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Executive summary
Background
Studies that compare healthcare interventions can
be divided into those that involve randomisation of
subjects between comparison groups, and those that
do not. The former, in its commonest form the randomised controlled trial (RCT), is seen by many as
the ‘gold standard’ as it should ensure that subjects
being compared differ only in their exposure to the
intervention being considered. The RCT has been
criticised, however, with some arguing that design
features tend to exclude many individuals to whom
the results will subsequently be applied. Furthermore, practitioner and patient preferences may influence the outcome of treatment and cause the results
to be misleading. These criticisms have led some to
advocate the use of non-randomised designs.

Objectives
This review explored those issues related to the
process of randomisation that may affect the validity
of conclusions drawn from the results of RCTs and
non-randomised studies.

Methods
The review was based on a series of systematic reviews
involving structured searches of databases. Details of
the methods used are described in the main report.
Four research questions were addressed.
• Do non-randomised studies differ systematically
from RCTs in terms of treatment effect?
• Are there systematic differences between
included and excluded individuals and do these
influence the measured treatment effect?
• To what extent is it possible to adjust for baseline
differences between study groups?
• How important is patient preference in terms
of outcome?

Results
Previous comparisons of RCTs and
non-randomised studies
Eighteen papers that directly compared the
results of RCTs and prospective non-randomised

studies were found and analysed. No obvious
patterns emerged; neither the RCTs nor the nonrandomised studies consistently gave larger or
smaller estimates of the treatment effect. The type
of intervention did not appear to be influential,
though more comparisons need to be conducted
before definite conclusions can be drawn.
Several reasons emerged as to why RCTs might
produce a greater or lesser estimate of treatment
effect than non-randomised studies. A greater effect
may occur in RCTs if patients receive higher quality
care or are selected in a way that gives greater
capacity to benefit. A lower estimate of treatment
effect may occur if:
• patient selection produces a study population
with less capacity to benefit than would be the
case in non-randomised studies
• strong patient preference exists against a
particular treatment in an unblind RCT,
thus reducing the treatment effect
• non-randomised studies of preventive interventions include a disproportionate number
of people with greater capacity to benefit
• publication bias exists; negative results are less
likely to be published from non-randomised
trials than from RCTs.

Exclusions
The number of eligible subjects included in the
RCTs ranged from 1% to 100%. Reasons for exclusions may be medical (e.g. high risk of adverse
events in certain groups) or scientific (selecting only
small homogeneous groups in order to increase the
precision of estimated treatment effects). Blanket
exclusions (e.g. the elderly, women of childbearing
potential) are also common in RCTs.
Large clinical databases containing detailed
information on patient severity and prognosis
have been used instead of RCTs, and where
database subjects are selected according to the
same inclusion criteria as RCTs, the treatment
effects of the two methods are similar.

Participation
Most RCTs failed to document adequately the
characteristics of eligible individuals who did not
participate in trials. However, RCTs were more
likely than non-randomised trials to include
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university and teaching centres and this may have
exaggerated the treatment effect measured in
the RCTs.
Participation in RCTs differed between studies
of treatment interventions (subjects tended to
be less affluent, less educated and more severely
ill and therefore had greater capacity to benefit
from treatment) and those evaluating preventive
interventions (more affluent, better educated and
generally healthier and therefore had less potential
to benefit than eligible subjects who declined
to participate).

While a high level of exclusion may have some
advantages for those conducting an RCT, it also
has important implications for policy. In particular,
there is a risk of denial of effective treatment
to those who might benefit but who have been
excluded from the RCTs, and delay in obtaining
definitive results because of low recruitment
rate. In addition, there is a danger of unjustified
extrapolation of results to other populations,
and it is concluded that it should not be assumed
that summary results apply equally to all
potential patients.

Adjusting for baseline differences

Recommendations for research

Adjustment for differences in baseline prognostic
factors in non-randomised studies often changed
the treatment effect size but not significantly;
importantly, the direction of change was inconsistent. Most of the case studies were too small
to draw conclusions but where this was possible,
the superiority of one treatment over another
was probably a function of the patients’
clinical characteristics.

Conducting research
• A well-designed non-randomised study is
preferable to a small, poorly designed and
exclusive RCT.
• RCTs should be pragmatic by including as
wide a range of practice settings as possible.
Study populations should be representative
of all patients currently being treated for
the condition.
• Exclusions for administrative convenience
should be rejected.

Patient preference
Only four papers directly addressed the role of
patient preference on trial results. However, preference could account for some of the observed differences between RCTs and non-randomised studies.

Conclusions
Results of RCTs and non-randomised studies do not
inevitably differ, and the available evidence suffers
from many limitations. It does, however, suggest
that it may be possible to minimise any differences
by ensuring that subjects included in each type
of study are comparable. The effect of adjustment
for baseline differences between groups in nonrandomised studies is inconsistent but, where it
is done, it should involve rigorously developed
formulae. Existing studies have generally been too
small to assess the impact of such adjustment.

iv

Implications for policy

Interpretation
• Heterogeneity of populations and interventions
should be addressed explicitly. Practitioners
should apply caution when extrapolating to
populations that differ from those included
in RCTs.
• For both study designs, authors should
define their reference population, state the
steps taken to ensure the study population
is a representative sample or explain how
it differs. They should also give details of
patient and centre participation and the
characteristics of eligible individuals who
did not participate.
• Further research is required on patient
characteristics, long-term follow-up, participation of centres and practitioners and
patient preference.
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Chapter 1
Introduction
Background
Practitioners, providers and purchasers increasingly
are seeking to enhance the level of sophistication
of commissioning health care. These activities
require an understanding of the methods available
for evaluating healthcare interventions and comparing institutions and policies. Of the principal
methods available to measure effectiveness, one
important distinction is between randomised controlled trials (RCTs) and non-randomised studies.
The latter include quasi-experiments, natural
experiments, and observational studies, which
may be prospective or retrospective cohort studies
or case–control studies. For the purposes of the
present review, we have focused principally on
prospective studies that were designed for the
purposes of research.
Randomised and non-randomised designs each
have their particular limitations. The objectives
of this review are to examine systematically the
methodological issues facing those who decide
which approach to adopt in particular circumstances, or who seek to apply the results of such
studies to formulating clinical practice and
healthcare policy.
The potential contribution that RCTs and nonrandomised studies can make to the evaluation of
effectiveness has generated considerable controversy. At the outset, therefore, it is important to
identify those areas about which there is consensus
and those about which there is disagreement. It is
widely agreed that a large, well-designed and conducted RCT, in which randomisation is undertaken
in a way that ensures that allocation is actually
random, will provide groups that can be expected
to be comparable in every way except for the intervention. Consequently, it is reasonable to attribute
any significant observed difference in outcome
between the two groups to differences in the effect
of the interventions, provided both the practitioner
and patient are blinded and the outcome is assessed in a way that does not introduce bias. It is also
widely accepted that in a non-randomised study,
the comparison groups may differ, so that any
observed difference in outcome between those
receiving the intervention and those not may be
due to differences in the characteristics of the

two groups rather than the effectiveness of
the intervention.
Beyond these two points, consensus breaks down.
Some people believe that undetected and, potentially undetectable, differences between groups
in non-randomised studies render such studies
valueless. An eminent statistician has argued that
scientific committees should “just say no” to nonrandomised studies because of their “inherent
bias”.1 Conversely, it has been argued that, in some
circumstances, randomisation is unnecessary,
inappropriate, misleading or impossible.2 Thus,
randomisation is unnecessary when the effect of
an intervention is so dramatic that the contribution
of unknown confounding factors can plausibly be
ignored. Examples include penicillin for streptococcal infection and defibrillation for ventricular
fibrillation. Randomisation may be inappropriate
where a trial would have to be of disproportionate
size and duration, and thus expense, if it were to
detect very rare long-term adverse effects or the
impact of policies designed to prevent rare events.
An example is the case of benoxaprofen, an antiinflammatory drug for which no adverse outcomes
were detected in trials including over 3000 patients
but which was subsequently found, from postmarketing surveillance, to have been associated
with 61 deaths.3
Randomisation may be misleading where the
process of random allocation may affect the
effectiveness of the intervention. This can arise
when the subjects cannot be blinded to the
intervention because the intervention requires
their active participation, which in turn will be
affected by their underlying beliefs and preferences. An example would be a trial of the effectiveness of clinical audit in improving the quality of
patient care, which would be complicated because
effectiveness depends on the attitudes of the participating clinicians.4 In some situations, experimentation may be impossible in practice as clinicians
may not accept that there is uncertainty about the
relative effectiveness of different interventions and
thus deem such a trial to be unethical. Finally, in
practice, trials may be less free from bias than
previously supposed, with systematic differences
arising from incomplete blinding during
random-isation or assessment of outcome.5,6
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These arguments have, in turn, been countered
by the more enthusiastic advocates of RCTs who
argue that problems of size and duration can be
overcome given sufficient funding and that the
argument that a particular RCT is unethical may,
itself, be an unethical position if patients are
otherwise subjected to unevaluated interventions.
A further argument addresses the issue of the
generalisability of the results of RCTs.7 Here, it is
suggested that the process through which patients
become involved in trials, including differential
participation by centres, practitioners or patients,
may limit the confidence with which the results can
be applied in routine practice. It is argued that nonrandomised studies, which often have more inclusive
entry criteria and procedures, may include subjects
that are more representative of the population to
whom the results will be applied. Furthermore, the
process of recruitment, in which only individuals
willing to be randomised will be recruited, may
introduce hidden biases that make subjects
unrepresentative of the reference population.
These positions have been characterised by strongly
held views based on limited empirical evidence and
many of the arguments remain unresolved. Even
where there is some measure of agreement that a
particular issue, such as differing levels of participation or eligibility, had an effect on the results
of an evaluation, there is often little common
ground about how important such an effect is.
This review is a contribution to the debate. It seeks
to define some of the key unresolved questions, to
examine the evidence in support of the differing
positions, and to suggest priorities for further
research to help resolve continuing uncertainties.

Comparability of results of nonrandomised studies and RCTs
It is known that when an intervention is assessed
by both a non-randomised study and an RCT, the

results obtained can differ (though it should also
be noted, of course, that the results obtained from
RCTs often differ from one another as do the
results of non-randomised studies). It is claimed
that results from non-randomised studies generally
suggest larger treatment effect sizes than RCTs.8,9
This argument appears to be based on two pieces
of evidence. The first is a very small number of
frequently quoted examples that directly compare
the two methods. The second, and less direct line
of evidence comes from studies of RCTs with
varying quality of randomisation, which have
shown that inadequate or unclear methods of
treatment allocation exaggerate effects.5
Any differences are likely to reflect the interaction of
several different factors. These have been set out in
Table 1 along with solutions that have been proposed
to overcome them. It has been argued that nonrandomised studies face greatest risk to their internal validity through allocation bias, though it may be
possible to overcome this during analysis, by either
risk adjustment or examination of comparable subgroups. The internal validity of unblind RCTs may
also be threatened by the consequences of patient
preference, which may result in misleading estimations of treatment effect. Preference arms have been
advocated as one possible solution to this problem.
Threats to external validity have been seen as
of greater importance for RCTs, though the issue
also arises in non-randomised studies. This can be
due to restricted eligibility criteria, which can be
addressed by expanding the criteria, or limited
participation by centres or by patients and practitioners, which can be addressed by ensuring the
design is pragmatic with less demanding consent
requirements. Finally, potential subjects may not
be invited to participate in the research because of
practitioner preferences for one of the treatments
or simply due to administrative oversight.
This review draws on these validity threats to
examine the question of comparability from
several directions.

TABLE 1 Threats to validity of evaluative research and possible solutions

2

Threatening factors

Proposed solution

Internal validity

Allocation bias (risk of confounding)
Patient preference

Risk adjustment and sub-group analysis (analysis)
Preference arms or adjustment for preference (design)

External validity

Exclusions (eligibility criteria)
Non-participation (centres/practitioners)
Not invited (practitioner preference or
administrative oversight)
Non-participation (patients)

Expand inclusion criteria
Multicentre, pragmatic design
Encourage practitioners to invite all eligible patients
Less rigorous consent procedures
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Internal validity
Allocation bias
A major criticism of non-randomised studies is the
possibility that groups being compared differ in
prognostically important characteristics. The key
question is whether the potential for allocation
bias can be identified and, if present, whether it
can be overcome by analysis rather than study
design. Particular problems arise where large numbers of factors contribute to the risk of an adverse
outcome.10 Many of these factors may be unknown,
sub-group analysis may fail because of small numbers in each sub-group, and adjustment models
may be vulnerable to high levels of correlation
between treatment and prognostic factors. In the
present context, it is important to know whether
attempts at adjustment for confounding can bring
the results of non-randomised studies closer to
those from RCTs, and if so, in which circumstances.
Preference
The possibility that a preference for a treatment
will enhance its therapeutic effect (and conversely
that preference for another treatment will dilute
the effect of the treatment offered) has attracted
interest.11 The existence of patients’ preferences
for particular treatments can be studied without
difficulty but their attributable therapeutic effects
remain poorly quantified. RCTs, by necessity and
desire, ignore preference effects and so may, as a
result, underestimate the main treatment effects.
The difficulty is that if such preference effects exist,
the ability to detect them reliably is always compromised by the serious possibility of confounding by
selection.12 People who tend to prefer something
may well be different in some other consistent ways,
plausibly related to prognosis, from those who do
not.13,14 Unfortunately, when people have strong
preferences, randomisation becomes difficult;15
one can never randomise between enthusiasts
for a treatment and those who strongly reject it.
An essential, but neglected, part of the research
agenda is to disentangle the main physiological
effect of a treatment from any possible benefit
of preferences.
The idea that randomisation itself can give rise to
biased results about outcome may seem surprising.
However, when treatments are allocated randomly
practitioners and patients are deprived of expressing a preference and, if choice and control are of
therapeutic benefit, then a randomised comparison
might provide a reduced estimate of the effectiveness of treatment. There are several plausible
mechanisms for such an effect. These have been
examined in research on the psychology of the

placebo effect16 as well as in research which
demonstrates the role of a person’s social or professional control over their lives in the aetiology of a
condition such as coronary heart disease (CHD).17
Consequently there is a need for systematic study
of the role of choice and control and thus their
impact on the results of RCTs.

External validity
(exclusions and participation)
RCTs have been criticised because they often
exclude many types of patients about whom
clinicians seek advice on treatment. Most obviously,
many exclude women,18 the elderly,19 those with
strong preferences and those with multiple pathology or severe disease.20 There may, however, be
other important exclusions that are less obvious.
Information on the characteristics of eligible
patients and the proportion of all patients that
they represent is usually not supplied. The impact
that this can have was illustrated in a series of
meta-analyses that examined the amount of
heterogeneity among the results of randomised
trials that could be ascribed to specific measurable
characteristics of the study population.21 Furthermore, the inclusion criteria also depend on the
case-definition used, how the intervention is
defined, and the features of the population in the
area where the study is being undertaken.22 A
further concern about generalisability concerns the
setting of studies, which may not be typical of those
in which most people are treated. Some strategies
have been developed to evaluate the effect of
individual institutions in multicentre trials.23
Strategies to determine the extent to which the
results of studies may be generalised have been
developed24 but this issue requires further clarification. Consequently, it is necessary to examine
the implications for generalisability of exclusion
criteria and selective participation on the part
of centres, patients and practitioners.

Developing a model
As a first step in bringing together these issues,
we have developed a model that relates the people
included in the different arms of a study to the
population to whom the results will apply. The
basic model is shown in Figure 1. It encompasses
several, but not all of the issues being considered
and it involves a number of simplifications. Nonetheless, it does help to illustrate the consequences
of certain phenomena to those who are less
familiar with the methodological issues concerning
evaluative research. The reference population is
defined by an envelope, with a vertical axis repre-
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Patient non-participation
(p) (patient preference for
specified treatment or
aversion to research)
Not invited to participate (i)
(administrative oversight or
practitioner preference)

Potential
to benefit

Centre/doctor
non-participation (d)
(not invited or centre/
practitioner preference)
Subjects (s)

Ineligible (e)

Intervention A

Intervention B

FIGURE 1 Basic model

senting capacity to benefit from the treatment
in question. At some point, a lower threshold is
reached below which the overall risks outweigh
the benefits. As subjects are excluded or do not
participate, the study population (designated s in
Figure 1) becomes a progressively smaller subset of
the reference population, raising the question of
whether it is valid to apply results obtained from
this sub-sample to the reference population. In the
figure, the envelope is triangular, representing the
common situation in which a small number of
people have a large capacity to benefit, with larger
numbers benefiting less. The envelope and the subgroups within it can, of course, take many shapes
depending on the condition and intervention.
One simplification is the assumption that the true
treatment effect can be expressed in relation to
potential to benefit, representing the balance of
risks and benefits of the particular intervention.
The nature of this ‘potential to benefit’ and how
it might be measured, will vary widely for different
interventions. Individual subjects at the top of the
figure have most potential to benefit whereas those
at the bottom have least and, most often, would
actually have a net negative potential as risks would
outweigh any potential benefit.
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The outermost line delineates the population
to which the results of an evaluation are intended
to be applied in routine clinical practice. In an
ideal situation, this population would be divided,
randomly or otherwise, into two or more groups,
each of which would be comparable with regard to
every factor that can influence the outcome of the
interventions. Each of the interventions being

compared (one of which may be a placebo or
watchful waiting) would then be administered
to these groups.
In practice, not all members of the population
will be included. Some will be excluded as they
fall outside the eligibility criteria (e) defined by
those who designed the evaluation. Some will be
excluded because they are under the care of
doctors or centres who have either not been invited
or who have decided not to participate in the
evaluation (d). Some potential subjects will be
excluded as practitioners have a preference as to
which intervention to use and therefore do not
ask them to participate in the evaluation, or the
eligible subjects are not invited simply due to an
administrative oversight (i). Finally, some of those
invited to participate will decline either because
they do not wish to be in a research study or
because they have a preference for one of the
interventions (p). As noted above, this leaves
the study subjects (s).
For an evaluation to have both internal and
external validity, two conditions must be fulfilled.
The first is that the groups remaining after these
exclusions should be similar in terms of ability to
benefit, that is, they have the same shape and position in the model, to ensure high internal validity.
The second is that the gap between the subjects
included and the overall population of interest
should be as small as possible and at least represent
the full range of potential to benefit, to ensure
high external validity. One defence against the
problem of external validity is for the investigators
to define the population of interest in very restrictive terms. However, this is seldom done explicitly,
and in practice trial results are applied to patients
who would have been excluded. How these two
conditions might be affected in different circumstances and how some hypotheses can be tested
are discussed below.
A rigorous process of randomisation and high
follow-up rates should ensure high internal
validity, though such processes are susceptible to
bias introduced by attempts to circumvent them.5
In contrast, a non-randomised study can be more
susceptible to differences between the groups.
Consider a situation in which two interventions,
A and B, were being compared by examining the
results in two regions, X and Y. Region X treats
patients almost exclusively with intervention A
and region Y with intervention B. Only teaching
hospitals are included in region X whereas all
hospitals are included in region Y. The consequences are shown in Figure 2. The comparison
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groups may have differing capacity to benefit
and thus it will not be possible to attribute with
certainty any difference in outcome to the
treatments used.
A similar situation arises when the practitioners
in one region have adopted different criteria for
treating patients in the evaluation (Figure 3).
Situations where clinicians are less willing to invite
patients to participate in the evaluation or where
the patients are less willing to participate once
invited are variants on Figure 2. For example,
Figure 4 illustrates the consequence of greater levels
of non-participation by centres, professionals or
patients but where this does not affect the representativeness of the resulting sample. Conversely,
Figure 5 illustrates the risks of an unrepresentative
sample, in which a disproportionate proportion of
those with least ability to benefit do not participate.
Although not possible to show on a two-dimensional
representation, there are further potential levels of
complexity, such as whether the two interventions
were administered at the same time, either in simple
chronological terms, or in relation to the introduction of the intervention in the two regions.
In summary, therefore, it is hypothesised that an
RCT may have advantages over non-randomised
studies as regards internal validity, unless it can be
shown that it is possible to adjust adequately for
differences in case-mix or define sub-groups that
are truly comparable. However, it is also hypothesised that inadequately blinded RCTs are vulnerable to preference effects and that generalisation
of results to the entire population of interest, will
be valid only when the subjects included in the
study are representative of that population. This
condition might not be achieved if, for example,
only ‘centres of excellence’ agreed to participate
in the evaluation, thus increasing d. Also it might
not be achieved if eligibility criteria were defined
in such a way as to exclude many of those for whom
practitioners might consider the interventions in
question appropriate, thus increasing e, or if
particular groups of individuals were not invited to
participate or chose not to accept, increasing i and
p, respectively. It is hypothesised that these effects
are likely to be greater with RCTs. The potential
impact on effect size is illustrated in Figure 6.

Higher proportion of
patients with greater
potential to benefit
Potential
to benefit

Centre/doctor nonparticipation (d)

Intervention A

Intervention B

Mainly used
in Region X by
teaching hospitals

Mainly used
in Region Y by
non-teaching hospitals

FIGURE 2 Effects of differences in centre participation in a
non-randomised study

Potential
to benefit

eA
eB

Intervention A

Intervention B

FIGURE 3 Effects of differences in eligibility in a
non-randomised study

Patient non-participation (p)
Potential
to benefit

Not invited to participate (i)
Centre/doctor
non-participation (d)
Subjects (s)

Ineligible (e)

Research questions
Intervention A

In this review we have attempted to investigate
some of the threats to internal and external validity
and to define the nature and magnitude of the

Intervention B

FIGURE 4 Illustration of representative non-participation
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Patient non-participation (p)
Potential
to benefit

Not invited to participate (i)
Centre/doctor
non-participation (d)

have not sought to examine other issues, such as
timing, loss to follow-up, and methods of measuring outcome, as these apply equally to both designs
regardless of how the interventions are allocated.
Furthermore, this review should be read in conjunction with a related one that examines some
of the issues of internal validity in more detail.25

Subjects (s)

Four research questions have been investigated
in this review.
Ineligible (e)

Intervention A

Intervention B

FIGURE 5 Illustration of unrepresentative non-participation

Frequency

Reference
µr

Eligible

µe
µi

Invited
Subjects
µs

Capacity to benefit

FIGURE 6 Consequences for capacity to benefit of selective
eligibility/invitation/participation

parameters, e, d, i and p. We have confined our
attention to issues that relate directly to the choice
between RCTs and non-randomised studies and
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• Do non-randomised studies differ in the
magnitude of the effect of a new intervention compared with an RCT, and in
what circumstances?
• Do the parameters e, d, i and p, as threats to
external validity, act consistently and, if so, what
impact do these differences have on measures
of effect? Although these threats can affect both
RCTs and non-randomised studies, the present
review is limited to their effect on RCTs. However, many of the issues relate more generally
to participation in and exclusion from evaluative
research. A related question is whether the consequences of restricted study populations have
implications for generalisability and, specifically
are the results of RCTs generalisable to routine
clinical practice?
• In non-randomised studies, to what extent is it
possible to compensate for potential allocation
bias by adjusting for differences on the basis of
measurable variables, so as to achieve results
comparable to those in an equivalent RCT?
• How important are the preferences of subjects
for a particular intervention and, if they are
randomised to receive one that they would not
have chosen, what is the potential effect on their
outcome? Does this limit the practical value of
treatment effect estimates from RCTs?
The review concludes by identifying ways in
which any confirmed threats to validity might be
overcome in order to define priorities for further
methodological research.
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Chapter 2
Methods

T

he four areas being addressed by this
review are:

• the comparability of results from published
non-randomised studies and RCTs
• the generalisability of results
• the ability to exclude confounding in
non-randomised studies
• the role of patient preference.

Search strategy
For each of the four areas of study a review of
relevant literature was undertaken, involving
databses (MEDLINE, EMBASE, Science and Social
Science Citation Index, and the Cochrane Library)
using thesaurus terms and free text, as appropriate.
For each topic, additional details of the search
strategy and of the numbers of papers included
at each step are given in appendix 1. Abstracts
were initially screened by one of the team (AB)
against a set of criteria (discussed in the corresponding chapters) and, where they met these
criteria, full copies were obtained. In addition,
cited references were obtained as were other
papers identified through contact with other
researchers. For each topic, all of the papers
were then read independently by two members
of the research team and relevant
information extracted.

Review inclusion criteria
Randomised and non-randomised
studies
The search terms used to identify studies that
compared randomised and non-randomised studies
are shown in appendix 1. The following inclusion
criteria were applied to the search results.
• The results of the RCT must be compared with
a non-randomised study, or the results of several
RCTs combined compared with several nonrandomised studies combined.
• The intervention must be the same and in
similar settings.
• The control arms of the studies must receive
similar therapy.

• There must be comparable outcome measures,
preferably valid and reliable.

Generalisability of study results
Three aspects of generalisability are particularly
relevant: eligibility criteria, participation of
centres/practitioners and participation of subjects
in trials. Systematic reviews of the literature were
performed to assess the extent to which these have
been shown to limit the generalisability of randomised trial results. The search terms used are shown
in appendix 1. To explore the issue of centre
participation, two recently completed systematic
reviews that included both RCTs and nonrandomised studies were examined to determine
the extent to which participation differs by
study design.

Patient preference in RCTs
This question was approached by means of a
review of literature that had attempted explicitly
to measure the effects of patient preference.
An algebraic model was devised to quantify
the possible bias that could be introduced by
hypothetical preference effects.

Excluding confounding in
non-randomised trials
In addition to examining existing research that
had explicitly considered questions of exclusion,
participation, and preference, a series of case
studies were undertaken. In part these complemented the existing research in the other areas,
but they were also designed to examine specifically
the question of the effects of risk adjustment in
non-randomised studies with respect to any differences in measured treatment effect compared
with RCTs.
It was considered a priori that the nature of the
intervention could raise specific issues so it would
be important to try to encompass the spectrum
of healthcare interventions. Discussion within
the research team led to the identification of
four broad categories of healthcare interventions
that can be evaluated: surgical interventions,
pharmaceutical interventions, organisational
interventions, and preventive interventions.
For each area a specific example was sought to
illustrate the problems of confounding and
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risk adjustment. Criteria for selection were the
existence of at least one large, well-conducted
non-randomised study and a randomised trial,
or, preferably, a meta-analysis of RCTs, in which
the treatment effect had been measured in
a comparable manner. The following
were selected:
• surgical intervention – coronary artery
bypass grafting (CABG) versus percutaneous
transluminal coronary angioplasty (PTCA)
• pharmaceutical intervention –
calcium antagonists
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• organisational intervention – stroke units
• preventive intervention – malaria vaccines.

Data extraction and synthesis
For each of the questions, the evidence was
summarised and the implications for practice
and research were discussed. Where evidence
was lacking, as in the issue of preference, indirect
evidence was used to develop a conceptual model
that will enable future researchers to formulate
appropriate questions.
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Chapter 3
Comparing the outcome in RCTs and
non-randomised studies
Introduction

The objectives of this chapter are:

When the same intervention is assessed in two
separate studies, the results are rarely exactly the
same. This may be because the settings, the subjects
or the standards of care are slightly different, or
simply due to chance. An added complication
potentially arises when the allocation of subjects
to treatments involves different processes. To
what extent may the disparate results be due
to these differences?

• to describe the papers in which the results of
RCTs and prospective cohort (non-randomised)
studies have been compared
• to determine whether the effect sizes produced
by RCTs are systematically greater or smaller
than those from non-randomised studies
• to propose possible reasons for any differences
in results obtained by the two methods.

It has been noted in chapter 1 that studies
in which subjects are randomly allocated to
interventions often produce different estimates
of treatment effect from those derived from
non-randomised studies. In particular, the view
is widely held that non-randomised studies tend
to report larger estimates of treatment effects
than those using random allocation.26,27 The
evidence most frequently cited in support of this
comes from two papers published in the early
1980s. One compared patterns of risk factors
in the comparison groups in studies of treatments
for myocardial infarction (MI) and found that
non-randomised and, to a lesser extent, unblinded
randomised studies tended to have more subjects
with a good prognosis in the group receiving the
new treatment.28 The second paper compared
RCTs with studies using historical controls (nonparallel cohort studies) for six conditions, and
concluded that non-randomised studies produced
larger treatment effects, but found one for which
a RCT did not.29 However, as the authors noted,
at least part of this difference may have been the
result of some RCTs being too small to have the
power to detect any effect, even if one existed,
and there may have been some publication bias,
with negative RCTs more likely to be published
than negative non-parallel cohort studies. These
papers leave several questions unanswered. Are
the findings of the first paper a consistent
phenomenon, and do the findings in the second
paper, which relate to non-parallel cohort studies,
and thus are susceptible to the effects of other
contemporaneous changes, have any relevance
to the now more common non-randomised
design, the prospective cohort study?

Methods
The major electronic bibliographic databases were
searched, using the strategy outlined in chapter 2.
The number of papers identified is shown in
Table 2.
TABLE 2 Numbers of papers comparing RCTs and nonrandomised studies
Database

No. new
No. of
papers identified
papers
in each search
read
(cumulative %) (cumulative %)

MEDLINE

106 (9)

61 (49)

EMBASE

584 (59)

29 (72)

Science Citation Index

442 (97)

29 (95)

Social Science
Citation Index

26 (99)

2 (97)

Cochrane database

13 (100)

4 (100)

1171

125

Total

Inclusion criteria
The following inclusion criteria were adopted for
this area of investigation.
• The results of a RCT must be compared with a
non-randomised study, or the results of several
RCTs combined compared with several nonrandomised studies combined.
• The intervention must be the same and in
similar settings.
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• The control arms of the studies must receive
similar therapy.
• There must be comparable outcome measures,
preferably valid and reliable.
The 125 possible papers yielded 18 that met the
criteria (14 single studies, four combined studies)
and these are summarised in appendix 2. The
treatment effect sizes, which had to be recalculated
for the purposes of comparison are presented in
appendix 3. Where possible a significance test
was performed on the difference in the treatment effect sizes. (Two additional papers were
identified after the initial draft of this report
was completed.)
The type of intervention in each example was
noted. The use of adjustment techniques to
compensate for selection bias in non-randomised
studies was also investigated.

Results
Single RCTs compared with single
non-randomised studies
CASS Principal Investigators (1984)30
The Coronary Artery Surgery Study (CASS)
included a randomised trial of CABG and
medical therapy in the management of patients
with mild or moderate stable angina pectoris
or free of angina but with a documented history
of MI. A total of 780 patients, from 11 institutions
agreed to participate and were randomised to
surgical or medical groups. A total of 1315 patients
did not participate (69% refusal by physician,
28% by patient, 3% other) and were assigned
to treatment in a non-random manner. The
characteristics of the randomised and nonrandomised patients were similar, with the
notable exception of more extensive coronary
artery disease in the randomised patients. All
patients were followed for at least 46 months
and their survival recorded.
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Hlatky et al (1988)31
The findings of three major randomised trials of
CABG were compared with predictions derived
from the Duke Cardiovascular Disease Databank.
Clinical characteristics of patients who met
eligibility requirements for each of the three trials
were used in multivariable statistical models to
compare the observed 5-year survival rates in the
randomised patients. A Cox’s proportional hazards
model was used to correct imbalance in known
prognostic factors between groups in the nonrandomised component.

Horwitz et al(1990)32
The results from a multicentre randomised trial
(Beta-blocker Heart Attack Trial [BHAT]) were
compared with a restricted non-randomised cohort
(same eligibility requirements) and an expanded
cohort (no eligibility restrictions), all from one
US hospital. Adjusted mortality rates for the nonrandomised cohorts were obtained using multiple
logistic regression, including prognostic independent variables. The unadjusted and adjusted
mortality rates in the restricted and expanded
non-randomised patients were compared with
those in the RCTs.
Paradise et al (1984)33
A comparison was made between patients who were
randomised to surgical or medical treatment for
severe throat infections at a US children’s hospital
and non-randomised patients at the same hospital
whose parents declined to participate. The same
eligibility criteria were used in both studies and the
children’s demographic and clinical characteristics
were similar. No statistical adjustments were made.
The average number of throat infections which
occurred over the next 3 years were compared
among the randomised treatment groups and
the non-randomised treatments.
Paradise et al (1990)34
The efficacy of adenoidectomy in children with
persistent otitis media was assessed by a randomised
trial and also a non-randomised study of children
assigned to treatment according to parental choice.
The authors compared the outcomes in the two
study designs in terms of recurrence of otitis media.
The children’s demographic and clinical characteristics were similar and no statistical adjustments
were made for baseline differences.
Schmoor et al (1996)35
Patients in a randomised trial from 44 centres
(German Breast cancer Study Group [GBSG]:
trial 2) were compared with patients who were
allocated treatment according to preference.
Patients from another randomised trial (GBSG:
trial 3) were also compared with non-participating
non-randomised patients. All patients had to fulfil
the same eligibility criteria to be included. A
Cox’s proportional hazards model was used to
adjust for different baseline risks between the
non-randomised treatment groups. The main
outcome measure was recurrence-free
survival time.
Yamamoto et al (1992)36
Parallel randomised and prospective nonrandomised studies were conducted to assess
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treatment of benign oesophageal stricture by
two dilators. All patients attended one US clinic
and fulfilled the same inclusion criteria. The
non-randomised patients were allocated treatment
at the discretion of the gastroenterologist. No
significant differences were noted among patients
assigned to receive Eder-Puestow dilation or
balloon dilation, except that fewer patients with
oesophagitis were allocated to balloon dilation.
No statistical adjustments were made to compensate for this. Comparisons were made between
the treatment gains in the randomised and nonrandomised cohorts in terms of recurrence of
dysphagia and proportion requiring redilation.

McKay et al (1995)13
Alcoholic patients from two US clinics were invited
to participate in a randomised trial, comparing dayhospital rehabilitation with inpatient care. Those
patients who took part in the trial were compared
with those patients who self-selected their treatment (and who fulfilled the trial eligibility criteria).
Comparisons of treatment groups showed that
patients in day hospitals were older, had higher
psychiatric severity, and had better overall employment status than those who were admitted. No
statistical adjustments were made to address this
imbalance when calculating the treatment effect
in terms of alcohol and drug use at 3, 6 and
12 months follow-up.
37

Nicolaides et al (1994)
A randomised trial was conducted at one UK
hospital to compare the use of chorionic villus
sampling (CVS) and early amniocentesis (EA) for
foetal karyotyping. The authors compared the trial
participants with patients who self-selected their
procedure and fulfilled the trial eligibility. No
significant differences were found between the
women choosing CVS and those choosing EA,
therefore no adjustments were made in the comparison. The main outcome measures were rates
of foetal loss (total, induced and spontaneous).
Emanuel (1996)38
The author explored the notion that increased
use of hospices and lower use of high-technology
interventions for terminally ill patients produce
significant cost savings. Included in this paper was
a comparison of a randomised trial in Los Angeles
(UCLA Veterans Administration Hospital) with the
non-randomised National Hospice study. In both
studies terminal cancer patients were given hospice
care or conventional treatment and the per cent
savings for hospice patients calculated. This
estimate of saving was compared for the randomised and non-randomised patients, with some

statistical adjustment made in the latter group
for baseline differences.

Garenne et al (1993)39
The clinical efficacy of the standard Schwarz
measles vaccine was investigated as part of an
RCT in rural Senegal. The estimate of its efficacy
was compared with the results of a national nonrandomised campaign study. Vaccine efficacy
was estimated by comparing vaccinated children
with non-vaccinated children who had never had
measles. Adjustments were made to control for
intensity of exposure in both the randomised and
non-randomised groups. In addition, the age at
vaccination and time since vaccination were
adjusted for in the non-randomised groups.
Antman et al (1985)40
A randomised trial was conducted to assess the
efficacy of adjuvant doxorubicin for treatment of
intermediate or high-grade sarcoma. The trial
results were compared with the results of patients
who were allocated treatment on the recommendation of a physician or by their own choice. These
patients fulfilled the trial eligibility. Adjustments
were made for known prognostic variables
(location and stage) in the non-randomised
patients, and the main outcome measure used
in the comparison was time disease-free.
Shapiro and Recht (1994)41
In this review the evidence for late effects of
adjuvant therapy for breast cancer was provided
by a number of randomised and non-randomised
trials. The effects of surgery only compared with
additional radiation and chemotherapy were
assessed in an RCT, and these can be compared
with the results of two non-randomised studies.
All three studies gave relative risks (RRs) of the
occurrence of acute non-lymphocytic leukaemia
after treatment.
Jha et al (1995)42
The cardiovascular protective properties of
antioxidant vitamins were reviewed by calculating
the RR reductions across non-randomised and
randomised trials identified in a literature search.
One RCT and one large cohort study with similar
settings and outcome measures were compared
with respect to treatment effect size. The AlphaTocopherol, Beta-Carotene and Cancer Prevention
Study (ATBC) assessed the effect of taking vitamin
E on mortality from cardiovascular disease. The
US Nurses’ Health Study recorded whether women
were regularly taking vitamin E supplements and
measured the risk reduction for death from cardiovascular disease and non-fatal MI. Adjustments
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were made for a variety of dietary and
clinical characteristics.

reported differences which are summarised in
Table 3.

Several RCTs combined compared
with several non-randomised studies

Yamamoto, comparing two interventions, obtained
contradictory results from the two study types for
one of two outcome measures.36 The RCT indicated
one type of dilation was associated with a lower
need for a repeat procedure whereas the nonrandomised study found the alternative procedure
to be superior. The two procedures were, however,
comparable in terms of recurrence of dysphagia.

Pyorala et al (1995)43
This review included 11 RCTs and 22 nonrandomised trials that investigated the use of
luteinising hormone-releasing hormone (LHRH)
and human chorionic gonadotrophin (hCG) as
hormonal treatments of cryptorchidism. The
studies were identified through a literature search
of MEDLINE and the results of the combined
randomised trials were compared with the results
of the combined non-randomised studies.
The Recurrent Miscarriage Immunotherapy
Trialists Group (1994)44
The efficacy of allogenic leukocyte immunotherapy
for recurrent spontaneous abortion was reviewed
in nine randomised and six non-randomised
studies. No correction was made for the significant
differences between treatment groups in the nonrandomised studies. The main outcome measure
was live birth rates.
Watson et al (1994)45
A meta-analysis of four randomised trials and
six non-randomised studies evaluated pregnancy
rates after the use of oil- or water-soluble contrast
media during hysterosalpingography in infertile
couples. Three of the non-randomised studies used
historical controls as the water-soluble group. The
odds ratios of pregnancy (oil- versus water-soluble
contrast media) were compared for the randomised and non-randomised patients. No adjustments
were described.
Reimold et al (1992)46
Six combined RCTs were compared with the results
of six combined non-randomised studies. The
studies assess the efficacy of antiarrhythmic therapy
for chronic atrial fibrillation. In each study design
the treatment benefit (quinidine compared with
control arms) was calculated in terms of the
percentage of patients in sinus rhythm and crude
mortality rates. Insufficient information was
available to provide an adjusted estimate of risk.

Do results obtained in RCTs and
non-randomised studies differ in
a consistent manner?
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Seven of the 18 papers found no significant
differences between treatment effects from the
two types of study. Five of these seven had adjusted
results in the non-randomised studies for baseline
prognostic differences. The remaining 11 papers

Seven studies obtained differences in the same
direction but of significantly different magnitude.
In three, effect sizes were greater in the RCTs.
1. In the paper by Shapiro and Recht,41 which
focused on the frequency of an adverse
effect, the RCT produced an RR of acute
non-lymphocytic leukaemia after chemotherapy for breast cancer of 24.0, much
greater than the figure of 3.7 in the nonrandomised study.
2. Reimold and co-workers looking for a possible
beneficial effect, also found a larger treatment
effect in their combination of six RCTs than the
six combined non-randomised trials.46 For
some outcome measures the difference in
estimated benefit was substantial. The RCTs
estimated a difference 25.5% (in favour of
quinidine) for the percentage of patients
remaining in sinus rhythm at 1 year. The nonrandomised trials estimated the difference to
be only 2.8%.
3. Nicolaides and co-workers found larger effect
sizes for both beneficial and adverse effects of
CVS compared with EA in the RCT than in the
non-randomised group.37
In contrast, in four studies the estimated effect size
was smaller in the RCT.
1. The CASS Principal Investigators, while finding
better survival at 6 years following surgery
rather than medical treatment for angina,
reported a benefit of only 2% from the RCT
but 4% in the non-randomised comparison.30
Although the difference is only 2%, this is
statistically significant due to the large numbers
involved. In the paper, the authors emphasised
the 5-year survival rates, where the two designs
were in agreement, and concluded that there
was no difference in the results obtained by
the randomised and non-randomised studies.
2. In their review of vitamin supplements, Jha and
co-workers also reported a greater benefit in
the non-randomised study,42 which reported a
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TABLE 3 Key points of studies finding differences between RCTs and non-randomised studies
Study

Outcome

Summary of results
of comparison

Adjustment for baseline
differences in nonrandomised element

Yamamoto et al, 1992 36

Proportion requiring
repeat dilation

Two methods favoured
different procedures

No

Shapiro and Recht, 1994 41

Occurrence of acute
Effect found with both,
non-lymphocytic leukaemia greater with RCT
after treatment

No details

Reimold et al, 1992 46

% remaining in sinus
rhythm at 12 months

Effect found with both,
greater with RCTs

No

Nicolaides et al, 1994 37

Survival

Effect found with both,
greater (beneficial and adverse)
with RCT

No

CASS Investigators, 1984 30 Survival

Effect found with both,
smaller with RCT

No

Jha et al, 1995 42

Death from
cardiovascular disease

Effect found with both,
smaller with RCT

Yes

Pyorala et al, 1995 43

Descended testes

Effect found with both,
smaller with RCT

No details

Horwitz et al, 1990 32

Mortality at 24 months
(in expanded cohort)

See text

No

RMITG, 1994 44

Live births

RCT found effect,
non-randomised did not

No

Emanuel, 1996 38

% savings

Non-randomised found effect,
RCT did not

Yes

Antman et al,1985 40

Time disease free

RCT found no effect, nonrandomised did not

No

RMITG = Recurrent Miscarriage Immunotherapy Trialists Group

31% RR reduction compared with 2% in the
RCT, even though the non-randomised results
were adjusted for baseline differences in the
groups in terms of a wide range of prognostic
variables. However, the confidence intervals
(CIs) surrounding these estimates were large
and the outcomes were not entirely comparable
as the non-randomised study included risk of
non-fatal MI which the RCT did not.
3. In their review of hormonal treatment for
cryptorchidism, Pyorala and co-workers also
concluded that the effect of treatment is
overestimated in non-randomised studies.43
This review involved pooling the results of
RCTs and comparing them with pooled nonrandomised results. Not only were the success
rates of both hormonal treatments better in the
non-randomised study than the comparative
randomised studies, but also the benefit of

LHRH over hCG was greater (14% difference
in success rates in the non-randomised
compared with 2% difference in the
randomised study).
4. The fourth paper, by Horwitz reported a
greater effect in non-randomised studies
(see below).
In addition, in two reviews the non-randomised
studies reported statistically significant effects
whereas the RCTs found no such differences. In the
RMITG paper no adjustments were made for the
significant differences in composition of control
and treatment groups in the non-randomised
patients.44 Significant differences were then found
in the estimates of benefit by the two study designs,
with the RCT showing significant benefits from
immunisation while the non-RCT showed no
benefit.
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Emanuel’s investigation into hospice savings38
displayed some of the largest discrepancies between
randomised and non-randomised studies, though
the comparisons were fraught with complications
which the author acknowledged. The randomised
trial that was most comparable to the nonrandomised study in terms of similar patients and
outcome measures, showed no significant saving by
type of terminal care. The National Hospice study,
however, showed a significant saving of 34%. Other
non-randomised studies mentioned in the paper
showed a wide range of savings, from 68% to none.
There is some evidence of the impact of efforts
to close any gap between the two methods. In the
study by Antman and co-workers of chemotherapy
for sarcoma, which found a treatment effect in the
non-randomised study but not in the RCT, adjustment for baseline differences in the arms in the
non-randomised study did not affect the results.40
Horwitz and co-workers adopted a two-stage
strategy.32 They first limited the analysis to a subgroup of the non-randomised study that met the
eligibility criteria for the RCT (the restricted
cohort). This, however, had only a limited impact
on the difference between the two study types.
Subsequent adjustment of the restricted cohort
to allow for baseline differences between the two
arms did eliminate the difference, though similar
adjustment using the entire sample in the nonrandomised study (the expanded cohort) did
not eliminate the difference.
The results of these papers display no consistent
pattern and they certainly do not support the
suggestion that non-randomised studies are
intrinsically likely to produce larger estimates of
treatment effects than RCTs. Frequently RCTs and
non-randomised studies give comparable results.
Either method can produce a greater effect and,
when comparing two interventions, can produce
contradictory results. However, the evidence
reviewed here is extremely limited. It suggests
that adjustment for baseline differences in arms
of non-randomised studies will not necessarily
result in similar effect sizes to those obtained from
RCTs. In the terms of the model presented in
chapter 1, this means ensuring that the consequences of differences in e, d, i and p are
eliminated as far as possible.
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There is no obvious pattern by intervention type,
though slightly more surgical interventions found
a bigger effect in the randomised trial. In addition,
combination of results from more than one study
did not appear to influence the direction or
magnitude of the treatment effect.

As noted above, after the review was completed,
two further relevant papers were published. A
study by Stukenborg, examining the outcome of
carotid endarterectomy, compared outcome in
routine practice using Medicare data with what
would be predicted from the results of trials.47 He
found that outcome was significantly worse among
both patients with sufficient co-morbidity to have
excluded them from the trials and among those
treated in hospitals with perioperative mortality
rates greater than what was found in the hospitals
participating in trials. He concluded that estimates
of efficacy of an intervention could only be applied
to patients meeting the entry criteria of the trials
and who are treated in hospitals that are representative of those participating in the trials.
The second study takes four meta-analyses,
examining interventions in the health and
education fields.48 The authors sought to compare
effect size in randomised and non-randomised
studies. Pragmatically, they only included studies
in which the intervention was compared with
either a placebo or no intervention, where the
data reported made it possible to calculate effect
size, where the assignment method was clear, and
where assignment was not pseudo-random. Individual studies were coded according to a wide
range of parameters, including effect size, topic,
design factors (assignment methods, difference
in outcome measure between arms at entry,
matching/stratification, total and differential
attrition, activity in the control group – placebo
or no treatment, control group drawn from same
or different population, and self-selection or not
of participants), and other factors that research
suggested might influence effect size (publication
status – published/unpublished, whether treatment
standardisation occurred, mode of assessment –
self or other, specificity of outcome assessment,
exact or inexact estimate of effect size, and sample
size). Using standardised effect size, in univariate
comparisons, two topics (ability grouping of pupils
in schools, prevention of drug use) showed greater
effects in randomised studies while two (psychological interventions to improve postoperative
outcomes, coaching for school tests) showed no
difference. Using multiple regression, with
exploration of the effects of outliers, interactions
and transformations, the authors reported the
emergence of certain relatively robust findings.
The effect of assignment method hovered around
the 5% significance level, suggesting a slightly
larger effect size with randomised assessment,
though the CIs would also be consistent with a very
small increase in effect size with non-randomised
studies. Variables significantly associated with
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effect size were differences in the outcome measure
between study arms pre-intervention, the use of
passive controls (i.e. no treatment rather than
a placebo), total and differential attrition rates,
and self-selection of study arm.
The authors proposed implications for evaluative
research. In non-randomised studies, as far as
possible, subjects should not be permitted to selfselect the arm into which they are entered. Large
differences between arms in the outcome being
measured at entry should be avoided using techniques such as matching on covariates or propensity scores and, if this is not possible, to adjust
results for such differences.

Other comparisons
The papers discussed above compared evidence
from different methods that examined specific
interventions. In addition, some authors have
looked more generally at the two approaches.
Colditz and co-workers attempted to relate study
design to the magnitude of gains attributed to new
therapies over old.8 They analysed 113 reports of a
heterogeneous group of interventions in a sample
of medical journals and found that greater gains
were found in non-randomised studies. This finding is supported by the companion paper on
surgical interventions by Miller and co-workers.9
They analysed 188 studies in leading surgical
journals and found that the average gain (new
techniques compared with conventional) was
larger in non-randomised studies.
These results are consistent with earlier work
published by Gilbert and co-workers who observed
greater gains for the innovation among studies that
used a non-random design compared with randomised trials.49 They analysed 107 papers from a computerised bibliography that evaluated surgical and
anaesthetic treatments.
Ottenbacher attempted a similar investigation
by sampling 60 research articles (half randomised
and half non-randomised) in two leading medical
journals.50 However, he found no significant
difference in the treatment effects (measured
by standardised mean differences).

Possible reasons for greater estimated
treatment effects in RCTs
One possibility for a greater estimated effect size in
an RCT is that care provided in the context of trials
is better than that in routine clinical practice. Thus,
any advantage conferred by the intervention will be
magnified by the accompanying treatment package.

This seems especially likely where the comparison
is with placebo. It receives support from the finding
by Stukenborg that outcomes are worse than those
predicted by RCTs in hospitals with characteristics
that have higher perioperative death rates than
those participating in RCTs.47
Another possible explanation is that RCTs typically
have specified eligibility requirements. This may
produce a highly selected group of individuals for
whom the new treatment is more likely to work.
In non-randomised studies it is more common for
all patients to be included, however poor their
prognosis. In the context of the model in chapter
1, the sample in the RCT will be a smaller proportion of the reference population than in the
non-randomised study and will contain a higher
proportion of those with the best prognosis, as
the area represented by e will be greater. In addition, it is possible that those with worse prognosis
may either be excluded by those recruiting to
RCTs, increasing i, or may even exclude themselves, by declining to participate in an RCT,
increasing p. These issues will be examined
in subsequent chapters.
On the evidence presented so far, the effect of
differences in eligibility is supported by the paper
on beta-blockers by Horwitz and co-workers.32 The
higher mortality rates in the expanded cohort were
anticipated as this cohort included many patients
with contraindications to beta-blockers, such as
congestive heart failure, and more with conditions
increasing their risk of death, such as angina
pectoris. Given this cohort susceptibility bias,
it is not surprising that such a large treatment
effect was found. When the same eligibility criteria
were applied to the non-randomised cohort, the
treatment effect was found to be closer to that
estimated in the RCT. This hypothesis also receives
support from the study by Stukenborg.47

Possible reasons for greater
estimated treatment effects in
non-randomised studies
In non-randomised studies patients are typically
allocated to treatments according to the professional opinion or preference of their practitioner
and their own preferences. This assumes a belief
that there is a larger therapeutic benefit from one
of the treatments than from another (i.e. the state
of individual equipoise which is deemed ethically
necessary for an RCT does not exist). In these
circumstances, where each patient is given the
treatment that is considered most appropriate for
their particular circumstances, one would expect
a larger estimated treatment effect size to exist.
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This may reflect explicit or implicit differences in
eligibility (e) for the intervention(s) being studied,
or differences in the likelihood of patients with
worse prognosis either being invited or accepting
one of the interventions being studied.
All other things being equal, patient preference
might also have an effect. It may be that the practitioner is unsure of the relative merits of two treatments (individual equipoise) and would agree to
enter the patient into a randomised trial. The
patient, however, may have a strong preference
for one treatment over another, and if given the
desired treatment, has enhanced therapeutic
benefit arising from this belief. Hence, a nonrandomised study, where preferences are important
and patients are free to choose their treatment,
may lead to a larger estimate of treatment benefit.
The type of intervention studied may be important
when interpreting the estimates of gain observed.
If the intervention is preventive, for example, a
vaccine or breast cancer screening, it can be misleading to compare the results of those who volunteer for treatment with those who do not respond
to invitations. It has been shown that those volunteering to receive preventive treatments have different characteristics from other members of the
population.51 Typically they are more health
conscious and adopt other preventive strategies.
These could conceivably interact with the intervention being studied to magnify any effect. Consequently, in the context of the model, p will vary.
Unless this is controlled for in the analysis, the
reduced risk will be attributed solely to the
therapeutic benefit of the treatment in question,
leading to an over-estimate of the benefit of
the intervention. However, this effect may, in
some circumstances, have the opposite effect
if those included have less scope to benefit; in
such a situation, the ‘less healthy’ population
in a non-randomised study will have greater
opportunity for benefit. Again, all of these
issues will be discussed later.
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Finally, it is possible that there is a subtle publication bias in operation. It has been suggested
that larger treatment effects are seen in nonrandomised studies because these tend to be
written-up, submitted and subsequently published
only when large treatment effects are found.49
Studies that find no significant differences between
treatments are considered ‘un-newsworthy’. RCTs,
on the other hand, are more likely to be published,
regardless of their findings. Thus, publication bias
may operate differently for RCTs and nonrandomised studies.

Possible reasons why estimated
treatment effect may be similar in
RCTs and non-randomised studies
Obviously this is most likely to occur when the two
treatments being studied are actually of identical
therapeutic benefit, and this appears to be the case
in some of our seven papers that showed similar
estimates. However, there are examples where both
the RCT and the non-randomised study have shown
similar estimates of benefit when the interventions
being compared are not equally effective.
Risk adjustment to compensate for allocation bias
(should it exist) in non-randomised studies may
be sufficient to bring the results close to those of
RCTs, so that the initially observed difference was
due to confounding, which is subsequently adjusted
for. However, attempts to use statistical techniques
to overcome allocation bias may not be successful
if relevant prognostic factors are not collected at
baseline and adjusted for.38
In comparison papers, such as those cited above,
the possibility of publication bias must be considered. For example, the authors of an RCT might be
trying to demonstrate that their trial results are
validated by the results of a non-randomised study.
The authors may have therefore selected one
particular non-randomised study which has similar
estimates to their trial while ignoring other nonrandomised studies that dispute their results and
question its generalisability. However, in this
review nine of the 18 papers were written by those
who conducted the RCT, and none of these nine
appear to have selected a non-randomised study
that supported their findings rather than others
that did not.

Summary
• Attempts were made to find all papers that
have directly compared the results of RCTs
and prospective non-randomised studies.
Eighteen such papers were found
and analysed.
• No obvious patterns emerged; neither the
RCTs nor the non-randomised studies consistently gave larger estimates of the treatment
effect size. The type of intervention did not
appear to be influential, though more
comparisons need to be conducted before
definite conclusions can be drawn.
• Reasons have been identified that may explain
why RCTs might produce a greater or a lesser
estimated treatment effect. For example, a
greater effect may be seen in an RCT where
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patients receive higher quality care or have a
greater ability to benefit, compared with those
in non-randomised studies. Reasons for a lower
RCT estimate include selection bias introduced
by practitioners when deciding whom to treat,
an enhanced response to treatment among
those with strong preference for a particular
treatment, the inclusion in non-randomised
preventive studies of individuals who, by virtue

of their health-related behaviour, have greater
ability to benefit, and finally, possible
publication bias.
• The outcome of non-randomised studies best
approximated to the RCT results when both
used the same inclusion and exclusion criteria,
and potential prognostic factors were well
understood, collected and differences between
arms in the non-randomised study adjusted for.
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Chapter 4
Exclusions
Introduction
The aim of the typical intervention study is to
measure the average effect of a given treatment
in a given group of patients. If the study is to
provide a secure basis for future clinical decisionmaking, both treatment and patients must be
unambiguously defined.
For patients, the starting point will be all those
with the problem the treatment is designed to deal
with. However, for an RCT to be ethical, there must
be sufficient doubt about the relative value of the
different treatment options. In general, RCTs do
not take place in a vacuum of knowledge about the
treatment of interest, and at the time of the trial
there may be reasons for excluding some subgroups of patient on medical or ethical grounds,
such as prior evidence that the treatment is effective, or an unusually high risk of treatment complications. There can be no argument in principle
about exclusions of this kind. The questions that
arise here are about how widely the exclusion
criteria should be drawn. How potentially adverse
do the risks have to be, and how strong the
evidence for this, before patients are excluded?
In many RCTs, patients are also excluded on
scientific or administrative grounds. They may
confuse the picture, dilute the power of the
study, or prove administratively awkward or costly.
This is the type of reasoning that underpins restricting a study to a particular demographic group
(middle-aged white males are commonly cited),
for example, for excluding patients who have
co-morbidities that may lead to poor broadspectrum outcomes such as mortality for reasons
unconnected to the treatment in question (cancer
patients in an RCT of treatment for heart disease,
or vice versa), or excluding patients who are, or are
expected to be, difficult to gain consent from, noncompliant, disruptive in the clinic or difficult to
follow-up (examples from the literature include
children, mentally ill individuals and drug users).
If the exclusion criteria are many and widely
drawn, only a small proportion of the patients
with the condition in question will be enrolled
in the RCT. The question for study designers
with a limited budget is whether it is possible

to identify in advance subsets of patients who can
be expected to have a relatively homogeneous
response to treatment. If so, they have to make a
choice somewhere between two extreme positions:
• studying one very homogeneous subset, ensuring
the most precise result for the group in question,
but leaving generalisation to other groups
entirely to clinical judgement
or
• excluding as few patients as possible, giving
estimates of effect that are more directly
generalisable to the population of patients as a
whole, and also some indication of heterogeneity
of response, but which will have relatively wide
CIs if response to treatment does turn out to be
heterogeneous.
This chapter explores this issue and, specifically,
seeks to determine:
• the extent to which subjects to whom
interventions might be applied are excluded
from RCTs
• the reasons cited for their exclusion
• the extent to which blanket exclusions, based on
socio-demographic characteristics, are applied
• the implications of patterns of exclusions for
attempts to generalise results of RCTs.
Although this chapter addresses the issue of
exclusions from RCTs, it is also recognised that
many of the same issues will apply to nonrandomised studies.52

What proportion of patients with
the relevant condition are excluded
from RCTs?
A major problem with the issue of exclusion of
patients who have a relevant condition is that few
RCTs report on it, and most of the evidence is
indirect. Papers identified that specifically address
the issue of exclusion are listed in appendix 4. Some
studies report on the numbers of patients ‘screened’.
One of the early studies of exclusion criteria53 was
based on RCTs in the 1979 inventory of the National
Institutes of Health (NIH). Aggregating over
16 RCTs, 73% of those screened were deemed
ineligible, a far larger source of ‘loss’ than the 15%
eligible but not randomised (4% withdrawn by the
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doctor, 4% patient refusals and 7% withdrawn by
the investigators). The eligibility rate in the 16 RCTs
ranged from 10% to 99%. In a more recent overview
by Muller and Topol,54 of eight RCTs of intravenous
thrombolysis, the percentage of patients screened
who were considered eligible ranged from 9% to
51%. Even some of the largest RCTs differed substantially (33% and 18%, respectively in the Italian
group studies of treatment of MI (GISSI) and
the Anglo-Scandinavian Study of Early
Thrombolysis (ASSET)).
However, these kinds of result are difficult to
interpret. The word ‘screened’ in this context
seldom means diagnostic screening for the index
condition; for example, it can mean surveillance
of all hospital admissions to provide possible
candidates for proper diagnostic screening, and
variations in what is meant by screening will explain
at least part of the very substantial variation in
eligibility rates.
This is illustrated by Table 4, which draws largely
on material from RCTs reported more extensively
later in this report. For present purposes it is sufficient to note the generally high inclusion rates for
vaccine RCTs in which there was no sickness- or
risk-related selection prior to screening, and very
low rates for primary prevention of hypertension in
which those screened were again whole populations. Neither of these is surprising per se. More
striking are the more moderate but very variable
exclusion rates from a set of secondary prevention

trials in which screening was typically based on
chest pain on hospital admission, and for cardiac
surgery, in which those screened were patients
with multiple vessel disease.
Another set of studies has examined the proportions of patients under treatment that have
been entered into RCTs. Lee and Breaux reviewed
recruitment to RCTs among 1103 patients treated
for cancer at one American centre in 1979.55 Of
the 400 for whom there was a relevant RCT in
progress, 137 (34%) fell foul of at least one
exclusion criterion, 118 were excluded because
of physician or radiotherapist preference, and
21 patients refused.
Begg and co-workers examined 3534 patients in
Eastern Cooperative Oncology Group (ECOG)
hospitals in 1981, and found that 66% of them
were ineligible for any protocol despite the fact that
the available ECOG protocols cover the vast
majority of the major tumour sites and stages of
disease.56 The remainder were accounted for as
follows: 24% clinician refusal, 9% patient refusal,
and 13% technically unsuitable, leaving 54% to
be randomised.
Martin and co-workers found that in the Veterans
Administration study of warfarin anticoagulants,
69% of the 2687 subjects screened were ‘technically’ ineligible, and 15% were excluded because
of patient or physician preference, leaving 16%
who were registered for the RCT.57

TABLE 4 Percentage of eligible patients/subjects included in RCTs of selected interventions
Malaria vaccines

Calcium antagonists

CABG/PTCA

Hypertension

Alonso

98.2%

TRENT

48.20%

CABRI

4.60%

SHEP

1.06%

D’Alessandro

97.3%

SPRINT II

66.60%

EAST

16.40%

MRC 1992

3.49%

Sempertegui

91.8%

SPRINT I

49.70%

GABI

4.00%

MRC 1985

3.37%

Valero 1993

84.8%

Branagan

12.40%

Lausanne

7.90%

Valero 1996

77.6%

Simes

ERACI
BARI

40.20%
16.30%

approx. 30.0%

Individual studies are referenced in subsequent chapters
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BARI = Bypass Angioplasty Revascularisation Investigation
CABRI = Coronary Angioplasty versus Bypass Revascularisation Investigation
GABI = German Angioplasty Bypass-surgery Intervention Trial
EAST = Emory Angioplasty versus Surgery Trial
ERACI = Argentine Randomised Trial of Percutaneous Transluminal Coronary Angioplasty
MRC = Medical Research Council
SHEP = Systolic Hypertension in the Elderly Program
SPRINT = Secondary Prevention Reinfarction Israeli Nifedipine Trial
TRENT = Trial of Early Nifedipine Treatment
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In the European Organisation for Research and
Treatment of Cancer (EORTC) trial of observation
versus radiotherapy for ductal carcinoma in situ
of the breast, 60% of cases were ineligible for the
study, 4% of the exclusions being a result of
patient refusal.58

specific levels of serum creatinine, though the
level varied from minima of 1.5 mg/dl and 2 mg/dl
to ‘normal’. Seven studies specified eligible levels of
white blood count, six specified minimum bilirubin
and two alkaline phosphatase; again, the levels
required for eligibility varied between RCTs.

Taking the intervention rather than patients
as the starting point, Barnett and co-workers
examined more than 400,000 coronary by-pass
operations that were carried out in the USA
between 1971 and 1979.59 Of these, 4% were
entered in the CASS registry, and less than 0.2%
were randomly assigned to surgery or control.

What is striking in retrospect is the extent of
variability between RCTs in how exclusions of this
kind are handled. Some involve specific criteria,
which vary for no apparent reason between studies.
Others rely on blanket exclusions often based on
age (elderly, and so at risk of complications; female
and of child-bearing age, and so potentially
pregnant during the period of study, etc.). While
these serve a variety of other purposes too, they
may severely limit the generalisability of the study.
Other studies again exclude fewer subjects at the
recruitment stage, but ‘lose’ more of them later
on in the process of the study, for reasons that are
seldom adequately reported.

It will be clear from these results that a) a relatively
small proportion of apparently relevant patients are
included in RCTs, and b) that ‘technical’ eligibility
criteria often provide a more effective barrier to
recruitment than practitioner or patient preferences. For many common exclusion criteria, both
medical/ethical and scientific/administrative
factors are involved; for example, people with
serious co-morbidities may be excluded both
because the expected balance of benefit and risk
may be adverse, and also because they add to the
heterogeneity of likely treatment effect.
In the sections that follow, the main medical and
scientific reasons for exclusions will be discussed
with illustrative examples. This is followed by a
review of some common ‘blanket’ categories of
exclusion, based on age, sex and ethnicity.

Medical reasons for exclusion
High risk of adverse effects
There may be some groups of patients for whom the
risk of treatment complications – not just the loss of
potential benefit from the experimental treatment,
but actual harm – are unusually high, and can be
expected to outweigh the anticipated benefits.
People at anaesthetic risk may be excluded from
recruitment to RCTs involving surgery. Pregnant
women are often excluded, for fear of harm to the
foetus (e.g. BARI for CABG versus PTCA; TRENT
for calcium antagonists). People who have had
recent surgery are commonly excluded from RCTs
of anticoagulation for fear of post-surgical bleeding.
One specific example of this is provided by
chemotherapy RCTs, in which organ function
may be at particular risk of toxicity from the drugs.
Begg and Engstrom examined the eligibility criteria
of all nine Phase III studies of adjuvant breast
cancer in the USA in August 1985.60 All required

Benefit already established
If previous studies have provided good evidence
that certain groups of patients can expect to benefit
from the intervention in question, they should be
excluded from a new RCT on ethical grounds. This
is relatively unusual as a subject for review, but some
relevant data are provided in the meta-analysis of
antihypertensive drugs by Collins and co-workers.61
Fourteen of the 16 trials had maximum levels of
blood pressure as one of their entry criteria. These
ranged from 104 mmHg to 130 mmHg, and not all
of this variation was attributable to a downward
secular trend as results of early RCTs of more
severe patients became available.

Benefit known or believed to be very
small or unlikely
The RCT should involve a definition of the
conditions that the treatment is designed to
remedy. These are often described as the inclusion
criteria. One difficulty is that many conditions
(e.g. hypertension, diabetes, impaired liver function) are indicated by an out-of-normal-range value
for some physiological parameter. The issue of
treatment threshold then becomes important. For
example, how high does blood pressure have to be
before there is a possibility that the treatment will
provide worthwhile benefits?
Again, RCTs vary in their criteria. In the metaanalysis of antihypertensive drugs by Collins and
co-workers61 the minimum levels of blood pressure
required for eligibility varied from 85 mmHg (published in 1978) to 115 mmHg (published in 1970).
Again, this was not just the result of clinical
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knowledge improving over time. RCTs published
in 1985 and 1986 had minimum values of 9062 and
105.63 In different RCTs of calcium antagonists, the
specified time since onset of chest pain was less
than 6 hours, less than 24 hours, and unspecified.

Reduced levels of expected benefit
Some economists have argued that assessments of
the benefits from health care should be measured
in terms of effect on quality-adjusted life years. The
argument is that someone with low life expectancy
will derive little benefit from a given treatment, and
particularly in cases where the treatment involves
risk or adverse effect on quality of life in the short
term, the balance of advantage will be altered if
any benefits in the longer term are expected to be
truncated. This could be one of the reasons why,
in the review of breast cancer RCTs by Begg and
Engstrom,60 two of the nine RCTs excluded patients
with a subsequent life expectancy of ‘< 10 years
ignoring cancer’. Exclusions for concomitant heart
disease varied from none to exclusion for severe
angina or significant arrhythmias. Patients with
cancer are commonly excluded from coronary
prevention RCTs.
Some co-morbidities, while not increasing the
risk of treatment complications or early mortality,
can mask potential functional benefits. Again,
such patients may be excluded from RCTs because
at the margin the functional benefits of treatment
are unlikely to outweigh the risks. For example,
patients with extreme shortness of breath may
derive benefits from hip replacement in terms
of pain relief, but not of improved mobility.
Impaired mental function may also affect the
potential for functional benefit. This is a
controversial area from the technical as well as
the ethical point of view, and exclusion of people
with limited life expectancy or co-morbidity
tends to be justified on scientific rather than
medical/ethical grounds.

Scientific reasons for exclusion
To increase the precision of the study
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Apart from sample size, two factors can affect the
precision or power of a study. Where the outcome
for each patient can be measured on a scale such
as change in blood pressure or symptom severity,
heterogeneity of subjects is important. The less
heterogeneous the patients in terms of treatment
effect, the more precise the estimate of average
effect can be for a given sample size, or perhaps
more to the point, the smaller the sample necessary
to detect an average effect of given size. Thus,

one strategy is to draw the eligibility criteria very
narrowly, in the expectation that this will result
in a homogeneous set of subjects.
Where the outcome is measured in terms of
proportions of subjects experiencing an adverse
event, such as a MI or death, the baseline event
rate is important. If baseline mortality is low,
samples need to be large. Thus, their higher
incidence of heart disease has provided the
scientific justification for studying men rather
than women.
The obvious disadvantage of the restrictive
strategy is that it provides no direct data on the
types of patient excluded, and risks either inappropriate inference by clinicians to wider groups in the
absence of anything else to go on, or subsequent
discrimination in treatment against the excluded
groups. The other strategy is to draw the criteria
wide. This will give an estimate of average effect
that is more relevant to the whole reference
population of patients, but in the presence of
heterogeneity it will give less precise estimates
of average effect, and may be materially misleading for some types of patient included in
the study.
Researchers have tended towards the first of these
strategies. One plausible reason is that it is less risky
from a scientific point of view. At the study design
stage, researchers generally know very little about
how the treatment effect varies between patients
and patient groups, that is, about heterogeneity.
Restricting entry may ensure enough homogeneity
to produce a ‘significant’ result, and this is better
than running the risk of a non-significant result if
the wider group turns out to be heterogeneous. Of
course this requires good predictors of treatment
effect; Yusuf and co-workers argue that these are
seldom available and that, in practice, very little
reduction in heterogeneity is achieved.64
However, others have argued that it is quite
reasonable to generalise the results from such
studies, particularly where the intervention is a
purely biological process,65 on the basis that there
is some sort of class effect, and no reason to believe
that the impact will vary.66 There is an inconsistency
here. If the treatment effect is the same for different patient groups, there is no point in limiting the
study to, for example, white males. If the treatment
effect is not the same, then one cannot generalise
from the study patients to women and other ethnic
groups. The underlying assumptions seem to be
heterogeneity for the purposes of design, and
homogeneity for the purposes of inference.
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Begg and Engstrom speculate on the reasons for
this phenomenon.60 In the classical laboratory
experiment, the effect of the variable of interest is
isolated by controlling the values of other relevant
variables. In the RCT this is unnecessary; confounding is controlled by randomising large enough
numbers of patients. Nonetheless there may be a
residual feeling that an RCT is a form of laboratory
experiment, and so is best served by the use of
homogeneous experimental units.
Yusuf and co-workers have argued strongly for the
second strategy – for keeping entry criteria simple
and wide.64 This increases the speed of recruitment,
leading to larger sample sizes for given cost,
provides more rapid and more widely applicable
results, and provides better opportunities for
examining sub-groups.

To avoid bias
A great deal of attention has been given to the
internal validity of RCTs. One of the common
threats to validity is the introduction of bias
through non-random losses of subjects at different
stages of the study. A variety of strategies have been
evolved to avoid such bias; analysis on the basis of
intention-to-treat is one. However, many of the
problems can be avoided by minimising losses
at every stage after randomisation.
The key to this is that identification of eligible
subjects is regarded as the starting point of this
process. If subjects who are likely to drop out at
different stages of the study can be excluded from
randomisation, internal validity will be improved,
but this has to be weighed against potential loss
of generalisability.
Once a subject has been identified as eligible,
the first hurdle is to obtain their consent. This
raises the issue of the patient’s competence to
give it, and administrative costs in obtaining it
in complicated cases. Potential problems in this
area are commonly given as reasons for excluding
children, the mentally ill or confused, and people
with drug or alcohol problems. Lumley and Bastian
point out that children in foster care cannot take
part in RCTs, and yet one third of HIV-positive
children in New York are in foster care.66
A second consideration is compliance with
treatment. Some studies have excluded patients
judged to have been insufficiently compliant
during a run-in period (for example, the
Physician’s Health Study),66 unable to follow
instructions, and potentially disruptive in the
clinic.65 A trial of the effect of sodium and

potassium on blood pressure in children also
excluded candidates on the basis of inadequate
compliance during a pre-randomisation run-in.67
Of the 19,452 initially screened, 3223 were eligible
according to the blood pressure criteria. Of these,
8.5% were ruled out on the basis of criteria
including ‘family with father as the primary single
parent’, and ‘family with more than four children’,
but a further 85% were excluded because of failures of compliance during four pre-randomisation
clinics, leaving only 243 to be randomised. Of
course as Haynes and Dantes point out, exclusion
of the non-compliant is appropriate in an efficacy
RCT68 (does the treatment do more harm than
good in those who take it?), but not in an effectiveness trial (does the treatment do more harm than
good to those to whom it is offered?).
The third main consideration is measurement of
outcome, and avoidance of losses to follow-up. This
has led to exclusion of:
• patients who live a long way from the treatment
centre, are of no fixed abode, or are likely to
be mobile65
• women of childbearing years, not on the
grounds of therapeutic risk, but because they
will ‘not have time’65,69
• elderly patients, whose long-term outcomes
may be ‘censored’ by competing events or
endpoints not related to the study intervention.
In the Begg and Engstrom60 study of breast
cancer RCTs, most had exclusions for concomitant heart disease, but these varied, encompassing, for example, severe angina and
significant arrhythmias
• confused or mentally ill patients in RCTs
involving subjective outcomes, and patients with
impaired hearing in RCTs involving interviews
• patients who have an inadequate command of
the language, in studies involving interviews
or self-completed questionnaires.
In an editorial, Chalmers70 mounted a strong attack
on the practice of excluding patients in order to
simplify interpretation of the results.

Common blanket exclusions
The elderly
It is common for the elderly to be specifically
excluded from RCTs. As we have seen, this can
be for a mixture of medical and scientific reasons.
They may be more at risk of complications, or of
an adverse balance between short-term risk and
long-term benefit. They may be more at risk of
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significant co-morbidity, which may mask or censor
outcomes measurement. Thus, rather than evaluate
each patient screened on their merits, which may
be costly and unreliable, a blanket exclusion
criterion is used, even though the use of age alone
as a predictor of risk or benefit in this way is an
extremely blunt instrument.
This seems to have been particularly widespread
in cardiovascular RCTs. In the overview by Muller
and Topol54 of eight RCTs of intravenous thrombolysis, 31% overall were eliminated because they presented too late (typically more than 6 hours) after
onset of symptoms, 13% because of specific contraindications such as a history of stroke or transient
ischaemic attacks, and 14% because they were too
old, and the author commented that most of the
larger thromboembolytic trials have excluded
patients aged over 75 years. Gurwitz and coworkers71 reviewed 214 RCTs of specific pharmacotherapies for treatment of acute myocardial
infarction (AMI) published between 1960 and
1991. Over 61% of the RCTs formally excluded
people aged more than 75 years. This was particularly so of RCTs involving thrombolytic therapy and
of invasive procedures. The fact that the mean ages
of subjects in studies with and without formal agebased exclusions were similar suggests that tacit
exclusion of older patients was going on even
where this was not formalised. In the first decade
studied, less than 19% of the RCTs involved agebased exclusions, but during the 1980s this figure
had risen to 73%. In a review by Kannry and coworkers72 48% of RCTs of prevention of AMI
excluded patients aged over 70 years, and 49%
of 67 hypertension RCTs had an upper age limit.
Gurwitz and co-workers71 challenged the justification for exclusion on grounds of age, pointing
out that the average life expectancy of a 75-year-old
was 11 years, and for an 85-year-old 6 years. They
also argued that the concern about dilution of
treatment benefits due to co-morbidity was more
relevant to lengthy prevention studies than to care
for AMI. In contrast, recent RCTs of treatment of
high blood pressure have focused specifically on
the elderly.73,74
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Explicit exclusion from trials on the basis of age
does not seem to be as widespread in cancer trials.
In the review by Begg and Engstrom,60 one RCT
excluded patients under 16 years, another those
over 70 years, and the remaining studies had no
age restrictions. One study required patients to
be ambulatory. In the Lee and Breaux55 study of
patients at one oncology centre, of the 137 patients
who were ineligible for RCTs, 21 were ruled out

on grounds of age, compared with 30 who were
ruled out on the grounds of co-morbid or preexisting conditions. In an earlier paper, Lee and
co-workers75 had argued that exclusion on grounds
of age was unnecessary in lung cancer RCTs.
Non-steroidal anti-inflammatory drugs (NSAIDs),
used by older people for treatment of arthritic
pain, represented about 5% of all dispensed
prescriptions in the USA in 1982. In a review of
recruitment of older people to arthritis RCTs,
Rochon and co-workers found that in 83 RCTs of
NSAIDs, 19 specified both upper and lower age
limits, 18 specified lower limits only, and none
specified an upper age limit only; 46 specified
neither.76 However, only about 10% of the 9664
people were reported as being aged 50 years or
more, about 2% as aged 65 years or more, and
about 0.1% as aged 75 years or more. The authors
felt able to comment that the proportion of the
population who are treated the most in practice
are generally omitted from trials of the same drugs.

Women
Gurwitz and co-workers pointed out that the
traditional explanations for excluding women from
clinical studies have included risk of teratogenicity,
hormonal fluctuations, the protective cardiovascular effects of oestrogens, and reduced statistical
power due to the less frequent occurrence of
measured outcomes.71 They also showed that in
RCTs of treatment for AMI, an indirect effect of
excluding elderly patients was to exclude a high
proportion of women. In trials without age
exclusions, 23% of the subjects were women as
compared with 18% of the subjects in trials which
had such exclusions. About 5% of the studies
completely excluded women, and an additional 8%
excluded women of childbearing potential. And yet
in the USA, women surpass men in the number of
annual deaths due to cardiovascular disease.77
McDermott and co-workers78 reviewed 444 articles
from The Lancet, The New England Journal of Medicine
and JAMA during 1971, 1981 and 1991. In 1971,
women were specifically excluded in 11% of the
studies, in 1981 from 5% and in 1991 from 2%,
but the subjects were all male in 13%, 9% and 7%,
respectively. The percentages with a study question
specific to men’s health were 2%, 2% and 0.7%,
respectively. Similar findings were reported
by Bennett.79
Caschetta and co-workers80 claim that the exclusion
of pregnant women from RCTs is often unsatisfactory on scientific grounds, and Lumley and
Bastian66 argue that this is more to do with
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limiting medico-legal liability than science. This
point was also taken up Patterson and Emanuel69
in their analysis of the problems of extending
exclusion of pregnant women to excluding all
women of childbearing age, whether or not they
are ‘at risk’ of becoming pregnant. Moreno, in the
discussion that followed this paper, points to the
shadow of thalidomide, but argues that the policy
of excluding women of reproductive potential is
clearly disappearing.

Ethnic minorities
Svensson81 found that only 20% of the 50 noncancer studies in US populations published in
Clinical Pharmacology and Therapeutics in 1984–86
published data on ethnicity or race. He was able
to obtain the necessary information on another
25 studies from the investigators, and for the
35 studies found that 57% included black subjects,
black people making up between 3% and 100%
of the study groups. In several studies there were
marked differences between the proportions of
black people in the study population and that in
the city where the study was conducted, with black
people tending to be under-represented in the
RCTs, but there were notable exceptions to this.
On balance the evidence was against the hypothesis
that American Blacks were over-represented in
clinical RCTs due to the inner-city location of most
university hospitals. Similar findings were reported
by Moore and co-workers concerning interventions
to treat HIV.82

Generalising from eligible to
ineligible patients
How safe is it to generalise from men to women,
from the middle-aged to the elderly, and more
generally from those included in RCTs to those
excluded? A number of researchers have discussed
this from a theoretical point of view. Cowan and
Wittes argue that the closer an intervention is to
a purely biological process, the more confident we
feel in extrapolating beyond the types of patients
studied.65 The implication seems to be that the
main threat to extrapolation is between-group
variations in compliance, and it seems to be a
common starting point among researchers to
take no variation in biological response between
sub-groups as a kind of null hypothesis, to stand
unless there is good evidence to the contrary.
Yusuf and co-workersl argue that the probability is
low of reliably finding an unanticipated qualitative
interaction (that is, differences in the direction of
effect) in an RCT that has already excluded those

in whom the treatment is clearly indicated or
contraindicated.64 However, there are plenty
of examples of the scale of the effect varying
between sub-groups.
• Several studies have suggested that older people
experience more toxic effects from NSAIDs,
and drug-induced gastrointestinal events are
more common, and more likely to be fatal,
in older people.
• The menstrual cycle can vary antidepressant
effects; low-density lipoprotein has been
suggested as a risk factor for heart disease
in women, but much less so for men.
• Black hypertensive patients do not respond
to beta-blockers and angiotensin-converting
enzyme (ACE) inhibitors as well as
white patients.

Outcome for trial and non-trial
subjects
Horwitz and co-workers compared patients in
the BHAT trial with those in two other cohorts.32
They started by constructing a database of 2497
patients who had had an AMI and were admitted
to the Yale-New Haven Hospital in 1979–82, with
data from hospital records and postal questionnaires. The National Death Index was the primary
source for data on mortality. From this database
they constructed two cohorts. Both excluded
patients aged less than 30 years or more than
74 years (444), and patients who did not meet
the trial’s criteria for MI (528) or had missing
records (342). This is shown in Table 5. After
eliminating 124 who had died before hospital
discharge, the ‘expanded’ cohort consisted of
1059 patients. Then the trial’s exclusion criteria
were applied (contra-indications to beta-blockade,
beta-blockade strongly indicated, and ‘any condition likely to hinder or confuse follow-up or
endpoint evaluation, such as malignant neoplasm
or drug addiction’) to produce a ‘restricted’
cohort of 622 patients. In terms of baseline,
patients in the RCT were slightly younger than
those who were ineligible, and the RCT included
a higher proportion of men. In both the cohorts
of ineligible patients, the majority were treated
with beta-blockers, and those treated tended to be
younger and to have had more severe infarcts than
those untreated. In terms of outcome, patients in
the restricted cohort had had more severe infarcts
than patients in the expanded cohort. The 24month mortality rates in the treated and untreated
groups were similar for the restricted cohort and
the trial patients, particularly after adjustment for
age and severity of infarct. But in the expanded
cohort, mortality rates in both ‘arms’ and per cent
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TABLE 5 Consequences of varying eligibility of subjects in beta-blocker trials
BHAT

Baseline
No.
Mean age
Males (%)
Mild (%)
Outcome
Crude
2-year mortality
Reduction (%)

Restricted database

Expanded database

Betablockers

No
beta-blockers

Betablockers

No
beta-blockers

Betablockers

No
beta-blockers

1916
55
84
58

1921
55
85
61

417
57
75
72

205
60
73
68

626
58
74
64

433
60
68
51

7.3
21

9.2

7.2
33

10.7

9.3
43

16.4

9.2

7.6
22

9.7

10.2
29

14.4

Adjusted for age and severity
2-year mortality (%)
7.3
Reduction (%)
21
Source: Horwitz et al, 199032

reduction were greater than for the RCT. The
authors concluded that observational studies
of trial-eligible patients could produce results
very similar to those from RCTs. Generalisation
to excluded patients appeared to be more
hazardous, at least in terms of effect size.
The study by Horwitz and co-workers was the
only study found in which the relative effectiveness
of two treatments was compared for the trial and
non-trial cohorts. Other studies have compared
outcomes for out-of-trial patients with in-trial
patients in the conventional treatment arm, or
with all trial patients for trials with no significant
treatment effect, shifting the focus to whether
baseline prognosis was similar for trial and
non-trial subjects.

26

The Diabetes Control and Complications Trial
(DCCT) Group83 compared outcomes for the
200 patients in the conventional treatment
group of their RCT of intensive treatment with
111 ‘trial-eligible’ patients from a primary care
database. (Only 12.5% of the database patients
would have met the eligibility criteria; the main
reasons for exclusion would have been duration
of diabetes [38%], retinopathy status [55%],
proteinuria [18%], age < 13 years or > 39 years,
[25%] and hypertension [23%].) Trial patients
tended to be older and have been older at onset
of diabetes than database patients. Blood pressures
and body mass indices were similar. At baseline
they had lower HbA, and were more likely to be
receiving hospital-based care, and two injections
and blood glucose monitoring sessions a day
rather than one. HbA values for the ‘conventional

treatment’ group in the RCT and the ineligible
group converged over the period of the RCT,
possibly as a result of the spread of new methods
of diabetic care from hospital to general practice.
Trial patients had lower rates of progression of
retinopathy than corresponding database patients
(24% vs. 40%), and the development of gross
proteinuria was less common.
Ward and co-workers describe a trial in which it
was found that adjuvant chemotherapy for patients
aged between 15 years and 74 years with operable
stomach cancer had no significant effect.84 They
compared the 249 trial patients with 960 non-trial
cases identified through a cancer registry, of whom
493 would have passed the trial eligibility criteria.
Of the ineligible non-trial cases, 93 would have failed the stage criterion, and 212 the fitness criterion.
As for Horwitz and co-workers, the RCT subjects
were significantly younger than the eligible nonRCT group.32 (The upper age limit had excluded
31% of all new cases from the RCT.) In terms of
outcome, median survival in the non-RCT group was
9 months. With the ineligible patients excluded, this
extended to 11 months compared with 13 months in
the RCT group. This was not a significant difference,
and the survival curves for the eligible non-trial and
the trial patients were very similar.
The trial by Marubini and co-workers compared
two approaches to breast cancer surgery and again
found no significant difference in outcome.85
They then compared the 352 trial patients with
1408 non-trial patients in a clinical database who
had had conservative surgery after completion of
the trial. Non-trial patients tended to have worse
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outcomes, but they also had poorer diagnostic
indicators such as larger tumours and more axillary
node involvement. In this study there was no
attempt to compare trial patients with ‘eligible’
database patients, but adjustment for covariate
effects in a Cox model gave hazard ratios for the
two original groups close to 1 for mortality, distant
metastasis and contralateral breast cancer. Intrabreast tumour recurrence remained much more
common in the non-trial group however.
Kober and co-workers described results relating
to ACE-inhibitors after AMI.86 The index condition
for their trial was left-ventricular systolic dysfunction with wall-motion index ≤ 1.2. They compared
the 1739 trial subjects with those screened for the
trial (7001 consecutive enzyme-confirmed AMIs),
and also the 859 who were screened, found to have
the index condition, but not randomised. The
main reasons for non-randomisation among those
with the index condition were ACE inhibitor
mandatory (18%), cardiogenic shock (12%),
alcohol abuse, drug abuse or dementia (17%), and
refusal of consent (25%). At baseline the trial
subjects were younger than the non-randomised,
more likely to be male, more likely to have had
thrombolysis and less likely to have congestive
heart failure. One-year mortality was 24% for the
randomised subjects, 54% for the non-randomised
with the index condition, and 23% for the larger
group screened after AMI. For the 218 eligible
patients who refused consent, 1-year mortality
was 32%, so the difference was more to do with
eligibility than consent. This study is difficult
to interpret because again there was no separate
analysis by treatment group, but the authors con-

sidered that the difference in mortality between
the in-trial and out-of-trial mortality rates cannot
be explained by a beneficial effect of the ACE
inhibitor in half of the randomised patients, and
that the results cannot readily be extrapolated
beyond those randomised.
The Toronto Leukaemia Study Group87 studied
272 consecutive patients with acute myeloblastic
leukaemia admitted to 14 general hospitals in
Toronto. Overall the remission rate was 44%,
but excluding patients who were untreated (43),
partially treated (31), aged over 70 years (58), preleukaemic (11) and who had had chemotherapy
for a previous malignancy (7) brought the remission rate up to 85%. The first 130 patients received
a different treatment regimen to the second
142 patients. Without exclusions, the remission
rates for the two groups were 35% and 52%,
respectively; with exclusions they were 78% and
91%, respectively. The age criterion seemed to
have had the greatest impact on remission rate.

Excluded groups may be denied
effective treatment
In 1990, age under 75 years and presentation within
6 hours of onset were common criteria for thrombolysis after AMI, reflecting the exclusion of older and
later presentation patients from most of the relevant
RCTs. Some indication of the resulting loss of
potential benefit is given by Table 6, derived from
Yusuf and co-workers,64 but this does not tell the
whole story. As Muller and Topol54 emphasised,
the number of lives saved per patient treated is
far greater in the elderly (8/100 treated) than for
‘protocol’ patients (3.5/100) or late presenters

TABLE 6 Entry characteristics and outcome: thrombolysis for MI
Category of patient

Approximate %
of MI patients

Approximate size
of mortality reduction (%)

Recent large RCTs
including such patients

ST elevation < 6 hours; age < 75 years

20–30

30–40

ISIS-2, GISSI, ASSET, AIMS

Other electrocardiography abnormalities
at entry

10–15

10–20

ISIS-2, GISSI, ASSET

Over 75 years

10–5

20–5

ISIS-2, a few in GISSI

Onset between 6 and 12 hours

20–30

15–20

ISIS-2, a few in GISSI

Onset between 12 and 24 hours

15–20

15–20

ISIS-2

Source: derived from Yusuf et al, 199064
ISIS = International Study of Infarct Survival
GISSI = Italian study groups for treatment of myocardial infarction
ASSET = Anglo-Scandinavian Study of Early Thrombolysis
AIMS = APSAC Intervention Mortality Study
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(1.5/100) because of differences in baseline risk.
The ISIS-2 study, with no upper age limit, suggested
a reduction of mortality from 37% to 20% for
patients aged 80 years or more, compared with from
6% to 4% in patients aged less than 60 years. And
yet of 3256 patients in hospital with MI in the Seattle
area in 1988–89, 29% of those aged less than
75 years had intravenous thrombolysis compared
with 5% of those aged 75 years or more.88

evidence is limited to the two groups of medically
eligible surgical patients – those operated on within
the randomisation and those operated on outside
it – represented the same distribution of disease
and of risk. This observation is especially compelling because the number of medically eligible
patients operated on in the RCT was so large in
relation to the randomised surgical group”.

As Yusuf and co-workers64 pointed out, in early
beta-blocker RCTs, patients with heart failure were
excluded because it was generally thought that
treatment would be dangerous. In the few RCTs
that included such patients the reduction of mortality was similar in those with and without heart
failure.89 The elderly also suffer from relative
under-treatment with beta blockers.90 Maynard and
co-workers reported underutilisation of thrombolytic therapy in eligible women with AMI.91

Discussion

The results of the quality-adjusted meta-analysis
of treatment for hypertension by Holme and coworkers92 suggested greater efficacy (as measured
by the odds ratio for mortality) in the older
patients, though this was not statistically significant. However, the SHEP trial,71 which included
only 1% of the patients screened, was very
influential in this result.

RCTs based on highly selected groups
can be ignored
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One further problem with research results based
on restricted groups of patients is they can be
dismissed if they run counter to ‘expert’ views.
An illustration of this is provided by a series of
papers in The New England Journal of Medicine
in 1987, following publication of the results of an
RCT of extracranial–intracranial bypass surgery to
reduce the risk of stroke, involving 71 centres.59,93,94
The principal finding was that the procedure conferred no benefit overall, and may have been harmful for some sub-groups. The investigators went as
far as suggesting that the procedure was never
indicated and that third-party payers should not
reimburse for it. However, the procedure’s advocates protested that these conclusions were invalid
because the numbers randomised (1377) were
small compared with the numbers at the participating centres who had received surgery outside
the trial. A committee was set up to investigate
the matter, and after reporting data from the
RCT organisers that 1439 of the patients screened
had been ineligible, (with no informed consent
for a further 475 and a doctor’s decision against
randomisation for 95) concluded that the investigators’ conclusions were “too sweeping because the

It is obviously important that the exclusion
criteria are explicit and satisfied, and an agreed
part of the study design. Without this there can
be no assurance that recruitment is subject to a
consistent ethical code, and no firm basis for
signalling exactly what kinds of patient the
results can be directly applied to.
However, it seems that historically at least, the
exclusion criteria have been drawn wider than they
need have been, and that large proportions of
patients with the ‘index’ condition have been
excluded from RCTs. This has had three kinds
of possible disadvantage:
• false-positives – inappropriate extrapolation of
positive findings to patient groups excluded
from RCTs
• false-negatives – denial of effective treatment to
patient groups excluded from RCTs because of a
reluctance to extrapolate from limited RCTs, or
treatment protocols based strictly on the
available evidence
• it has taken longer, and been more costly, to
accumulate the sample sizes necessary to
establish effectiveness.
It also seems that in many cases the justification for
some of the exclusion criteria was weak, or at least
over-cautious, and occasionally ethically and/or
scientifically suspect.
The medical justifications relate to ensuring that
there is genuine doubt about the effectiveness
of treatment for the subjects of the RCT, and
avoiding putting patients at undue risk. Judgement
is involved here. How strong does the evidence for
efficacy have to be before patients are excluded
because the experimental treatment cannot be
withheld? And how severe must the risk of adverse
effects be? The large numbers of replicated RCTs
that have made meta-analysis both possible and
useful suggest that the answers are generally
unclear, and the natural tendency, particularly
in a litigious environment, is to err on the side
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of caution, and use blanket or wide-ranging
exclusion criteria, wider perhaps than in normal
clinical practice. There is a risk that certain groups,
such as the elderly and expectant mothers, may be
treated on the basis of results from RCTs from
which they were excluded.
The scientific reasons are to do with improving
the precision of the study and avoiding bias. Yusuf
and co-workers argue that in human subjects the
heterogeneity in response to treatment is so great
that any attempt to improve homogeneity by focusing on a particular stratum will have a very limited
effect. To some extent the appropriateness of
exclusions designed to exclude the non-compliant
depends on whether the RCT is designed as an
explanatory or ‘efficacy’ study, or a pragmatic one
aimed at effectiveness. The evidence in this chapter
suggests that, at present, many RCTs fall into the
former category though those interpreting and
applying their results treat them as if they are the
latter. In the context of the model developed
earlier, it is clear that many RCTs are quite unrepresentative of the population to which their results
will be applied, with e accounting for up to 98%
of the reference population in some cases. The
central question is whether results from such
highly selected groups can be generalised. This
will be discussed in chapter 12.

Summary
• The percentage of potentially eligible subjects
included in RCTs varies greatly, from 1% to
almost 100%.

• The reasons cited for exclusion may be medical
or scientific. Medical reasons include:
– high risk of adverse effects
– benefit already established
– benefit known or believed to be very small
or unlikely
– benefits believed to be less than for others
deemed eligible.
Scientific exclusions include:
– increased precision by inclusion of only those
subjects with high probability of specified
outcomes
– reduction of subsequent drop-out, which may
introduce bias if greater in one arm than the
other.
• In addition, there are common blanket
exclusions, including the elderly, women and
ethnic minorities; these are often unjustified.
• Patients with a given condition in databases tend
to have poorer prognoses that those included in
trials. Prognosis for ‘eligible’ cases in databases
will be more similar to trial subjects that for
ineligibles.
• Adjustment for prognostic indicators can reduce
differences between database and trial patients.
• High levels of exclusions can lead to:
– unjustified extrapolation of results to
other populations
– denial of effective treatment to those who
might benefit
– delay in obtaining definitive results because
of inadequate sample size.
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Chapter 5
Participation
Introduction
Even if most potential subjects meet the eligibility
criteria, the generalisability of research results still
depends both on the extent to which the clinicians
and treatment centres that participate are representative of those providing services, and the
degree to which the patients who agree to participate are representative of all those in need of
treatment. Participation bias may, therefore, arise
in two ways.
First, the providers who agree to take part may
be atypical (d in Figure 1): if they are interested in
research they are more likely to work in teaching
or specialist centres, which traditionally are better
resourced than non-specialist facilities; they may
have a special interest, experience and skill in
treating such patients; and being based in a
specialist centre, their case mix may differ from
non-specialist centres. Second, patients who
participate may differ from those who do not.
Non-participation by eligible patients may arise
from clinicians not inviting them to participate
(practitioner preference or oversight, i in Figure 1)
and from patients refusing to participate when
invited (either because the patient prefers one
particular intervention or because he or she
does not wish to take part in any research study,
p in Figure 1).
Although non-randomised studies may, and often
do, fail both to involve a wide range of providers
and to recruit all eligible patients, by virtue of the
additional administrative and organisational workload involved, this problem is likely to be a greater
threat to the conduct of randomised studies. We
have therefore concentrated on reviewing the
evidence derived from RCTs, though many of the
issues will apply to any form of evaluative research.
The objectives of this chapter are:
• to assess the representativeness of providers of
care (centres and clinicians) participating in
randomised studies and to see how they differ
from non-participating providers
• to determine the extent of any bias arising from
participating providers being unrepresentative
• to assess the representativeness of patients

participating in randomised studies and to see
how they differ from non-participants, and
• to determine the extent of any bias arising from
participating patients being unrepresentative.

The impact of selective participation
by centres and clinicians
The initial search of the literature revealed no
examples of studies that provide any direct evidence
related to this issue. However, the study by Stukenborg cited in chapter 3 provided indirect evidence
that centres participating in RCTs of carotid
endarterectomy have lower perioperative mortality
rates than those that do not.47 In a similar study,
Wennberg and co-workers examined Medicare data
on perioperative mortality in the hospitals participating in two large studies of carotid endarterectomy, and found that treatment in a participating
hospital was associated with a reduction of 15%
in mortality compared with high volume nonparticipating hospitals, increasing to a reduction
of 25% compared with average volume hospitals
and 43% compared with low volume hospitals.95

The impact of selective participation
by patients
The possible impact that selective patient
participation might have on research findings
has been recognised for several decades. Research
in the 1970s examined the characteristics of volunteers for behavioural research and concluded
that volunteers tended to be better educated,
of higher socio-economic status, of higher intelligence, in greater need of social approval and be
more sociable.96
The first review of clinical research considered
41 NIH RCTs.53 Only 14 RCTs had documented
the differences between patient participants and
non-participants. The authors of those reports
claimed their participants were similar sociodemographically to non-participants. However,
in eight of the RCTs the participants were more
severely ill than the non-participants. It also suggested that most non-participation was due to
clinicians’ refusal to invite certain patients rather
than refusal by the patients themselves.
Reviewing a wide range of RCTs, Hunninghake
and co-workers suggested that the nature of any
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participation bias depended on the type of intervention being studied.51 Similar to the findings
from behavioural research, participants in RCTs
of prevention strategies were more likely to be
of higher socio-economic status, better educated,
married and employed than non-participants.
In contrast, this was not true for treatment RCTs
(for which there was very limited information).
They concluded that it is important to understand
and address the differences in the rate at which
socio-demographic sub-groups are willing to participate in clinical trials, and that more research is
required to better assess which sub-groups are
under-represented and why.
Evidence of under-representation of particular
minority groups soon appeared. Reviewing 50 drug
trials, Svensson obtained data on the racial mix
of patients in 35 of them.81 The proportion of
black patients was less than their proportion in
the population. He then focused on trials of antihypertensive medications for which a differential
physiological response between black and white
patients had been well documented. Of 15 trials,
only seven reported the racial mix of participants
and only one attempted to compare responses
between the black patients and the white patients.
Observations from neonatology provided
additional evidence.97 Walterspiel noted that in
Texas, it seemed easier to obtain consent from
black mothers than from Hispanic ones. In a
comparison of neonates recruited to a trial he
conducted, he found those recruited with consent
were healthier than those recruited when consent
was not required. He attributed this to his reluctance to invite the parents of very sick neonates
because of the difficulty such encounters entailed.
Meanwhile, awareness of the rather low participation rates being achieved in many randomised
trials was growing. In the 1980s, only 2% of eligible
patients with breast cancer in the USA were
entering trials.98 Taylor and co-workers showed that
this was largely due to clinicians’ reluctance to raise
issues of uncertainty with patients newly diagnosed
with malignant disease.99 The suggestion that
clinicians rather than patients were the principal
reason for non-participation in cancer trials was
confirmed by Gotay.100 Contrary to earlier reports,
however, she found participants tended to be
younger, in better health and of higher socioeconomic status than non-participants.
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Despite these reports, the call for improved
documentation of recruitment to trials that Hunninghake had called for in 1987 had not resulted
in widespread change. A Lancet editorial in 1992

commented that the reasons why some subjects
refuse to participate in research has not been
studied much by empirical researchers.101 Despite
this, some commentators were convinced of the
existence of participation bias: “Whether it is
demographic characteristics, behaviour, personality
factors or health status, when an investigator
looks for differences between research participants
and non-participants, differences are generally,
although not always, found”.96 And of its likely
effect: “Differences between the individuals who
participate in a trial and those who refuse can have
ethical implications, as well as potential impact on
the generalisability of the trial’s conclusions”.66

Methods
The strategy used to search electronic databases has
been described in chapter 2. Papers were only considered if they gave details of baseline characteristics of participants in randomised trials, together
with details of those who did not participate. This
led to the identification of 20 relevant papers.
The details of participants’ and non-participants’
characteristics were extracted from the papers and
tabulated. Where the authors had tested for statistical significance this was also included, with the
test name if reported. If no such test had been
performed and adequate information was available
in the paper, an appropriate single statistical test
was performed for this review. Multivariate analyses
were not conducted.

Providers (centres and clinicians):
representativeness of participants
The randomised and non-randomised trials
included in two systematic reviews of elective
surgical procedures were used to assess the
representativeness of the centres and clinicians
who take part in research.102,103
The review of laparoscopic cholecystectomy
included 15 randomised and 21 non-randomised
studies. Only two of the RCTs were multicentre
(both included five centres), the other 13 being
based in one centre. All 15 trials were carried out
in university hospitals. In contrast, six of the nonrandomised trials were multicentre: five were
restricted to only two hospitals, and one included
19. Only eight of the 21 non-randomised studies
were conducted in university hospitals.
The review of stress incontinence surgery included
11 randomised and 20 non-randomised studies. All
of the RCTs were single-centre studies and all but
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one were carried out in a university hospital. Only
three of the non-randomised trials were definitely
multicentre (it was unclear in another three studies)
and they were restricted to only two hospitals. All but
one were carried out in university hospitals.

Patients: participants versus
non-participants
In view of the observations made by Hunninghake
and co-workers,51 studies were reviewed in two
categories – treatment trials and prevention trials.
Although many of the papers included the authors’
assessment and interpretation of any participation
bias, we based our conclusions on our own
assessment of the data.

Treatment trials
The search revealed 16 randomised trials that
reported entry characteristics of both participants
and non-participants. They come from across the
whole range of health care: cancer (five), coronary
artery surgery (two), AMI (three), childhood
asthma (two), tonsillectomy, low birthweight
infants, mental illness, and nutrition (one each).
Details of each trial are shown in appendix
5.30,33,35,104–119 Most studies report both sociodemographic and clinical characteristics. Not
surprisingly, studies vary in the characteristics
included. While all but two35,110 consider patient
age, some characteristics are considered in only
one of the studies: private health insurance,114
social support,107 number of siblings.33
Participation was significantly more likely if the
patient was male,104–106,113,114 younger than average,105–107,113,114 non-white,33,109,112,114 less educated,104,107,112 of lower socio-economic status,33,107 a
smoker,30,107,113 had inadequate social support,107 and
had no private health insurance.106 Other studies
either did not examine the characteristic or found
no statistically significant difference between
participants and non-participants.
As regards clinical characteristics, participation
was significantly more likely if the patient had more
severe or advanced disease,84,105,108–110,112,114 more
comorbidity,30,112 and poorer health status or quality
of life,104,107,112 While other studies generally found
no statistically significant difference, in two studies
participants had less rather than more severe
disease.111,113 None of these findings were related
to the types of disease being studied.
Five studies have reported outcomes both for
participants and non-participants (one found
from this search and four from the search used

in chapter 3) and an inconsistent picture emerges.
In a randomised trial of total parenteral nutrition
in malnourished surgical patients, the incidence
of complications during the first 30 days was
25% among participants and 15% among nonparticipants.111 The RR (non-participants/
participants) adjusted for total parenteral nutrition
use was 0.65 (95% CI: 0.44–0.95). The RR after
90 days was 0.60 (CI: 0.42–0.86). In other words,
participants had a worse outcome consistent with
the finding that those who participate in RCTs
tend to be sicker than those who do not participate. Other studies reveal a more mixed picture.
Patients who declined to participate in an RCT
of coronary artery surgery either had a worse
outcome (6-year mortality 12% vs. 10% among
those treated medically) or there was no difference
(8% for all surgical patients30). Two small RCTs,
one of tonsillectomy33 and one of adenoidectomy34
revealed that for some measures the opposite was
true. Finally, in an RCT of rehabilitation for
alcoholic individuals, participants who were
allocated to day care did consistently better than
non-participants attending day care but the
opposite was true for the in-patients.13

Prevention trials
The search revealed only four randomised trials
of interventions aimed at promoting health or
preventing disease. Two were aimed at reducing
the prevalence of cardiovascular disease,37,117 and
one each aimed at breast cancer prevention,118
and balance enhancement in the elderly.119
Details of each trial are shown in appendix 5.
Most studies report both socio-demographic and
clinical or physiological characteristics. Participants
were more likely to be younger,118 be of higher
social status (in terms of income,118 housing,117,119
education,118,119 or car ownership117), and believe in
and adopt a ‘healthy lifestyle’ (e.g. non-smoker,
regular exercise).116,117,119 In only one study was
there a difference in baseline health status between
participants and non-participants – participants in
the balance enhancement trial were in better
health than non-participants.119
Not surprisingly, given the long-term nature of prevention, none of the studies reported any outcomes
both for participants and non-participants.

Discussion
The evidence concerning centres that participate
in evaluative research is extremely limited but it
does show that outcomes can differ significantly

33

Participation

from those obtained in other centres. In the
absence of further information, it is not possible
to generalise this finding, though it does raise
grounds for concern.
Practitioners who take part in evaluative research
are predominantly based in university or teaching
centres. While this is true both for randomised
and non-randomised studies, the latter are more
likely to be representative of typical clinical practice
as they are more likely to include non-teaching
centres (Figure 7). The impact that such a lack
of representativeness has on the treatment effect
size has not been investigated sufficiently to be
able to draw any conclusion as to the importance
of this observation.
The patients or people who agree to participate in
randomised trials (few people refuse to participate
in non-randomised) are also different from those
who refuse. Participants in treatment trials tend to
be less affluent, less educated and more severely ill

than those who do not. In contrast, people participating in preventive trials are more affluent, better
educated and are more likely to have adopted a
‘healthy lifestyle’ than those who decline (Figure 8).
These findings are based on our own analysis of the
data presented in published accounts of the study.
Authors often ignored or discounted clear, statistical evidence that participation bias may have
occurred – presumably because they felt it would
undermine their findings.
Before considering the implication of these
findings, the methodological limitations of our
review need to be explored.
• We were limited by the paucity of studies
available. Few randomised (or non-randomised)
studies report on the numbers of the eligible
subjects who were invited to participate
and who subsequently agreed. This is probably because the final proportion is often
rather small.
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FIGURE 7 Schematic effect of differences in centre
participation

FIGURE 8 Schematic representation of possible differences
between participants in treatment and preventive trials
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• Even fewer studies present data to enable
comparisons of participants and nonparticipants.
• The small sizes of many studies mean that some
clinically significant differences may not reach
statistical significance at the 5% level and are
therefore ignored by investigators.
• Of those studies that have reported on participation bias, the non-participants included have
sometimes been a self-selected sample of all nonparticipants. This may dilute any difference in
characteristics from the participants.
• Only five studies present outcome measures
and these suggest there is little consistency in
the magnitude of any impact participation bias
may have.
• Only two studies attempt multivariate analysis
to explore for confounding.
So what are the implications of the finding that
randomised trials are usually carried out in single
centres which are unrepresentative of the centres
in which most patients are treated? The answer is
unclear as most trial reports have in the past failed
to provide sufficient data on non-participants. We
can, therefore, only postulate any likely impact. In
treatment trials, unrepresentative participation may
exaggerate the effect size of the intervention as the
practitioners are likely to be ‘better’ than average
and the patients are more severely affected and
therefore have greater capacity to benefit from
the treatment. In contrast, in prevention trials, the
effect of the intervention may be underestimated as
those who agree to participate are ‘healthier’ than
average and therefore stand less chance of benefiting. Counteracting this, however, is the fact that
those participating are also more likely to comply
with the intervention and this will enhance any
effect it has.
The existence of systematic differences in the
nature of participation in preventive and treatment
RCTs is strengthened by detailed consideration
of one RCT. The trial of infant development115
has, superficially, many of the characteristics of
a study of prevention until it is realised that those
at whom the intervention is targeted are differentiated from the general population by clearly
defined medical characteristics, prematurity and
low birthweight. Consequently, the study actually
has many of the characteristics of a study of
treatment. It is therefore interesting to note
that participation was greatest among non-white
groups, those attending non-University hospitals,
and those with very low weight neonates.115 In other
words, participation bias in this study was similar
to that seen in treatment trials.

The finding that participants in treatment trials
are less educated and less affluent raises questions
as to the extent to which fully informed consent is
being obtained. If, as people become better educated and wield greater financial power they are
less inclined to agree to be randomised, there is
a suggestion that consent for randomisation may
not always be clearly ethical. Another interpretation
is that it will become increasingly difficult to mount
randomised studies in affluent, well-educated
societies where individual expectations include
self empowerment and control of decisions such
as how to be treated.
Finally, this brief review of participation bias has
highlighted the need for full documentation of
studies. The recent Consolidation of Standards for
Reporting Trials (CONSORT) initiative taken by
many leading biomedical journals will help enormously and provide future reviews of this issue with a
wealth of evidence.120 Until then, there is sufficient
evidence to suggest participation both by providers
and patients should be taken more seriously, and
that it can introduce biases that may affect the
reported effect sizes of interventions.

Summary
• Many RCTs fail to document adequately the
characteristics of those who, while eligible, do
not participate.
• Evaluative research is undertaken predominantly
in university or teaching centres.
• Non-randomised studies are more likely than
RCTs to include non-teaching centres but it is
not possible, on the basis of available evidence,
to know how important this is, though it is
plausible that it will exaggerate any
treatment effect.
• Participants in RCTs evaluating treatments
tend to be less affluent, less educated, and more
severely ill than those who do not participate.
• Those who participate in RCTs evaluating
preventive interventions tend to be more
affluent, better educated, and more likely to
have adopted a healthy lifestyle than those
who decline.
• The implications of these findings are
speculative but it is plausible that RCTs of
treatment may exaggerate treatment effects
by including more skilled practitioners and
participants with greater ability to benefit,
while RCTs of prevention may underestimate
effects as participants have less ability to benefit.
• These results raise questions about the nature
of informed consent.
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Chapter 6
Patient preference
Introduction
Randomising patients between a treatment and a
control enables the reliable estimation of the average biological effect of an intervention, uncontaminated by confounding. This process should create
a situation in which all other influences on prognosis are equal. In answering the question of
whether the treatment works in a consistent way,
the methodological complexities of detecting
interaction are largely ignored.
An interaction, in contrast to a main effect of a
treatment, describes the possibility of particular
treatment effects that are different according to
salient characteristics of patients. One possible
kind of interaction is that between the physical
and psychological influences on therapy. In this
chapter we examine the possibility that individual
preferences will themselves influence how well a
treatment works. This can be characterised as the
therapeutic effect of patient preference and is
possibly strongly related to the well-recognised
placebo effect.121 For the purposes of this chapter,
we have focused on what we describe as patient
preference, though we recognise that practitioner
preference is a strong determinant of the views
of patients.
The ability to detect the effect of preference, if
it exists, is compromised by the possibility of confounding;12 people who tend to prefer something
may be different in other ways that may plausibly
be related to prognosis, from those who do not.13,14
Obviously it is impossible to randomise between
enthusiasm for a treatment and absolute rejection
of it and, in circumstances where there are strong
preferences, randomisation is beset with difficulties.15 Furthermore, the reliable detection of
interaction is particularly difficult because the
number of patients required for a given statistical
power is usually an order of magnitude greater
than to detect a main treatment effect of similar
magnitude. Thus, to detect a 10% improvement
in survival usually requires over 1000 patients for
a 90% power, but an interaction effect of around
10% between preferences and treatments will
require several thousand for the same power.
Moreover, it is also likely that many practitioners
and patients with strong preferences will exclude

themselves from RCTs122 (unless an RCT is the
only chance a patient has for receiving a new
experimental treatment).
Non-randomised studies typically include patients
who self-select, or their practitioner selects, their
treatment. Conversely, RCTs, by definition, deny
patients the ability to express their preferences.
Depending on the strength of their preferences
and whether the trial is blinded, it is conceivable
that random allocation may have important repercussions on the results. RCTs might be expected to
underestimate the benefit of treatments because
the outcomes are less likely to be enhanced by any
positive beliefs patients or carers may have.
Consequently, it is essential to be able to disentangle the physiological effect of a treatment from
any possible effect of individual preference. Otherwise it may be necessary for evidence from RCTs to
be treated with caution.
The objectives of this chapter are:
• to identify literature that investigates
preference effects
• to develop a model that quantifies potential
preference effects
• to explore the potential application of proposed
means of addressing preference effects.

Evidence for preference effects
Irrefutable evidence of significant effects on
outcome of patient preference for a particular
treatment is sparse. Such effects are difficult to
detect reliably so, not surprisingly, there have also
been few attempts to identify them. A systematic
attempt was made to find papers that have tried,
by various methods, to study the possible impact of
patient preferences. The search strategy outlined in
chapter 2 was used and identified only four papers.
In a study by McKay and co-workers,13 48 alcoholic
patients were randomly assigned to day hospital
or inpatient rehabilitation. A total of 96 patients
refused randomisation due to strong preferences
and self-selected their treatment setting. Patients
who were randomly assigned to treatment were
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more likely to be African-American, to have
received welfare in the previous 30 days, and to
have reported more days of cocaine use in the
previous 30 days. However, there were no significant differences between those patients who selfselected treatment setting and those who agreed
to be randomised in terms of alcohol and drug
use outcomes after treatment, or in terms of
psychosocial outcomes.
Nicolaides and co-workers also looked at the
characteristics of patients who were given the
opportunity to select their treatment.37 A total
of 1870 women were offered participation in
a randomised trial of CVS or EA. Of these,
488 agreed to be randomised, while 813 chose
the procedure according to preference. There
were no differences with respect to maternal age
and weight, employment, cigarette smoking,
previous obstetric history, vaginal bleeding,
gestation at sampling, foetal crown-rump-length,
and placental site. There were no significant
differences between those who were randomised
and those with preferences in the frequency
of abnormal karyotypes or rates of foetal loss
(total, induced or spontaneous).
A different approach was used by Torgerson and
co-workers.14 A total of 97 patients entered an RCT
evaluating treatment for low back pain. Prior to
randomisation the patients were asked their preferences. Fifty-eight patients preferred to be allocated
to the exercise programme, while 38 were indifferent. One patient preferred conventional general
practitioner management. Despite these stated preferences, no patient refused randomisation. Patients
who preferred the treatment arm into which they
were randomised had more confidence in its likely
effectiveness. The indifferent patients had had back
pain for longer than those who stated a preference,
but the pain, on average, was not as severe as the
preference group’s pain. Unfortunately, no outcome
measures after treatment have been reported yet.
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In a study conducted by Fallowfield and coworkers,123 an attempt was made to link preferences
with psychological anguish. Of 269 women with
early breast cancer, 31 were treated by surgeons
who favoured mastectomy, 120 by surgeons who
favoured breast conservation, and 118 by surgeons
who offered a choice of treatments. Patients in this
last group showed less anxiety and depression at
3 months and 12 months after surgery than those
treated by other surgeons. Again, no details of
outcome are given, though it has been reported
that reduced anxiety and depression are associated
with improved cancer outcome.

None of these papers managed to show conclusively whether preferences affect outcome. All
that can be concluded from this rather limited
empirical evidence is that preferences exist and
that the characteristics of patients who chose their
treatments may be different to those who agree to
randomisation (as found in the chapter on participation). Whether these preferences work as an
enhanced placebo effect and influence their
biological outcome is not clear.
There is, however, indirect evidence for such effects.
Medical treatment for the secondary prevention of
CHD in the Coronary Drug Project appeared 10%
more effective at delaying death if a placebo was
‘properly’ taken, than if not, in a double-blind
RCT.124 If drug compliance is considered a measure
of some enthusiasm for the treatment, while
accepting that other factors are also involved,
then individual preferences (and/or expectations)
may seem to have an important effect on outcome,
which is not strictly pharmacological. The effect of
compliance on mortality, even with a placebo, was
very highly significant, even after adjustment for
40 potential confounding variables. In this case
compliance is a proxy for preference in that the
compliers believe the treatment to be effective
and prefer to take it over nothing.
There are other studies that indirectly suggest
that preference may have an important effect on
outcome.11 In a study of 28,000 adult ChineseAmericans,125 Phillips and co-workers found earlier
deaths among those with a combination of disease
and birthyear considered by Chinese astrology and
medicine to be ill-fated. They suggested that this
phenomenon is partly a result of psychosomatic
processes, where a strong belief has physiological
consequences. In addition, there are comprehensive reviews of the placebo effect that add to this
evidence.126,127 An example cited in chapter 3 was
the finding in the study by Heinsman and Shadish
that, in a multiple regression model, the use of no
treatment rather than a placebo in the control
group was consistently associated with a greater
relative benefit of the intervention.48 Possible
mechanisms by which the effects are exerted have
been described, including the possible involvement
of endocrine and immune systems.128,129 The
combined literature provides supportive evidence
that psychological factors (whether they are
preferences, beliefs or enthusiasm) can effect
physiological outcome.
Consequently it is necessary to understand the
situations in which such effects might be important.
The most likely situation is where blinding is
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difficult or impossible. In the absence of empirical
evidence, this can be examined further by means of
a theoretical model.130

A simple additive model
In its simplest form, the model is based on a
condition for which two possible treatments, A and
B, have been advocated. It is assumed that, with
regard to the purely physiological effect, A benefits
on average a proportion P of eligible people, and
B a higher proportion P + x, in the absence of any
effect of patient preference. Thus, to take an
example where the measured outcome is 5-year
survival, if P is 0.50 and x is 0.10 then on average
60% would be alive at 5 years on treatment B.
If a preference effect does exist, then having a
preference for A would bestow an extra average
advantage for treatment A of an amount y, giving
P + y and a preference for B of a similar amount y,
giving P + x + y for treatment B. Conversely, of
those who prefer A, only P + x – y will benefit if
given treatment B, and of those who prefer B, P – y
will benefit if given A. These are postulated average
interaction effects for patients among whom these
treatments would be appropriate, and this simple
model allows for a preference interaction even if
the main effect of the new treatment is zero, that
is if x = 0. These effects are summarised below:
Postulated treatment effects if:
indifferent prefer A
on treatment A P
P+y
on treatment B P + x
P+x–y

prefer B
P–y
P+x+y

If the proportion of the eligible population who
prefer treatment A is α, while β prefer B and γ are
indifferent, then it is required that (α + β + γ) = 1.
Clearly, the interaction between these effects might
be more complicated, with multiplicative, graded
or asymmetric interactions.
It can be shown (by subtracting the estimated
mean effect in group A from that in group B) that
the estimate of the attributable effect of treatment
B over treatment A in a large well conducted
randomised comparison will then be:
x + 2y (β – α)
This is different from x (the true physiological
effect) by an amount equal to 2y (β – α) (the preference component) and hence such trials will only
estimate x correctly either if y is zero (no effect of
preference) or if β = α (an equal proportion prefer
A as B). Obviously, the effect of random variation

is ignored for simplicity. The next step is to
examine how great such a ‘bias’ might be, under
reasonable assumptions about y and β – α.131
Considering the size of the difference in the
proportions preferring the two treatments, if 35%
prefer treatment B and 60% treatment A, the
difference is 25%, (i.e. (β – α) = –0.25). In the
model, if the average ‘physiological’ effect of B
over A (i.e. x) is 10% (let the effect of A alone be
arbitrarily 50%) and if the preference advantage
(i.e. y) is 5% then the treatment effects will be
as follows:
Postulated treatment effects if:
indifferent prefer A
on treatment A 50%
55%
on treatment B 60%
55%

prefer B
45%
65%

In such a case, simple substitution indicates that
a fair RCT will be wrong by 25% (i.e in this case:
2y [β – α] is 25% of x). That is x (the ‘physiological’
effect) will be estimated as 0.75x, or if 60% prefer B
and 35% A (i.e [β – α] = 0.25), then the unbiased
RCT estimate will be 1.25x. Either way these results
would be wrong, as the estimated effect will be
attributed to the treatment alone but will, in reality,
reflect the distribution of preference effects.
If the difference in the proportions who prefer A or
B is 50% then the size of the ‘bias’ from a randomised comparison rises to 50%, for the hypothetical
values of x =10% and y = 5%. If, however, y is only
1% then the ‘biases’ in the results of RCTs will be
reduced to 5% for a 25% difference in proportions
with contrasting preferences, and 10% for a 50%
difference. However if y = 10% (i.e. the role of preference is more profound than the physiological
treatment effect) then the trials will be respectively
50% and 100% ‘out’, on average (i.e. the treatment
effect will be estimated as 1.5x or 2.0x). This is
potentially important if such large differences
in the prevalence of preferences can be shown
to be plausible.
The Coronary Drug Project observed a 26%
5-year mortality among non-adherers and 16%
among adherers to placebo in the placebo arm
of a double-blind RCT of drug prophylaxis. A
value for y of 5% (2y = 10% = 26–16) would thus
be reasonable. Sixty-seven per cent of participants
took more than 80% of the prescribed dose and
32% took less than this, a difference of 35%. If this
is a reasonable representation of real preference
effects, then trials of such interventions will overestimate the (absent) pharmacological role of
such drugs by 3.5% in general.
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If an unblinded or poorly blinded trial comparing
placebo with a supposedly active new treatment is
considered, where the benefits of the treatment are
highly plausible but which in fact has no additional
physiological benefit, the true difference in the
prevalence of preferences might be large, with up
to 90% preferring the new ‘active’ treatment, only
5% preferring the control and only 5% being
indifferent. If such values are plausible, ‘β – α’
becomes 0.85 and hence (if y = 0.05) the bias is
8.5% in absolute terms. Consequently, if the
natural history is such that 50% of subjects improve
or survive regardless of treatment, such a trial
would suggest that treatment improved this to
58.5%. This situation could arise where a new
product received intensive press coverage due
to high-profile marketing.

they believe the outcome to be superior, but
because they find the process of that preferred
treatment more acceptable. However, if preferences
do enhance outcome, the consequences for the uptake of new treatments may be important. If new
treatments are favoured over established ones for
conditions with poor prognosis (e.g. 50% survival),
then the new treatments may gain in apparent effectiveness, even if they have no additional physiological benefit. There is then a tendency for this
process to increment as evidence from each successive RCT may affect patient preferences, directly or
indirectly,134 such a process might accrue more and
more expensive (and possibly unpleasant) treatments which are actually no better, in the sense of
the postulated physiological mechanism, than the
standard treatment.

Discussion

Possible trial designs will be discussed in chapter
11, which may help resolve the situation.

The implications of these arguments are important.
As clinical researchers are encouraged to randomise between successive new treatments, rather than
comparing every new treatment to placebo,132
the average net treatment effect in RCTs is thus
minimised (as new treatments are typically less
different from current treatment than from a
placebo). Patients with a chronic disease, for
which the current treatment is known not to be
very effective, may be attracted to new treatments.
Although Chalmers shows that new treatments are
just as likely to be worse, as better, than their predecessors,133 this message is often lost in the promotional activity of those with an interest in a new
product, their enthusiastic clinical messengers, and
patients anxious to try anything that may work.
Believing in a treatment does not, of course,
necessarily enhance its effectiveness. Patients may
prefer one treatment over another, not because
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Summary
• This review set out to identify evidence of the
effect of preference on outcome. The argument
that differences in patient preference can have a
significant effect on the results of RCTs has been
demonstrated theoretically but empirical
evidence is awaited.
• Despite an exhaustive search, only four papers
that addressed this directly were identified and
they were either small or are yet to report full
results. There is, however, considerable indirect
evidence for such effects.
• At least in theory, this could have an important
impact on results of RCTs, particularly where the
difference between treatments being compared
is small and could account for some observed
differences between results of RCTs and nonrandomised studies.
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Chapter 7
Surgical interventions: coronary angioplasty
and bypass grafting

H

aving reviewed previously published
comparisons of randomised and nonrandomised studies, we now present four cases
of our own. The objective of these chapters is,
primarily, to identify whether any difference in
estimated effect size between RCTs and nonrandomised studies persists after adjustment of
the latter for baseline differences between groups.

Introduction
Our first example is from the surgical literature.
Many surgical interventions have been the focus of
both randomised and non-randomised studies, but
few have outcomes that enable a comparison of
methods. Revascularisation in patients with coronary artery disease is one such example, as death
provides an unambiguous and sufficiently frequent
outcome measure. There are two invasive procedures for this condition which have been widely
discussed in the literature: CABG and PTCA. A
recent meta-analysis135 summarised the results of
RCTs.136–143 These RCTs will be compared with two
of the most recent and largest non-randomised
studies.144,145 Our objectives are to determine how
close the treatment effect estimates are in the
two study designs and to examine the possible
effects of selection bias and the ability to adjust
for baseline differences between groups in
non-randomised studies.

Methods
RCTs were identified initially from the metaanalysis and updated by communication with
key researchers in this area and by a search of
MEDLINE from 1990 to 1996 using the strategy
given in chapter 2. Studies were limited to those in
which patients who received CABG were compared
with those who simultaneously underwent PTCA.
In addition to the references already identified in
the meta-analysis, two further RCTs were found.
One of these papers gave longer follow-up results
for a RCT already included in the meta-analysis.146
The other RCT is the largest to date147 and was

suggested by the author of the meta-analysis as
being an essential addition to update his work.
In total this gives nine RCTs.
Non-randomised studies were identified using the
MEDLINE strategy described in chapter 2. As with
randomised studies, this was supplemented by
communication with key researchers.
Only one outcome measure, death at 1 year, was
studied. The problem of baseline risk differences
in the non-randomised studies was investigated by
assessing the effects of statistical risk adjustment
models and use of sub-group analysis.

Results
Details of the RCTs included in this review are
shown in appendix 6 and the non-randomised
studies are detailed in appendix 7. The study by
Jones and co-workers was a large non-randomised
prospective follow-up of patients receiving treatment at the Duke University Medical Centre
between 1984 and 1990. The RCTs were published
between 1992 and 1996. Four were multicentre
and five single centre, and were conducted in
Europe, North America and South America. The
Medicare study by Hartz and co-workers included
information on all Medicare patients receiving
CABG or PTCA in the USA in 1985. These patients
were all aged 65 years or older and thus differ from
subjects included in the trials. A random sub-group
of the patients (n = 2921) was identified and the
MedisGroups method (a commercial severity
adjustment system) of abstracting information
was used to obtain key clinical findings (admission
symptoms, history, physical examinations, etc.).
Patients were classified as ‘high-risk’ or ‘low-risk’
according to the MedisGroups criteria. The results
for all the Medicare patients were presented,
as well as the random sub-group adjusted
by MedisGroups.
The number of deaths and percentages that
occurred during the first year of each of the studies
(both randomised and non-randomised) are shown
in Table 7, along with the RRs of dying for CABG
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and PTCA. These RRs and the confidence limits
are plotted in Figure 9.

in Table 8, and the results are shown in a
L’Abbé plot in Figure 10. The points to the
far left of the graph represent the survival in
the Medicare data, while the other nonrandomised study is among the cluster of

The probability of surviving with CABG against
the probability of surviving with PTCA is shown
TABLE 7 Mortality at 1 year (unadjusted in non-randomised studies)
Study name

Study type

No. deaths in first year

No. patients treated

RR

CABG

PTCA

CABG

PTCA

CABG:PTCA

CABRI

RCT

14

21

513

541

0.70

RITA

RCT

6

9

501

510

0.68

EAST

RCT

4

7

194

198

0.58

GABI

RCT

9

4

177

182

2.31

Toulouse

RCT

2

3

76

76

0.67

MASS

RCT

0

1

70

72

0.00

Lausanne

RCT

0

1

66

68

0.00

ERACI

RCT

3

3

64

63

0.98

BARI

RCT

35

38

914

915

0.92

Duke*

Non-random

102.1

61.9

3890

2924

1.24

Medicare

Non-random

8407

2085

71,243

25,423

1.44

MedisGroups

Non-random

245

73

2063

858

1.40

*

Duke deaths are interpolated from whole study period (mean 5.3 years)

RITA = Randomised Intervention Treatment of Angina
MASS = Medicine, Angioplasty or Surgery Study

10

RR

PTCA safer

1

CABG safer
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FIGURE 9 RRs of mortality at 1 year: CABG versus PTCA

MedisGroups

Medicare

Duke

BARI

ERACI

Toulouse

GABI

EAST

RITA

CABRI
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Baseline differences in
non-randomised studies

RCTs to the right of the graph. The nonrandomised data in these tables and figures
are unadjusted for baseline differences
between patients undergoing CABG
and PTCA.
TABLE 8 Survival following CABG versus survival following PTCA
Study

Deaths in
first year (%)
CABG PTCA

Survival
(%)
CABG

PTCA

CABRI

2.7

3.9

0.97

0.96

RITA

1.2

1.8

0.99

0.98

EAST

2.1

3.5

0.98

0.97

GABI

5.1

2.2

0.95

0.98

Toulouse

2.6

3.9

0.97

0.96

MASS

0

1.4

1.00

0.99

Lausanne

0

1.5

1.00

0.99

ERACI

4.7

4.8

0.95

0.95

BARI

3.8

4.2

0.96

0.96

Duke

2.6

2.1

0.97

0.98

Medicare

11.8

8.2

0.88

0.92

MedisGroups 11.9

8.5

0.88

0.92

*

In general CABG patients were at a higher risk than
PTCA patients. Overall the odds of a CABG patient
having a high risk MedisGroups severity score
compared with PTCA patients was 2.4.

The Duke database patients (Jones et al, 1996)144
The PTCA patients were younger, on average, than
the CABG patients and had a higher prevalence of
AMI. Sixty-one per cent of the PTCA group had
one-vessel disease and 10% had three-vessel disease,
whereas for CABG the proportions were essentially
reversed (10% and 56%, respectively).

Risk adjustment
Medicare patients (Hartz et al, 1992)145
A Cox’s proportional hazards model, adjusting
for significant baseline differences, was used with
the subset of Medicare patients (the MedisGroups
patients) to compare the mortality risk for the two
revascularisation procedures. The CABG patients
had an even higher mortality risk than the PTCA
patients after adjusting. The RR for mortality
for CABG compared with PTCA patients was

*

Duke deaths are interpolated from whole study period
(mean 5.3 years)

1.00

Medicare patients (Hartz et al, 1992)145
Comparisons of the CABG patients with the PTCA
patients revealed substantial differences in baseline
mortality risk. Factors significantly related to choice
of procedure in a multivariate logistic regression
analysis were: female gender, congestive heart
failure, S3 gallop, history of MI, history of CABG,
history of PTCA, graft failure, diabetes mellitus,
blood pH > 7.45 and pH < 7.35.

Survival in PTCA

0.98
0.96
0.94
0.92
0.90
0.88
0.86
0.88

0.90

0.92

0.94

0.96

0.98

1.00

Survival in CABG

FIGURE 10 Survival following CABG versus survival following PTCA
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1.72 (p = 0.001). This can be compared with
the unadjusted rate of 1.44.
The CABG patients were at higher initial mortality
risk and so adjustment measures should lower the
RR compared with the crude rates of mortality
after 1 year. This apparent anomaly may be partly
explained by the fact that an important risk factor,
the presence of left main coronary artery stenosis,
was omitted. The authors concede that this is likely
to be much more prevalent in the CABG patients
than in PTCA patients.
The patients adjusted using MedisGroups were
subdivided into a high-risk group (n = 506) and
a low-risk group (n = 1856), according to initial
severity risk. The adjusted RR of death following
CABG compared with PTCA was much higher for
the low-risk patients (RR = 2.15, p = 0.0003). The
RR of death following CABG compared with PTCA
did not differ significantly from 1 (0.90, p = 0.69).

Duke database patients (Jones et al, 1996)144
The patients were classified according to a
coronary artery disease score. This resulted in
nine coronary anatomy groups representing a
continuum of one-, two-, and three-vessel disease.
A Cox’s proportional hazards model, incorporating
significant baseline variables (ejection fraction, age,
coronary anatomy, co-morbidity, vascular disease,
congestive heart failure, initial presentation) was
used to compare the RRs of CABG and PTCA in
the nine severity groups. The 5-year survival rates
in each group, both observed and adjusted, are
shown in Table 9, along with the RRs.

Hazard ratios were calculated from these adjusted
survival rates to depict the relative benefits of CABG
and PTCA. Unequivalent benefit of PTCA was seen
for Groups 1 and 2. Suggestive benefit from PTCA
was seen for Groups 3 and 4, but the difference does
not reach statistical significance. Group 5 shows
equivalent outcomes for both interventional procedures. Patients in Groups 6 through to 9 have
greater survival when treated with CABG (Figure 11).
It is apparent that initial patient severity has a
major bearing on the relative merits of CABG and
PTCA. In order to enable a more valid comparison
of the adjusted non-randomised results with the
RCTs findings, an attempt was made to classify
high-risk and low-risk patients. For the MedisGroups patients, the authors’ definitions of ‘highrisk’ and ‘low-risk’ were used. For the Duke patients
coronary anatomy groups, Group 1 was considered
low risk and Group 9 was considered high risk. For
the RCTs, the results were separated into patients
with single-vessel disease (low risk) and patients
with multi-vessel disease (high risk). This was
taken from the meta-analysis by Pocock. These
comparisons are shown in Table 10.

Discussion
In terms of crude numbers of deaths after 1 year,
all but one of the RCTs (GABI) showed lower
mortality following CABG. Conversely the nonrandomised studies favour PTCA. However, given
the large confidence limits around the estimates,
the results are not strikingly different. The risk

TABLE 9 The 5-year survival in each severity group, observed and adjusted (Duke data)
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Coronary
anatomy group

Diseased
vessels

1

1

0.97

0.92

0.95

2

1

0.89

0.91

3

2

0.92

4

2

5

RR*

CABG

PTCA

Observed Adjusted

Observed Adjusted

Unadjusted

Adjusted

0.96

0.60

2.00

0.93

0.94

1.57

1.50

0.90

0.91

0.92

0.89

1.25

0.81

0.90

0.87

0.90

1.46

1.00

1 and 2

0.86

0.89

0.85

0.88

0.93

0.92

6

2 and 3

0.87

0.89

0.80

0.85

0.65

0.73

7

3

0.85

0.88

0.74

0.80

0.58

0.60

8

3

0.81

0.86

0.83

0.75

1.12

0.56

9

3

0.83

0.85

0.61

0.68

0.44

0.47

*

RRs are CABG vs. PTCA
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Group

CABG better

Whether one would expect the randomised results
to agree with the non-randomised results can be
questioned. The Medicare data were collected
in 1985, while the RCTs were conducted largely
in the 1990s. The techniques used changed
considerably over this period; PTCA was only
introduced in the UK in the late 1980s. Also, the
non-randomised databases included many people
for whom there must have been clear indications/
contra-indications for one or other of the procedures and so they would not have been considered
for entry into a randomised study. Therefore it is
inappropriate to expect the RCT results to agree
with the non-randomised findings.

PTCA better

1
2
3
4
5
6
7
8
9
0

0.5
1.0
1.5
Hazard ratio (99% CI)

2.0

2.5

FIGURE 11 Hazard ratios for the adjusted Duke data.Adapted
with permission from Jones RH, et al. Long-term survival benefits
of coronary artery bypass grafting and percutaneous transluminal
angioplasty in patients with coronary artery disease. J Thorac
Cardiovasc Surg 1996;111:1013–25.
TABLE 10 RR (mortality in CABG versus PTCA) for high- and
low-risk groups
RR of death

95% CI*

Significance

RCTs
High (multi)
Low (single)

0.98
0.82

0.70–1.37
0.38–1.78

NS
NS

MedisGroups
High
Low

0.90
2.15

NS
p < 0.05

Duke
High (Group 9)
Low (Group 1)

0.47
2.00

p < 0.05
p < 0.05

*

95% CI cannot be calculated from the data available on the
two non-randomised studies

adjustment techniques do not seem to clarify
matters even though there is strong evidence
that differences in baseline characteristics have substantial prognostic importance. This may be a result
of important risk factors being omitted from the
model used by MedisGroups. Unfortunately this
cannot be explored further as the MedisGroups
algorithms are confidential for commercial reasons,
though it is known that it involves abstracting very
detailed information from case notes, including
findings and results at several points during the
patient’s stay in hospital. It was not clear how the
Duke database adjustments were made (though
they must have been derived from a fitted model)
and an overall adjusted RR was not given.

In terms of the model described in chapter 1, the
eligibility criteria (parameter e) varies considerably
across the studies. Most trials randomised only
patients with multi-vessel disease but one also
included patients with single-vessel disease and two
studies were confined to patients with single-vessel
proximal left anterior descending artery disease.
The studies gave limited data on patients who
refused participation, but the percentage of eligible
people who were actually randomised shows that
there were considerable losses (range: 5–94%).
We cannot say whether this would bias the estimates
of treatment effect but in our model, participation
(p), would vary widely from study to study.
The sub-group comparisons are, by necessity,
crude. The definitions of ‘high’ and ‘low’ risk
are different for each study. The Duke study
focuses on angiographic findings to create the
nine severity groups. The MedisGroups sub-groups
were obtained from algorithms representing
potential of organ failure, incorporating many
clinical findings. Nevertheless, the two nonrandomised studies give consistent results for
the sub-groups, indicating that the least severe
patients benefit more from PTCA.
In order to include the RCTs, a crude method
of designating ‘high’ and ‘low’ risk was taken
(the number of vessels involved, ‘high’ being
multi-vessel and ‘low’ as single). The RRs of
death (CABG vs. PTCA) for both single- and
multi-vessel patients favoured CABG.
The BARI randomised trial also investigated
the mortality in severity sub-groups. Patients
were divided by stability of angina, left ventricular
function, type of vessel disease, type C lesion and
history of diabetes. For mortality at 5 years, the
only significant difference occurred in the subgroup of patients with treated diabetes. Those
assigned to PTCA had higher mortality than
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those assigned to CABG (65.5% survival vs.
80.6% survival).
There are other limitations to this current
comparison. In spite of the considerable size of
some of the trials, mortality is rare and the number
of events (deaths) reported is low. A more accurate
and reliable comparison may have been achieved
had there been sufficient data to compare mortality
at 5 years follow-up.
Although the studies address the same clinical
problem they differ in objectives, inclusion criteria,
and follow-up, and these differences may contribute to the heterogeneity. It is not clear from the
present review whether the difference between the
estimates from randomised and non-randomised
studies is attributable to:
• their differing methods of treatment allocation
• whether the patients they included are so vastly
different in their initial profile risk that it would
be unreasonable to expect the results to agree
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• the use of retrospective data in one of the two
non-random studies
• the crude methods for risk adjustment, or
• the different points on the PTCA learning curve
at which the studies were conducted.

Summary
• Central measures of effect obtained from
individual RCTs varied, both in magnitude
and direction of relative benefit of each
procedure, though the differences were
not statistically significant.
• Notwithstanding problems of sample size,
differences in results from individual RCTs
and non-randomised studies would not be
unexpected due to differences in the populations studied, and differences in the timings
of studies.
• There is some evidence that the relative benefit
of one procedure over another is related to the
characteristics of the patient.
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Chapter 8
Pharmaceutical interventions:
calcium antagonists
Introduction
As in the previous example, it is likely that
allocation bias will complicate the assessment
of drug therapy when using a non-randomised
design. There may be clear, prognostic reasons
why one drug treatment is favoured over another,
and thus it would be misleading to compare
crude outcomes.
Calcium antagonists have been used in patients
with cardiovascular diseases for about two decades.
They are used to relieve angina pectoris or lower
blood pressure. Nifedipine is a calcium antagonist
that has been the subject of recent controversy as
it has been suggested that it may be associated with
an increased risk of mortality.148–150 This drug lends
itself as a suitable pharmaceutical example in which
to study allocation bias because there is a recent
large, high-quality non-randomised study that
employs detailed risk-adjustment.151 There is also
a meta-analysis of 16 RCTs which combines results
from over 8000 patients.152 Mortality provides an
unambiguous outcome measure in order to investigate risk adjustment in the non-randomised
design, and there are well-described dosage
regimens and degrees of baseline risk for a
meaningful comparison.

Methods
As described in chapter 2, a MEDLINE search was
conducted for 1990–97. In addition, an explosion
technique was used whereby references from
the best papers were also included. This led to
the identification of a recent meta-analysis of
16 RCTs.152 Interestingly, this paper was not found
directly from the MEDLINE search strategy as it
did not have ‘randomised controlled trial’ as a
MEDLINE search heading (MeSH).
A cohort study of 11,575 patients was identified151
in which the dosage of calcium antagonist was
similar to that in nine of the RCTs in the metaanalysis.153–161 The comparability of dosage is
believed to be particularly important as the metaanalysis showed a significant association between

high doses of the drug and increasing mortality.
These nine low-dose RCTs will be compared with
the results (adjusted and unadjusted) of the
non-randomised study.

Results
Details of the RCTs included in this review are
shown in appendix 8 and the non-randomised
study in appendix 9. The nine randomised studies
were published between 1984 and 1993 and were
conducted in Europe, the Middle-East and South
Africa. The length of follow-up ranged from
12 hours to 1 year. Six of the nine had follow-up
shorter than 6 weeks, but the three largest trials,
which included 85% of all the RCT patients, had
follow-up of at least 6 months. The non-randomised study was conducted in 18 cardiology
departments in Israel between 1990 and 1992.
Patients were included in this study if they had
undergone screening procedures for the
Bezafibrate Infarction Prevention (BIP) Study
and therefore had detailed medical records.
Mortality data, after a mean follow-up period
of 3.2 years (range: 2.0–4.6), for these patients
were obtained by matching the patients’ identification numbers with their life status in the Israeli
Population Registry.
In the non-randomised study, the clinical
characteristics of the treatment group and those
not receiving calcium antagonists were similar,
except that there were more patients with grades II
to IV angina pectoris and hypertension in the
calcium antagonist group, and more patients in the
control group were receiving beta-blockers and
digoxin (Table 11). A Cox’s proportional hazards
model was used to adjust for the baseline differences in three stages. The first adjustment considered age only; the second adjustment included age,
gender and the prevalence of previous MI, angina
pectoris, hypertension, New York Heart Association
functional class, peripheral vascular disease,
chronic obstructive pulmonary disease, diabetes
and current smoking; and the third adjustment
considered the additional effect of concomitant
use of other medications.
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The number and percentages of deaths that
occurred in each set of RCTs (grouped according
to dose of nifedipine) and all nine RCTs combined,
and the non-randomised results (crude and
risk-adjusted), are shown in Table 12, along with
the risk ratios and confidence limits. Figure 12 plots
these risk ratios. Table 13 shows the survival rates
for controls and for patients receiving nifedipine,
and these are then plotted in a L’Abbé plot
(Figure 13).

Discussion

TABLE 11 Baseline clinical characteristics in the non-randomised
study of calcium antagonists

TABLE 13 Summary of survival in trials of calcium antagonists

Calcium antagonist
(n = 5843)
Current angina
None
I
II
III/IV
Drug therapy
Beta-blockers
Digoxin
Diuretic drugs
Antiarrhythmic agents
Aspirin

30
32
34
4

The unadjusted risk ratio from the non-randomised
study showed a significantly increased mortality risk
in the calcium antagonist group. The risk ratio is estimated to be 1.18. This is close to the estimate of 1.10
obtained from the combined randomised studies.
When adjustments are made for the differences
in baseline risk in the non-randomised study, the

Control group
(n = 5732)

49
30
19
2

29
3
16
5
56

39
7
16
7
58

Study
type

Calcium
antagonist
(mg/day)

Survival
(%)
Calcium Control
antagonist

1 RCT

30

94.25

94.33

3 RCTs

40

93.21

93.74

1 RCT

50

91.08

91.3

4 RCTs

60

89.8

91.25

Total (9 RCTs)

30–60

92.54

93.2

Prospective cohort
(unadjusted)

30–60

91.5

92.8

TABLE 12 Summary of risk ratios for deaths in studies of calcium antagonists
Study
type

Study
names

No. deaths (%)
Calcium antagonist

Control

Risk
ratio

95% CI

1 RCT

SPRINT 1

30

65 (5.75)

65 (5.67)

1.01

0.73–1.42

3 RCTs

Branagan,
Gordon,
TRENT

40

157 (6.79)

146 (6.26)

1.09

0.87–1.35

1 RCT

Sirnes

50

10 (8.92)

10 (8.70)

1.03

0.44–2.37

4 RCTs

Walker,
Erbel,
SPRINT II
HINT

60

123 (10.2)

105 (8.75)

1.18

0.93–1.50

30–60

355 (7.46)

326 (6.80)

1.10

0.95–1.27

30–60

495 (8.5)

410 (7.2)

1.18
1.08
0.97
0.94

1.04–1.34
0.95–1.24
0.84–1.11
0.82–1.08

Total
(9 RCTs)
Prospective
cohort
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Calcium
antagonist
(mg/day)

Braun

HINT = Holland Interuniversity Nifedipine/metoprolol Trial

Adjustment

Unadjusted
Age-adjusted
Age, sex, history
Age, sex, history,
other medication
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Risk ratio
10

1

0.1
30

40

50

60

Braun, Adjusted Adjusted Adjusted
et al
1
2
3

Total

Dose of nifedipine (mg/day)

FIGURE 12 Summary of risk ratios for death in studies of calcium antagonists

Survival in control group (%)
95
94
93
92
91
90
89
89

90

91

92

93

94

95

Survival in calcium antagonist group (%)
FIGURE 13 Summary of survival in studies of calcium antagonists

mortality risk associated with calcium antagonists
is reduced and after the fullest adjustment the risk
ratio fell to 0.94. However, this is still close to the
estimate of 1.10 obtained in the RCTs, and both
have confidence intervals including 1.

randomised study had a maximum follow-up of
4.5 years (mean 3.2 years). Mortality associated with
calcium antagonists is likely to be associated with
duration of follow-up. Given this, it is perhaps surprising how similar the survival rates are in Table 13.

Whether we would expect the two estimates to be
exactly the same can be questioned given that the
follow-up lengths were so different and the randomised evidence has not been adjusted. Also, if the mix
of dosages differed (between 30 and 60) then that
could result in a difference. The longest follow-up
in the randomised studies was 1 year, while the non-

In terms of the model described in chapter 1,
eligibility (e), can be shown to vary considerably
between RCTs and the non-randomised study, and
even more markedly between the individual RCTs, as
shown in the eligibility criteria listed in appendix 8.
Six out of the nine RCTs gave some information on
the participation rate (p) among those eligible. This
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appeared to range from approximately 15% to
100%. What impact these potential biases have on
the estimates of treatment effect, if any, is unclear
because no information is given on the survival of
those excluded or of the non-participants.

for baseline differences in studies of pharmaceutical interventions. The unadjusted risk ratio,
if anything, was slightly closer to the estimate
from the RCT.

In this particular example, the non-randomised
study was able to make use of data that were already
collected and could follow a large number of people
for up to 4.5 years to quantify side-effects. This has
clear benefits over the small, short-term RCTs.

Summary

This example does not, unfortunately, provide
adequate evidence about the ability to adjust
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• The results obtained from RCTs and the
unadjusted non-randomised study did not
differ significantly.
• Although adjustment caused the results of the
non-randomised study to diverge, again the
change was not significant.
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Chapter 9
Organisational interventions: stroke units
wards, and general medical wards. To reduce
heterogeneity, the present analysis is limited to
those comparing dedicated stroke units and
general medical wards.

Introduction
Stroke units offer one of the few examples of
organisational interventions for which there are
both RCTs and non-randomised studies, with one
of the latter incorporating differing levels of
adjustment for case mix.

Results
Eleven RCTs were included (appendix 10). For
the trials for which information was available,
the percentage of eligible patients included
ranges from 34% to 99%, though the varying
definitions used for both included and eligible
make any meaningful interpretation of these
figures impossible. A possible indirect measure
of comparability of inclusions is the wide variation
in the probability of survival in controls, from
54% to 94% (Table 14).

Methods
As noted in chapter 2, this section was originally
undertaken by updating an earlier systematic
review available in the Cochrane Library. After
it was completed, a second systematic review
was published by the same group.162 This included
new data from some of the studies included in
the earlier review as well as data from as yet
unpublished studies. The data in the second
review were used as the basis of this analysis,
supplemented with data on non-randomised
studies identified in the searches specified
earlier. The review contains data from RCTs
comparing various combinations of dedicated
stroke units, mixed assessment/rehabilitation

Figure 14 shows the odds ratios for survival
at 1 year in stroke units compared with
standard treatment for the 11 RCTs and two
of the three non-randomised studies. The
combined odds ratio for all the trials is 0.75
(0.61–0.75).

TABLE 14 Evidence of inclusiveness of trials of stroke units
Trial*

Probability of
survival in controls

% of eligibles
included

Odds ratio for death at final review:
stroke unit vs. general wards (95% CI)

Goteborg-Ostra

0.94

Not given

1.27 (0.587–2.76)

Orpington 1993

0.94

67

0.90 (0.173–4.69)

Nottingham

0.87

Not given

1.10 (0.459–2.63)

Perth

0.80

Not given

0.64 (0.160–2.55)

Kuopia

0.78

Not given

0.67 (0.237–1.87)

Montreal

0.68

61

0.68 (0.318–1.47)

Trondheim

0.67

55

0.67 (0.371–1.21)

Edinburgh

0.65

99

0.82 (0.513–1.32)

Dover

0.61

34

0.82 (0.452–1.49)

Umea

0.59

Not given

0.92 (0.570–1.50)

Orpington 1995

0.54

Not given

0.28 (0.10–0.81)

*

Full references to studies are given in reference 162
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FIGURE 14 Odds ratio for survival at 1 year: stroke units versus standard care

Only two of the non-randomised studies were
included as the third, undertaken in London
and comparing two hospitals, only followed
patients for 6 months and, thus, is not directly
comparable with the others.163 It reported no
significant difference in survival between patients
admitted to the hospital with the stroke unit
and the one offering standard care. The authors
argued that the failure to show an effect was most
likely due to differences in case mix between the
two groups, though despite having very detailed
functional data, they were unable to identify
any differences other than that those admitted
to the stroke unit were more likely to be owner
occupiers and were on average 3 years older
than those admitted elsewhere.
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Of the two included, one was undertaken in
Copenhagen and compared patients admitted
to two neighbouring hospitals, one with and one
without a stroke unit.164 The second, undertaken
in Edinburgh, compared admissions before
and after introduction of a stroke unit in one
hospital.165 It included detailed information

on a wide range of prognostic factors, permitting
adjustment for severity.
The Copenhagen study produced an odds ratio
of 0.59. With the exception of the 1995 Orpington
study, which included only 73 patients, this effect
was greater than in any of the other RCTs. This value
is also very close to that found before adjustment for
differences in severity in the Edinburgh study.
There were no significant differences in baseline
characteristics in the two groups in the Copenhagen study in terms of age, sex, marital status,
nursing home residence and a range of cardiovascular and neurological parameters. The only
difference was that those admitted to the stroke
unit were more likely to have a history
of hypertension.
The authors of the Edinburgh study adjusted first
for age and sex (adj. 1 in Figure 14) and then for
a wide range of very detailed prognostic variables
including ability to lift arms, presence of diabetes,
employment, eye opening, motor score, verbal

Health Technology Assessment 1998; Vol. 2: No. 13

score, pre-stroke independence and blood
pressure (adj. 2 in Figure 14). Progressive adjustment reduces the apparent benefit from the stroke
unit so that, after the more detailed adjustment,
it disappears. Adjustment was undertaken using
a series of models, some of which had been derived
from other data sets. Each gave similar results.
These changes with risk adjustment suggest that
the patients admitted before and after the introduction of the stroke unit differed considerably.
The authors identify as a possible explanation the
closure of the hospital’s accident and emergency
unit during the study, which led to patients with
a different spectrum of severity being admitted.

Discussion
Authors of several other studies on stroke patients,
while not directly assessing outcome of stroke units,
have also argued that differences in case mix create
important problems for those undertaking nonrandomised comparisons.166 One example is the
study of management by neurologists compared
with care by general physicians, which reported a
lower mortality rate among those treated by neurologists but also a lower rate of co-morbidities in
this group.167
Although formal testing reveals insignificant
evidence of heterogeneity among the RCTs,

10

this test has only limited power. Examination of the
percentage of possible patients excluded and the
mortality in control groups suggests that the RCTs
are comparing quite different populations. While
noting the many limitations to such an approach,
comparison of odds ratios with mortality in control
groups does, at least, suggest the possibility of a
relationship with those RCTs in which the population has a higher probability of mortality, and
thus presumably more severe strokes, reporting a
smaller advantage for stroke units (Figure 15). If
true, this could explain the absence of an effect
seen in the non-randomised London study and the
adjusted results of the Edinburgh study, assuming
that these studies were not subject to as many
exclusions as in some of the RCTs. Two of the
RCTs provide data that enable sub-group analysis
that would, with caution, permit this hypothesis to
be explored further. However, although both lack
statistical power, neither offer much support for
it. The Orpington trial showed a slightly greater,
though non-significant effect in more severe and
in older patients, and the Umea trial produced
greater, and again non-significant, effects among
older patients and those with a past history of
cardiac disease or a previous stroke.
In summary, on the basis of the studies examined,
RCTs are generally consistent with a moderate
beneficial effect on mortality but unadjusted
results from two non-randomised studies suggest

Odds ratio
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0.1
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FIGURE 15 Stroke units: association between mortality in controls and odds ratios for death
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a greater effect than that seen in trials, though
when adjusted for case mix, the advantage associated with stroke units disappears. A third nonrandomised study finds no difference between the
two forms of care. There are several possible
methodological explanations for the differences.
An organisational intervention, such as a stroke
unit, may be especially susceptible to differences
in the subjects included given the inevitable conflict
between an unpredictable level of immediate
demand and a service with a fixed capacity. This can
be affected markedly by extraneous circumstances,
such as the closure of the emergency department
during the London study. Intuitively, such factors
seem likely to give rise to short- and long-term fluctuations in the threshold for admission/inclusion,
which in relation to the model will lead to differences over time in both e and i. There is some evidence from these studies not only that such effects
exist but also, more tentatively, that they have an
impact on the measured effect size. A further issue
in these studies is that many patients are likely to
have difficulty giving consent and it is not clear
whether equally strenuous efforts were made to
reduce the effect of differences in patient participation (p). However further exploration of this issue
is constrained by the absence in most randomised
studies of information on the percentage of eligible
patients recruited. The non-randomised studies
effectively adopt an intention-to-treat approach by
comparing hospitals rather than the actual treatment received by patients. This will overcome some
potential problems but, as a variable proportion of
stroke patients are managed at home, it does not
eliminate the effect of differences in eligibility (e)
between the two hospitals, based on availability
of resources.
Another potential reason for the observed
effects after adjustment is a Hawthorne effect,
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with those involved in RCTs providing better
care than would otherwise be the case, and thus
multiplying the effect of particular components
of care. In addition, the intervention has been
treated as a ‘black box’ and it has not been
possible to explore whether the term ‘stroke
unit’ has changed its meaning in different
places and over time.
In this case there is no evidence to support the
contention that it is possible to close the gap
between non-randomised studies and RCTs by
means of adjustment using even quite detailed
information on confounders. Furthermore, it is
possible that results such as those in the Edinburgh
study are due to over-adjustment for confounders.
Perhaps all that can be said is that stroke units
appear to be effective in reducing mortality for
some patients but not all and further work is
required, perhaps combining individual patient
data from the various studies, to identify who will
benefit most. Differences in results obtained in
individual RCTs and in non-randomised studies
are unsurprising in view of the apparent
importance of patient characteristics.

Summary
• The results of RCTs of stroke units vary
considerably, though, due to small sample
sizes, these differences do not reach
statistical significance.
• These differences may be due to chance,
though there is also evidence of differences
in populations included.
• Results of unadjusted non-randomised studies
are consistent with those of RCTs.
• In one non-randomised study, adjustment caused
divergence from the results of pooled RCTs but
this was not statistically significant.
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Chapter 10
Preventive interventions: malaria vaccines
Introduction

Results

As shown in chapter 5, characteristics of participants
in prevention RCTs are systematically different from
those who decline the invitation and from the general population. Participants are, in general, healthier and wealthier. In RCTs patient characteristics
should be distributed evenly across the trial arms
so, while the participants in a preventive trial may be
atypical of the general population, the effectiveness
of the intervention should be measured in an
unbiased way for that sub-group of the population.
However, non-randomised studies of preventive
interventions could face considerable selection
bias especially when those who come forward for
a preventive intervention are compared with the
remainder of a population, as it is very likely that
they will exhibit important baseline risk differences.

Details of the five RCTs (published 1993–96)
included in this review are shown in appendix 11
and the non-randomised study (1994) in appendix
12. Three of the five RCTs were conducted in South
America and two in Africa, with follow-up ranging
from 3.5 to 22 months. Two trials restricted their
participants to children (one to infants aged
6–11 months and the other to 1–5-year olds), and
the other three included everyone over a year old.
All five trials were placebo controlled and involved
three separate doses of vaccine (given in slightly
different quantities and intervals).

Methods
Immunisation was chosen as an example of a
preventive intervention to examine some of the
issues in interpreting results from the two study
designs. The Cochrane database provided a metaanalysis of RCTs of human malaria vaccines.168 As
this is a recent comprehensive systematic review and
included a MEDLINE search, no further RCTs were
sought. Non-randomised studies were identified
using the search strategy described in chapter 2.
By finding the references from these papers and
those given in the Cochrane systematic review, a
large non-randomised study was identified.169 The
study reported on the effectiveness of the SPf66
vaccination against malaria caused by Plasmodium
falciparum and Plasmodium vivax. Only the P.
falciparum results will be considered in this review.
The Cochrane review detailed five trials of SPf66
vaccine and its effectiveness against malaria due
to P. falciparum. 170–174
Many outcome measures were documented in the
meta-analysis, but for the purposes of comparison
with the non-randomised study, we focus here on
the only outcome measure used in that paper, the
incidence of malaria episodes during the
follow-up period.

The non-randomised study was conducted in
13 small villages in South Venezuela. All persons
aged over 11 years were invited for screening.
Those who attended and were eligible were given
three separate doses of the vaccine and were
followed-up 1 year later. The outcome in this
treated group was compared with the remainder
of the population.
The number of malaria episodes, the percentage
experiencing an episode, and the odds ratio comparing vaccines to controls, are shown in Table 15.
(For the non-randomised study, figures are unadjusted for baseline differences in the groups.)
Figure 16 plots these odds ratios. The percentage
of people remaining malaria free in the vaccinated
and control groups are plotted in Figure 17.
The SPf66 vaccine had the effect of reducing the
number of malaria episodes in all the studies. The
combined RCTs give an odds ratio of 0.62 (95% CI:
0.53–0.71). The unadjusted Noya study gives an
odds ratio of 0.78 (95% CI: 0.52–1.17).
To assess ‘allocation’ bias, baseline characteristics
of vaccinated and non-vaccinated subjects in the
non-randomised study were compared. No material
difference was observed in age, sex, or occupation.
However, those receiving vaccination were overrepresented in localities at higher risk of transmission. In an attempt to allow for this dissimilar
malaria risk at baseline, rate ratios were calculated
for the incidence in the 12 months subsequent to
the third dose of vaccination, in relation to that
observed during an equivalent calendar period
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TABLE 15 Summary of outcomes of evaluations of malaria vaccines
Reference

Study type

173

Malaria episodes (%)
Vaccine

Control

Odds ratio

95% CI

Alonso, 1994

RCT

73 (26.6)

102 (32.7)

0.75

0.53–1.07

D’Alessandro, 1995174

RCT

199 (63.0)

148 (64.1)

0.95

0.67–1.36

Sempertegui, 1994172

RCT

4 (1.7)

12 (5.2)

0.36

0.13–0.97

Valero, 1993170

RCT

168 (22.8)

297 (26.7)

0.52

0.42–0.64

Valero, 1996171

RCT

53 (8.4)

88 (14.1)

0.56

0.40–0.80

Cochrane meta-analysis

5 RCTs

497 (22.7)

647 (29.3)

0.62

0.53–0.71

Noya, 1994 (P. falciparum)169

Prospective cohort

46 (5.4)

56 (6.8)

0.78

0.52–1.17

Odds ratio
10

1

Noya

Meta-analysis

Valero, 1996

Valero, 1993

Sempertegui

D’Alessandro

Alonso

0.1

FIGURE 16 Summary of outcomes of evaluations of malaria vaccines

just before vaccination, and for comparable periods
for the controls. The after- to before-vaccination
incidence ratio of each group was used to derive
an adjusted odds ratio, which was reduced to
0.45 (95% CI: 0.25–0.79).

Discussion

56

The study by Noya and co-workers illustrated how
a non-randomised study design can have considerable selection problems when assessing preventive
interventions. People who choose to accept vaccination are likely to present with different characteristics and risk of infection to those who decline

vaccination. It could thus be misleading to compare
the crude malaria incidence rates in the control
group with those in the vaccinated group. Noya
and co-workers addressed this selection problem by
looking at the reduction in incidence of malaria in
the two groups compared with their experience in
the preceding 12 months: whereas the unadjusted
odds ratio in the non-randomised study was slightly
higher than that obtained in the Cochrane metaanalysis, after this attempt to control for baseline
risk difference, the odds ratio fell to below the
summary estimate from the RCTs.
None of these studies was flawless. The RCTs were
not analysed on an intention-to-treat basis. Only

Health Technology Assessment 1998; Vol. 2: No. 13

Malaria-free in control group (%)
100
90
80
70
60
50
40
30
20
10
0
0

10

20

30

40

50

60

70

80

90

100

Malaria-free in vaccine group (%)
FIGURE 17 Relationship between percentage of people malaria free in vaccine and control groups

those who received all three doses of the vaccine
(or placebo) were included in analyses. Compliance ranged from 60% to 94%, with some differences between treatment arms. It is likely that those
who did not receive all three doses had different
characteristics and risks of malaria. Furthermore,
the differing endemicity of malaria in the areas
where the studies were undertaken, the different
lengths of follow-up and the different age groups
targeted, bring into question whether a summary
estimate of the RCT data has meaning.
While such variability in trial site and execution
leaves uncertainties, the striking linear correlation
between endemicity and relative vaccine effect seen
in the RCTs suggests that here methodological
foibles are overwhelmed by powerful biological
forces at work. The vaccine appears to work best
at lower disease burdens. Viewed in this light, the
adjusted RR from the non-randomised data falls
exactly as would be predicted on the plot of
endemicity versus RR.
Thus, for this preventive intervention, after
simple adjustment the non-randomised data are
wholly concordant with the RCT findings; and
most obviously so when heterogeneity is explored,
rather than suppressed in a summary estimate.
If the biological explanation proposed for the

variation in effect is correct, it has clear implications for vaccine policy, and the non-randomised
result has added to the coherence of the picture.
Unfortunately, it is improbable that this happy
circumstance will hold for all, or even most, preventive interventions. In the vaccine evaluation, powerful and specific biological forces both limit the
scope for risk factor imbalance, and make it plain
when it does occur, and also obscure minor-tomoderate study flaws. This will not be the case for
preventive interventions involving more personal,
lifestyle-choice modifications (e.g. modifications of
diet, activity, weight, and commitment to long-term
hormone replacement therapy), where concomitant variations in attitudes and other behaviours will
be many, often subtle, and of uncertain influence
on quite modest effects on health risk. In such
situations, absence of RCT data greatly limits the
potential for making informed policy.

Summary
In this example, the treatment effect estimate from
the non-randomised study is concordant with the
estimates obtained from the randomised trials.
However, this finding should not be generalised
to all preventive interventions.
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Chapter 11
Internal validity: lessons from comparisons of
non-randomised studies and RCTs

T

he papers reviewed in chapter 3 comparing
non-randomised studies with RCTs and the
four case studies (chapters 7–10) provide insights
into the issue of internal validity.

antagonists produced broadly similar results, as
did studies of stroke units. The non-randomised
study of malaria vaccines found a somewhat greater
benefit than did the RCTs but the difference was
not statistically significant.

Do RCTs and non-randomised
studies produce systematically
different results?

There are several reasons for the failure to support
the argument that a systematic bias arises from the
use of one method rather than the other.

The first hypothesis being tested is that, when
evaluating the same intervention, non-randomised
studies produce greater treatment effects for interventions versus placebos, or new versus old interventions. This is based on the contention that, in the
absence of rigorous randomisation, a bias, conscious
or otherwise, will creep into the process by which a
particular patient receives one or other treatment
and that this will have the effect of producing an
imbalance so that those receiving the new treatment
will have greater potential to benefit.

• As particular interventions tend to be studied
using either RCTs or non-randomised studies,
there are few examples of comparisons to study.
• Of those that do exist, confidence intervals are
often wide, so it is not possible to say whether
any differences are real or due to chance.
• Typically there are large differences in how the
research is conducted using the two approaches,
such as the population included, the setting,
the practitioners, and how the outcomes are
assessed. This review has produced considerable
evidence of how much these factors may vary.
One measure is the scale of the differences in
the frequency of particular outcomes between
control groups from different studies. Further
evidence can be inferred from the results of the
analysis of CABG and PTCA by Jones and coworkers.141 This showed that for some patients
the former is safer than the latter and for others,
the converse, and that this is a function of initial
severity. Consequently, a study that only included
subjects from one part of this spectrum would
inevitably produce different results, independently of the method used to allocate treatment
(Figure 18).

There are four main findings from the examination
of papers in chapter 3, which compared the two
methods.
• Within the limits of statistical significance,
the results obtained by the two approaches
are frequently similar.
• Any differences were most often, but not always,
of similar magnitude of estimated treatment
effect rather than in the same direction, and
only rarely did the two approaches favour
different interventions.
• Neither method consistently favoured intervention over placebo or new treatment over old.
• The differences in results between RCTs and
non-randomised studies were frequently smaller
than those between RCTs or between nonrandomised studies.
These findings are supported by the four examples
studied in chapters 7–10. In the case of CABG and
PTCA, the RCTs tended to favour CABG and the
unadjusted results of non-randomised studies
favoured PTCA, though the wide confidence
intervals make any firm conclusion impossible.
The different methods used to examine calcium

A similar situation has been described by Rothwell,
who re-analysed data from the European Carotid
Surgery Trialists Collaborative Group175 and showed
how, when subjects are stratified according to risk
at entry using an independently generated prognostic index, surgery confers a net survival benefit
among high-risk patients but a net loss of life
among low-risk patients.176 He also showed how
the benefit from aspirin used to prevent stroke
is greater in those with the greatest initial risk.
By inference, trials that had been less inclusive
would have suggested greater RR reductions for
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FIGURE 18 Schematic representation of potential effect of studies on different populations (e = ineligible, s = subjects)

these two interventions and even more inclusive
studies might have found smaller overall benefits.
(The contribution of regression to the mean to
these effects is unclear.)
Further evidence of the importance of differences
within samples comes from the paper by Horwitz
and co-workers that examined beta-blockers.32
Having found quite different results in RCTs and
non-randomised studies they were able to produce
reasonable agreement by excluding from the nonrandomised group those not meeting the eligibility
criteria for the RCT (Figure 19).
This problem is not confined to comparisons of
the two approaches, as the finding that the survival
rates in control groups of RCTs evaluating stroke
units can vary almost two-fold suggests either that
they are studying very different populations or that
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e

RCT
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FIGURE 19 Schematic representation of comparison by Horwitz
et al32 (e = ineligible, s = subjects, eA = excluded from comparison)

there are large differences in what is happening to
those in the control groups.
Ioannidis and Lau have provided further evidence
from a range of studies of the problems arising
when seeking to apply the results of trials undertaken on heterogeneous populations to individuals,
but they also highlighted another problem:177 if
a population contains many individuals with little
ability to benefit from the intervention in question
and a few with a high ability to benefit, even
though the overall sample size is large, the latter
group may be very small and randomisation may
not ensure that they are evenly distributed between
the two arms. In this case, the disproportionate
effect exerted may lead to serious bias.
It is recognised that, as so few comparisons have
been published, there is considerable scope for
publication bias in this field as in others, as authors
seek to support a particular position. It is therefore
inappropriate to place too much emphasis on the
relative number of comparisons yielding particular
findings. Instead, all that can be said is that the
initial hypothesis is disproved and non-randomised
studies do not always produce greater effect sizes
than RCTs. However, the detailed study by Stukenborg47 provided considerable evidence that if any
effect of assignment per se exists, it is small.

Can adjustments be made for
baseline differences in groups?
It is well established that non-random allocation
of subjects can produce comparison groups that
differ in terms of prognosis. This is seen in many
of the studies cited in this review. This review has
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examined whether adjustment for baseline
differences between comparison groups in nonrandomised studies will cause the results of such
studies to converge with those of RCTs. It is recognised that baseline differences between arms of
RCTs may also exist, either due to chance or, as is
increasingly being realised, through imperfections
in the randomisation process.178 For the present
purposes, however, we have accepted the commonly held view that randomisation results in
completing comparable groups.
The papers cited in chapter 3 provided mixed
answers. Antman was unable to reconcile the
results of the different approaches to evaluating
treatment for sarcoma.40 Horwitz and co-workers
were more successful, but only when they excluded
those subjects that did not meet the eligibility
criteria for the RCT.32
Our four case studies also produced a mixed
picture. In the studies of CABG and PTCA, adjustment increased rather than decreased the differences between the results from the two methods
of allocation. With calcium antagonists, stroke units
and malaria vaccines the differences between the
two methods were not statistically significant,
though for the first two, there was a suggestion
of a non-significant trend with progressive adjustment that tended first to close the gap but then
to open it, but in the opposite direction.
The ability of the evidence reviewed to determine
the potential for adjustment is extremely limited.

Sample sizes are rarely adequate to detect differences with confidence even though trends are
often apparent, and adjustment may be imperfect,
such as the exclusion of left main stem disease in
the model employed by Hartz and co-workers.145
Some of the papers examined in chapter 3 show
how results can be affected by increasing the
number of variables adjusted for and this was also
seen in the example of stroke units, where adjustment eliminated a previously significant benefit.
One can never be certain that adjustment has
been sufficient or whether the inclusion of other,
unmeasured variables might change the results
further. This is analogous to comparisons of the
performance of hospitals or practitioners in which
rankings change as increasing numbers of prognostic variables are taken into account.179
As a minimum, adjustment methods should be
developed in a rigorous fashion. This should be
based primarily on an understanding of the biological and clinical issues involved but, in addition,
a range of statistical issues must be considered.
The potential statistical problems that may arise
as well as the measures that should be taken to
minimise them have been described by Concato
and co-workers (Table 16).180
Another approach is to identify situations in
which the threats to internal validity are minimised.
Miettinen described ‘confounding by indication’
in which, those whom it is thought are most likely
to benefit from a particular treatment are most

TABLE 16 Problems with multivariate models of risk
Problem

Potential remedy

Under- or over-fitting

Ensure > 10 outcome events per independent variable

Non-conformity with linear gradient

Check for linearity throughout range and stratify if necessary

Violation of proportional hazards

Check for proportionality throughout range and stratify or use time-dependent
variables if necessary

Interactions

Include interaction terms, but be cautious about over-fitting

Variation in coding of variables

Specify how variables are coded and use them consistently

Selection of variables

Specify how variables are selected

Co-linearity

Select only one of several clinically similar variables or select using principal
components analysis

Influential outliers

Be aware

Inadequate validation

Use independent sample/split sample/bootstrap sample

Source: Adapted from Concato et al180
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likely to receive it.181 He illustrated this with an
example that appears to suggest that treatment
with warfarin increases the risk of thrombosis
27-fold. Even after detailed adjustment, it continues
to be associated with a nearly four-fold increased
risk. Apparently, the ability of physicians to select
patients at high risk of thrombosis surpasses the
ability of definable risk factors to identify them.
This, he contends, provides a strong argument
against non-randomised studies of intended effects,
as the combination of often subtle clues that practitioners use to identify those whom they expect to
benefit most from an intervention often cannot be
captured by the researcher. In contrast, however,
seeking as yet unknown adverse effects of treatment
is not a problem, as the physician deciding who
will receive what treatment cannot possibly know
the unknown (i.e. which patient factors make
side-effects more likely).

Dealing with preference
It is necessary to understand the nature of the
phenomenon of preference better and, in particular, where preferences are important and where
they are not, and what the implications of this are
on our understanding of the results of RCTs. For
example, it seems plausible that interventions
designed to affect behaviour might be much more
susceptible to important patient preference effects
than those with less avoidable outcomes such
as death.
This could be examined by mounting RCTs from
which the size of preference effects can be reliably

measured. But this is difficult. Rucker postulated
a two-stage design where randomisation between
two groups (Figure 20) is described.12 The two
arms compare the outcome among no choices
with patient preferences where they exist. However, even if it were possible for people with strong
preferences to be recruited into such a trial (e.g.
Torgerson et al,14 demonstrated that it is possible,
in one instance at least), the estimation of any
preference effect would remain complex.
The problem is one of interpretation because,
in this case, subtracting the means from the two
randomised groups provides an estimate of a
complex combined algebraic function of the main
physiological effects and any preference effect
(x and y, respectively). As has been emphasised,
measuring the existence of main physiological
effects is, in the known absence of preference
effects, relatively straightforward, but estimating
interactions such as y is difficult. This is true for the
simple assumptions made here, but more complex
assumptions quickly render the solution intractable. More complicated models could be imagined
in which the effects of preference were multiplicative, graded, different for each treatment
and/or asymmetric, but as these effects are poorly
understood, the simplest possible theoretical
effects are presented here.
Expected response rates:
Preference group
P + y (α + β) + x (α + γ/2)
Random: Group A P + y (α – β)
Random: Group B P + y (α – β) + x
Random:
whole group
P + x/2

A

B

Choose
Preference
group

A
No preference

All
patients

Randomise
B

Randomise

A
Random
group

Randomise
B
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FIGURE 20 Possible means of incorporating preference (Source: Rucker12)
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FIGURE 21 Possible means of incorporating preference (Source: Brewin and Bradley182)

The physiological effect (x) can be estimated
from the randomised arm (RB – RA), but with an
unknown preference component based on imprecise estimates of the proportions α and β from the
preference arm. A preference effect might thus be
estimable from comparison of the results from the
two arms, but the error structures are formidable.
The algebra, which is highly laborious even on the
simple model above confirms the difficulty of
estimating these interactions reliably:
(RP – RR) + ((β + γ/2) – 1/2)(RB – RA)
y

as preferences can change while physiological
effects may be less volatile. It is crucial, ultimately,
to understand why a treatment works. Preference
trials183 can answer contemporary pragmatic questions about which treatment works best, incorporating both individual choice and their preference
effects, but double-blind trials are more likely to
control for any psychological effects and hence
detect the physiological effects, only. Physiological
effects cannot be reliably observed from unblind
trials, since certainty that there are no preference
effects is never justifiable experimentally.

=
2β (1 – β + α) + γ (α – β)

It may be easier to put into practice the trial
design described by Brewin and Bradley182
(Figure 21) but this will produce results for which
a preference effect cannot be disentangled from
the possible confounding arising from differences
between patients with strong treatment preferences. Alternative methods14 involve recording
preferences before randomisation as a covariate
and estimating a preference effect by including
a y -type term in a regression equation estimating
the main (x-type) effects. Unless the trial is
enormous, such estimates will in general be
very imprecise and probably too imprecise
to distinguish them reliably from the main
physiological effects.
To be able to interpret properly results from
unblind RCTs it is essential to know that estimates
of treatment effects are free from important
preference components (2y [β – α]), particularly

Summary
• Within the limits of statistical significance,
the results obtained by the two approaches are
frequently similar and any differences are most
often, but not always, of similar magnitude of
the estimated treatment effect rather than in
the same direction.
• The differences in results between RCTs and
non-randomised studies are frequently smaller
than those between RCTs or between nonrandomised studies.
• Adjustment for baseline differences between
arms in non-randomised studies should be
explicit and rigorous.
• The risk of confounding may be less when
unexpected rather that intended effects are
being sought.
• Designs intended to detect preference effects
have been proposed and, while they offer some
advantages, formidable problems remain.
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Chapter 12
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Possible solutions
Eligibility, centre participation, invitation, and
patient participation are considered together as
many of the issues are similar. Having shown that
each of these factors can give rise to samples that
are unrepresentative of the populations from
which they are drawn, the solutions are largely
self-evident, if often difficult to implement. Inclusion criteria should be broad and, in particular,
where exclusions are purely for administrative convenience or tradition, they should be abandoned.
Efforts should be intensified to include settings
to which the results are intended to be applied,
though there may be formidable obstacles to doing
this. A recent example highlights how apparently
unrelated factors may influence this. Even among
teaching centres in the USA, research is increasingly concentrated in those areas situated in less
competitive healthcare markets, as pressures from
healthcare funders squeeze research.184 Changes
to the funding of research in the NHS aim to
avoid the same happening in the UK.184
The evidence concerning behaviour changes,
either lay or professional, suggests that it may be
difficult to overcome the failure (either deliberate
or unintended) to invite certain patients to participate, or of patients to consent. Any strategy must
address not only the lack of knowledge among
both practitioners and patients, that patients often
benefit simply from being in RCTs, and that a new
treatment is as likely to be harmful as beneficial,186
but also attitudes and practices. It should take

into account the emerging body of research on
patients’ expectations of researchers and how
recruitment might be improved.187 In particular,
where there is opposition to randomisation from
practitioners, methods such as that advocated by
Zelen, in which subjects are randomised before
being asked to give consent should be considered
(Figure 22).188 This has been shown to increase
participation by practitioners in certain circumstances, though it is difficult to predict how many
subjects will be in each category and thus what
sample size is required. Furthermore, this approach
may raise ethical concerns for some people.
Notwithstanding the importance of these
objectives, a question remains over whether it is
possible, on the basis of what is known about the
impact of these threats to external validity, to relate
the results of restrictive RCTs to individuals with
prognoses that differ from those included in an
RCT. Two questions arise: the first is whether it is
possible to identify trends in net benefit according
to baseline prognostic features among those included in RCTs that can then be extrapolated to others
not included. Although this review has focused on
the differences between RCTs and non-randomised
studies, evidence from those researchers that have
sought to reconcile differences in effect size due
to variation in baseline risk among participants
in RCTs189–191 also has implications for this review.
Where sufficient information is available on
participants at entry, it may be possible to identify
trends in net benefit according to initial features.21
This is analogous to stratified analyses. It is,

Yes

A

No

B or other

Yes

B

No

A or other

Do you wish A?
to A
Eligible

Randomise
to B

FIGURE 22 Double consent randomised design (Source: Zelen188)

Do you wish B?
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however, rarely possible to disentangle the effects
of the possible factors, e, i, d and p, that may give
rise to these differences. A superficially attractive
alternative is to avoid cataloguing differences in
particular prognostic factors and look at overall
differences in risk, such as the relationship between
treatment effect and the frequency of events in the
control group or, as in the L’Abbé plot, to examine
the relationship between the frequency of events
n the treatment and control groups. Glasziou and
Irwig have suggested such an approach in which
the net benefit for a particular patient can be
estimated from knowledge of the RR reduction
achieved by an intervention, that patient’s baseline
risk, and a measure of harm from the intervention.192 It assumes fixed adverse effects with
increasing risk and a constant reduction in RR.
Unfortunately, while these methods can provide
some clues to identify studies requiring detailed
examination, they do not support statistical
analysis that would resolve this issue.193
The second and key question, however, is whether
it is legitimate to extrapolate these trends to a wider
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population. This is reminiscent of debates about
the limits of empiricism in the eighteenth century,
when philosophers such as Hume concluded that
no matter how many times an event was observed
to have a particular effect, one could never be sure
that it would always do so, in all circumstances and
at all times. The present review has identified no
evidence to challenge this view.

Summary
• Many of the solutions to problems of eligibility
or participation are self-evident, such as removal
of blanket exclusions.
• Implementing change may be difficult but
some strategies, including methods of trial
design, do exist.
• There is insufficient evidence to justify
extrapolation to wider populations of results
from limited samples on the basis of identifiable
characteristics and there are well-established
philosophical arguments why this might not
be expected to be valid.
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Chapter 13
Summary and conclusions
Overview
As noted in chapter 1, opinions about the relative
merits of RCTs and non-randomised studies have
tended to become polarised. To a considerable
degree, the differing positions relate to the relative
importance placed on the different sets of threats
to either internal or external validity. While limited
by the scarcity of relevant studies even after
exhaustive searching, this review has managed to
both confirm and refute some widely held beliefs
that underpin these differing views. The four
research areas are summarised below.

Do results from non-randomised studies
and RCTs differ systematically?
The argument that non-randomised studies
consistently favour an intervention above either
placebo or no treatment, or a new treatment over
an old one is not sustained. RCTs and nonrandomised studies can produce different results
but the direction of the difference is not consistent.
In this review, in seven of 18 comparisons there was
no significant difference in effect size according to
the two methods. Furthermore, variation in results
also occurs between RCTs and between nonrandomised studies. This often reflects widely
differing design features, which are sufficiently
great as to preclude detection of any specific
effect of the process of allocation.

What happens to effect sizes when
potential allocation bias is adjusted for?
The argument that, while groups in nonrandomised studies may have different prognostic
features at baseline, adjustment can cause the
results to converge with those of RCTs is not
sustained. The empirical evidence reviewed does
not show that this invariably happens, though there
are several reasons why this may be so. First, within
the limits imposed by the power of many studies,
there is often no significant difference between
the results obtained by RCTs and non-randomised
studies so there is no gap to close. Second, the
quality of adjustment may be inadequate and thus
says little about what could be achieved under
optimal circumstances. Third, differences in other
aspects (exclusions, participants, etc.) remain,
so there is no reason to expect effect sizes to be
the same.

Do threats to external validity
affect generalisability to the
reference population?
Chapters 4 and 5 have addressed the criticism that
RCTs lack external validity in that those who meet
eligibility criteria or who are either invited or agree
to participate are significantly different from the
population to whom the results of the study will
be applied. It confirms that those who participate
in RCTs, whether as practitioners or subjects, are
frequently quite unrepresentative of the population
to whom the results will be applied, though the
consequences for policy are unclear.
Chapter 4 makes clear that, typically, a very small
proportion of patients with a particular condition
who could be included in RCTs are included,
though precise figures are very difficult to ascertain
because of a frequent lack of clarity about who
might be included. The chapter also showed the
extent to which important sub-groups of the
population, and often those to whom the results
of RCTs will be most commonly applied such as
the elderly are systematically excluded from
many trials.
Chapter 5 found considerable evidence that those
individuals participating in studies are not truly
representative even of those who are eligible to be
included. Some potential subjects will be denied
the opportunity to participate in trials simply by
virtue of where they are treated. Evaluative research
of all kinds is concentrated in teaching centres.
The limited evidence available suggests that settings
of non-randomised studies are slightly more representative. There is also evidence concerning those
who pass the first hurdle and reach a centre in
which a trial is being conducted. Here, it is necessary to differentiate trials of treatment and prevention. Those participating in RCTs of treatment
tend to be less affluent, less educated, and more
severely ill than those who do not. In contrast,
in preventive trials, participants tend to be
wealthier, better educated, and more likely to
have adopted a healthy lifestyle. These findings
can be interpreted as follows.
• Participation bias in preventive trials may increase the effect size on intermediate outcomes
such as change in lifestyle, by exaggerating
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adherence, but decrease the effect size on
health outcomes such as morbidity and mortality
as there is less potential to improve.
• Participation bias in treatment trials may
increase the effect size because those included
have greater potential to benefit.
The interplay of these factors is, however, complex
and it is inappropriate to generalise. Each case
should be examined individually.

What are the effects of preference?
The review showed how, in theory at least,
elimination of patient preferences could play
an important part in unblinded RCTs, particularly
where the effect being sought is small. Indirect
evidence for a preference effect was identified
but the very limited body of empirical evidence
precluded any firm conclusion on whether it
actually does exist and whether it is important.

Implications for policy
While a high level of exclusion may have some
advantages for those conducting an RCT, it also
has important implications for policy. In particular,
there is a risk of denial of effective treatment to
those who might benefit but who have been
excluded from the RCTs, and delay in obtaining
definitive results because of low recruitment
rate. These problems can also affect nonrandomised studies but they are more likely to
be a greater problem with RCTs. In addition,
there is a danger of unjustified extrapolation
of results to other populations, and therefore
it is concluded that it should not be assumed
that summary results apply equally to all
potential patients.

Recommendations for research
The results of this review have several important
implications for the ways in which evaluative
research is conducted, interpreted, and reported.

Conducting research
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This review has confirmed many of the
observations made previously by others. RCTs
are frequently too small to detect any effect that
might exist and combination of results of small
trials confronts the problem of heterogeneity, as
the populations studied commonly vary quite
considerably, judged by differences in event rates
in control groups. It is easy to specify the ideal
study design. This could be characterised as

consisting of a very large RCT in which the settings
and the subjects are representative of the population to which the results might be applied and
those participating are equivocal as to which arm
they are allocated. Furthermore, the study should
be able to identify with confidence important
factors, either related to patients or treatment
settings, that will favour one treatment or another
and thus facilitate the application of results to subgroups of patients with particular characteristics.
In practice, this situation is rarely achieved, for
a variety of procedural and practical reasons.
Furthermore, we recognise that the perfect can
become the enemy of the good and researchers
should not abandon a question simply because
they are unable to achieve perfection.
Considering the specific issues discussed in
this report, we believe that there continue to be
situations in which an RCT is not possible. We
recognise that practical reasons for this, such as
ethical concerns or cost, may not be sustainable in
the eyes of some but they may be insurmountable.
In these circumstances, we believe that if a welldesigned non-randomised study is possible, it
should be undertaken and will be preferable to a
small, poorly designed and restrictive RCT. It will
never be possible to know with certainty whether
there has been adequate adjustment for baseline
differences between groups but the approach
used should adhere to the guidance set out in
the previous chapter. A subsequent RCT may
give a different answer but there may be several
possible explanations for this, other than the
method of allocating patients to interventions.
If an RCT is chosen, it should seek to include as
wide a range of practice settings as possible and
the study population should be representative of
all patients currently being treated. Exclusions for
administrative convenience should be rejected. It is
recognised that, for many conditions, this may be
complicated by the absence of information on the
spectrum of severity of patients who are actually
considered for treatment.
While arguing that RCTs should be as inclusive
as possible, we recognise the need to avoid a
situation in which subjects with quite different
abilities to benefit from treatment are brought
together to produce a single figure for effect size.
In many cases it will be necessary to stratify the
study population on the basis of either identified
or suspected prognostic factors. This must
obviously be done at the outset of the study
and it is recognised that it will require
larger numbers.
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As far as possible, efforts should be made to
maximise participation by practitioners and
patients, and several suggestions as to how to
do this have been made.
The issue of preference remains problematic.
Designs incorporating preference arms exist
but we have shown that it may still not be
possible to differentiate treatment from preference effects. The only dependable solution
is for trials to be absolutely blind to all concerned but, for many interventions, this will
be impossible.

Interpreting research
This review has confirmed that those who
participate in RCTs are often a highly selected
group that have had to pass through a series
of hurdles of eligibility, invitation and decision
to participate. These factors act in different
ways, in part depending on whether a study
is of an intervention designed to treat those
whose health is already impaired or to prevent illness or promote health. Certain key
messages emerge:
• heterogeneity among studies, both in terms of
the populations and the interventions studied
should be addressed explicitly
• practitioners should use considerable caution
when extrapolating results to populations that
differ from those included in research studies
• when there is a difference in effect size between
an RCT and a non-randomised study, differences in the study population or lack of power
of one of the studies should be considered
as well as differences in treatment allocation
procedures.

Reporting research
An immediate priority is to improve the quality
of reporting evaluative research. Throughout
this review it has been noted that information on
eligibility and participation is often lacking, though
there is prima facie evidence that it varies widely.
As a minimum, authors should define the population to whom they expect their results to be
applied, what steps they have taken to ensure
that the study population is representative of
this wider population and any evidence of how
it differs, the characteristics of those centres
participating and any that declined, and the
numbers and characteristics of those eligible
to be included who either were not invited to do
so or were invited and declined. As noted earlier,
effective implementation of the CONSORT statement120 will address this issue in part as it requires

that authors report the number in the eligible
population and the number not randomised
for each reason. It does not, however, require
information on the characteristics of those
included and excluded.
Until these issues are better understood, such
information should be collected and reported
both for RCTs and non-randomised studies.

Further research
This review has identified many unanswered
questions. In particular, it has highlighted
the weakness of the evidence base on which
many decisions must be made. Each of the
examples studied suggest particular questions
that could usefully be pursued but we believe
that, as a priority, the following issues should
be addressed.

Who is and is not included in RCTs and do any
differences matter?
This review has shown that there are differences
between those who do and do not participate in
RCTs and that these differences could influence
any effect detected. It also noted the very limited
evidence available on which to make judgements
on this issue. This is a relatively straightforward
issue to address. Those commissioning research
could require that organisers of RCTs collect
information on relevant characteristics of the
entire eligible population, including those eliminated at each stage. Consequently, each of the areas
in Figure 1 could be described and differences between s, e, i, d and p compared. Ideally, studies
would follow-up all five categories of patient and
compare their outcomes. Over several years this
would provide a substantial volume of data that
would enable many of the outstanding questions
to be answered. Other research is needed to
examine the effect of differences in participation
by centres and practitioners.
What is the effect of patient preference?
We have concluded that the existence of
important effects on therapeutic efficacy
attributable to the preferences of patients is
theoretically plausible. However, even if such
effects exist, finding reliable empirical evidence
is methodologically difficult and will require a
major research effort.
Preference effects face a ‘Catch 22’ situation;
large trials would be needed to reliably discern
preference effects but it is not clear whether the
current evidence of their importance is sufficient
to convince funders of the need for such an effort
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or whether such evidence can be obtained other
than by mounting a large study.
There is, however, some scope for greater
use of preference trials. Under this design,
patients are carefully and fully informed about
the relevant scientific uncertainties and
encouraged to actively choose their treatment.
Those with little or no preference for treatment
are encouraged to accept randomisation. The
systematic follow-up of such cohorts would
offer the opportunity to establish through
randomisation the physiological effects of
treatment among those with no preference
and to learn whether patients with apparently
similar prog-nostic characteristics who actively
choose their treatments have different outcomes
than those predicted by randomisation.
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Is it possible to design non-randomised
studies that will produce valid and
reliable results?
The literature reviewed showed that the results
of RCTs and non-randomised studies do not
inevitably differ but the available evidence suffers
from many limitations. It does, however, suggest
that it may be possible to minimise any differences
by ensuring that subjects included in each type
of study are comparable. The effect of adjustment
for baseline differences between groups in nonrandomised studies is inconsistent but, where
it is done, it should involve rigorously developed
formulae, as set out in the previous chapter.
This hypothesis should be tested by evaluating
several specific interventions, ensuring that
both treatment and preventive interventions
are included.
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Appendix 1
Search strategy
Comparing the results of RCTs
and non-randomised studies

No.
#1

No.
papers
21863

#2

1181

#3
#4

22713
22353

#5

450

Literature search
Literature searches were conducted using the
following databases: MEDLINE, EMBASE, Science
and Social Science Citation Index (BIDS) and the
Cochrane Library.

MEDLINE 1966–96
Search strategy
No.
#1

No.
papers
7583

#2

89055

#3
#4
#5
#6
#7
#8
#9
#10
#11
#12

2848
22599
1847
3176
151
434
446
121
57
30781

#13

106

Term
explode “RANDOMIZEDCONTROLLED-TRIALS”/
all subheadings
explode “RESEARCHDESIGN”/ all
subheadings
OBSERVATIONAL
COHORT
NON-RANDOM*
NONRANDOM*
NATURAL EXPERIMENT*
QUASI-EXPERIMENT*
QUASI EXPERIMENT*
NONEXPERIMENTAL
NON-EXPERIMENTAL
#3 or #4 or #5 or #6 or
#7 or #8 or #9 or #10
or #11
#1 and #2 and #12

EMBASE 1980–96
Search strategy for TITLES
No.
#1
#2

#3

No.
papers
15499
3187

65

Search strategy for TITLES, ABSTRACT &
KEYWORDS

(randomized control*)@(TI, AB,
KWDS)
(randomised control*)@(TI, AB,
KWDS)
1, 2
(observational, non random*,
nonrandom*, natural
experiment*, quasi
experiment*, nonexperimental,
non experimental, cohort) @
(TI, AB, KWDS)
3, 4

Search strategy using THESAURUS TERMS
No.
#1
#2

No.
papers
3500
22353

#3

69

Term
(clinical trial)@ KMAJOR
(observational, non random*,
nonrandom*, natural
experiment*, quasi
experiment*, nonexperimental,
non experimental, cohort)@(TI,
AB, KWDS)
1+2

SCIENCE CITATION INDEX 1981–96
Search strategy for TITLES
No.
#1
#2

No.
papers
39591
5550

#3

442

Term
(random*)@(TI)
(observational, non random*,
nonrandom*, natural
experiment*, quasi
experiment*, nonexperimental,
non experimental, cohort)
@(TI)
1+2

Term

Term
(random*)@(TI)
(observational, non random*,
nonrandom*, natural
experiment*, quasi
experiment*, nonexperimental,
non experimental, cohort)@(TI)
1+2

SOCIAL SCIENCE CITATION INDEX 1981–96
Search strategy for TITLES
No.
#1
#2

No.
papers
2537
1739

Term
(random*)@(TI)
(observational, non random*,
nonrandom*, natural
experiment*, quasi
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#3

26

experiment*, nonexperimental,
non experimental, cohort)@(TI)
1+2

79375

#13

7890

Cochrane Database of Abstracts of Reviews
of Effectiveness
Search term ‘observational’ – 13 papers identified.

#14

459

Additional search strategies
References from key articles were found

#1
#2
#3
#4

379
859
596
7890

#5
#6

1795
79

#1
#2
#3
#4

7048
11371
4972
7165

#5
#6
#7
#8
#9
#10
#11

77005
13897
77761
22760
285
151963
44

#1
#2
#3
#4

7048
11371
4972
7165

#5
#6
#7
#8
#9
#10
#11

22760
285
24285
120954
760158
809047
161

The Citation Index was used to identify work by
key authors
Other research teams conducting systematic
reviews for the NHS R&D Standing Group on
Health Technology were contacted.

Interpretation of evidence
Tables were constructed to collate the findings
from the papers that directly compared nonrandomised and randomised studies. These were
studied and hypotheses were generated to explain
the findings. If queries arose, individual authors
were contacted for elaboration.

Generalisability of study results
Three aspects of generalisability are particularly
relevant: eligibility criteria, participation of
centres/practitioners and participation of subjects
in trials. Systematic reviews of the literature were
performed to assess the extent to which these have
been shown to limit the generalisability of
randomised trial results.

Literature search
Eligibility
MEDLINE 1966–96
#1
1111
explode “eligibilitydetermination”/all subheadings
#2
7890
explode “randomized-controlledtrials”/all subheadings
#3
9
#1 and #2

82

#12

#1
#2
#3
#4
#5
#6
#7
#8
#9
#10
#11

379
859
596
2140
4987
26497
13839
9458
24112
361
42

eligibility criteria
inclusion criteria
exclusion criteria
eligibility
eligible
inclusion
exclusion
recruitment
entry
ineligible
ineligibility

#1 or #2 or #3 or #4 or #5
or #6 or #7 or #8 or #9 or #10
or #11
explode “Randomized-controlledtrials”/all subheadings
#12 and #13
eligibility criteria
inclusion criteria
exclusion criteria
explode “Randomized-controlledtrials”/all subheadings
#1 or #2 or #3
#4 and #5
Exclusion*
Inclusion*
Eligib*
explode “randomized-controlledtrials”/all subheadings
Women
Gender
Female*
#1 or #2 or #3
#8 and #4
#5 or #6 or #7
#9 and #10
Exclusion*
Inclusion*
Eligib*
explode “randomized-controlledtrials”/all subheadings
#1 or #2 or #3
#5 and #4
Elderly
Old*
Age*
#7 or #8 or #9
#6 and #10

Centre Participation
To explore the issue of centre participation,
two recently completed systematic reviews that
included both RCTs and non-randomised studies
were examined to determine the extent to
which participation differs by study
design.
Patient Participation
MEDLINE 1966–96
MeSH terms:
#1
1459
CLINICAL-TRIALS-METHODS in
MJME
#2
1301
PATIENT-PARTICIPATION in
MJME
#3
4
#1 and #2
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#1

89055

#2

1301

#3

34

#1

3267

#2

7583

#3

31

Textwords:
#1
12

explode “RESEARCH-DESIGN”/
all subheadings
PATIENT-PARTICIPATION in
MJME
#1 and #2
explode “PATIENTPARTICIPATION”/ all
subheadings
explode “RANDOMISEDCONTROLLED-TRIALS”/all
subheadings
#1 and #2

#2

7

Textwords:
#1
257
#2
4
#3
2
#4
15
#5
167

Patient-participation in MJME and
randomized-controlled-clinicaltrials in MJME

Patient* preference*
Preference arm*
Preference trial*
Parental preference
Patient* choice

Cochrane database
#1
56
“preference”

Interpretation of evidence
Recruitment bias

Publication types:
#1
71766
PT = ‘RANDOMIZEDCONTROLLED-TRIAL’
#2
11404
PT = ‘CONTROLLEDCLINICAL-TRIAL’
#3
168593 PT = ‘CLINICAL-TRIAL’
#4
83
NONPARTICIPATION
#5
76
NON-PARTICIPATION
#6
169
NONPARTICIPANTS
#7
112
NON-PARTICIPANTS
#8
168596 #1 or #2 or #3
#9
409
#4 or #5 or #6 or #7
#10 23
#8 and #9
EMBASE 1980–96
#1
8540
(clinical trials)@ Kmajor, Kminor
#2
302
(nonparticip*, non particip*)@TI,
AB, KWDS
#3
17
#1 + #2
Science Citation Index 1981–96
#1
72
(nonparticip*, non particip*)@TI
Social Science Citation Index 1981–96
#1
81
(nonparticip*, non particip*)@TI

The role of patient preference
in RCTs
This question was approached by means of a review
of the literature that had attempted explicitly to
measure the effects of patient preference.

Tables were constructed to collate the findings
from the papers that attempted to measure the
effects of patient preference. An algebraic model
was devised to quantify the possible bias that could
be introduced by hypothetical preference effects.

Risk adjustment and the ability
to exclude confounding in nonrandomised studies
Interventions from across the spectrum of health
technologies were selected as the methodological
issues may differ. The following areas were chosen:
•
•
•
•

surgical interventions
pharmaceutical interventions
organisational interventions
preventive interventions.

For each area a specific example was sought to
illustrate the problems of confounding and risk
adjustment. Selection depended on the existence
of a large, well-conducted non-randomised study
that measured a treatment effect in a comparable
way to a randomised trial, or preferably a metaanalysis of RCTs. The following were selected:
• CABG versus PTCA (surgical intervention)
• calcium antagonists (pharmaceutical
intervention)
• stroke units (organisational intervention)
• malaria vaccines (preventive intervention).

Literature searches

Literature retrieval

CABG versus PTCA
RCTs were found using the following strategy.

MEDLINE 1966–96
MeSH terms:
#1
147
explode “research-design”/
all subheadings and patient*
preference*

MEDLINE 1990–96
Search Papers
Term
identified
#1
1394
CORONARY ARTERY BYPASS
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#2

6213

#3

7697

#4

6870

#5

19158

#6
#7
#8
#9

6575
1237
19158
72

SURGERY
explode “CORONARY-ARTERYBYPASS”/ all subheadings
explode “ANGIOPLASTY” /
all subheadings
explode “RANDOMIZEDCONTROLLED-TRIALS”/ all
subheadings
explode “CLINICAL-TRIALS”/
all subheadings
#1 or #2
#6 and #3
#4 or #5
#7 and #8

Search

Non-randomised studies were identified using the
following strategy.

#1
#2
#3
#4
#5
#6
#7
#8
#9
#10
#11
#12

Search

#13

#1
#2
#3
#4
#5
#6
#7
#8
#9
#10
#11
#12
#13
#14
#15

Papers
Term
identified
1394
CORONARY ARTERY BYPASS
SURGERY
6213
explode “CORONARY-ARTERYBYPASS”/ all subheadings
7697
explode “ANGIOPLASTY” /
all subheadings
2167
OBSERVATIONAL
17707
COHORT
929
NON-RANDOM*
1748
NONRANDOM*
311
QUASI-EXPERIMENT*
317
QUASI EXPERIMENT*
76
NONEXPERIMENT*
34
NON-EXPERIMENT*
6575
#1 or #2
1237
#12 and #3
22560
#4 or #5 or #6 or #7 or #8 or #9
or #10 or #11
76
#13 and #14

Calcium antagonists
RCTs were found using the following
strategy.

84

Non-randomised studies were identified using the
following strategy.

MEDLINE 1990–97
Search Papers
Term
identified
#1
2400
Calcium antagonist
#2
5775
Nifedipine
#3
7165
explode “Randomizedcontrolled-trials”/
all subheadings
#4
20044
explode “clinical-trials”/
all subheadings
#5
7571
#1 or #2
#6
20044
#3 or #4
#7
181
#5 and #6

Papers
Term
identified
2400
Calcium antagonist
5775
Nifedipine
2293
observational
18624
cohort
976
non-random*
1815
nonrandom*
327
quasi-experiment*
333
quasi experiment*
78
nonexperiment*
36
non-experiment*
7571
#1 or #2
23709
#3 or #4 or #5 or #6 or #7 or #8
or #9 or #10
38
#11 and #12

Stroke units
Randomised trials were identified from a recent
systematic review published in the Cochrane
Library and supplemented with the search set out
below. Subsequently, a more recent systematic
review that updated that in the Cochrane Library
was published and this was used to update
the work.
RCTs were found using the following strategy.
MEDLINE 1990–96
Search Papers
Term
identified
#1
15686
Stroke
#2
53591
Unit
#3
87
Stroke Unit
#4
1877
explode “Cerobrovasculardisorders”/therapy
#5
4426
explode “Randomizedcontrolled-trials”/
all subheadings
#6
6526
“Random-Allocation”
#7
17035
“Double-blind-method”
#8
2208
“Single-blind-method”
#9
13945
explode “clinical-trials”/
all subheadings
#10
1948
#3 or #4
#11
38527
#5 or #6 or #7 or #8 or #9
#12
64
#10 and #11
Non-randomised studies were identified using the
following strategy.
Search
#1

Papers
Term
identified
15686
Stroke
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#2
#3
#4

53591
87
1877

#5
#6
#7
#8
#9
#10
#11
#12
#13
#14

1942
15519
807
1527
259
264
64
25
1948
19782

#15

31

Unit
Stroke Unit
explode
“Cerobrovasculardisorders”/therapy
observational
cohort
non-random*
nonrandom*
quasi-experiment*
quasi experiment*
nonexperiment*
non-experiment*
#3 or #4
#5 or #6 or #7 or #8
or #9 or #10 or #11
or #12
#13 and #15

Malaria vaccines
A recent systematic review of RCTs of malaria
vaccine was found in the Cochrane Library.
Non-randomised studies were found using the
following strategy.

MEDLINE 1990–97
Search Papers
Term
identified
#1
200
“Malaria-vaccines”/all
subheadings
#2
2293
Observational
#3
18624
Cohort
#4
976
Non-random*
#5
1815
Nonrandom*
#6
327
Quasi-experiment*
#7
333
Quasi experiment*
#8
78
Nonexperiment*
#9
36
Non-experiment*
#10
23709
#2 or #3 or #4 or #5 or #6 or #7
or #8 or #9
#11
6
#1 and #10

Electronic database literature retrieval
For each of the above literature searches, abstracts of
potentially relevant literature were reviewed (by AB) to
ascertain whether they met previously agreed criteria.
Sub-sets were also reviewed by co-investigators to assess
the reliability of this process. Full papers were retrieved
when the abstract was judged to be pertinent.
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Results of RCTs and non-randomised studies
TABLE 17 ONE RCT compared with ONE non-randomised study
Study

Intervention Topic
type

Randomised
(n)

Non-randomised
(n)

Outcome
measures

Adjustment

Randomised
results

Non-randomised
results

Medical: 90%
Surgical: 92%

Medical: 88%
Surgical: 92%

CASS Principal Surgical
Investigators,
198430

Coronary
artery
surgery

390 medical
390 surgical

745 medical
Survival at
570 surgical
6 years
(declined participation)

None

Hlatky et al,
198831

CABG

686 (Veterans
Administration
Cooperative Study)

719 (Duke database) Survival at
5 years

767 (European Trial)

512 (Duke database)

780 (CASS)

250 (Duke database)

Cox’s proportional Medical: 78%
hazards model
Surgical:83%
(see paper
for factors)
Medical: 84%
Surgical: 92%
Medical: 92%
Surgical: 95%

Horwitz et al,
199032

Surgical

Pharmaceutical Betablocker
therapy

Expanded cohort:
626 beta-blockers
Mortality at
1912 no beta-blockers 433 no beta-blockers 24 months
(from BHAT)
Restricted cohort:
417 beta-blockers
Mortality at
205 no beta-blockers 24 months

Restricted cohort
Expanded cohort
Restricted cohort
Surgical

Tonsillect- 43 surgery
omy
48 controls

52 surgery
44 controls
(declined
participation)

Paradise et al,
199034

Surgical

Medical: 86.3%
Surgical: 91.9%
Medical: 87.2%
Surgical: 93.0%

1916 beta-blockers

Expanded cohort

Paradise et al,
198433

Medical: 80.9%
Surgical: 85.5%

Adenoidec- 52 surgery
tomy
47 controls

47 surgery
67 controls
(declined
participation)

None

Beta-blockers: 7.3%
No beta-blockers: 9.2%

Beta-blockers: 9.3%
No beta-blockers: 16.4%

None

Beta-blockers: 7.3%
No beta-blockers: 9.2%

Beta-blockers: 7.2%
No beta-blockers: 10.7%

Age adjusted

Beta-blockers: 7.3%
No beta-blockers: 9.2%
Beta-blockers: 7.3%
No beta-blockers: 9.2%

Beta-blockers: 9.8%
No beta-blockers: 15.2%
Beta-blockers: 7.6%
No beta-blockers: 9.8%

Beta-blockers: 7.3%
No beta-blockers: 9.2%
Beta-blockers: 7.3%
No beta-blockers: 9.2%

Beta-blockers: 10.2%
No beta-blockers: 14.4%
Beta-blockers: 7.6%
No beta-blockers: 9.7%

Average
None
no. throat
infections per
person (year 1)

Surgical: 1.24
Control: 3.09

Surgical: 1.77
Control: 3.09

Average
None
no. throat
infections per
person (year 2)

Surgical: 1.61
Control: 2.66

Surgical: 1.18
Control: 2.50

Average
None
no. throat
infections per
person (year 3)

Surgical: 1.77
Control: 2.20

Surgical: 1.47
Control: 3.15

Otitis media None
days/total days
in year 1

Surgical: 15.0%
Control: 28.5%

Surgical: 17.8%
Control: 23.3%

Otitis media None
days/total days
in year 2

Surgical: 17.8%
Control: 28.4%

Surgical: 16.9%
Control: 23.5%

Mean no.
episodes of
supporative
otits media
(year 1)

None

Surgical: 1.06
Control: 1.45

Surgical: 0.90
Control: 1.39

Mean no.
episodes of
supporative
otits media
(year 2)

None

Surgical: 1.09
Control: 1.67

Surgical: 0.59
Control: 1.35

Mortality at
24 months
Mortality at
24 months
Mortality at
24 months
Mortality at
24 months

Age adjusted
Age and severity
adjusted
Age and severity
adjusted

continued
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TABLE 17 contd ONE RCT compared with ONE non-randomised study
Study

Intervention Topic
type

Randomised
(n)

Non-randomised Outcome
(n)
measures

Schmoor et al,
199636

Pharmaceutical Breast
cancer

GBSG trial 2
3 × CMF = 145
6 × CMF = 144

3 × CMF = 72
6 × CMF = 104

Treatment
Cox’s model factors: 3 × CMF: 1.00
effect of chemo- menopausal status; 6 × CMF: 0.90
therapy (RRs)
no. nodes; tumour (CI: 0.7–1.2)
size; tumour grade;
oestrogen +
progesterone
receptor sites

3 × CMF: 1.00
6 × CMF: 0.90
(CI: 0.6–1.4)

3 × CMF +
tamoxifen = 93
6 × CMF +
tamoxifen = 91

3 × CMF +
tamoxifen = 42
6 × CMF +
tamoxifen = 29

Hormonal
therapy (RRs)

Cox’s model:
menopausal status;
no. nodes; tumour
size; tumour grade;
oestrogen +
progesterone
receptor sites

No tamoxifen: 1.00
With tamoxifen: 0.75.
(CI: 0.5–1.04)

No tamoxifen: 1.00
With tamoxifen: 0.53
(CI: 0.3–0.8)

Treatment
effect of radiotherapy (RRs)

Cox’s model:
menopausal status;
no. nodes; tumour
size; tumour grade;
oestrogen +
progesterone
receptor sites

6 × CMF: 1.00
6 × CMF + RT: 0.79
(CI: 0.5–1.3)

6 × CMF: 1.00
6 × CMF + RT: 0.76
(CI: 0.4–1.5)

58 treatment
34 controls

Recurrence
of dysphagia

None

Treated: 69%
Control: 80%

Treated: 88%
Control: 94%

(concurrent
patients)

Median time
to recurrent
dysphagia

None

Treated: 0.35 years
Control: 0.26 years

Treated: 0.24 years
Control: 0.24 years

Proportion
requiring
redilation

None

Treated: 38%
Control: 27%

Treated: 43%
Control: 50%

Median time
to redilation

None

Treated: 1.2 years
Control: 2.4 yearss

Treated: 1.4 years
Control: 1.6 years

Mean no. of
drinking days
at 1 year

None

Day patients: 2.8 ± 4.6
In-patients: 6.7 ± 7.2

Day patients: 4.5 ± 7.6
In-patients: 7.0 ± 9.0

% any days
intoxicated
(> 3 drinks)
at 1 year

None

Day patients: 20.0
In-patients: 55.0

Day patients: 35.1
In-patients: 39.1

% any days
cocaine use at
1 year

None

Day patients: 10.0
In-patients: 20.0

Day patients: 12.3
In-patients: 30.4

% treated in
rehabilitation
again at 1 year

None

Day patients: 15.0
In-patients: 10.0

Day patients: 12.3
In-patients: 30.4

% entered
detoxification
at 1 year

None

Day patients: 0.0
In-patients: 5.0

Day patients: 1.8
In-patients: 13.0

Survival

None

EA: 91.6%
CVS: 95.2%
EA: 8.4%
CVS: 4.8%
EA: 5.9%
CVS: 1.2%

EA: 92.7%
CVS: 93.1%
EA: 7.1%
CVS: 6.9%
EA: 5.1%
CVS: 3.1%

Termination for None
chromosomal
defect

EA: 2.1%
CVS: 2.4%

EA: 1.8%
CVS: 3.4%

Termination with None
normal karyotype

EA: 0.4%
CVS: 1.2%

EA: 0.2%
CVS: 0.3%

(declined
participation)
GBSG trial 3
6 × CMF = 101
6 × CMF + radiotherapy = 98

6 × CMF = 88
6 × CMF + radiotherapy = 41
(declined
participation)

Yamamoto
et al, 199236

McKay et al,
199513

Nicolaides
et al, 199437

Surgical

Peptic
16 treatment
strictures 15 controls

Organisational Male
24 day patients
alcoholic 24 in-patients
rehabilitation

Diagnostic

Amniocentesis

238 EA
250 CVS

65 day patients
31 in-patients
(declined
participation)

493 EA;
320 CVS

Adjustment

Total foetal loss None
(declined
participation)

88

Spontaneous
death

None

Randomised
results

Non-randomised
results

continued
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TABLE 17 contd ONE RCT compared with ONE non-randomised study
Study

Intervention
type

Topic

Emanuel,
199638

Organisational

Garenne
et al, 199339

Prevention

Randomised
(n)

Non-randomised
(n)

Outcome
measures

Adjustment

Randomised
results

Non-randomised
results

Hospice 247 terminal cancer
vs. con- patients (UCLA
ventional Veterans Study)
care

5853 terminal
cancer medicare
patients (National
Hospice Study)

Costs/
patient

Age, sex, cancer
type, medical
service

Hospice: $16,000
Conventional: $15,493

Hospice: $7719
Conventional: $11,729

Approx. 3%

34% (p < 0.001)

Measles
vaccine

740 standard
Schwarz vaccine

1224 standard
Schwarz vaccine

Case-contact
efficacy

None

97.2 (CI: 91.3–98.1)

92.5 (CI: 88.8–94.6)

348 controls

4403 controls

Vaccine
efficacy in
terms of
measles
incidence

Model to control
98.0%
for intensity of
exposure (RCT and
non-RCT), age at
vaccination (non-RCT)

Time
disease-free

None

No significant difference Trend toward advantage
between treatment and for treatment (p = 0.12)
control (p = 0.81)

(not invited to
participate)

Time
disease-free

Location and stage

No significant difference Treatment significantly
between treatment and better (p = 0.03)
control (p = 0.26)

Curtis (1984)
No details
of numbers

Occurrence No details
of nonlymphocytic
leukaemia after
treatment

Harvery (1985)
No details of numbers

Occurrence No details
of nonlymphocytic
leukaemia after
treatment

RRs:
Surgery only: 1.2
Radiation: 2.5
(significant)

11,342 vitamin E
75,903 none
(Nurses’ Health
Study)

Death from
CVD (+
non-fatal MI
in non-RCT)

RR reduction: 31%
(3–51%)

(National campaign
study)
Antman
et al, 198540

Shapiro
et al, 199441

Jha et al,
199542

Pharmaceutical

Surgical and
pharmaceutical

Prevention

Chemo- 20 doxorubicin
therapy for
sarcoma 22 control

Breast
cancer

Vitamins
and
cardiovascular
disease
(CVD)

Fisher (1985)
No details of
numbers

14,564 vitamin E
14,569 none
(ATBC trial)

21 doxorubicin

% Savings/
patient

27 control

RRs:
Surgery only: 2.6
Radiation: 10.3
Chemotherapy: 24.0
(significant)

Age, smoking, alcohol, RR reduction: 2%
menopausal status, (–8–11%)
hormone use, exercise,
aspirin, hypertenstion,
cholesterol intake,
diabetes, caloric intake,
vitamin C and betacarotene intake

97.9% (CI: 91.6–99.5)

RRs:
Surgery only: 1.4
Radiation: 3.7
Chemotherapy: 8.1
(significant)
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TABLE 18 SEVERAL RCTs combined versus SEVERAL non-randomised studies combined
Study

Intervention
type

Topic

Pyorala
et al, 199543

Pharmaceutical

RMITG,
1994 44

Randomised

Non-randomised

Outcome
measures

Adjustment

Randomised
results

Hormonal 11 RCTs combined:
treatment 872 boys with 1174
of crypt- undescended testes
orchidism

22 studies combined:
2410 boys with 4350
undescended testes

Success rate
(descended
testes)

No details

LHRH: 21% (CI: 18–24) LHRH: 47% (CI: 43–50)
hCG: 19% (CI: 13–25) hCG: 33% (CI: 31–35)

Prevention

Immunotherapy
for spontaneous
abortion

Six studies combined: Live birth
877 treatment
rates
256 controls

No details

Treatment: 61.7%
Control: 51.7%

Treatment: 59.0%
Control: 55.1%

Watson et al,
199445

Diagnostic

Hystero- Four RCTs combined:
salpingo- 287 treatment
graphy for 513 controls
infertile
couples

Six studies combined: Pregnancy
1072 treatment
odds ratio
734 controls
(treatment
vs. controls)

No details

1.89 (CI: 1.33–2.68)

1.92 (CI: 1.55–2.38)

Reimold
et al, 199246

Prevention

Chronic
Six RCTs combined:
atrial
373 quinidine
fibrillation 354 controls

Six studies combined: % patients
471 quinidine
remaining in
290 controls
sinus rhythm
at 3 months

No details

Quinidine: 69.4 ± 4.6%
Control: 45.2 ± 5.9%

Quinidine: 44.3 ± 5.2%
Control: 35.1 ± 6.4%

% patients
remaining in
sinus rhythm
at 6 months

No details

Quinidine: 57.7 ± 6.8%
Control: 33.3 ± 6.9%

Quinidine: 27.2 ± 4.9%
Control: 18.8 ± 6.2%

% patients
remaining in
sinus rhythm
at 12 months

No details

Quinidine: 50.2 ± 7.6%
Control: 24.7 ± 6.8%

Quinidine: 13.7 ± 3.4%
Control: 10.9 ± 5.1%

Quinidine: 2.9%
Control: 0.8%

Quinidine: 1.5%
Control: 0.3%

Nine RCTs combined:
240 treatment
209 controls

Crude pooled
mortality rate
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Appendix 3
Comparison of effect sizes and directions
TABLE 19 Papers comparing RCTs and non-observational studies of similar interventions
Treatment effect size
Study

Outcome

Adjustment

RCT

Non-randomised

Difference in effect sizes

CASS Principal
Investigators, 198430

Survival

Paradise et al, 199033

None

2%

4%

–2%

p < 0.01

Otitis media
days/total days
in year 1

None

13.5%

5.5%

8.0%

p < 0.05

Otitis media
days/total days
in year 2

None

10.6%

6.6%

4.0%

NS

Yamamoto et al, 199236 Recurrence of
dysphagia

None

11%

6%

5%

NS

Proportion
requiring dilation

None

11%

–7%

18%

p < 0.001

Mortality at 1 year
(expanded cohort)

None

1.9%

7.1%

–5.2%

p < 0.001

Mortality at 1 year
(restricted cohort)

None

1.9%

3.5%

–1.6%

p < 0.01

Mortality at 1 year
(expanded cohort)

Age adjusted

1.9%

5.4%

–3.5%

p < 0.001

Mortality at 1 year
(restricted cohort)

Age adjusted

1.9%

2.2%

–0.3%

NS

Mortality at 1 year
(expanded cohort)

Age and severity
adjusted

1.9%

4.2%

–2.3%

p < 0.001

Mortality at 1 year
(restricted cohort)

Age and severity
adjusted

1.9%

2.1%

–0.2%

NS

RR success with
6 × CMF (vs. 3
× CMF)

Yes

0.90

0.90

0.00

NS (p = 0.99)

RR success with
tamoxifen (vs. no
tamoxifen)

Yes

0.75

0.53

0.22

NS (p = 0.22)

RR success with
radiotherapy (vs. no
radiotherapy)

Yes

0.79

0.76

0.03

NS (p = 0.94)

Survival

None

3.6%

0.4%

3.2%

p < 0.001

Total foetal loss

None

3.6%

0.2%

3.4%

p < 0.001

Spontaneous death

None

4.7%

1.6%

3.1%

p < 0.01

Termination for
chromosomal defect

None

0.3%

1.6%

–1.3%

p < 0.05

Termination with
normal karyotype

None

0.8%

0.1%

0.7%

p < 0.001

Garenne et al, 199339

Vaccine efficacy

Yes

98.0%

97.9%

0.1%

NS

RMITG, 199444

Live birth rates

No details

10.0%

3.9%

6.1%

p < 0.001

Horwitz et al, 199032

Schmoor et al, 199635

Nicolaides et al,
199437

Significance

For further details of papers and of effects measured see chapter 3
continued
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TABLE 19 contd Papers comparing RCTs and non-observational studies of similar interventions
Treatment effect size
Study

Outcome

Adjustment

RCT

Non-randomised

Pregnancy odds
(treatment vs. control)

No details

1.89

1.92

% patients remaining
in sinus rhythm at 3 months

No details

24.2%

9.2%

15.0%

p < 0.001

% patients remaining
in sinus rhythm at 6 months

No details

24.4%

8.4%

16.0%

p < 0.001

% patients remaining
in sinus rhythm at 12 months

No details

25.5%

2.8%

22.7%

p < 0.001

Crude pooled mortality rate

None

2.1%

1.2%

0.9%

p < 0.001

Survival (VACS)

Yes

5%

4.6%

0.4%

Survival (European trial)

Yes

8%

5.6%

2.4%

Survival (CASS)

Yes

3%

5.8%

–2.8%

Mean no. throat infections
per person (year 1)

None

1.85

1.32

0.53

Mean no. throat infections
per person (year 2)

None

1.05

1.32

–0.27

Mean no. throat infections
per person (year 3)

None

0.43

1.68

–1.25

Otitis media-present
days/total in year 1

None

13.5%

5.5%

8.0%

Otitis media-present
days/total in year 2

None

10.6%

6.6%

4.0%

Mean no. episodes of
None
supporative otitis media (year 1)

0.39

0.49

–0.1

Mean no. episodes of
None
supporative otitis media (year 2)

0.58

0.76

–0.18

Mean no. drinking days at
1 year

None

3.85

2.53

1.32

% any days intoxicated
(> 3 drinks at 1 year)

None

35.0

4.0

31.0

% any days cocaine use
at 1 year

None

10.0

18.1

–8.1

% treated in rehabilitation
again at 1 year

None

–5.0

18.1

–23.1

% entered detoxification
at 1 year

None

5.0

11.2

–6.2

Jha et al, 199542

Death from CVD
(+ non-fatal MI in non-RCT)

Yes

RR
reduction:
2%

RR
reduction:
31%

–29%

Pyorala et al, 199543

Descended testes

No details

2%

14%

–12%

% savings

Yes

3%

34%

31%

Watson et al, 1994

45

Reimold et al, 199246

Hlatky et al, 198831

Paradise et al, 1984

33

Paradise et al, 199034

McKay et al, 199513

38

Emanuel, 1996

For further details of papers and of effects measured see chapter 3
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Difference in effect sizes

Significance
NS
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Appendix 4
Exclusions
TABLE 20 Studies identifying characteristics of exclusions
Study

Topic

Method

Findings

Ward et al, 199284

Adjuvant chemotherapy in
operable stomach cancer

249 trial patients were compared with
960 non-trial patients identified through
a cancer registry (and classed as potential
trial candidates) 15–74 years with resected
gastric carcinoma

Half of the non-trial group would have failed to pass one
or more of the exclusion criteria.There was a moderate
survival advantage for the trial patients over the non-trial
group (p = 0.05), though the benefit was confined to the first
2 years. Removing the non-trial patients who were ineligible,
the survival rate was very similar to the trial patients

Muller and
Topol, 199054

Thrombolytic therapy for
acute myocardial therapy

All RCTs of intravenous thrombolysis in AMI
and unstable angina, identified through
MEDLINE 1980–90

The reported eligibility ranged from 9% to 51%.When all
the trials were combined, the eligibilty was 33%.The actual
proportion of patients in USA who received treatment was
18% – so another 15% should get treatment. Comparison
between the studies with different eligibilities showed that
some were perhaps too strict (e.g. patients over 75 years are
often exluded, but in trials where they were included a 33%
reduction in mortality was seen)

Williford, 1993109

Total perenteral nutrition
for malnourished surgical
patients

Randomised patients (n = 395) were
compared with eligbile refusers (n = 233) and
insufficientely malnourised patients who were
excluded from the trial (index group, n = 1220)

Patients in the index goup were significantly more healthy
than the eligible groups. Septic and non-septic complications
were higher in the trial and eligible refuser groups than the
excluded patients.The trial results should not be generalised
to patients who do not meet the level of malnourishment in
the trial patients

The Toronto
Leukemia Study
Group, 198687

Chemotherapy for acute
myeloblastic leukaemia
patients

272 consecutive patients; the first 130 had one
drug and the next 142 had another (i.e. not a
randomised trial)

A difference in exclusion criteria would potentially have had
a profound effect on the relative remission rates of the two
groups.The remission rate for all group A patients (first drug)
= 35%, and for drug B patients = 52%.With all the exclusions
(see paper) these changed to 78% and 91%, respectively

Horwitz et al,
199032

Beta-blocker therapy
after MI

The results from BHAT were compared
with a restricted cohort of patients (same
eligibility) and also an expanded cohort
(ignoring eligibility)

In the expanded cohort the mortality rates for both
treatment groups (beta-blockers and none) exceeded the
BHAT trial.This is not surprising as the expanded cohort
included patients with what are often considered to be
contraindications to beta-blockers. A larger treatment effect
was also seen, probably due to the contraindications.When
adjusted for age and clinical severity the treatment benefit
decreased from 43% to 29% in the expanded cohort.This
brings the teatment benefit closer to that found in
BHAT (22%)

Kober and TorpPerdersen, 199586

Treatment after AMI

Patients in the TRACE study were compared
with those who were screened for entry but
were excluded from the study

Patients randomised and those excluded differed substantially.
Patients excluded were older (73 years vs. 69 years) and
more severely ill.The overall 1-year mortality was 23% in the
randomised patients and 54% in those who were excluded

Garber et al, 1996

Cholesterol screening
in adults

Published RCTs and meta-analysis of cholesterol The benefits of cholesterol reduction were greatest in the
reduction trials were compared with a model
groups excluded from the trials, who also had the greatest
based on the Framingham Heart Study
underlying risk for CHD

DCCT, 199583

Intensive diabetes treatment

Patients in the DCCT trial were compared
with a cohort of patients in the Wisconsin
Epidemiologic Study of Diabetic Retinopathy
(WESDR)

Of the 891 patients aged 13–39 years (the trial target range
in the WESDR data), only 39 (4.4%) would have met the
eligibility criteria for inclusion in the DCCT primary
prevention trial
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Participation
TABLE 21 RCTs permitting assessment of patient participation: treatment trials
Results
Study

Topic

Sample size

Barofsky and
Sugarbaker,
1979104

Five sarcoma 32 non-participants
trials
71 participants

Measures

Participants

Non-participants

Significance

Authors’ conclusions

Sex

Female: 26.8%

53.1%

p = 0.009

Race

White: 84.5%

84.4%

p = 0.99

16%, 59%, 25%

p = 0.23

No differences
were found in the
socioeconomic status
of eligible patients who
were participators or
non-participators

12.5%

p = 0.28

Age (< 19, 20–49, 50+) 31%, 45%, 24%
Education

CABG vs.
medical
therapy

12.5%

31.2%
9.3%

68.8%

46.4%

p = 0.055

Feelings about
treatment

Adriamycin/
cytoxin regret:
7.0%

30.8%

p = 0.015

Reduced activities:
81.3%
53.6%
Reduced work
status: 50%
53.6%
Fewer friends:
18.8%
21.4%
Reduced social
activity: 54.2% 39.3%

p = 0.21

51.2

50.9

NS

90.3%

90.6%

p = 0.813

White

98.3%

98.7%

p = 0.486

Work full-time

67.6%

67.7%

p = 0.94

Non-exertional angina

4.7%

7.5%

p = 0.003

Present smoker

39.7%

32.9%

p = 0.007

Hypertension

31.1%

27.3%

p = 0.07

Diabetes mellitus

8.7%

6.4%

p = 0.05

Stroke history

2.1%

1.1%

p = 0.06

Beta-blockers

43.3%

54.6%

p < 0.0001

Q-wave MI

29.2%

23.6%

p = 0.005

Left main artery

1.8%

5.3%

p = 0.000

Proximal left anterior
descending disease

31.5%

35.5%

p = 0.06

54 days
mean wait
9.8%

53 days
mean wait
7.3%

NS

1315 non-participants Mean age
780 participants
Male

Surgical management
ST depression

It is treatment and
treatment-related
factors that determine
participation

34.4%

Surgery at NIH

Changes in life
since illness

CASS
Principal
Investigators,
198430

Graduate/prof.
training: 8.5%
Partial college:
25.4%
High-school
grad. 25.4%
10th and 11th
grade: 21.1%
< 9th grade:
19.7%

p = 0.01
p = 0.76
p = 0.78

The randomised patients
are not a special or
atypical subset of those
eligible for randomisation

p = 0.04
continued
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TABLE 21 contd RCTs permitting assessment of patient participation: treatment trials
Results
Study

Topic

Paradise
et al, 198433

Tonsillectomy 96 non-participants
91 participants

Hunter
et al,
1987105

Smith and
Arnesen106

96

Sample size

Cancer clinical 5949 non-participants
trials
3229 participants

Long-term
oral anticoagulation
after MI

270 non-participants
1214 participants

Measures

Participants

Non-participants

Significance

Authors’ conclusions

Age

3–4 years: 13%
5–6 years: 23%
7–15 years: 64%

11%
33%
55%

p = 0.30

Sex

Male: 44%

50%

p = 0.41

Race

Black: 11%

5%

p = 0.15

It seems reasonable to
assume that in children
meeting the same
stringent criteria,
tonsillectomy will
produce effects
comparable to those
reported here

Throat history

7+ episodes per
year: 34%
5 per year for
2 years: 11%
3 per year for
3 years: 55%

p = 0.42
32%
18%
50%

Infection-free
tonsil size

1+: 9%
2+: 35%
3+: 46%
4+: 10%

10%
34%
47%
10%

p = 0.97

Siblings

None: 13%
Younger only: 29%
Older only: 44%
Both: 14%

26%
38%
28%
8%

p = 0.02

Parents’ profession

Executive/prof.: 18%
Clerical/skilled: 33%
Semi-skilled/unskilled:
13%
Disabled/unemployed:
35%
Other: 1%

25%
46%

p = 0.04

13%
16%
1%

Parents’ tonsil
history

Neither parent: 20% 19%
One parent: 36%
51%
Both: 41%
28%

p = 0.19

Referral source

Unknown: 3%
Children’s hospital:
47%
Community doctor:
41%
Parents: 12%

p = 0.94

Gender

2%
48%
42%
10%

Female
(eligible group): 57%

65.4%

Age

Median 59 years

Stage of disease

‘Less early disease’

78%

69%

p < 0.005

Ventircular fibrillation 4%

4%

NS

Atrial fibrillation

5%

NS

Cardiac insufficiency 14%

17%

NS

Q-infarcts

67%

70%

NS

Age (year, +SD)
– overall
– males
– females

62 + 9
61 + 9
65 + 8

64 + 8
63 + 9
67 + 6

p < 0.001
p < 0.001
p < 0.001

ASAT max
(IU/1; +SD)

184 + 122

186 + 126

NS

Cardiac size
(ml/m; +SD)

504 + 93

506 + 105

NS

Male

7%

Selection for
participation affects
the characteristics of
Median 61 years patients under study
(eligibile)
and may impact the
ability to generalise
‘More early
the results
disease’
The slightly diverting
risk factor profiles of
participants and nonconsenting subjects in
this trial are of yet
unknown importance.
A future follow-up
study may settle this
issue

continued

Health Technology Assessment 1998; Vol. 2: No. 13

TABLE 21 contd RCTs permitting assessment of patient participation: treatment trials
Results
Study

Topic

continued
Smith and
Arnesen,
1988106

Harth and
Thong,
1990107

Childhood
asthma
(new drug
vs. placebo)

Sample size

Measures

Participants

Non-participants

Significance

178 non-participants

Previous MI

20%

28%

NS

Diabetes

7%

14%

NS

No-smokers

45%

51%

NS

Ex-smokers

32%

31%

NS

Current smokers

23%

17%

NS

Diuretics and/or
digitalis

33%

38%

NS

Beta-blockers

48%

38%

NS

Mothers’ age

20–29 years: 85%
> 30 years: 15%

90%
10%

p = 0.56
(Fisher’s)

Fathers’ age

20–29 years: 69%
> 30 years: 31%

76%
24%

p = 0.51
(Fisher’s)

Marital status

Married/cohabiting:
92%
Single/separated: 9%

95%
5%

Mean no. children

2.0

2.0

p = 0.87 (t-test)

Birth order

Firstborn: 29%
Later born: 71%

27%
72%

p = 0.83
(Fisher’s)

Mothers’ ethnicity

White British/
Australian: 97%
Other: 3%

95%
5%

White British/
Australian: 87%
Other: 13%

95%
5%

Mothers’ education

Primary: 63%
Secondary: 22%
Tertiary: 15%

55%
19%
26%

p = 0.33 (chi-test)

Fathers’ education

Primary: 52%
Secondary: 32%
Tertiary: 16%

24%
31%
45%

p = 0.002 (chi-test)

42 non-participants
68 participants

Fathers’ ethnicity

Mothers’ occupation Prof./admin.:
6%
Clerical/trade: 15%
Labourer: 7%
Home duties: 66%
Other: 6%
Fathers’ occupation

Health problems

p = 0.71
(Fisher’s)

Parents who volunteer
their children for
medical research are
significantly more
socially disadvantaged
and emotionally
vulnerable

p = 0.64
(Fisher’s)
p = 0.20
(Fisher’s)

p = 0.02 (chi-test)
14%
36%
2%
38%
10%

Prof./admin.:
9%
Paraprof./trade: 24%
Clerical/sales: 24%
Labourer: 33%
Other: 6%
Unemployed: 4%

31%
19%
17%
19%
12%
2%

Present: 38%
Absent: 62%

31%
69%

p = 0.42
(Fisher’s)

5%

p = 0.74
(Fisher’s)

Visits to doctor/clinic At least weekly: 13%
2–3 times/month:
28%
Once a month: 43%
Few times/year: 13%
Rarely: 3%

Authors’ conclusions

p = 0.04 (chi-test)

7%
10%
48%
30%
continued
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TABLE 21 contd RCTs permitting assessment of patient participation: treatment trials
Results
Study
continued
Harth and
Thong,
1990107

Topic

Sample size

Measures

Participants

Non-participants

Significance

Relation with doctor Good: 66%
Poor: 34%
43%

57%
(Fisher’s)

p = 0.06

Acupuncture/
chiropracty

Yes: 10%
No: 90%

7%
93%

p = 0.01
(chi-test)

Naturopath/
herbalist/iridologist

Yes: 16%
No: 84%

33%
67%

p < 0.001
(chi-test)

Church attendance

Never: 38%
Few times/year: 21%
Monthly: 7%
Weekly: 34%

69%
17%
2%
12%

p < 0.01
(chi-test)

No. close friends

None: 18%
One: 32%
Two: 14%
Three: 12%
Four: 12%
Five or more: 12%

0%
7%
57%
19%
3%
14%

p < 0.001
(chi-test)

No. people available
to consult on
important decisions

None: 38%
One: 25%
Two: 18%
Three: 6%
Four: 6%
Five or more: 7%

5%
5%
7%
43%
26%
14%

p < 0.01
(chi-test)

Desire for more
people

Yes: 62%
No: 38%

14%
86%

p < 0.001
(Fisher’s)

Cigarette smoking

Smokers: 66%
Non-smokers: 34%

29%
71%

p < 0.001
(Fisher’s)

2%

p = 0.17
(chi-test)

Alcohol consumption Daily: 7%
Few times a week:
13%
Few times a month:
26%
Rarely/never: 54%
Use of analgesics

Use of tranquillisers

Authors’ conclusions

5%
19%
74%

Most days: 7%
Once or twice
a week: 7%
Once or twice
a month: 16%
Rarely: 64%
Never: 6%

0%

7%
48%
36%

Yes: 47%
No: 53%

21%
79%

p = 0.001
(chi-test)

9%

p = 0.01
(Fisher’s)
continued
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TABLE 21 contd RCTs permitting assessment of patient participation: treatment trials
Results
Study

Topic

Sample size

Measures

Participants

Non-participants

Significance

Ward et al,
199284

Stomach
cancer

493 non-participants
217 participants

Age:
15–55 years
56–65 years
66–74 years

30%
35%
35%

19%
38%
43%

p = 0.001

Male

70%

69%

p = 0.69

Duration of
symptoms:
< 0.5 year
> 0.5 year

41%
59%

54%
46%

Stage of disease:
2
3a
3bc

15%
59%
26%

18%
53%
29%

Curative surgery
Palliative surgery
Complete excision
Tumour left
No liver metastasis
Liver metastasis
No peritoneal
metastasis

74%
26%
79%
21%
95%
5%

72%
28%
80%
20%
94%
6%

95%

94%

Peritoneal metastasis
Site of tumour:
Upper
Body
Lower

5%

6%

17%
29%
54%

24%
31%
45%

No. sites involved:
1
2 or more

82%
18%

71%
29%

Gastrectomy:
Total
Proximal
Distal

27%
6%
67%

21%
25%
54%

Serosal involvement:
Negative
9%
Positive
91%

6%
94%

Lymph node involvement:
Negative
21%
Positive
79%

28%
72%

Authors’ conclusions
Comparison of the
eligbile cases revealed
no unequivocal
evidence that the trial
patients were a highly
selected, good
prognosis group

p = 0.96

p = 0.61
p = 0.80
p = 0.35
p = 0.55

p = 0.02

p = 0.002

p = 0.0001

p = 0.17

p = 0.06

Resection line
involvement:
Clear
Involved

p = 0.08
74%
26%

66%
34%

Pathological stage:
2
3a

16%
84%

23%
77%

Differentiation:
Poor
Well

69%
31%

61%
39%

Size of tumour:
0–5 cm
> 5 cm

42%
58%

p = 0.05

p = 0.07

p = 0.001
59%
41%
(NB: for some
measures up to 28%
of the non-participants
had no information)
continued
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TABLE 21 contd RCTs permitting assessment of patient participation: treatment trials
Results
Study

Topic

Sample size

Measures

Participants

Non-participants

Vollmer
et al,
1992108

Management
of paediatric
asthma

810 non-participants
244 participants

Severity:
Mild
Moderate/severe

28.3%
71.7%

55.9%
44.1%

Williford
et al,
1993109

Malnourished 199 non-participants
surgical
395 participants
patients

Male

99.0%

98.5%

NS

Race (white)

69.6%

78.9%

p = 0.042

Full activity

37.2%

46.2%

NS

Severely
malnourished

12.8%

6.8%

p = 0.002

Mean age (SD)

62.5 (10.0)

62.3 (10.3)

NS

Mean no. days
hospitalised (SD)

7.7 (12.2)

6.7 (9.9)

NS

Serum prealbumin
(g/dl) (SD)

16.6 (7.8)

17.6 (7.7)

NS

Weight (kg)
% ideal weight (SD)

66.2 (13.7)
96.2 (17.7)

70.6 (13.2)
101.6 (17.0)

p < 0.001
p < 0.01

Triceps skinfold
(mm) (SD)

11.5 (6.2)

12.9 (7.4)

NS

Nutritional risk
index (SD)

93.2 (6.2)

94.7 (6.0)

p < 0.05

Hand strength
dynamometer (SD)

33.5 (10.0)

36.0 (9.6)

p < 0.05

Gender (female)

67%

60%

Schizophrenia

60%

53%

Schizoactive

7%

15%

Major affective

33%

32%

Education

12.4 ± 1.7

12.9 ± 1.8

Lifetime admissions

3.1 ± 1.3

3.0 ± 1.1

Lifetime months
in hospital

16.4 ± 8.0

18.1 ± 8.0

Age (median)

59

59.5

0%
7%
16%
74%

6%
23%
23%
48%

2%

0%

12%
33%
28%
28%

0%
29%
16%
55%

Kaufmann
et al,
1994110

Stone et al,
1994111

Self-help
75 non-participants
groups among 15 participants
people with
mental illness

Non-Hodgkin’s 32 non-participants
lymphoma
43 participants

Histology:
follicular, large cell
diffuse, small cell
diffuse, mixed cell
diffuse, large cell
large cell,
immunoblastic
Stage:
I
II
III
IV
Internal prognostic
index:
low
low-intermediate
high-intermediate
high
Sex
ECOG performance
Diagnosis

100

Significance

Authors’ conclusions
Study participation was
higher in families of children with severe asthma
The study population
was significantly
diffferent from the
elderly population at
large, and this should
be considered when
attempting to
generalise the results
of this clinical trial to
unselected elderly
patients

The results from this
study offer some
understanding of the
characteristics of
self-help group
participation among
people with serious
and persistent
mental illness

NS
p = 0.06

The comparison of onstudy data of eligible
non-trial patients
showed very little
difference between
the two groups

p = 0.02

p = 0.5
41%
33%
10%
15%

33%
25%
33%
8%
NS
NS
NS
continued
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TABLE 21 contd RCTs permitting assessment of patient participation: treatment trials
Results
Study

Topic

Sample size

Measures

Participants

Non-participants

Significance

Authors’ conclusions

Rogers
et al,
1995112

PTCA vs.
CABG

2013 non-participants Mean age (years)
1829 participants
Gender

61.5

61.6

NS

Males: 73%

74%

NS

Race

White: 90%
Black: 6%
Other: 3%

94%
4%
2%

p < 0.01
NS
NS

Education

Grade school: 21%
High school: 50%
College/tech. school:
18%
College grad.: 10%
Other degree: 1%

12%
48%

p < 0.01
NS

20%
19%
1%

NS
NS
NS

Patients eligible for
randomisation but
not randomised had
baseline characteristics generally similar
to the randomised
cohort, thus ensuring
that the randomised
patients were
representative of all
patients meeting the
study eligibility criteria

51%

p < 0.05

Health history

MI: 55%
Congestive heart:
9%
Diabetes: 25%
Family coronary
history: 50%
Hypertension: 49%
Smoking: 71%
Stable angina: 30%
Unstable angina: 64%

5%
22%

p < 0.01
p < 0.05

49%
48%
67%
32%
61%

NS
NS
p < 0.05
NS
NS

Quality of life

Excellent: 8%
Very good: 22%
Good: 40%
Fair: 23%
Poor: 7%

12%
25%
39%
18%
6%

p < 0.01
NS
NS
NS
NS

Activity prior to
any event

Sedentary: 15%
Mild: 36%
Moderate: 42%
Strenuous: 7%

12%
34%
46%
8%

p < 0.05
NS
NS
NS

Body mass index
(kg/m2)

28.0

27.9

No. without MI in
6 weeks

1280

1434

Total cholesterol
obtained

89%

85%

Type C lesions

None: 66%

63%

NS
NS
p < 0.01
p < 0.05
continued
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TABLE 21 contd RCTs permitting assessment of patient participation: treatment trials
Results
Study

Topic

Sample size

van Bergen
et al,
1995113

Long-term
587 non-participants
anticoagulation 350 participants
after MI trial

Measures

Participants

Non-participants

Significance

Authors’ conclusions

Age (mean ± SD)

59 ± 11

64 ± 11

p < 0.0001

Male

84%

64%

p < 0.0001

Previous MI

8%

12%

p = 0.048

Killip > 1

34%

31%

p = 0.28

Participants of our
multicentre trial
differed significantly
from eligible nonparticipants with
respect to important
prognostic factors, and
subsequently, survival

Total atrioventricular
block
4%

6%

p = 0.229

Risk factors:
current history
family history
diabetes
hypertension
thrombolysis

59%
6%
9%
20%
33%

45%
5%
10%
21%
29%

p < 0.0001
p = 0.380
p = 0.455
p = 0.741
p = 0.245

Medication at
discharge:
diuretics
ACE inhibitors
beta-blockers
anticoagulants

17%
11%
36%
50%

35%
17%
39%
77%

p < 0.0001
p < 0.005
p = 0.406
p < 0.0001

63%

p = 0.061

25%
81%

p = 0.055
p = 0.854

13%

p = 0.314

5%
83%

p = 0.568
p = 0.882

11%
54%
33%
10%

14%
59%
25%
10%

p = 0.187
p = 0.589
p = 0.356
p = 0.915

Pre: 42%
Post: 58%

43%
57%

p = 0.83
(chi-test)

≤ 3: 57%
4–9: 30%
> 9: 13%

53%
30%
17%

Tumour size

< 20 mm: 28%
21–30 mm: 41%
> 30 mm: 31%

24%
43%
33%

p = 0.51
(chi-test)

Tumour grade

I: 12%
II: 66%
III: 22%

12%
63%
25%

p = 0.64
(chi-test)

65%
35%

p = 0.18
(chi-test)

Echocardiology
performed:
57%
end diastolic volume
> 55 mm
18%
akinesia
80%
Left ventricular
echocardiology
performed:
11%
end diastolic volume
> 55 mm
8%
akinesia
84%
Coronary
angiography:
1-vessel
2-vessel
3-vessel
Schmoor
et al, 199635

Breast cancer 247 non-participants
clinical trial
473 participants
(GBSG trial 2)

Menopausal status
No. involved
lymph nodes

Oestrogen receptor > 20 fmol: 60%
< 20 fmol: 40%
Progesterone
receptor
Tumour location

102

> 20 fmol: 59%
< 20 fmol: 41%

63%
37%

Lateral: 66%
Medial: 34%

57%
43%

p = 0.30
(chi-test)

With respect to the
Comprehensive
Cohort Study design,
comparing prognostic
factors of randomised
and non-randomised
patients made it
possible to investigate
whether the former
were representative
of all eligible patients

p = 0.28
(chi-test)
p = 0.02
(chi-test)
continued
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TABLE 21 contd RCTs permitting assessment of patient participation: treatment trials
Results

Study

continued
Schmoor
et al, 199635

Topic

Sample size

Measures

Participants

Non-participants

Significance

129 non-participants
199 participants
(GBSG trial 3)

Menopausal status

Pre: 38%
Post: 62%

41%
59%

p = 0.60
(chi-test)

≤ 3: 61%
4–9: 27%
>9: 12%

59%
32%
9%

Tumour size

< 20 mm: 30%
21–30 mm: 41%
> 30 mm: 29%

30%
38%
32%

p = 0.85
(chi-test)

Tumour grade

I: 12%
II: 60%
III: 28%

11%
57%
32%

p = 0.77
(chi-test)

53%
47%

p = 0.15
(chi-test)

No. involved lymph
nodes

Oestrogen receptor > 20 fmol: 61%
< 20 fmol: 39%
Progesterone
receptor

Gorkin et al, Antiarrhythmia 139 non-participants
medications
260 participants
1996114
after MI

p = 0.56
(chi-test)

p = 0.11
(chi-test)

> 20 fmol: 55%
< 20 fmol: 45%

46%
54%

Tumour location

Lateral: 55%
Medial: 45%

64%
36%

p = 0.09
(chi-test)

Sex

Male: 84%

64%

p < 0.001

Age

60.6 ± 10.0

63.9 ± 9.7

p = 0.002

Job status:
employed
homemaker
disabled
retired
unemployed

36%
4%
17%
39%
4%

30%
12%
10%
47%
1%

Medical insurance
status:
none
private
Medicare
Medicare and
private
Veterans association

p = 0.007

14%
49%
17%

2%
57%
24%

19%
1%

17%
0%

25%
75%

14%
86%

Race

White: 80%

91%

p = 0.025

p = 0.054

Education

NS

Marital status

NS

Smoking status

NS

Depression level

NS

Functional status

NS

Life stress

Multivariate analyses
of patient factors
revealed that having a
higher income and
being disabled from
work were the
stongest predictors
of participation

p = 0.002

Ventricular
tachycardia on
Holter:
present
absent

Perceived support

Authors’ conclusions

9.7 ± 2.0

9.3 ± 1.9

p = 0.013
NS
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TABLE 22 RCTs permitting assessment of patient participation: prevention trials
Results
Study

Topic

Sample size

Constantine Infant Health 317 non-participants
et al, 1993115 and Develop- 985 participants
ment Program
(for low
birthweight,
premature
infants)

Naslund
Diet and
et al, 1994116 exercise trial

27 non-participants
158 participants

Measures

Participants

Non-participants

Significance

Authors’ conclusions

Research site

Harvard: 14.0%

33.0%

p < 0.01

Birthweight

< 1501 g: 26.0%
1501–2000 g: 37.3%
≥ 2011 g: 36.7%

18.9%
33.8%
47.3%

p = 0.002

Maternal race

Black: 52.5%
Hispanic: 10.7%
Caucasian: 36.9%

31.6%
7.9%
60.4%

p < 0.001

These differences were
not large enough to
have any practical
effect on the representiveness of the
study sample to the
population, and had no
effect on the comparability of the treatment
groups

Gender

No details

No details

NS

Single vs. multibirth

No details

No details

NS

Maternal age

No details

No details

NS

Maternal education

No details

No details

NS

Age

No details

No details

NS

Marital status

No details

No details

NS

Children

No details

No details

NS

Occupation

No details

No details

NS

% workers

27%

20%

NS

Smokers

No details

No details

NS

Exercise

No details

No details

NS

Body mass index

No details

No details

NS

Blood pressure

No details

No details

NS

Serum cholesterol

No details

No details

NS

Serum-triglycerides

No details

No details

NS

Family history
of CHD

No details

No details

NS

None of the
personality dimensions
studied was associated
with willingness to join
the intervention trial.
Nor was there any
relationship between
willingness to
participate in the trial
and the demographic
variables investigated

continued
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TABLE 22 contd RCTs permitting assessment of patient participation: prevention trials
Results
Study

Topic

Sample size

Davies et al,
1994117

Family Heart
Study

608 non-participating Housing
families (information
was obtained for
106 families)
Employment
1448 participating
status
families

YeomansBreast
Kinney
Cancer
et al, 1995118 Prevention
Trial

127 non-participants
105 participants

Measures

Participants

Non-participants

Significance Authors’ conclusions

Owner
occupier: 90%
Tenant: 10%

83%
17%

p = 0.04
p = 0.2

Employed: 84%
Unemployed: 5%
Retired: 5%
Sick or other: 5%

83%
9%
5%
3%

Access to car

None: 11%
One: 53%
More than one: 35%

19%
40%
35%

p = 0.008

Personal history
of disease

Men: 5%
Women: 2%

5%
0%

p = 0.8
p = 0.4

Family history
of disease

Men: 27%
Women: 30%

34%
33%

p = 0.3
p = 0.9

Life-long smoker

Men: 31%
Women: 54%

21%
38%

p > 0.2
p = 0.2

Current smoker

Men: 24%
Women: 21%

28%
36%

p = 0.2
p = 0.02

Former smoker

Men: 36%
Women: 24%

42%
26%

p > 0.2
p > 0.2

Systolic bp
(mmHg)

Men: 137.2
Women: 128.1

137.7
128.0

p > 0.2
p > 0.2

Diastolic bp
(mmHg)

Men: 86.2
Women: 80.8

85.7
879.4

p > 0.2
p > 0.2

Cholesterol
(mmol/l)

Men: 5.72
Women: 5.54

5.91
5.39

p > 0.2
p > 0.2

Glucose
(mmol/l)

Men: 5.35
Women: 5.31

5.45
5.41

p > 0.2
p > 0.2

Body mass index

Men: 26.1
Women: 25.2

25.8
25.6

p > 0.2
p > 0.2

Current age

< 50 years: 51.4%
> 50 years: 48.6%

33.9%
66.1%

p = 0.07

Marital status

Currently married: 71.4% 70.9%
Formerly married: 19.0% 24.4%
Never married: 9.5%
4.7%

p = 0.262

Education

High school or less:
12.4%
Post-high school: 32.4%
College grad.: 55.2%

p = 0.113
22.8%
29.1%
40.8%

Household
income

< $35,000: 20.6%
$35,000–50,000: 21.6%
> $50,000: 57.8%

32.2%
16.1%
51.7%

p = 0.135

Currently
employed

Yes: 37.1%
No: 62.9%

48.8%
51.2%

p = 0.098

Gail risk score
(mean ± SD)

18.2 ± 9.87

15.7 ± 8.51

NS

% with prior
breast biopsy

55%

48%

NS

Family history of
breast cancer

Mother: 65%
Sister: 34%

65%
34%

With the exception of
smoking, our results
generally do not
support the concern
that screening
programmes are
attended by those
who need them least

These findings support
the view that recruitment efforts for
chemo-prevention
trials should address
barriers specific to
their circumstances

continued
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TABLE 22 contd RCTs permitting assessment of patient participation: prevention trials
Results
Study

Topic

Sample size

Pacala
et al,
1996119

Fatalities and 139 non-participants
injuries in the (responded to nonover 75s
respondent survey)
110 participants

Measures

Participants

Non-participants

Significance Authors’ conclusions

Gender

Female: 41.8%

65.5%

p < 0.001

Age:
75–79 years
80–84 years
85+ years

60.9%
27.3%
11.8%

52.2%
29.1%
18.7%

Married
Living alone
Living in a house

60.9%
32.1%
81.8%

42.5%
45.2%
63.2%

Education:
0–11 years
12 years
13–15 years
16+ years

6.4%
21.1%
25.7%
46.8%

15.7%
39.6%
23.1%
23.6%

Health and
functional status:
good/excellent
92.2%
no biopsychosocial 76.7%
not susceptible
90.3%
exercise
69.9%

79.4%
60.7%
78.1%
50.3%

p = 0.006
p = 0.009
p = 0.0012
p = 0.002

Current smoker

7.80%

8.80%

p = 0.774

96.4%

81.8%

p < 0.001

62.5%

69.3%

p = 0.204

72.1%
30.8%

73.0%
23.7%

p = 0.918
p = 0.216

51.0%

51.1%

p = 0.984

Balance, gait
and falls:
walks
independently
gait better/
no change
balance better/
no change
fell in past year
not afraid
of falling

106

p = 0.260

p = 0.002
p = 0.030
p < 0.001
p < 0.001

Recruiting older
subjects by mail to
studies of rigorous
interventions can
produce significant
selection biases that
may limit the
population to which
the results may be
generalised
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Appendix 6
RCTs comparing CABG and PTCA
TABLE 23
No. patients
Study

Methods

% of
Single or Exclusions
eligibles
multirandomised vessel

CABRI,
1995,136
Europe

RCT
multicentre

4.60

Multi

RITA,
1993137
UK

RCT
multicentre

4.80

Single: 456 Left main stem disease, previous
Multi: 555 CABG/PTCA, other life-threatening
comorbidity

EAST,
1994138
USA

RCT
46.65
single centre

GABI,
1994139
Germany

RCT
multicentre

Toulouse,
1992140
France

Follow- up Outcomes

513

541

1 year

Mortality, revascularisation,
medication, angina

501

510

4.7 years

Mortality, MI,
revascularisation, angina,
exercise, employment

Multi

2 months chronic occlusions of bypass194
able vessels serving viable myocardium,
left main disease, EF < 0.25%, MI in previous
5 days, other life-threatening illness

198

3 years

Death, MI, ischaemic defects,
other clinical and angiographic status measures,
need for additional
revascularisation

Multi

75 years+, left-main disease, 30% stenosis,
50% left ventricular circumference in
jeopardy, previous PTCA/CABG, MI in
previous 4 weeks

177

182

1 year+

Length of hospital stay,
in-hopsital and 1-year
mortality, MI, angina,
exercise capacity

RCT
Not given
single centre

Multi

Not given

76

76

2.8 years

Revascularisation
and death

MASS,
1995141
Brazil

RCT
Not given
single centre

Single

Unstable angina, prior infarction,
significant valve disease, cardiomyopathy
or prior open heart surgery

70

72

3.2 years

MI, revascularisation, stroke,
mortality, exercise, angina,
employment

Lausanne,
1994,142
Switzerland

RCT
94%
single centre

Single

Unstable angina, previous MI, abnormal
creatine kinase activity, left stenosis 50+,
EF < 50%, 60 years +

66

68

3.2 years

Death, MI, revascularisation,
angina, exercise

ERACI,
1993143
Argentina

RCT
42%
single centre

Multi

Dilated ischaemic cardiomyopathy, severe
left main trunk stenosis, severe 3-vessel
disease plus depressed EF, severe valvular
heart disease or hypertrophic disease,
evolving AMI, limited life expectancy

64

63

3.2 years

Death, MI, revascularisation
costs

BARI,
1996147
USA and
Canada

RCT
multicentre

Multi

Published elsewhere

914

915

Not given

In-hospital and 5-year
mortality, MI, stroke,
revascularisation

Approx. 66

48%

Left main coronary disease or severe
triple vessel. EF < 0.35, AMI in
previous 10 days, previous CABG/PTCA,
76 years+, other life-shortening conditions

CABG PTCA
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Appendix 7
Non-randomised studies comparing
CABG and PTCA
TABLE 24
No. patients
Study

Methods

Single or
multi-vessel

Exclusions

Duke database,
1996144
USA

Prospective
database from one
medical centre

Single and
multi

50% left main stenosis, previous
CABG/PTCA, 3+ or 4+ mitral
regurgitation

Medicare,
1992145
USA

National data
Single and
on all Medicare
multi
patients and
detailed clinical data
on a random sample
(MedisGroups)

None

CABG

PTCA

3890

2924

National:
71,243

National:
25,423

Follow-up

Outcomes

Max:
10 years

Mortality

Mean
18 months

Mortality

Sub-group: Sub-group:
2063
858
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Appendix 8
RCTs evaluating calcium antagonists
TABLE 25
No. patients
Study

Methods Participants

Gorfon et al,
1984153
South Africa

RCT
single
blind

% of eligibles Intervention
randomised

Patients with
No details
history and electrocardiographic
changes characteristic of acute
transmural MI,
admitted within
12 hours of onset
of chest pain

10 mg of nifedipine
sublingually
Dose repeated every
6 hours for 24 hours
Control patients:
80 mg of furosemide
if pulmonary artery
wedge pressure
> 18 mmHg

Exclusions

Calcium Control
antagonist

Dosage Follow-up
mg/day

Sustained ventricular
arrhythmias; systolic arterial
pressure < 90 mmHg; current
antiarrhythmic, beta-blocker,
digitalis or calcium antagonist
therapy

13

13

40

12 hours

TRENT,
1986154
UK

RCT (A)

Patients aged
78–100
18–70 years,
admitted to hospital
within 24 hours of
onset of chest pain

10 mg of nifedipine
four times a day

Pregnancy, or ability to get
pregnant within next 4 weeks;
arterial blood pressure
< 100 mmHg systolic or
50 mmHg diastolic immediately
before administration; heart
rate > 120/min immediately
before administration; severe
heart failure; known serious
renal or hepatic dysfuntion;
current calcium channel
blocking drugs

2240

2251

40

1 year

Walker
et al, 1988155
UK

RCT (A)

Patients admitted
with suspected MI
within 6 hours of
onset of chest pain

10 mg nifedipine or
placebo every 4 hours
sublingually for
24 hours, then every
4 hours orally for
another 24 hours

Age over 75 years; systolic
blood pressure < 85 mmHg

106

120

60

48 hours

Sirmes
et al, 1984156
Norway

RCT (A)

Patients with severe Approx. 89
chest pain for at
least 30 min.
continuing on
admission and
admitted within
12 hours of onset

10 mg nifedipine five
times a day for 2 days
and then 10 mg four
times a day for
6 weeks

Age < 35 or > 75 years; use
of calcium antagonist within
last 48 hours; other serious
disease; inability to attend
6 week follow-up

112

115

50

6 weeks

Erbel et al,
1988157
Germany

RCT (A)

Patients admitted
to hospital within
6 hours of onset
of pain

No details

2 × 10 mg capsules of
nifedipine sublingually,
or 2 × 10 mg capsules
of placebo.Then 20 mg
nifedipine or placebo
orally three times
a day

Long period of resuscitation;
history of allergy to
streptokinase; previous
cerebrovascular accident;
surgery in preceding 10 days;
history of peptic ulcer; history
of bleeding problems

74

75

60

20 days

Goldbourt,
1993158
Israel

RCT (A)

Patients aged
50–79 years who
presented with
suspected AMI

Approx. 93
Nifedipine, 6 × 10 mg
randomised to per day for 6 days.
first stage
Then 15 mg four times
a day for 6 months

Sbp < 90 mmHg; known
intolerance of nifedipine;
heart disease other than
coronary; previous heart
surgery or AMI; other major
disease; anginal syndrome in
month before current AMI;
history of hypertension;
functional capacity class II or
higher in month before;
anterior site of presenting AMI;
maximal level of serum lactate
dehydrogenase > 3 × normal

680

678

60

6 months

Approx. 77%

A – concealment of allocation secure
continued
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TABLE 25 contd
No. patients
Study

Methods Participants

Exclusions

Calcium Control
antagonist

Dosage Follow-up
mg/day

HINT, 1986159 RCT (A)
The
Netherlands

Patients with
No details
suspected AMI; a
history of angina at
rest in previous
12 hours, lasting
> 15 min; a history
of MI or unstable
angina; at least 50%
narrowing of major
coronary artery

Nifedipine, 6 × 10 mg
a day plus metoprolol
placebo, or metoprolol,
2 × 100 mg a day plus
nifedipine placebo, or
both drugs. If betablockers taken > 3 days,
placebo or nifedipine
6 × 10 mg a day

Age > 70 years; new Q-wave;
AMI within 1 week; treatment
with nifedipine; heart rate
< 50 or > 120; systolic blood
pressure > 170 mmHg,
diastolic blood pressure
> 100 mmHg; anaemia; heart
failure; congenital or valvar
heart failure; cardiomyopathy;
pulmonary or other noncardiac disease; previous
trial participation

341

327

60

48 hours

SPRINT 1,
1988160
Israel

RCT (A)

Patients aged
30–74 years with
a recent MI

47.9

Nifedipine, 30 mg a day

Presence of Prinzmetal’s
variant angina, non-CHD;
previous cardiac surgery or
pace-maker implantation;
severe pulmonary hypertension; uncontrollable
congestive heart failure
preceding in recent AMI;
persistent hypotension;
complete left-bundlebranch block; cerebrovascular accident; malignant
disease; renal or hepatic
failure; alcoholism or
psychiatric disorder

1130

1146

30

1 year

Branagan
et al, 1986161
Ireland

RCT (A)

Patients under
70 years, admitted
to hospital within
6 hours of onset
of chest pain

15.3

Nifedipine, 10 mg orally Women of childbearing age;
every 6 hours
heart rate > 110 or < 60;
complete heart block heart
failure requiring diuretic
therapy or vasodilator;
inotropic or mechanical
support; systolic blood
pressure < 85 mmHg,
ventricular fibrillation as
the initial rhythm; already
on nifedipine

60

68

40

1 month

A – concealment of allocation secure

112

% of eligibles Intervention
randomised
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Appendix 9
Non-randomised study evaluating
calcium antagonists
TABLE 26
No. patients
Study

Methods

Participants

Calcium
antagonist

Control

Braun et al, 1996151
Israel

Data were collected in
patients screened for the
BIP Study, in 18 cardiology
departments 1990–92.
Mortality data were
obtained by matching
patients’ identification
with life status in Israeli
Population Registry

Patients with an
established diagnosis of
chronic artery disease.
See paper for baseline
characteristics

5843
5732
Diltiazem: 57%
Nifedipine: 34%
Verapamil: 6%
Combination: 3%

Follow-up

Outcomes Adjustments

Mean 3.2 years Mortality
(range: 2.0–4.6) rates

Age
Gender
Previous MI
Angina pectoris
Hypertension
New York Heart Association
Functional Class
Peripheral vascular disease
Chronic obstructive pulmonary
disease
Diabetes
Current smoking
Concomitant medications

113
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Appendix 10
RCTs evaluating stroke units
TABLE 27
Study

Methods

Participants

Exclusions

Interventions

Outcomes

Dover,
1984194,195

RCT (B)

Stroke patients up to
9 weeks after stroke onset
(majority within 3 weeks)

Patients only eligible if investigated
by general physicians and deemed
“fit for and needing rehabilitation”.
Numbers eligible not stated

Stroke rehabilitation ward
vs. general medical and
geriatric medical wards

Death, functional status, place of
residence and length of stay in
hospital up to 1 year after stroke

Edinburgh,
1980196–198

RCT (B)

Stroke patients (moderate
severity) within 7 days of
stroke onset

Not stated

Stroke rehabilitation
ward (acute care and
rehabilitation) vs. general
medical wards

Death, functional status, place of
residence and length of initial
hospital admission up to 1 year
after stroke

Montreal,
1984199

RCT (B)

Unselected stroke patients
within 7 days of stroke onset

443 screened for entry

Mobile stroke team vs.
conventional care on
general medical wards

Death, functional status, place of
residence and length of initial
hospital stay up to 6 weeks
after stroke

Stroke rehabilitation ward
vs. general medical and
geriatric wards

Death, functional status, place of
residence and length of initial
hospital stay assessment/
rehabilitation at end of follow-up

Acute/rehabilitation stroke
unit vs. general medical
wards

Death, functional status, place of
residence and length of stay in
hospital/institution up to 1 year
after stroke

Death, functional status,
place of residence and
length of initial stay in
hospital up to 1 year
after stroke

Treatment allocation according
to bed availability

Exclusions: incorrect diagnosis
(40); onset > 7 days (31); transient
ischaemic attack (89); previous
cerebrovascular accident with
residual disability (35); no motor
or sensory involvement of limbs
(39);“placement in hospital” (33);
non-resident of Montreal (3);
refused consent (1)
Orpington,
1993200,201

RCT (B)

Stroke patients who had
survived 2 weeks

377 eligible
Exclusions: sub-dural haematoma
(2); brain tumour (7); died before
trial entry (79); mild and
discharged before trial entry
(37). 67% included

Trondheim,
1991202

RCT (A)

Stroke patients within
7 days of stroke onset

373 eligible
Exclusions: missed by researchers
(16); unconscious (42); symptoms
> 1 week (12); patients living in
nursing homes (21); patients with
sub-dural or sub-arachnoid
haemorrhage or brain tumour
(?); living in other district (15);
stroke unit full (47). 220 (< 59%)
included

Umea,
1985203,204

QuasiRCT (C)

Stroke patients within
7 days of stroke onset

Treatment
allocation
according
to bed
availability

Non-intensive stroke unit
vs. general medical wards

Included “all meeting admission
criteria for stroke unit”

A – concealment of allocation secure; B – concealment possibly insecure; C – not adequately concealed
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Appendix 11
RCTs evaluating malarial vaccines
TABLE 28
No. patients
Study

Methods Participants

% of eligibles Intervention
randomised

Exclusions

Vaccine Control

Follow -up

Alonso, 1994173
Tanzania

RCT (A)

586 children,
89.7
aged 1–5 years
living in southern
Tanzania, an area
of intense
perennial
transmission

Three doses of SPf66, 2 mg
per dose, at weeks 0, 4 and 25.
Placebo: aluminium hydroxide
+ tetanus toxoid on the same
schedule

History of allergies leading
to medical consultation and
treatment; acute conditions
that lead to hospital
admission;‘unsuitable’
chronic conditions; packed
cell volume < 25%

274

312

1 year

D’Alessandro,
1995174
The Gambia

RCT (A)

547 infants aged 96.7
6–11 months living
in the Gambia, an
area of seasonal
malaria with
moderate
transmission

Three doses of Spf66 (1 mg
per dose) given at weeks 0, 4
and 26. Placebo: imovax polio
given on same schedule

Weight for age < 60%;
chronic diseases

316

231

3.5 months

Sempertegui,
1994172
Ecuador

RCT (B)
age
stratified
(five
levels)

537 adults and
children over
1 year old,
living in La T,
Ecuador, an area
highly endemic
for malaria

No details

Three doses of SPf66 adsorbed
to aluminium hydroxide
(2 mg in 0.5 ml for > 5 years,
1 mg in 0.25 ml in < 5 years)
on days 0, 30 and 180. Placebo:
tetanus toxoid adsorbed onto
aluminium hydroxide for the
first dose, aluminium hydroxide
alone for the second and third
doses

Age under 1 year;
pregnancy; history of allergy;
acute infection; renal; cardiovascular or endocrine
chronic diseases; refusals

259

278

1 year

Valero, 1993170
Columbia

RCT (A)

1548 inhabitants
of La Tola,
Columbia, aged
over 1 year.
This area has
perennial
transmission
with fluctuating
incidence

81.5% received
first dose,
62.0% received
all three doses

Three doses of SPf66 on
days 0, 30 and 180. 0.5 ml if
> 5 years, 0.25 ml if < 5 years
(adsorbed onto aluminium
hydroxide, 4 mg/ml). Placebo:
tetanus toxoid for first dose,
saline in aluminium hydroxide
for second and third doses

Prgnancy; children under
1 year; history of allergy or
another ‘unsuitable’ acute
or chronic condition

738

810

1 year

Valero, 1996171
Columbia

RCT (A)
stratified
for age
(five levels)
and sex

1257 residents
85.7% received Three doses of Spf66, adsorbed
aged 1–86 years, first dose,
to aluminium hydroxide (2 mg
from 14 villages 68.9% received per dose, 1 mg for < 5 years)
along Rio
all three doses on days 0, 30 and 180. Placebo:
Rosardio,
tetanus toxoid at first dose,
Columbia, an
aluminium hydroxide at
area endemic
second and third doses
for malaria

Pregnancy; those with
parasitaemia; history of
allergy; acute infection;
renal, cardiovascular or
endocrinological chronic
disease

634

623

22 months

A – concealment of allocation secure; B – concealment possibly insecure
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Appendix 12
Non-randomised study evaluating
malarial vaccines
TABLE 29
No. patients
Study

Methods
169

Noya, 1993
The eligible
South Venezuela population were
invited to attend a
vaccination clinic.
Attendees were
compared with
the rest of the
population

Participants

Intervention

Exclusions

Persons aged over
11 years, living in 13
small villages in South
Venezuela, an endemic
area for malaria with
seasonal transmission

Three doses on days 0, 20
and 112. Each dose consisted
of 4 mg/ml SPf66 adsorbed to
aluminium hydroxide

Pregnant women; severe
health problems; mental
disorders; alcoholism; history
of allergies or debilitating
diseases; immunosuppressive
drugs; and those with clinical
symptoms suggestive
of malaria

Vaccine Control
852

825

Follow-up
1 year
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