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“Between measurements based on RCTs and benefit . . .
in the community there is a gulf which has been much
under-estimated”

A L Cochrane, 19711

“At its best a trial shows what can be accomplished with
a medicine under careful observation and certain
restricted conditions. The same results will not
invariably or necessarily be observed when the medicine
passes into general use.”

Austin Bradford Hill, 19842

Randomised controlled trials (RCTs) and systematic
reviews are the most reliable methods of determining the
effects of treatment. They must be internally valid (ie,
design and conduct must keep to a minimum the
possibility of bias),3,4 but to be clinically useful the result
must also be relevant to a definable group of patients in a
particular clinical setting; this is generally termed external
validity, applicability, or generalisability. The beneficial
effects of some interventions, such as blood pressure
lowering in chronic uncontrolled hypertension, are
generalisable to most patients and settings, but the effects
of other interventions can be very dependent on factors
such as the characteristics of the patient, the method of
application of the intervention, and the setting of
treatment. How these factors are taken into account in
the design and performance of an RCT and in the
reporting of the results can have a major effect on
external validity. 

Lack of consideration of external validity is the most
frequent criticism by clinicians of RCTs, systematic
reviews, and guidelines,5–13 and is one explanation for the
widespread underuse in routine practice of treatments
that were beneficial in trials and that are recommended in
guidelines.14–26 Neither Cochrane nor Bradford Hill were
practising clinicians, but they understood the limitations
of the methodology that they had pioneered. Although
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External validity of randomised controlled trials: 
“To whom do the results of this trial apply?”
Peter M Rothwell
In making treatment decisions, doctors and patients must take into account relevant randomised controlled trials
(RCTs) and systematic reviews. Relevance depends on external validity (or generalisability)—ie, whether the results
can be reasonably applied to a definable group of patients in a particular clinical setting in routine practice. There is
concern among clinicians that external validity is often poor, particularly for some pharmaceutical industry trials, a
perception that has led to underuse of treatments that are effective. Yet researchers, funding agencies, ethics
committees, the pharmaceutical industry, medical journals, and governmental regulators alike all neglect external
validity, leaving clinicians to make judgments. However, reporting of the determinants of external validity in trial
publications and systematic reviews is usually inadequate. This review discusses those determinants, presents a
checklist for clinicians, and makes recommendations for greater consideration of external validity in the design and
reporting of RCTs.

Panel 1: Evidence of the neglect of consideration of
external validity of RCTs and systematic reviews

● Research into internal validity of RCTs and systematic
reviews far outweighs research into how results should
best be used in practice.42,43

● Rules governing the performance of trials, such as good
clinical practice,44 do not cover issues of external validity. 

● Drug licensing bodies, such as the US Food and Drug
Administration, do not require evidence that a drug has a
clinically useful treatment effect, or a trial population that
is representative of routine clinical practice.45

● Guidance on the design and performance of RCTs from
funding agencies, such as that from the UK Medical
Research Council,46,47 makes virtually no mention of issues
related to external validity.

● Guidance from ethics committees, such as that from the
UK Department of Health,48 indicates that clinical research
should be internally valid, and raises some issues that
relate to external validity, but makes no explicit
recommendations about the need for results to be
generalisable.

● Guidelines on the reporting of RCTs and systematic
reviews focus mainly on internal validity and give very
little space to external validity.49,50 

● None of the many scores for judging the quality of RCTs
address external validity adequately.31 

● There are no accepted guidelines on how external validity
of RCTs should be assessed.

what little systematic evidence we now have confirms that
RCTs do often lack external validity,27–41 this issue is
neglected by current researchers, medical journals,
funding agencies, ethics committees, the pharmaceutical
industry, and governmental regulators alike (panel 1).42–50

Admittedly, assessment of external validity is complex
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and needs clinical rather than statistical expertise, but it is
vital if treatments are to be used correctly in as many
patients as possible in routine clinical practice. We cannot
expect the results of RCTs and systematic reviews to be
relevant to all patients and all settings (that is not what is
meant by external validity) but they should at least be
designed and reported in a way that allows clinicians to
judge to whom they can reasonably be applied. This
article considers how external validity should be assessed
(panel 2). Illustrative examples are drawn mainly from
treatments for cerebrovascular or cardiovascular disease
but the general principles are relevant to all areas of
medicine and surgery. 

Limits on external validity 
RCTs and systematic reviews are the most reliable
methods of determining moderate treatment effects, but
external validity is inevitably less than perfect, at least in
theory, because the aim is not to measure the benefit
that will be derived from treatment in clinical practice.
The response to and/or compliance with a treatment can
be influenced strongly by the doctor-patient relation-
ship,51–53 placebo effects,54,55 and patient preference.56–58 Yet
trialists rightly try where possible to eliminate any effect
of these factors by using blinded treatment allocation,
placebo control, and exclusion of patients or clinicians
who have strong treatment preferences. These
procedures increase the internal validity of an RCT, but
will often lead to underestimation of the benefits of
treatment in clinical practice, especially for patient-
centred outcomes. 

Patient preference can cause particular problems for
external validity. For example, some women with early
breast cancer have a strong preference for lumpectomy,
whereas others are far happier in the belief that all the
cancer has been removed by a mastectomy. However,
only women who did not have a strong preference for a
particular treatment could be recruited into the relevant
RCTs, and as few as 10% agreed to have their treatment
chosen at random.59 If RCTs show a major advantage for
one treatment, then external validity is not a problem.
Difficulties arise when one treatment is only moderately
more effective but the patient has a strong personal
preference for the less effective option. Would the
results of the breast surgery RCTs, particularly in
relation to psychological wellbeing, have been the same
if such patients had been randomised? 

These inevitable limitations do not invalidate the
results of RCTs and systematic reviews, and they are
mentioned here partly for the sake of completeness, but
the importance of patient preference, placebo effects,
and the doctor-patient relationship outside trials should
not be underestimated. This fact is perhaps best
illustrated by the popularity of alternative therapies, such
as homoeopathy, in which such factors are the only
active ingredients. The remainder of this review will
concentrate on those factors in the design and reporting

Panel 2: Issues that potentially affect external validity

Setting of the trial 
● Healthcare system
● Country
● Recruitment from primary, secondary, or tertiary care
● Selection of participating centres
● Selection of participating clinicians

Selection of patients
● Methods of prerandomisation diagnosis and 

investigation
● Eligibility criteria
● Exclusion criteria
● Placebo run-in period
● Treatment run-in period
● Enrichment strategies
● Ratio of randomised patients to eligible non-randomised 

patients in participating centres
● Proportion of patients who declined randomisation

Characteristics of randomised patients
● Baseline clinical characteristics
● Racial group
● Uniformity of underlying pathology
● Stage in the natural history of their disease
● Severity of disease
● Comorbidity
● Absolute risks of a poor outcome in the control group  

Differences between the trial protocol and routine practice
● Trial intervention
● Timing of treatment
● Appropriateness/relevance of control intervention
● Adequacy of non-trial treatment—both intended and 

actual
● Prohibition of certain non-trial treatments
● Therapeutic or diagnostic advances since trial was done

Outcome measures and follow-up
● Clinical relevance of surrogate outcomes
● Clinical relevance, validity, and reproducibility of complex 

scales
● Effect of intervention on most relevant components of 

composite outcomes 
● Who measured outcome
● Use of patient-centred outcomes 
● Frequency of follow-up
● Adequacy of the length of follow-up 

Adverse effects of treatment
● Completeness of reporting of relevant adverse effects
● Rates of discontinuation of treatment 
● Selection of trial centres and/or clinicians on the basis of 

skill or experience
● Exclusion of patients at risk of complications 
● Exclusion of patients who experienced adverse effects 

during a run-in period
● Intensity of trial safety procedures
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of RCTs and systematic reviews that limit external
validity but which are not unavoidable.

Trial setting 
There is often concern about the generalisability of
trials done in secondary or tertiary care to practice in
primary care,26–29 but there are several other ways in
which the setting of an RCT can affect external validity.

The health-care system 
Differences between health-care systems can affect
external validity. For example, in the European Carotid
Surgery Trial (ECST),60 an RCT of endarterectomy for
recently symptomatic carotid stenosis, there were
national differences in the speed with which patients
were investigated, with a median delay from last
symptoms to randomisation of greater than 2 months
in the UK, for example, compared with 3 weeks in
Belgium and Holland. Figure 1 shows that separate
trials in these systems would have produced very
different results, because of the narrow time window
for prevention of stroke.61 These differences were not
mentioned in any of the ECST publications or in any
subsequent guidelines. Similar differences in
performance between health-care systems will exist for
other disorders, and there is, of course, the broader
issue of how trials done in the developed world apply to
the developing world. 

The country  
Even if the health-care systems are similar, other
national differences can still affect generalisability.
Continuing with the example of cerebrovascular
disease, there are many differences between countries
in methods of diagnosis and management,62 as well as

important racial differences in susceptibility to disease
and natural history of the disease,63 all of which could
affect the external validity of trial results. Examples in
other areas of medicine include the substantial
heterogeneity between trials of BCG in prevention of
tuberculosis done in different populations, with great
efficacy in countries at northern latitudes but a gradual
loss of efficacy with decreasing latitude (p<0·00001).64

There are also often striking national differences in the
use of ancillary so-called non-trial treatments. In one
international RCT of aspirin and heparin in almost
20 000 patients with acute ischaemic stroke, glycerol
was used in 50% of the 1473 patients in Italy versus 3%
elsewhere, steroids in 32% of the 225 patients in Turkey
versus 4% elsewhere, and haemodilution in 44% of the
597 patients in Austria and the Czech Republic versus
3% elsewhere.65 More extreme differences between
countries were recorded in the use of two important
non-trial surgical techniques in the ECST (figure 2).
There is evidence that the use of both techniques does
affect operative risk, but irrespective of this fact, the
data illustrate the extent to which clinical practice varies
between countries. RCTs done in one country will
usually be generalisable to others, but this
generalisability should not be taken for granted.

Selection of participating centres and clinicians  
Selection of participating centres from secondary care
as opposed to primary care has obvious implications for
external validity, but RCTs of interventions that are
confined to secondary care may also be undermined if
they are restricted to specialist units.66–68 In one
systematic review of laparoscopic cholecystectomy, for
example, all 15 RCTs were based solely in university
hospitals.67 Problems also arise if participating

A

B

Surgical Medical

Fast centres 21/127 8·3 –0·1 to 16·7 8/162 25/106 19·9 10·7 to 29·1
Slow centres 29/206 11/139 –5·6 –12·6 to 1·4 25/173 25/113 7·6 –2·0 to 17·1

Total 46/380 32/266 0·9 –4·5 to 6·4 33/335 50/219 13·5 6·9 to 20·2

Fast centres 21/174 28/127 11·8 2·4 to 21·2 11/162 31/106 23·6 13·7 to 33·5
Slow centres 38/206 25/139 0·3 –8·6 to 9·3 35/173 30/113 6·2 –4·3 to 16·6

Total 59/380 53/266 5·7 –0·8 to 12·2 46/335 61/219 14·7 7·4 to 21·9
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Figure 1: Absolute reductions in 5-year risks of ipsilateral ischaemic stroke (upper) and any stroke or death (lower) with surgery in ECST60 centres 
Median delay from last symptomatic event to randomisation in these centres was �50 days (fast centres) compared with centres with a longer delay (slow centres). Data are shown separately for
patients with moderate (50–69% [left of figure]) and severe (70–99% [(right of figure]) carotid stenosis. A: ipsilateral ischaemic stroke or operative stroke/death. B: any stroke or operative death.
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clinicians are chosen because of their track record. For
example, results from the Asymptomatic Carotid Artery
Surgery (ACAS) trial showed that endarterectomy for
asymptomatic carotid stenosis reduced the 5-year
absolute risk of stroke by about 5%.69 However, ACAS
only accepted surgeons with a good safety record,
initially rejecting 40% of applicants,70 and subsequently
barring those who had adverse operative outcomes in
the trial from further participation. The benefit from
surgery in ACAS was due largely to the consequently
low operative risk.69 Figure 3 compares the ACAS risks
with the results of a meta-analysis of the 46 surgical
case series that published operative risks during the 5
years after ACAS.71 Operative mortality was eight-fold
higher than in ACAS (1·11% vs 0·14%, p=0·01) and the
risk of stroke and death was about three-fold higher in
comparable studies in which outcome was also assessed
by a neurologist (4·30% versus 1·50%, p<0·001). Trials
should not include centres that do not have the
competence to treat patients safely, but selection should
not be so exclusive that the results cannot be
generalised to clinical practice. For example, surgeons
rejected by ACAS are unlikely to have stopped operating
outside the trial.

Selection of patients 
Only a small proportion of patients with a specific
disorder participate in a particular trial. For example,
only about one in every 200–300 patients undergoing
carotid endarterectomy in North America at the time
got into the large, multicentre RCTs,72 and similar
proportions have been reported in breast cancer trials.73

These low rates mean that trials take many years to
recruit but are not a problem for external validity as long
as the patients randomised in the participating centres
are representative of the whole. As outlined below this
is not always the case. 

Selection before consideration of eligibility  
Concern is often expressed about highly selective trial
eligibility criteria, but there are several earlier stages of
selection that can be more problematic. Figure 4 shows
that the proportion of patients with a particular disorder
in the local community served by a participating centre
who are considered for recruitment into a trial will often
be well below 1%. For example, consider a trial of a new
blood pressure-lowering drug, which like most similar
trials is done in a hospital clinic. Fewer than 10% of
patients with hypertension are managed in hospital
clinics and this group will differ from those managed in
primary care. Moreover, only one of the ten doctors who
see hypertensive patients in this hospital is taking part
in the trial, and this particular doctor mainly sees cross-
referrals of young patients with resistant hypertension.
Thus even before any consideration of eligibility or
exclusion criteria, potential recruits are already very
unrepresentative of patients in the local community. 

Selection by eligibility criteria  
Patients are then further selected according to trial
eligibility criteria (figure 4). Some RCTs exclude
women and many exclude the elderly.74,75 One review of
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Figure 2: Variation in rate of use of two ancillary surgical techniques used during carotid endarterectomy
(patch angioplasty [upper] and use of an intraoperative shunt [lower]) by country in the ECST60

Figure 3: Overall results of a meta-analysis of the operative risk of death (upper) and stroke and death (lower)
from all studies published between 1990 and 2000 inclusive that reported risks due to carotid
endarterectomy for asymptomatic stenosis71 compared with the same risks in ACAS69
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214 drug trials in acute myocardial infarction found
that over 60% excluded patients aged over 75 years.74

Many RCTs also exclude patients with highly prevalent
comorbidity. For example, trials of antiplatelet or non-
steroidal anti-inflammatory drugs (NSAIDS) often bar
recruitment of patients with any history of dyspepsia,
even though this criterion excludes over 50% of elderly
patients in clinical practice.76,77 Exclusion rates can be
very high. In acute stroke, one study showed that of the
small proportion of patients admitted sufficiently
quickly to be suitable for thrombolysis,78 96% were
ineligible based on the various other criteria of the
relevant RCT.79 One centre in another acute stroke trial
had to screen 192 patients over 2 years to find an
eligible patient.80 A review of 41 US National Institutes
of Health RCTs found an average exclusion rate of
73%.39

Selection beyond the eligibility criteria  
Strict eligibility criteria can limit the external validity of
RCTs and result in lower rates of treatment in clinical
practice,81 but the criteria are at least available for

scrutiny, or should be (discussed below). More difficult
is the extent to which trials with seemingly reasonable
eligibility criteria end up with highly selected
populations. Recruitment of less than 10% of patients
with the relevant disorder in participating centres is
common in pragmatic RCTs in all areas of medicine
and surgery in which the data have been
gathered.24,33,82–87 These low rates of recruitment are
partly due to additional selection by participating
clinicians beyond that required by the eligibility
criteria. Patients recruited into RCTs differ from those
who are eligible but not recruited in terms of age, sex,
race, severity of disease, educational status, social class,
and place of residence.30,34,35,37,59,74,75,88–90 The outlook for
patients included in RCTs is also usually better than
those who do not participate in trials,91 often greatly
so.6,92 Yet highly selective recruitment is not inevitable.
The GISSI-1 trial of thrombolysis for acute myocardial
infarction, for example, recruited 90% of patients
admitted within 12 h of the event with a definite
diagnosis and no contraindications.93 As a consequence
it has excellent external validity and is one of only a very
few RCTs in acute myocardial infarction that had a
control group mortality rate (13%) that was remotely
consistent with routine clinical practice at the time.

Run-in periods  
Pre-randomisation run-in periods are also often used to
select or exclude patients.94 In a placebo run-in, all
eligible patients receive placebo and those who are
poorly compliant are excluded.95 There can be good
reasons for doing this, but high rates of exclusion 
will reduce external validity. For example, one trial of
the effect of salts on blood pressure excluded 93% of
patients in a placebo run-in period.96 Active treatment
run-in periods in which patients are excluded if they
have adverse events or show signs that treatment may
be ineffective are excluded are more likely to under-
mine external validity. For example, two RCTs of
carvedilol, a vasodilatory � blocker, in chronic heart
failure excluded 6% and 9% of eligible patients in
treatment run–in periods97,98 because of worsening
heart failure and other adverse events, some of which
were fatal. In both trials, the complication rates in the
subsequent randomised phase were much lower than
in the run-in phase.97,98

Enrichment strategies  
Patients who are likely to respond well to treatment are
sometimes actively recruited.99–101 For example, some
trials of antipsychotic drugs have selectively recruited
patients who had previously had a good response to 
such drugs.102 Other trials have excluded non-responders
in a run-in phase. One RCT of the acetylcholinesterase
inhibitor tacrine in Alzheimer’s disease recruited 632
patients to a 6-week enrichment phase in which patients
were given different doses of tacrine or placebo.103 After a
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Figure 4: Schematic diagram illustrating effect of multiple stages of selection inherent in clinical practice on
proportion of patients in catchment of participating centre entered into an RCT done in secondary care 
Worst case assumes proportion of patients excluded at each stage is at top of range and best case is based on
lowest proportion of patients excluded. 
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washout period, only the 215 (34%) patients who had a
measured improvement on tacrine in the enrichment
phase were randomised to tacrine (at their most effective
dose) versus placebo in the main phase of the trial.
External validity is clearly undermined here. 

Reporting of patient selection  
The number of eligible non–randomised patients can be
recorded, but is difficult to determine reliably, and
underestimates selection because logs usually only 
cover patients referred to the participating clinician.
Another useful index is the number of patients 
who are invited to participate and decline, but neither
statistic is usually reported. However, inadequate
reporting of trial eligibility criteria is a far 
greater barrier to the assessment of external 
validity.104 The CONSORT guidelines49 and the Uniform
Requirements for Manuscripts Submitted to Biomedical
Journals (http://www.ICMJE.org) require that all
eligibility criteria should be reported, but a review of
trials leading to clinical alerts by the US National
Institutes of Health revealed that of an average of 31
eligibility criteria, only 63% were published in the main
trial report and only 19% in the clinical alert.105

Inadequate reporting is a major problem in secondary
publications, such as systematic reviews and clinical
guidelines, in which space limitations and the need for a
succinct message do not usually allow detailed
consideration of the eligibility and exclusion criteria of
trials or other determinants of external validity. The
same also applies to pharmaceutical marketing,
although the motivation for concealing poor external
validity may be different here.

Characteristics of randomised patients 
Trial reports usually include the baseline clinical
characteristics of randomised patients and so it is
argued that clinicians can assess external validity by
comparison with their patient(s).49,50 This theory is
clearly sensible, but baseline clinical characteristics can
be misleading. The difficulty in extrapolating from
baseline clinical characteristics is illustrated by the
patients who were randomised to endarterectomy in
the ECST60 but who did not have surgery because their
surgeon and/or anaesthetist judged them to be too
frail. Although this clinical impression was confirmed
by a much worse outcome during follow-up compared
with patients who were randomised to medical
treatment (5-year risks: stroke=36% vs 18%, p<0·001;
stroke or death=52% vs 27%, p<0·0001), their baseline
clinical characteristics did not differ (table 1). 

A patient may also differ from the trial population in a
way that seems unimportant but which may have a
major effect on external validity. For example, table 2
shows the baseline clinical characteristics of the patients
randomised to warfarin in two RCTs of secondary
prevention of stroke.106–108 In one trial, patients were in

atrial fibrillation and in the other they were in sinus
rhythm. This difference might be expected to affect the
risk of further ischaemic stroke, but would not be
expected to affect the safety of warfarin. In fact, the risk
of intracranial haemorrhage on warfarin was 19-fold
higher (p<0·0001) in SPIRIT (Stroke Prevention in
Reversible Ischaemia Trial) than in EAFT (European
Atrial Fibrillation Trial) after adjustment for differences
in baseline clinical characteristics and the intensity of
anticoagulation (table 2).108 Seemingly irrelevant
differences between patients can have major effects on

Surgery (n=1807) No surgery

Not operated (n=62) Operated (n=745) 
(n=1211)

Demography
Male sex 36 (58%) 1263 (72%) 869 (72%)
Age in years 64·1 (8·7) 62·5 (8·1) 62·3 (8·0)
Cerebrovascular events within past 6 months
Hemispheric TIA or stroke 56 (90%) 1495 (85%) 1038 (86%)
Ocular event only 6 (10%) 250 (15%) 173 (14%)
Residual neurological signs 2 (3%) 106 (6%) 78 (7%)
Days since last symptoms 74 (56) 62 (53) 62 (52)
Other clinical data
Previous stroke 2(3%) 101 (6%) 78  (7%)
Systolic BP (mm Hg) 154 (27·2) 151 (22·3) 150·2 (21·3)
Diastolic BP (mm Hg) 89·0 (13·0) 86·2 (11·4) 86·3 (10·8)
Angina 15 (24%) 305 (18%) 190 (16%)
Previous myocardial infarction 7 (11%) 219 (13%) 136 (11%)
Previous coronary artery surgery 2 (3%) 47  (3%) 23 (2%)
Peripheral vascular disease 7 (11%) 292 (16%) 203 (17%)
Diabetes 8 (13%) 208 (12%) 145 (12%)
Current cigarette smoking 25 (40%) 844 (48%) 557 (46%) 
Blood cholesterol (mmol/L) 6·4 (1·6) 6·4 (1·4) 6·4 (1·4)
Mean symptomatic carotid stenosis 60% (25) 62% (21) 59% (22)
Mean contralateral carotid stenosis 37% (26) 42% (26) 37% (27)

Patients who were randomised to surgery but did not have the operation are compared with those who did and with patients
who were randomised to medical treatment only. TIA=transient ischaemic attack. BP=blood pressure. Data are mean (SD) or
number (%).

Table 1: Baseline clinical characteristics and outcomes of patients randomised in ECST60

SPIRIT (n=651) EAFT (n=225)

Baseline clinical characteristics 
Male sex 66% 55%
Age >65 years 47% 81%
Hypertension 39% 48%
Angina 9% 11%
Myocardial infarction 9% 7%
Diabetes 11% 12%
Leukoaraiosis on CT brain scan 7% 14%
Outcomes during trial
INR during trial (mean, SD) 3·3 (1·1) 2·9 (0·7)
Patient-years of follow-up 735 507
Intracranial haemorrhage 27 0 *
Extracranial haemorrhage 26 13
Adjusted hazard ratio (95% CI)*
Intracranial haemorrhage 19·0 (2.4–250) p<0·0001
Extracranial haemorrhage 1·9 (0·8–4·7) p=0·15

INR=international normalised ratio. CT=computed tomography. *There were no
proven intracranial haemorrhages, but no CT scan was done in two strokes. For
calculation of adjusted hazard ratio for haemorrhage these two strokes were
categorised as having been due to intracranial haemorrhage. 

Table 2: Baseline clinical characteristics and outcomes of patients
randomised to anticoagulation with warfarin in EAFT106 and SPIRIT107
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risks and benefits of treatment. This fact was further
highlighted in SPIRIT by patients with leucoaraiosis on
baseline brain imaging who had a nine-fold greater risk
of intracranial haemorrhage on warfarin than patients
who did not.106,108 

There are many other factors related to patient
characteristics that can determine the relevance of a trial
to a particular patient, including the underlying
pathology, the severity of disease, the stage in the natural
history of the disease, comorbidity, and the probable
absolute risk of a poor outcome without treatment. These
issues are considered in detail in subsequent articles in
this series.

The intervention, control treatment, and 
pre-trial or non-trial management
External validity can also be affected if trials have
protocols that differ from usual clinical practice. For
example, before randomisation in the RCTs of
endarterectomy for symptomatic carotid stenosis patients
had to be diagnosed by a neurologist and have

conventional arterial angiography,109 neither of which are
routine in many centres. The trial intervention itself may
also differ from that used in current practice, such as in
the formulation and bioavailability of a drug, or the type
of anaesthetic used for an operation. The same can be
true of the treatment in the control group in a trial, which
may use an especially low dose of the comparator drug,
or fall short of best current practice in another way.
External validity can also be undermined by too stringent
limitations on the use of non-trial treatments. For
example, antihypertensive drugs or drugs for the
treatment of cardiac failure will be less effective in elderly
patients outside trials who are unable to stop taking their
NSAIDs.110 Any prohibition of non-trial treatments
should be reported in the main trial publications along
with details of relevant non-trial treatments that were
used. The timing of many interventions is also critical, as
is illustrated in figure 1, for endarterectomy for recently
symptomatic carotid stenosis, and should be reported
when relevant.

Outcome measures and follow-up 
The external validity of an RCT also depends on whether
the outcomes were clinically relevant. This can depend
on subtle considerations such as who actually measured
the outcome, as is illustrated by the lower operative risks
of endarterectomy in studies in which patients were
assessed by surgeons rather than by neurologists,111 but is
more often dependent on what was measured and when. 

Surrogate outcomes  
Many trials use surrogate outcomes, usually biological or
imaging markers that are believed to be indirect
measures of the effect of treatment on clinical outcomes.
However, as well as being of questionable clinical
relevance, surrogate outcomes are often misleading.
Each of the treatments in table 3 had a major beneficial
effect on a surrogate outcome, but even though each
surrogate outcome was correlated with a relevant clinical
outcome in observational studies, the treatments proved
ineffective or harmful in subsequent large RCTs that
used these clinical outcomes.112–124

Scales 
RCTs sometimes use complex scales, often made up of
arbitrary combinations of symptoms and clinical
signs.125,126 For example, a review of 196 RCTs of NSAIDs
in rheumatoid arthritis identified more than 70 different
outcome scales,127 and a review of 2000 RCTs in
schizophrenia identified 640 scales, many of which were
devised for the particular RCT and had no supporting data
for validity or reliability.128 These unvalidated scales were
more likely to show significant treatment effects than
established scales.129 Moreover, the clinical meaning of
apparent treatment effects (eg, a 2·7 point mean reduction
in a 100 point outcome scale made up of various
symptoms and signs) is usually impossible to discern.

Disorder Surrogate outcome Clinical outcome

Treatment
Fluoride Osteoporosis Increase in bone density112 Major increase in fractures112

Antiarrhythmic drugs Post–myocardial infarction Reduction in ECG  abnormalities113 Increased mortality114

Interferon � Multiple sclerosis   70% reduction in new No convincing effect on
brain lesions using MRI 115–118 disability115–118

Milrinone and Heart failure Improved exercise Increased mortality 121,122

Epoprostanol tolerance 119,120

Ibopamine Heart failure Improved ejection fraction, Increased mortality124

and heart rate variability123 

ECG=electrocardiogram.

Table 3: Examples of trials with misleading surrogate outcomes

      

More important to clinicians More important to patients

Odds ratio (95% CI)

0·01 0·1 1·0 10 100

Mental health

Physical function

Physical role limitation

Emotional role limitation

General health

Social function

Vitality

Bodily pain

Patients (%) Clinicians (%)

25 (59)

22 (52)

17 (40)

16 (38)

14 (34) 4  (16)

14 (34) 13 (52)

13 (32) 3 (12)

5  (12) 4 (16)

2 (8)

7 (28)

20 (80)

21 (84)

Figure 5: Comparison of the elements of quality of life of greatest concern to patients with multiple sclerosis
with those elements that their clinicians believed most important 
Based on selection of three of eight aspects of health-related quality of life assessed in short form-36 measures.130
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Patient-centred outcomes 
Simple clinical outcomes usually have most external
validity but only if they indicate the priorities of 
patients. For example, figure 5 shows the results of a
study in which patients with multiple sclerosis and their
clinicians were asked independently to select the three
aspects of the disease that had the greatest effect on
quality of life.130 Clinicians focused mainly on the 
physical effects of the disease, whereas patients were
more concerned about mental health, emotional
wellbeing, general health, and vitality, which are often not
measured in RCTs. It is also important that clinical
outcomes should be expressed in a way that is most
relevant to patients, even if such estimation reduces the
statistical power of the trial. For example, patients with
epilepsy are much more interested in the proportion of
patients rendered free of seizures in RCTs of
anticonvulsants than they are in changes in mean seizure
frequency.131,132 

Composite outcome measures 
Many trials combine events in their primary outcome
measure. Such combination can produce a useful
measure of the overall effect of treatment on all the
relevant outcomes, and it usually affords greater
statistical power, but there are difficulties. For example,
the outcome that is most important to a particular
patient can be affected differently by treatment than
would be the combined outcome. Although the
antiplatelet agent dipyridamole reduces the risk of the
combined outcome of stroke, myocardial infarction, or
vascular death, it seems to have no effect on the risk of
myocardial infarction alone133 and would not be the
optimum agent in a patient with unstable coronary
artery disease. Composite outcomes also sometimes
combine events of very different severity, and treatment
effects can be driven by the least important outcome,
which is often the most frequent. This is sometimes the
case, for example, in trials of prevention of stroke that
include transient ischaemic attacks in a composite
outcome. An equally problematic composite outcome is
the mixture of definite clinical events and episodes of
hospitalisation. The fact that a patient is in an RCT will
probably affect the likelihood of hospitalisation, and this
likelihood will certainly vary between different health-
care systems. 

Length of treatment and follow-up 
Another common difficulty for the external validity of
RCTs is an inadequate duration of treatment and/or
follow-up. For example, although patients with refractory
epilepsy require treatment for many years, most RCTs of
new drugs follow up the effects of treatment for only a few
weeks.131,132 Whether initial response is a good predictor of
long-term benefit is unknown. The same problem has
been identified in RCTs in schizophrenia, with fewer than
50% of trials having greater than 6 weeks follow-up and

only 20% following up patients for longer than
6 months.33,128 The contrast between beneficial effects of
treatments in short-term RCTs and the less encouraging
experience of long-term treatment in clinical practice has
also been emphasised by clinicians treating patients with
rheumatoid arthritis.134

Adverse effects of treatment 
Reporting of adverse effects of treatment in RCTs 
and systematic reviews is often poor. In a review of 
192 pharmaceutical trials, less then a third had adequate
reporting of adverse clinical events or laboratory
toxicological findings.135 Treatment discontinuation rates
provide some guide to tolerability but pharmaceutical
trials often use eligibility criteria and run–in periods to
exclude patients who might be prone to adverse effects.
Rates of discontinuation of treatment are therefore
greater in clinical practice.136,137 Publication bias and
inadequate reporting of adverse events in RCTs
supported by the pharmaceutical industry is a long-
standing and unresolved difficulty.138,139

Clinicians are usually most concerned about the
external validity of RCTs of potentially dangerous
treatments. Iatrogenic complications are a leading cause
of death in developed countries.140 Risks can be
overestimated in RCTs, particularly during the intro-
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Figure 6: 5-year risks of stroke or death in all patients randomised to surgery
(S) versus medical treatment only (M) in the ECST,60 and in equivalent non-
randomised comparison within group of patients randomised to surgery—ie,
patients who had surgery (S*) versus those who did not (M*)
See table 1 for baseline clinical characteristics. 
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duction of new treatments when trials often enrol
patients with very severe disease, but stringent
selection of patients, confinement to specialist centres,
and intensive safety monitoring usually lead to lower
risks than in routine clinical practice. RCTs of warfarin
in non-rheumatic atrial fibrillation are a good example.
All trials reported a benefit with warfarin but
complication rates were much lower than in routine
practice.24,141 Consequent doubts about external validity
are partly to blame for major under-prescribing of
warfarin, particularly in patients aged over 75,24,142,143

who account for over 70% of non-rheumatic atrial
fibrillation cases,24 and who are at highest risk without
treatment.24,143

Validity of routinely collected data
Non-randomised treatment comparisons based on
routinely collected data are often suggested to be more
externally valid than RCTs because they include all
patients, are done in the real world, and include the
effects of the doctor-patient relationship and patient
preference.144,145 Although with appropriate adjustment
for differences in case-mix the results are sometimes
similar to those from RCTs,146,147 it is impossible to be
certain that bias will be evident or amenable to
correction. The analysis in table 1 of patients who were
randomised to endarterectomy in the ECST showed
that apparently similar clinical characteristics can hide
major differences in prognosis. It also provides an
interesting non-randomised comparison—ie, outcome
can be compared within the group randomised to
surgery between patients who underwent surgery
(treatment group) and those who did not (controls).
The non-randomised comparison suggests that surgery
reduces the odds of stroke or death at 5 years by more
than half (odds ratio=0·46, 95% CI=0·28–0·77,
p=0·003, figure 6) and benefit is even greater after
adjustment for case-mix (0·32, 0·15–0·57, p<0·001).

However, the equivalent intention-to-treat analysis in
ECST based on randomised treatment allocation shows
that endarterectomy is, in fact, of no overall benefit
across all degrees of stenosis (1·02, 0·88–1·18, p=0·90,
figure 6). The non-randomised comparison is, of
course, contrived and unreasonable because, as
discussed earlier, there were specific 
reasons why patients who were randomised to surgery
did not have the operation, but it illustrates the fact 
that such bias cannot be reliably corrected by
adjustment for case-mix.148 Routinely collected data are
useful where RCTs are impractical, such as in
evaluating rare adverse events, but are an adjunct
rather than an alternative.

Summary and recommendations 
Randomised trials and systematic reviews provide the
most reliable data on the effects of treatment and many
serious errors have resulted from relying on other types
of evidence (panel 3). However, although dogmatic
refusal by clinicians to accept the results of RCTs is
unacceptable, there is justifiable concern that external
validity is often poor. This perception is leading to the
under-use in routine practice of treatments that have
been shown to be effective in trials. Some trials have
very good external validity,93,149 but, as outlined above,
many do not, especially some of those done by the
pharmaceutical industry. Yet researchers, funding
agencies, ethics committees, medical journals, the
pharmaceutical industry, and their governmental
regulators all neglect proper consideration of external
validity (panel 1). Judgment is left to clinicians, but
reporting of the determinants of external validity in trial
publications, and particularly in secondary reports and
clinical guidelines, is rarely adequate. Some infor-
mation is sometimes published in a preceding methods
paper, but this is often buried in an obscure journal not
readily accessible to busy clinicians, and much relevant
information is never published. RCTs and systematic
reviews cannot be expected to produce results that are
directly relevant to all patients and all settings, but to be
externally valid they should at least be designed and
reported in a way that allows patients and clinicians to
judge to whom they can reasonably be applied. While
cognisant of the risks of over–regulation, some of the
following recommendations might be worthwhile:
● Further research into the external validity of RCTs,

particularly in relation to the measured treatment 
effect. 

● Stricter requirements than previously for the external
validity of RCTs submitted to pharmaceutical licensing
authorities.

● Increased consideration of external validity in the
CONSORT guidelines on the reporting of RCTs,49 and
the Cochrane Collaboration guidelines on systematic
reviews,50 and agreement on a checklist similar to 
panel 2.

Panel 3: Examples of interventions believed beneficial 
(or harmful) but subsequently shown to be harmful 
(or beneficial) in RCTs

Judged beneficial, shown to be harmful
● High-dose oxygen therapy in neonates
● Antiarrhythmic drugs after myocardial infarction 
● Fluoride treatment for osteoporosis 
● Bed rest in twin pregnancy 
● Hormone replacement therapy in vascular prevention 
● Extracranial to intracranial arterial bypass surgery in

stroke prevention 
● High-dose aspirin for carotid endarterectomy 

Judged harmful, shown to be beneficial
● � blockers in heart failure 
● Digoxin after myocardial infarction 
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● The International Committee of Medical Journal
Editors should require that all primary reports of RCTs
or systematic reviews should contain a section entitled
“To whom do these results apply?”
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