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Abstract

Assessing the quality of randomized controlled trials is a relatively new and important development.
Three approaches have been developed: component, checklist, and scale assessment. Component
approaches evaluate selected aspects of trials, such as masking. Checklists and scales involve lists
of items thought to be integral to study quality. Scales, unlike the other methods, provide a summary
numeric score of quality, which can be formally incorporated into a systematic review. Most scales
to date have not been developed with sufficient rigor, however. Empirical evidence indicates that
differences in scale development can lead to important differences in quality assessment. Several
methods for including quality scores in systematic reviews have been proposed, but since little empirical
evidence supports any given method, results must be interpreted cautiously. Future efforts may be
best focused on gathering more empirical evidence to identify trial characteristics directly related to
bias in the estimates of intervention effects and on improving the way in which trials are reported.

Since the randomized controlled trial (RCT) was introduced in its modern form
approximately four decades ago (52), it has gained prominence with health care
researchers because of its potential to control for bias. However, poorly conducted
trials may yield misleading results. It is therefore important for all involved in health
care to be bale to assess the reliability and validity of the research evidence.

Quality is a construct (concept) that can be defined in many ways, including the
literary aspects of the report of a trial or its external validity, i.e., the degree to
which it is possible to generalize trial results. Our focus is on one important aspect
of methodologic quality (hereafter simply "quality"), internal validity, which we
define as "the confidence that the trial design, conduct, analysis, and presentation

This work has benefited from the active support of the Cochrane Collaboration SORT (Standards of
Reporting Trials) group. We also thank Drs. Graham Nichol and Sharon Walsh, and Marie Penman for
their collaboration in assessing the quality of the 12 antithrombotic trials reported in this paper.
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has minimized or avoided biases in its intervention comparisons." However, we recog-
nize that this definition excludes other methodologic aspects of quality, for example,
those concerned with the precision and reliability of measurements or estimation of
compliance; we have not considered these here. In most instances, however, the only
way to assess the quality of a trial is to rely on the information contained in the
report. Therefore, a trial with a biased design that is well reported could be judged
as having high quality, and a well-designed but poorly reported trial could be judged
as having low quality.

Investigators assess quality because they wish to estimate the effects of bias on
the results of a trial. Differences of quality across trials may indicate that the results
of some are more biased than those of others. Systematic reviewers need to take this
into account.

In this review we discuss some of the most important issues in assessing the
quality of RCTs, focusing on the methods available for quality assessment, empirical
evidence supporting such methods, and the future directions for research in this area.

METHODS TO ASSESS QUALITY

Assessment of Quality Using Individual Components

One approach to assessing quality has focused on "component" issues in trial reports.
Components include randomization, masking (blinding), and sample size. In a review
of 45 trials in three leading general medical journals published in 1985, Pocock and
colleagues (42) reported that sample size was mentioned in only 11% of the reports,
only 13% gave confidence intervals, and the use of statistical analysis tended to
exaggerate treatment efficacy.

To avoid selection bias in assigning patients to intervention, concealment of
assignment is essential and should be feasible in all trials. Chalmers and colleagues
(13) reviewed 145 reports of RCTs in the treatment of acute myocardial infarction
to assess whether concealment of patient assignment affected trail results. Their
results indicated that trials that reported concealed assignment compared with uncon-
cealed assignment had smaller treatment effects as defined by case-fatality rates.
Schulz and colleagues (47) reviewed 250 reports of RCTs and found the odds ratios
in the unclearly concealed trials were on average 30% (95% CI: 21%, 38%) lower
than in the adequately concealed trials, i.e., estimating the intervention to be more
effective than it really was.

Colditz and colleageus (16) have reported similar results concerning the level of
masking. In a review of 113 reports of clinical trails, these authors noted that trials
that reported a higher level of masking tended to show smaller treatment effects
compared with those trials that used lower levels of masking (e.g., double blind
versus single blind), i.e., the lower the level of masking, the greater the increase in
treatment effectiveness.

These studies have provided important information on the quality of reporting
of individual items and have highlighted how inadequate reporting should lead readers
to be skeptical about the validity of trials results. Unfortunately, assessing one compo-
nent of a trial report may provide only minimal information about its overall quality.

Checklists and Scales

Checklists provide a qualitative estimate of the overall quality of a trial using itemized
criteria for comparing the trials. The development of checklists is a logical extension
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of component assessment of quality. As such, checklist items do not have numerical
scores attached to them.

Scales are similar to checklists except that each item of a scale is scored numeri-
cally and an overall quality score is generated.

Assessment of Quality with Checklists. In a recent systematic review of the
literature, we identified nine checklists and 25 scales (38). The nine checklists identi-
fied varied from four to 57 items (Table 1). Four of the checklists were designed to
assess the methodologic quality of the trials (4;6;54;55), three to assess the quality
of reporting (17;25;35), and the remaining two to assess both methodologic quality
and the quality of reporting (22;34). The selection of items for all the checklists
used "accepted criteria," defined as items noted by textbooks on clinical trials to be
important in defining the quality of clinical trials (37;41). Seven of the checklists
included at least one item about patient assignment (6;17;22;25;35;54;55); eight had
at least one item about masking (6;17;22;25;34;35;54;55); five had at least one item
about patient follow-up (6;17;22;25;54); and eight had at least one item about statis-
tical analysis (4;17;22;25;34;35;54;55). We have determined that quality assessment
of a trial report using any of the checklists takes 30 minutes or less.

Assessment of Quality Using Scales. Scales have been developed increas-
ingly because many systematic reviewers want to include a measure of study quality
of individual trials in their reviews. Of the 25 scales identified (Table 2) 15 were
designed to assess the quality of any trial (10;12;15;16;18;19;23;28;29;31;44;45;49).
The remaining 10 scales assess the quality of trials in specific subject areas (e.g.,
contrast media, pain). Six of the scales defined "quality" as used in their scale develop-
ment (5; 10; 15;23;29). Three of the scales were designed to assess the quality of the
trial report (2;23;29), eight to assess methodologic quality of the study (5;7;12;28;
32;33;48), and the remaining 14 to assess both. The number of items in a scale ranged
from 3 to 34.

Twenty-four of the 25 scale used "accepted criteria" to select the items for
inclusion (2;5;7;10;12;15;16;18;19;23;24;28;31;32;33;39;40;44;45;48;49;53). The re-
maining scale (29) used a large number of items that were narrowed down to the
final version of the scale, using standard scale development techniques. Twenty-two
of the scales had at least one item on how patients were assigned to treatment (2;
5;7;10;12;15;16;18;19;23;24;28;29;31;32;33;39;45;48;49;53); 20 had at least one item
on masking (2;5;12;15;18;19;23;24;29;31;32;33;40;44;45;49;53); 11 had at least one
item on patient follow-up (5;12;16;32;33;39;44;45;48;63); and 21 had at least one
item on statistical analysis (2;5;12;15;16;18;19;23;24;29;31;32;33;40;45;49;53).

Twelve of the scales had been tested for inter-rater reliability (2;7;15;25;28;29;
31;32;44;45;53); five of these reported percent agreement, six reported intra-class
correlation or kappa, and one reported Pearson correlations.

The scoring method varies considerably among scales, as does the possible range
of scores. Seventeen of the scales provided detailed instructions on how scores should
be assigned to each item as well as how to compute the overall summary score (2;
7; 10;12;15;23;29;31;32;33;39;40;44;45;53). Total scores for each of the scales ranged
from 1 to 170 points. Eight of the scales used a gradation of scores within each item
(e.g., score of 1 to 3).

Four of the scales recommended scoring procedures designed to minimize bias
(12;15;29;32). For example, the quality assessor should not know the identify of the
trial's author(s), journal, and outcome. Only one scale, constructed by one of us
(29), described how items were initially selected, how and why the final items were
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included, how the scale discriminated between trials of differing quality, and what
range of quality scores was obtained during its development. In 11 of the 25 scales
(2;5;7;10;16;18;28;29;39;44;48), all items can be scored in 10 minutes or less (range,
5 to 45 minutes).

Thus, scales vary in size, complexity, and level of development. It might be
useful to know whether different scales yield similar results when applied to the same
trial. Such information could guide quality assessors in their choice of scale. For
example, there would be little advantage in using a 15-item scale to assess quality
if similar results could be obtained by using a three-item scale.

Assessment of Quality Across Scales

Additional research suggests that different scales are bound to generate discrepant
results. A study was undertaken at the Clinical Epidemiology Unit, Loeb Medical
Research Institute, to establish whether different scales gave different quantitative
and qualitative assessments of the quality of RCTs. The members of the research
team first trained themselves in assessing quality, using six published scales (2;7;12;
18;24;45). Each member independently assessed the quality of 12 of 15 trials (the
remaining three trials were either available only in a technical report or not published
in English) included in a systematic review of antithrombotic therapy in acute ischemic
stroke (46) using at least two scales. After scoring was completed, the results were
reviewed and differences were resolved through consensus and arbitration. The results
(Table 3) show that overall quality scores for each trial varied greatly across scales,
ranging from 23% to 74% of the maximum possible value. Similarly discrepant
results were obtained using rank scores of individual trials (Table 3). These results
suggest that different trials might be included or excluded from a systematic review,
depending on the scale used to assess quality and the methods of including quality
scores into the review.

Powe and colleagues (43) assessed the quality of 100 contrast media trials pub-
lished between 1982 and 1987, using a scale developed by Chalmers and coworkers
(12), and reported a mean quality score of 39% (SD = 12). Andrew (2) assessed the
quality of 49 contrast media trials published during the 1980s in five leading radiology
journals using his own customized scale. He reported a mean quality score of 70%
(SD = 14.6) (3). Although some of the trials reviewed by both groups differed, it
is unlikely this is the explanation for the wide variation in their assessed quality. In
contrast to these results, Detsky and colleagues (18) assessed the quality of 18 trials
used in a parenteral nutritional systematic review using two of the scales (12; 18)
included in the study described above. They reported only minor differences in raw
scores of quality, and rankings of quality remained similar across trials.

INCORPORATING QUALITY SCORES INTO SYSTEMATIC REVIEWS

Four ways (ll;21;30) of incorporating quality scores into a systematic review have
been suggested: (a) only trials meeting a threshold score; (b) using the quality score
as a weight in estimating the effect sized; (c) performing cumulative systematic reviews
using quality scores as the input sequence; and (d) visualizing the effect of scores
using plots. There is little evidence supporting the validity or any of these methods.
The use of the threshold approach, perhaps the most commonly recommended
method, may profoundly affect the number of trials included in the analysis of a
systematic review. This approach has been used as a decision aid for the inclusion
of trials in the antithrombotic systematic review previously discussed (46). If the
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Quality of randomized controlled trials

mean quality score is used as the threshold score, approximately 50% of the trials,
depending on the scale used to assess quality, are not included in the analysis (Table
4). This proportion increases to about 75% if the mean quality score plus one standard
deviation is used. When the median quality score is used, approximately 40% of the
trials are not included in the analysis. These results pose serious problems for system-
atic reviewers; if quality scores influence the number of trials included in the quantita-
tive analysis part of systematic review, they can easily affect the quantitative result.

There is evidence that trial quality can affect the results of systematic reviews.
Nurmohamed and colleagues (39) reviewed trials comparing low-molecular-weight
heparin (LMWH) with standard heparin in proximal deep-vein thrombosis (DVT).
They reported a statistically significant beneficial effect of LMWH in reducing DVT
when all trials were used in the analysis. When the analysis was limited to those trials
having "strong" methodologic quality, both treatments appeared to be less effective
in preventing DVT and the difference between them was not statistically significant.

Results similar to these, but in the opposite direction, have also been reported.
In a systematic review (8) of education programs for patients with diabetes, no signifi-
cant beneficial effect of the programs was found when all trials were included in
the analysis. When only reports of "good" methodologic quality were analyzed, a
significant benefit was observed.

Because of the potential impact of limiting an analysis to trials of minimum
quality, the methods used to assess quality should be described in detail and analyses
examining the effect of the quality score should be performed whenever possible.

MASKING THE ASSESSMENTS OF QUALITY

It was suggested more than 10 years ago that the quality of clinical reports should
be assessed under masked conditions (13), that is, without the knowledge of the
authors, institutions, or study results. Empirical evidence to support this recommen-
dation has recently been published (29). Two groups of judges allocated randomly
to conduct the assessments under masked or unmasked conditions assigned scores
to the same set of articles and found that masked assessments of the reports produced
significantly lower and more consistent scores than open assessments. This work is
being extended by Berlin and colleagues (J. Berlin, personal communication, 1994),
who are assessing whether the results of masked assessments of trial quality affect
the overall results of systematic reviews. Although research on masked assessment
of trial quality is still ongoing, our preliminary results lead us to suggest that trial
quality should be assessed under masked conditions in any context in which quality
judgments play a role in decision making.

FUTURE DIRECTIONS AND RECOMMENDATIONS

Over the last few years the number of published systematic reviews has increased
remarkably (14). This is likely to continue with the development of international
collaborative efforts such as the Cochrane Collaboration (9). Even though the assess-
ment of the validity of the primary studies being reviewed is regarded as one of the
key components of a systematic review, it is still unclear how it can be achieved
reliably. Further research should concentrate primarily on the generation of empirical
evidence to identify trial characteristics directly related to bias and on studies of how
to improve the quality of trial reporting.
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Quality of randomized controlled trials

Table 5. Guidelines for Developing a Scale to Assess Trial Quality

1. Define the construct "quality."
2. Define the scope of the scale.
3. Define the population of end-users.
4. Select the targets.
5. Select the raters.
6. Score trials.
7. Measure the discriminatory power of items.
8. Measure interobserver reliability.
9. Propose a pilot version of the scale.

10. Encourage other researchers to replicate your findings.

GENERATION OF EMPIRICAL EVIDENCE

Investigations have shown that certain characteristics, such as the level of concealment
in patient assignment and masking, may have an important influence on estimation
of an intervention's effect. Investigations will need to continue on other markers of
quality, such as the adequacy of patient follow-up.

One issue that has not been studied sufficiently, yet is often a criterion for
exclusion from a review, is publication in a language other than English. Gregoire
and colleageus (26) reviewed 36 systematic reviews published between January 1,
1991, and April 1,1993, in eight leading general internal medicine journals to examine
whether exclusion of non-English language trials affected the results of systematic
reviews. Seventy-eight percent of the 36 reviews had language restrictions. The results
of one review would have been significantly different (from no change in mortality
to a significant decrease in mortality) had reports in all languages been included in
the analysis. Clearly, a systematic review should consider all relevant trials regardless
of language. Further work is needed to determine whether trials published in non-
English journals differ in quality from those published in English-language journals.
Given the potential influence of this practice on the effect estimate, authors should
report justification for excluding non-English trials and include their citations.

More empirical evidence is required to establish whether component assessments
and scale assessments result in different outcomes for the same trials and to determine
whether one approach is more reliable. Even if reviewers decide to use a scale, the
best method to use to incorporate the scores is not known.

In the future meaningful scales will incorporate items common to all trials, be
easy to use, and focus on items related to the reduction of bias. Scale developers
are advised to evaluate and revise only scales that fulfill these requirements and not
create new instruments. A full discussion of the process of scale development is
beyond the scope of this paper. We suggest some guidelines (Table 5) to help ensure
that new scales, if deemed necessary, are developed appropriately. Interested readers
can refer to several other additional sources (2O;36;51).

Guidelines for assessing study quality need to be developed specifically for sys-
tematic reviewers. We believe systematic reviewers should formally assess quality,
using either scores or components. Regardless of how quality is assessed, reviewers
should perform sensitivity analyses using at least two different methods of incorpo-
rating quality, with and without quality assessments, and an analysis in which the
quality assessor was masked while assessing trial quality. At one extreme, investiga-
tors may decide that the quality of trials is so low, a meta-analysis is impossible.
G0tzsche (24) has suggested the quality of RCT reports in rheumatology is so weak
that one cannot place confidence in their conclusions.
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IMPROVING THE REPORTING OF RCTS

In 1987 a proposal was made for more informative abstracts (1) to improve the
quality of reporting of clinical research. The "structured" abstracts proposed, and
since this time broadly used, provide readers with both a series of headings pertaining
to the design, conduct, and analysis of a trial and standardized information within
each heading. Evidence to date indicates that more informative abstracts have had
a positive impact on how the results of abstracts are communicated (27).

More recently, there has been a call to extend this approach to reporting of the
text of all RCTs (50). Structured reporting requires providing sufficiently detailed
information about the design, conduct, and analysis of the trial for the reader to
have confidence that the report is an accurate reflection of what occurred during
the various stages of the trial. Structured reporting outlines the items to be included
in the report of a trial, reasons for inclusion, and ways they can be included. It is
hoped that structured reporting will improve overall quality, provide readers with
essential information about what happened during the trial, and facilitate the conduct
of systematic reviews.
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