7 

2 4.99 (2.28 to 10.93) 0.0164 Published in high 
Journal Impact Factor 
journal Journal Impact 

Factor <=7 
14 1.39 (0.86 to 2.25)  

Multiple institutions 
or specialties 

14 2.11 (1.28 to 3.49) 0.2260 Author category 

Single specialty 
and institution 

2 0.66 (0.12 to 3.72)  

Yes 6 1.43 (0.63 to 3.27) 0.3947 Reports adverse events 
by severity 

No 10 2.27 (1.23 to 4.21)  
 

 
Using the four criteria quality rating instrument from the analyses of studies of CEA for 

symptomatic stenosis, quality rating (adequate or inadequate) was not associated with significant 
differences in odds ratios for myocardial infarction with rofecoxib relative to control 
interventions (2.59 versus 1.49, p=0.28) or with absolute rates of myocardial infarction on 
rofecoxib (0.34 percent versus 0.31 percent). 

Analyses of this data set were limited by the small number of studies, and by the fact that two 
studies38, 39 with high odds ratios (4.98 and 5.00) for myocardial infarction contributed over half 
of the patients (13633 of 23725) in the included trials. Both of these trials also met seven out of 
the eight quality criteria. 
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Chapter 4:  Discussion 
 
We empirically evaluated the association between perceived methodological shortcomings 

and estimates of serious adverse events associated with clinical interventions. Our main results 
are based on a large set of studies of CEA for symptomatic stenosis. Although we also analyzed 
studies of CEA for asymptomatic stenosis and randomized controlled trials of rofecoxib for 
arthritis, those results are mainly hypothesis generating because of the low rate of serious 
adverse events and the small number of studies included in those data sets. 

We found that certain pre-defined quality criteria predicted differences in pooled rates of 
stroke or death in randomized controlled trials, cohort studies, and uncontrolled surgical series of 
CEA for symptomatic stenosis, and remained predictive after controlling for other 
methodological and clinical variables through multiple regression or subgroup analyses. We are 
not aware of any other studies that have empirically tested a large number of quality criteria 
designed to measure shortcomings in the measurement or reporting of adverse events against 
actual estimates of harms. 

We also found that it may be feasible to develop empirically validated quality rating 
instruments for assessing the validity of studies reporting harms. To our knowledge, this is the 
first quality rating instrument that has been developed using a data set that included both 
randomized trials and observational studies. We found that a summary quality rating instrument 
with four methodological criteria predicted adverse events associated with CEA for symptomatic 
stenosis as well as instruments with more criteria. The summary quality rating instrument 
predicted adverse events better than any individual criterion. We also found a dose-response 
relationship: the more criteria met, the higher the estimate of adverse events. 

Each of the four criteria included in the final quality rating instrument may measure different 
aspects of adverse event assessment. Biased selection (criterion 1), for example, could 
systematically affect adverse event rates if patients who underwent the procedure but were 
excluded from analysis were more likely to have an adverse event. Patients lost to follow-up 
(criterion 3) would not be assessed for adverse events for the full duration of the study, and could 
also be at higher risk for adverse events, which could lead to attrition bias. Pre-specifying 
adverse events (criterion 4) suggests increased attention paid to adverse event assessment, and 
was highly associated with (but slightly more predictive than) two other criteria that may 
measure a similar characteristic: adequate description of ascertainment technique (criterion 5) 
and independent assessment (criterion 6). Adequate duration of follow-up (criterion 8) is 
important because studies that only evaluated patients until discharge from the hospital could 
miss complications that occurred within 30 days but after discharge. 

Some of the pre-defined criteria that were excluded from the final quality rating instrument 
may not be associated with predictable biases in rates of adverse events, but could still reflect 
important aspects of adverse event assessment. For example, although inadequate description of 
population (criterion 2) would make it difficult to assess external validity, it could be associated 
with patients at either higher or lower risk for complications. Similarly, inadequate description of 
ascertainment technique (criterion 5) could be associated with systematic over- or under-
reporting of adverse events, depending on the ascertainment technique used. 

Three other findings from analyses of this set of studies deserve mention. First, high Journal 
Impact Factor,27, author category,24 and proportion of text devoted to reporting adverse event 
results appeared to be proxies for quality of adverse event assessment. Reporting bias could 
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confound the association between author category and lower complication rates, as surgeons may 
be more apt to report good results. Second, adverse events were more frequent in randomized, 
controlled trials compared to observational studies. This could be because the effects of patient 
and surgeon selection40 in randomized trials are offset by generally better adverse event 
assessment, or because observational studies are more likely than randomized controlled trials to 
go unpublished if study findings are unfavorable. Among observational studies, higher quality 
ratings predicted higher rates of adverse events—a factor that should be taken into account when 
comparing the results of randomized controlled trials and observational studies.41-44 Third, 
population-based studies were associated with higher rates of complications than non-
population-based studies, even when quality criteria were also considered. This could be because 
population-based studies are more representative of the entire population and different surgeons 
than other observational studies. Alternatively, population-based studies could be more effective 
in obtaining complete outcomes data through large databases.45 

We were unable to replicate the associations between quality ratings and estimates of harms 
in a smaller data set of studies of CEA for asymptomatic stenosis. One possible explanation for 
these results is that these analyses had less power to detect differences related to quality because 
of the lower rate of complications, less variance in rates of complications between studies, and 
substantially fewer studies to analyze. In addition, factors pertaining to external validity (such as 
patient selection or factors related to the delivery of the intervention) could be an important 
source of variation in this set of studies but more difficult to adequately control for because of 
the smaller data set. An important finding is that even for the same intervention (CEA), the same 
quality criteria may not consistently predict adverse events when applied to studies evaluating 
different populations or settings. 

For studies of rofecoxib, our findings were generally similar to a recent meta-analysis by Juni 
et al—namely, that the presence of an independent, external endpoint committee blinded to 
treatment allocation was the strongest predictor for a higher risk of myocardial infarction.2 On 
the other hand, blinded outcomes assessment (not necessarily as part of an independent review 
committee) was not associated with higher estimates of risk. Appropriate allocation concealment, 
another factor commonly used to assess internal validity of clinical trials, did not predict reported 
risk of myocardial infarction in an earlier meta-analysis of rofecoxib trials.2 These findings 
support the hypothesis that unique considerations in adverse event reporting may require a 
distinct set of criteria separate from those used to assess internal validity. 

Our findings have several limitations. First, the only outcomes assessed were major adverse 
drug events and post-surgical complications. Applicability of the results to assessment of minor 
side effects and complications is unknown. Second, as in other studies, our assessment of 
methodological shortcomings primarily relied on information available in published reports. 
However, even though poor reporting and poor quality are often associated, they are not 
synonymous.46 Inadequate reporting of adverse events methods can lead to misclassification, or 
assumptions that studies are methodologically deficient even when they were designed, 
conducted, and analyzed properly.17 This is illustrated by the fact that the use of unpublished 
information to determine the presence of an external endpoint committee in trials of rofecoxib 
resulted in better predictions of myocardial infarction risk than determinations based on 
published reports alone. Appropriate methods for detecting unsuspected adverse events (such as 
myocardial infarction in earlier trials of rofecoxib) could be particularly susceptible to poor 
reporting. Third, important aspects for rating the quality of adverse event assessment may be 
difficult to measure using quality rating criteria. The use of accurate and precise ascertainment 
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techniques, for example, is likely to be an important factor,9 but difficult to define objectively. 
One possibility could be to distinguish between studies that used active techniques to identify 
adverse events versus those that used more passive methods. One recent study found that using a 
checklist to identify 53 possible adverse events resulted in identification of 20-fold more events 
compared to using open-ended questions.47 However, the validity of using different methods for 
assessing adverse events had not yet been assessed. Fourth, publication bias could have distorted 
our conclusions, if either high-quality studies with lower estimates of harms or low-quality 
studies with higher estimates of harms were less likely to be published. 

Quality criteria could also have differential predictive ability depending on whether relative 
or absolute measures are used to quantify harms. Relative measures such as odds ratios or 
relative risks are particularly important when comparing harms from different interventions. 
Absolute rates of adverse events, on the other hand, are helpful for quantifying the balance of 
harms and benefits associated with a particular intervention.48 Methodological factors that affect 
estimates of one measure of harms may not affect the other. A factor that leads to systematic 
under-counting of adverse events and therefore affects the absolute rate, for example, might not 
significantly change the odds ratio if the bias affects both treatment groups similarly. 

Most importantly, analyses need to be performed to determine whether methodological 
shortcomings are associated with lower estimates of harms for other surgical or drug 
interventions and outcomes. Like studies evaluating the effects of methodological shortcomings 
on estimates of efficacy from clinical trials,49, 50 we found that developing a generic summary 
instrument for rating quality of adverse event assessment is problematic because different aspects 
of quality were more important for one set of studies compared to another. Specifically, major 
complications associated with CEA for symptomatic stenosis and rofecoxib for arthritis were 
predicted by different quality rating criteria, and no quality rating criteria predicted adverse 
events in studies of CEA for asymptomatic stenosis. It is therefore important for systematic 
reviewers to evaluate individual quality criteria when judging the quality of adverse event 
estimates, rather than relying on generic summary scales. 

A key lesson from analyzing studies of harms is that in addition to doing a better job of 
looking for adverse events and measuring them reliably, it is also important for researchers to 
adequately evaluate and report factors that may influence complication rates.13 Readers should 
carefully assess for potential sources of bias as well as other sources of variation (such as 
differences in populations and interventions51) when interpreting results of studies reporting 
harms. Future studies of this area are needed and should investigate data sets large enough to 
detect differences in adverse event rates, include studies utilizing both randomized and non-
randomized designs, evaluate associations using absolute as well as relative event rates, and 
carefully examine the association between individual and summarized quality criteria and 
differential estimates of harms. 
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