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Abstract
Meta-analysis is commonly used in reviews of the effectiveness of medical technologies, but this
approach has not been used in direct support of guidelines development groups. This paper describes
the approach of the North of England Guidelines Development Project in describing the evidence
using meta-analyses that were conducted explicitly to address questions on the choice of therapy
raised by the guidelines development groups. Particular emphasis is placed on the context within
which the contributing trials were conducted and the extent to which systematic differences between
trials (heterogeneity) was observed, described, and explained. There is a trade-off between internal
and external validity for different metrics when presenting the results of trials. More interpretable
metrics, such as risk differences or weighted mean differences, are confounded by study design
issues and strong assumptions. More robust measures such as odds ratios or standardized weighted
mean differences are difficult to interpret physically. Individual patient data may prove particularly
helpful in addressing pivotal questions on the magnitude of effects of interventions, though accessing
and reanalyzing these data requires a substantial investment in time and other resources.
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The development of a systematic approach to abstracting evidence from clinical
trials, coupled with the availability of a range of methods for the statistical pooling
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of data, has led to an explosion in the number of meta-analyses in the published
literature. Although these may provide more precise and valid estimates of treat-
ment effect, they should not be thought of as an end in themselves. In order to
maximize their usefulness, it is important that they are viewed as a method of
summarizing evidence within a process aimed at delivering treatment or deriving
policy recommendations. Viewed in this light, meta-analysis becomes an important
tool, informing a broader guidelines development process (16), although, to date,
no U.K. guidelines have made extensive use of this approach.

This paper describes the methodological issues addressed by the North of
England Guidelines Development Project while developing evidence-based guide-
lines for primary care in four clinical areas (10;29;30;31;32). These were angiotensin-
converting enzyme (ACE)-inhibitors in the primary care treatment of adults with
symptomatic heart failure; aspirin for the secondary prophylaxis of vascular disease
in primary care; the choice of antidepressants for depression in primary care; and
nonsteroidal anti-inflammatory drugs (NSAIDs) versus basic analgesia in the treat-
ment of osteoarthritis. The general principles used in the process are addressed
elsewhere (10). The purpose of this paper is to examine in more detail the ap-
proaches to formal summary of the evidence base (meta-analysis) that arose during
the period of guideline development across four major clinical areas.

The following sections examine four main questions:

1. Establishing what a treatment can achieve;

2. Fixed versus random effects and the importance of exploring heterogeneity;

3. Choice of metric to maximize interpretation; and

4. Estimating the magnitude of effects.

ESTABLISHING WHAT A TREATMENT CAN ACHIEVE

Within each of the guidelines, there was a need to establish what the various drugs
could achieve and under what circumstances. Construct validity describes the extent
to which an experiment may lead to an understanding of the action and interaction
of a treatment effect (7), which is distinct from internal validity, which describes
the extent to which a trial measures what it is intended to measure. Frequently,
there is a trade-off in trials between high construct validity and generalizability, as
the degree of experimental control required to ensure the former (such as double-
blinding or extra investigation) often leads to important differences from the realities
of routine care (12).

Evidence-based guideline recommendations require information on what inter-
ventions can do, and the extent to which potential benefits may be realized in
routine clinical practice. Phase III drug trials, typically double-blind and carefully
controlled, comparing an intervention with a standard comparator and/or placebo,
tend to have high construct and internal validity by virtue of their design, and thus
provide useful information on what may be achieved in what are often near ideal
conditions. However, large, pragmatically designed, “real world,” trials are required
to provide estimates of the extent to which potential effects identified in phase III
trials may be realized in routine practice (46). Such real world trials are frequently
not available.

In three of the four clinical areas examined, there were pre-existing meta-
analyses that adequately described the underlying construct and could be updated
with additional trials identified after their publication (3;4;14;42). These analyses
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provided strong evidence that ACE inhibitors could be effective in the treatment
of heart failure (14), that antiplatelet therapy could be effective in reducing the
risk of thrombosis in patients at raised vascular risk (4), and that there are no large
differences in the effectiveness or tolerability of different antidepressants (3;42).
Although this information was important, it fell short of what was required for
deriving recommendations on which patients should be treated and how.

Although up to 123 phase III randomized trials were included in analyses
comparing newer and older antidepressants in the antidepressant guideline, only
one real world trial was found (40); this study was conducted in a population that
was not directly relevant for U.K. primary care. The trial also had a number of
methodological weaknesses (12). The importance of such considerations of design
and setting was highlighted by the dichotomy between patient characteristics in
these trials. For example, the phase III trials required subjects’ condition to be
both severe and chronic, typically requiring a minimum of 18 points on the Hamilton
Depression Rating Scale for inclusion, and for this condition to be continued for
a number of days of single-blind placebo “wash out” treatment. Entry requirement
to the real world trial was based on the physician’s decision to initiate drug treatment
for depression. At entry, the average patient in that trial had a Hamilton Depression
Rating Scale score of only 13 points. It is not clear how to interpret these data,
since U.K. primary care patients treated for depression are likely to be less severe
than the selected groups in the phase III trials, but the context of care is clearly
quite different from that in which patients are treated in the single flawed U.S. trial.

In contrast, generating evidence-based recommendations on the use of ACE
inhibitors in heart failure was relatively straightforward since a single large trial
included patients of similar severity, demonstrated, for example, through similarities
in hospitalization rates, as patients in U.K. primary care (41).

In summary, clinical trials frequently feature an explanatory design geared to
give a precise estimate of small changes in treatment effect. Meta-analyses of such
trials are necessary to provide a robust overview of treatment efficacy, but provide
only part of the information required to guide treatment decisions for individual
patients or set general guidelines. In the four areas we examined, at least, none
adequately addressed issues of external validity nor described treatment effects in
ways that may aid interpretation, a point that is described in some detail below.
Although helpful, the manner in which available meta-analyses have been conducted
was not directly suited to the development of evidence-based clinical practice guide-
lines, and further work is needed.

FIXED VERSUS RANDOM EFFECTS: EXPLORING HETEROGENEITY

The choice of model for meta-analysis remains controversial (44), with advocates
of both fixed (15) and random effects (26) in the literature. Fixed effects models,
such as the Mantel-Haenzsel variance, assume a single underlying treatment effect
(38), while random effects models assume a distribution (usually Gaussian) of
treatment effects and that studies available are a representative sample of all
studies (9).

Although random effects models frequently provide the most appropriate ap-
proach for synthesizing data from trials with apparently heterogeneous effects,
they are hard to interpret clinically. Some exploration of the potential causes of
heterogeneity can be helpful (45). It is sometimes referred to as subgroup analysis
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(33); however, the exploration of heterogeneity in meta-analyses differs from sub-
group analysis in individual trials with randomization within trials being preserved,
although subsequent groupings of studies are observational since studies will differ
on a range of characteristics. Firm conclusions may be drawn where different
estimates of effect are found through grouping trials on the basis of important
characteristics derived prior to randomization. Caution is required when some
characteristic of trials after randomization is used to categorize trials, because bias
may be introduced, notably through regression to the mean (39), but also through
data-driven analyses.

In the guidelines on the use of ACE inhibitors in the treatment of heart failure,
15 trials were located that addressed the question of whether patients soon after
myocardial infarction benefitted from treatment with ACE inhibitors (1;2,6;11;13;
17;20;21;23;24;25;28;35;36;43). This analysis involved nearly 10,000 deaths in more
than 100,000 patients randomized to receive an ACE inhibitor or control treatment
after myocardial infarction, and there was evidence of a reduction in overall mor-
tality from treatment (odds ratio, 0.91; 95% CI, 0.87 to 0.95) (37;38). However,
substantial heterogeneity was found (Q 5 24.1; df 5 14; p 5 .045) (9). Applying
a random effects model incorporated this heterogeneity into the overall estimate
of treatment effect (9), providing an estimate of the reduction of the odds of death
of 0.88 (95% CI, 0.82 to 0.96).

Dividing trials of patients with recent myocardial infarction into two groupings
on the basis of whether an explicit sign of left ventricular dysfunction was an entry
criterion provided clear insights into the likely effects of ACE inhibition (Figure
1). For the 11 trials that did not require left ventricular dysfunction as an inclusion
criterion, the odds ratio for the reduction in mortality was 0.94 (95% CI, 0.89 to
0.98), while for patients in the four trials with signs of left ventricular dysfunction
as an entry criterion, the odds ratio was 0.74 (95% CI, 0.66 to 0.83). The test for
heterogeneity, although weak in situations where data were sparse, provided support
for this analysis in the unusual circumstance of considerable replication within trials,
giving an estimate of heterogeneity for the studies that did not specify left ventricular
dysfunction of Q 5 9.73; df 5 10; p 5 .46, and for those specifying left ventricular
dysfunction of Q 5 0.75; df 5 3; p 5 .86.

As about 40% of patients develop left ventricular dysfunction after myocardial
infarction, it appears that benefit is concentrated in this group. No good rationale
for the expectation that ACE inhibitors may improve survival in patients without
left ventricular dysfunction was located to support this conclusion. The overall
reduction in mortality for patients with recent myocardial infarction and evidence
of left ventricular dysfunction was similar to that found in placebo controlled trials
of patients with heart failure but who had not recently experienced an infarct (odds
ratio, 0.76; 95% CI, 0.67 to 0.86): Q 5 32.52; df 5 39; p 5 .76). Thus, exploring
heterogeneity using the approach suggested by Thompson (45) enabled a further
understanding of the likely benefits of ACE inhibitors in specific patient groups,
extending evidence-based recommendations to those who had recently experienced
a myocardial infarction.

CHOICE OF METRIC TO MAXIMIZE INTERPRETATION

The choice of metric used to describe results has substantial impact upon both the
interpretability of meta-analyses finding and the robustness of the results.
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Figure 1. Pooled odds ratio and approximate 95% confidence intervals for trials including
patients early post myocardial infarction grouped by left ventricular function as an entry
criteria.

Binary Outcomes
For binary outcomes (such as alive/dead), metrics commonly used include odds
ratios, risk ratios, and risk reductions. DerSimonian and Laird (9) suggest that odds
ratios and risk ratios suffer from a lack of interpretability, and “by far the most
intuitively appealing measure for trials of clinical efficacy is the risk difference,
since it measures actual gains which can be expected in terms of percentages of
patients treated.” This observation is reflected in the interest in “numbers needed
to treat (NNT)” which is the inverse of the risk difference and is advocated by
some as a more interpretable measure (5;8). Although the estimation of crude odds
ratios and their confidence intervals have some statistical advantages over risk
ratios, it is rare to find qualitative differences between results achieved using these
two metrics, and risk ratios are slightly easier to interpret, at least superficially.

Odds ratios and risk ratios are particularly useful when examining the level of
effect of a treatment at different levels of absolute risk. A problem with the risk
difference is that it is confounded by design effects, such as length of follow up, in
a way that a risk or odds ratio is not. Thus, there remain major difficulties in
interpreting risk differences and numbers needed to treat, and these are seen clearly
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Table 1. Acute MI and Stable Angina: Comparison of Metrics

Trials Metric Effect 95% CI Q

Acute MI OR 0.71 0.65 0.77 Q 5 7.30; df 5 8; p 5 .51
Stable angina OR 0.67 0.53 0.85 Q 5 2.80; df 5 5; p 5 .73
Acute MI RD 20.038 20.047 20.028 Q 5 6.12; df 5 8; p 5 .63
Stable angina RD 20.045 20.071 20.018 Q 5 7.48; df 5 5; p 5 .19
Acute MI IRD (month) 20.033 20.043 20.024 Q 5 6.44; df 5 8; p 5 .60
Stable angina IRD (year) 20.007 20.017 0.004 Q 5 6.76; df 5 5; p 5 .24

Abbreviations: MI 5 myocardial infarction; OR 5 odds ratio; RD 5 risk difference; IRD 5 incidence
risk difference.

when addressing the appropriate use of antiplatelet therapy. From nine trials of
antiplatelet therapy in patients with acute myocardial infarction, the crude Mantel-
Haenszel odds ratio to avoid a vascular event or death is 0.71 (95% CI, 0.65 to
0.77). Similarly, the crude odds ratio from six trials of patients with stable angina
is 0.67 (95% CI, 0.53 to 0.85). Estimates of pooled risk difference are also similar
(Table 1). These equate to a number needed to treat to avoid a subsequent vascular
event or death of 26 for acute myocardial infarction or 22 for stable angina, though
these examples include trials ranging in planned follow-up from 1 to 12 months for
acute myocardial infarction, and 0.5 to 4.5 years for treatment of stable angina.
This renders the concept of the NNT, with its need for a specified time interval,
meaningless.

A method for addressing this has been suggested by Ioannidis and colleagues
(19), which involves estimating a pooled random effects incidence risk difference,
or in other words, adjusting the pooled estimates of risk difference by the time of
exposure in some convenient unit (e.g., a month or year). The magnitude of effects
found in these analyses are expressed more satisfactorily with this approach, with
a time-adjusted risk difference varying from a percent reduction of 3.3% per month
(95% CI, 2.4% to 4.3%) for acute myocardial infarction to 0.7% per year (95%
CI, 1.7% to 0.04%) for stable angina. These equate to a number needed to treat
to avoid a cardiovascular event or death of 30 for acute myocardial infarction from
1 month of treatment, or 143 for stable angina for 1 year of treatment.

The proposed solution, providing an estimate of the crude risk reduction ad-
justed by time, has the disadvantage that it undermines replication in the trials
included, since the denominator becomes the period of time selected rather than
the number of patients. Studies that have longer follow-up make a proportional
contribution to the results greater than those with shorter follow-up, and the inde-
pendence assumption may be lost with a number of treatment periods potentially
derived from the same patient. However, the trade-off is that the less robust esti-
mator expresses results in a way that can more readily be interpreted.

Continuous Outcomes
The intuitive way to combine differences in continuous measures between treatment
and control groups of individuals trials is to pool trial findings to calculate a weighted
mean difference (i.e., the differences from each trial are weighted by the inverse
of study variance and then a weighted average calculated). The pooled estimate
retains the same physical interpretation as the original measurements and is thus
relatively easy to interpret clinically for many outcomes, but there are often concerns
about the validity of pooling continuous measures where there is a substantial
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subjective component involved in measurement. For example, pain scores used in
the evaluation of NSAID treatment for osteoarthritis may be inconsistently pre-
sented and perceived by different trialists and patient cohorts. More fundamentally,
the use of a weighted mean difference requires the assumption that the same
underlying population standard deviation applies to the difference of means ob-
served in each study, making any differences between studies attributable solely to
measurement error. In practice, there are many reasons why the population standard
deviation will not be common across clinical trials: these include differences in
patient selection, the context of care, and the mode of intervention. Since variances
can only be estimated from the data, it is unclear (particularly when data are sparse)
to what extent the assumption of a common population standard deviation between
studies may bias the pooled result. As it does not make this assumption, a standard-
ized weighted mean difference may be the most useful measure to establish that
an observed effect is unlikely to be due to the play of chance.

Hedges and Olkin (18) describe a robust approach to calculate a standardized
weighted mean difference, in which standardized effect sizes are based upon the
pooled within-study variance and adjusted for small sample bias. Since there is no
correction for small sample bias when calculating weighted mean differences (27),
this method may slightly overestimate the magnitude of treatment effect when data
are sparse (18), but standard deviation units are difficult to interpret clinically.

Presented alongside the standardized weighted mean difference, an estimate
of the weighted mean difference may provide the most interpretable practical
estimate of an interventional in practice. Nonetheless, analysts should consider the
appropriateness of assumptions (a common underlying variance, consistent use, or
measures) when presenting a weighted mean difference. As with binary outcomes,
more robust estimation is gained at the expense of simplicity of interpretation.

ESTIMATING THE MAGNITUDE OF EFFECTS

An advantage of the meta-analytic approach for developing evidence-based treat-
ment recommendations is that it provides an objective estimate of effect based
upon all the relevant available studies. None of the metrics discussed above are
suitable for estimating the total benefit of health care interventions in terms of
attributable changes in patient health status. In the development of evidence-based
treatment guidelines, estimates of the health gains are required alongside the re-
source implications and costs of achieving change. Health gains are ideally expressed
as years of life saved and adjusted for patient quality of life.

In the ACE inhibitor guideline, the development group was interested in the
increased survival attributable to the drug. In the SOLVD treatment trial (41), in
which patients were randomized to enalapril (an ACE inhibitor) or control, the
relative risk of death was 0.89 (95% CI, 0.80 to 0.98). The risk difference was
20.045 (95% CI, 20.083 to 20.008) over up to 48 months of treatment, which
translates to a number needed to treat with enalapril for a single year to prevent
one death of about 77. Similarly, the hazard ratio based upon a stratified log rank
test (with the 23 treatment centers as strata) is 0.84 (95% CI, 0.74 to 0.96) (34).
However, the outcome of interest for the guidelines development group was best
expressed in terms of the restricted mean, providing an estimate of the difference
between survival curves for the treated and control groups (Figure 2). The health
gain can be estimated as equaling 2.44 months of life during the 4-year period of
the trial (22). To calculate an accurate estimate of the restricted mean, the original
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Figure 2. Survival curve derived from the SOLVD treatment trial.

patient data were required — these data are rarely available to guideline developers
and even when available, require the investment of considerable time and other
resources to re-analyze and describe. Since the treatment curves in the SOLVD
trial have not converged (nor are they converging) at the end of follow-up, the
restricted mean is clearly an underestimate of the overall treatment effect.

Arguably, the preoccupation with statistical power and significance in trials has
led to a reduced emphasis on estimation of the magnitude of important health
benefits: information that may be required to assess the value of an intervention
to patients. In the case of the SOLVD treatment trial, the best that can be done
in the knowledge that ultimately the survival curves must converge is to assume a
shape for that convergence. Therefore, if it is assumed that the survival curve
converges at the rate it diverged, the average patient in the SOLVD treatment trial
derives at least a 2.44-month benefit in terms of extended life from ACE inhibition,
but this benefit may well be about 5 months or potentially more.

CONCLUSIONS

The experience of the North of England Guidelines Development Group in deriving
treatment recommendations based explicitly on information relating to effectiveness
and efficiency demonstrated the limitations of many commonly used methods for
deriving and describing results. Paradoxically, those methods that were most robust
normally provided results that were least interpretable at a practical level. The
principles that were used to overcome these limitations are summarized in Table 2.

In general, it is most helpful to use a range of descriptors of effects and to
attempt to interpret the information that each of these provide in the light of
its methodological limitations. During the development of the clinical practice
guidelines, we used the most robust approach available to establish the potential
usefulness of an intervention, and then less robust but more interpretable ap-
proaches were used to describe the likely impact of these results in practice. Where
available, large trials providing survival curves, from which estimates of life-years
gained could be derived, proved the most helpful in estimating likely treatment
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Table 2. Using Evidence To Support Treatment Guidelines

• Summarize all available relevant evidence, using formal statistical methods to pool
the results from similar trials.

• Examine heterogeneity between studies both through the use of random effects
approaches to pooling data and through the examination of differences in the
patient population included in trials.

• Use the most robust available metrics to describe the underlying effects of treat-
ments and use interpretable approaches to describe the magnitude of treatment
effects.

• Where necessary, seek unpublished data or individual patient data from the spon-
sors of trials to aid adequate interpretation.

benefits, especially when the findings of these trials were supported by broader
meta-analyses. Reanalysis of these data required a substantial investment of time
and other resources.

Two commonly advocated methods of describing results, risk differences (or
the inverse: numbers needed to treat) and weighted mean differences, create diffi-
culties in meta-analysis. Their interpretability may be problematic due to different
length of follow-up or severity in trials with binary outcomes, or strong assumptions
on the shape of study distributions and small sample bias in meta-analyses of
continuous variables. The random effects incidence risk difference proved useful,
in conjunction with more traditional metrics, although this approach to pooling
data undermines the structure of randomized trials and is not, on its own, robust.
Similarly, the weighted mean difference may not be robust on its own, but in
addition, was only rarely helpful because of differences in outcome measures used
between trials. Nevertheless, this approach has the potential to provide relatively
interpretable results alongside the more robust standardized weighted mean dif-
ference.

Greater attention should be paid to the interpretation of results from trials,
particularly the need to establish the value of an intervention in real world settings
and thus guide treatment policy. This change in emphasis may be predicted over
the next few years, as the pool of potentially helpful, but resource-intensive, inter-
ventions continues to grow, and it is recognized that greater efficiency in the alloca-
tion of resources is required if patients are to derive optimum benefit from techno-
logical developments in health care.
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