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Background

Randomized controlled trials (RCTs) are the gold standard
method for evaluating the efficacy of treatments because
well-designed RCT's minimize bias and confounding. They
therefore maximize internal validity, giving confidence
that the results are true for the trial population studied.
However, trial populations are often highly selected, which
may weaken the generalizability of RCT evidence in the
sense of leaving uncertainty that the results apply to every-
one with the condition in clinical practice [1, 2]. Some
exclusions from RCTs are justifiable (e.g., where an indi-
vidual is allergic to a medicine). However, Van Spall et al.
estimated that 84.1% of trials published in high-impact
general medical journals between 1994 and 2006 had
poorly justified patient exclusion criteria [3].

A number of studies have shown that various land-
mark RCTs measuring treatment effects, many of which
underpin guideline recommendations and influence
regulatory decision-making, exclude large proportions of
people with the condition being treated [4, 5]. Older
people, women, and people with co-morbidity or co-
prescribing are noticeably excluded from trials [3, 6, 7].
Although there is some evidence that women and older
people are better represented in newer trials, they re-
main under-represented compared with the wider popu-
lation [7]. These patterns of exclusion do not represent
the realities of current and future clinical practice. Most
people with any chronic condition have co-morbidity,
and multimorbidity is the norm in older people [8, 9].
Therefore, guideline-recommended treatment in routine
practice will often require significant extrapolation from
RCT evidence [10, 11], where strict RCT eligibility cri-
teria lead to trial populations significantly differing from
clinical populations seen in routine practice [12, 13].

The problem that strict RCT eligibility criteria pose
for generalizing from RCT-derived evidence is well
known [14, 15]. However, the extent to which trials
assessing treatment effects across different conditions
exclude patients seen and treated in clinical practice is
uncertain. The aims of this study were to undertake a
systematic review of studies estimating the percentage of
people with a chronic physical condition who would be
excluded by RCTs of treatment for that condition and to
examine how exclusion rates varied for different dis-
eases, for different clinical populations, and over time.

Methods

Search strategy

A systematic review was undertaken searching the Med-
line and Embase databases from inception to 11 Febru-
ary 2018 for all studies comparing the percentage of
people from a ‘clinical’ population with a physical condi-
tion who would have been excluded from one or more
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trials of treatment intended for that condition. The
search strategy is detailed in Additional file 1.

Inclusion criteria

We included studies published that explicitly examined
the percentage of people with a chronic physical condi-
tion in a defined clinical population who would have
been eligible for one or more selected RCTs of an indi-
vidual patient treatment for that condition (including
medication, surgery and other non-pharmacological in-
terventions). The clinical populations included were not
restricted in terms of their setting or method of sam-
pling and therefore could be any of unselected patients
seen in clinical practice in primary or specialist care, pa-
tients in clinical or research registries, or research co-
horts identified or recruited in these settings. However,
the appropriateness of the clinical population used to
examine exclusion from a particular trial was examined
as part of risk-of-bias evaluation.

Exclusion criteria

We excluded studies examining eligibility for trials of
mental health conditions, studies that were not pub-
lished in English, studies that did not explicitly report
the percentage of patients eligible for trials or where per-
centages of patients eligible could not be calculated from
the available data (e.g., those comparing recruited with
non-recruited patients without examining exclusion in
an underlying clinical population), and studies examin-
ing eligibility for a hypothetical trial or applying a set of
common exclusion criteria from multiple trials instead
of using actual exclusion criteria from single trials. Since
estimated exclusion rates in very small clinical popula-
tions are likely to be imprecise, we also excluded studies
where eligibility was calculated in a clinical population
that included fewer than 100 patients.

Selection of studies

All titles and abstracts were independently screened by
two reviewers to identify papers for full-text review.
Full-text review and data extraction were carried out in-
dependently by two reviewers on the basis of the pub-
lished protocol [16], and disagreements were resolved by
discussion to reach consensus.

Data extraction and quality assessment

Data extraction was carried out by a minimum of two
reviewers, involving a third reviewer where necessary,
and disagreements were resolved by discussion to reach
consensus. Data extracted for each study included the
condition of interest and a description of comparison
clinical population, including the purpose of the clinical
population dataset (e.g., clinical registry and electronic
health record data), health-care setting and location, the
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date of clinical population recruitment or identification,
clinical population size, and the diagnostic criteria used
to define the clinical population. These data were used
to make an assessment of bias on the overall appropriate-
ness of the clinical population. Extracted data for the
underlying trials examined by each study included the ra-
tionale for the choice of trials examined, the type of inter-
vention or treatment in the trial, the listed trial eligibility
criteria that were applied (or not) to each clinical popula-
tion to estimate exclusion rate, and the trial’s source of
funding (pharmaceutical versus non-pharmaceutical).

The primary outcome extracted was the percentage of
patients in the clinical population who would have been
excluded for each trial examined and the reported 95%
confidence interval (CI) of this percentage (which was
calculated if not reported by the authors).

Risk-of-bias assessment

There is no published risk-of-bias tool to assess the
kinds of studies examined. We therefore developed three
pre-specified risk-of-bias criteria that were independ-
ently assessed by two reviewers, namely:

1) How the reviewed paper selected trials to examine.
We evaluated whether there was a systematic
approach to trial selection (e.g., systematic search of
the literature) or a clearly stated justification for the
choice of trials and whether that justification was
judged to be adequate. Studies were considered to
be at low risk of bias if selection rationale were
clearly stated and judged to be justifiable; otherwise,
they were considered to be at high risk of bias.

2) The appropriateness of each trial—clinical
population pair. The appropriateness of each trial—
clinical population pair was assessed in relation to
how well the clinical population appropriately
represented the population for whom the treatment
evaluated in the trial was intended or suitable. For
example, a primary care population of people with
heart failure is appropriate for a trial of beta-
blockers or angiotensin-converting enzyme inhibi-
tors used as long-term treatment [4], whereas an
emergency department population is appropriate
for a trial of treatment in acute, decompensated
heart failure [17]. Studies were considered to be at
low risk of bias if the clinical population was judged
to be representative of real-world populations for
which the trial treatment was intended or indicated,
at high risk of bias if the clinical population was not
considered to be representative of real-world popu-
lations for which the trial treatment was intended
or indicated, and at unclear risk of bias if insuffi-
cient information was provided for assessment.
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3) The choice of trial eligibility criteria to examine. The
choice of trial eligibility criteria assessed in relation
to the stated criteria applied and not applied.
Studies were considered to be at low risk of bias for
the choice of trial eligibility criteria assessed in
relation to the stated criteria if they clearly stated
that all important or common criteria were applied;
otherwise, studies were considered to be at high
risk of bias.

Data synthesis and analysis

Some trials were evaluated in more than one clinical
population. In this situation, the trial—clinical population
pair with the lowest percentage of patients was selected
for analysis in order to obtain the most conservative esti-
mate of the percentage of patients excluded. For the
remaining trial—clinical population pairs, the overall me-
dian, range and interquartile range for the primary out-
come (the estimated percentage of the clinical
population excluded by each trial) were calculated and
repeated for condition groups (cardiovascular condi-
tions, diabetes, respiratory conditions, cancer, rheuma-
toid arthritis (RA), human immunodeficiency virus
(HIV) and other conditions) and for individual condi-
tions. Variation was further examined by using linear re-
gression to model unadjusted and adjusted differences in
the percentage excluded by each trial in relation to
whether the clinical population was recruited from pri-
mary or specialist care, whether the trial examined was
publicly funded or industry-funded, the date of trial pub-
lication (with trials grouped into quartiles of publication
date with equal numbers of trials in each group: 1994—
1999, 2000-2003, 2004—2011 and 2012-2018), and risk-
of-bias assessment (low risk of bias versus high or un-
clear risk of bias).

Results

Study characteristics

The searches identified 21,885 articles with a further 18
identified from other sources, including examination of
references of included studies. Non-duplicate documents
(20,754) were screened, and 222 full-text articles were
examined. Fifty studies that examined trial eligibility in
57 distinct clinical populations were included (Fig. 1).
Twenty of the reference clinical populations examined
were primary care or community samples: seven derived
from electronic clinical datasets, three clinical registries,
five research registries, and five survey-derived popula-
tions. Thirty-seven of the clinical populations examined
were specialist samples: 19 derived from record review
of various kinds, four clinical registries, and 14 research
registries. Characteristics of all 50 included studies and
all 57 reference clinical populations are shown in supple-
mentary table S1. The 50 studies provided data on the
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Fig. 1 Flow diagram of identification, screening and eligibility assessment

proportion of the reference clinical population that
would have been excluded by 305 trials. Characteristics
of all the trials examined by these studies are shown in
supplementary tables S2, S3, S4, S5, S6, S7, S8, S9, S10,
S11, S12, S13, S14, S15 and S16. Eighty-one (26.6%) of
the trials examined by the 50 studies were published in
1994-1999, 78 (25.6%) in 2000-2003, 75 (24.6%) in
2004-2011, and 67 (22.0%) in 2012-2018. Seventy-five
(24.6%) trials were publicly funded, 203 (66.6%)
industry-funded, and 27 (8.9%) did not record their
source of funding. Included studies examined trial exclu-
sion in 31 physical conditions (seven cardiovascular,
three diabetes, three respiratory, eight types of cancer,
RA, HIV infection, and eight other conditions) (Table 1),
and there was considerable heterogeneity in the treat-
ments being trialed (supplementary table S2). The trials
examined were most frequently evaluating treatments
for RA (51 trials; 16.7%), chronic obstructive pulmonary
disease (COPD) (51 trials; 16.7%), HIV infection (31 tri-
als; 10.2%), heart failure (25 trials; 8.2%) and hyperten-
sion (22 trials; 7.2%).

Percentage of the clinical population excluded from trials
Across all 305 trials, the median rate of exclusion was
77.1% (range 0—-100%) of patients, varying from a me-
dian of 42.0% for HIV trials to a median of 89.4% for
respiratory trials (Table 1, Fig. 2). Only 16 (5.2%) tri-
als excluded less than25% of patients, whereas 159
(52.1%) excluded at least 75%. At single-condition
level, trials of treatments in atrial fibrillation excluded
the fewest patients (median 34.9%, range 32.3-41.2%)
and trials of treatments in asthma the most (median
96.0%, range 64.0-100%). Notably, exclusion rates for
the most common chronic conditions were high, in-
cluding hypertension 83.0%, lipid-lowering drugs in
primary prevention 85.9%, type 2 diabetes 81.7%,
COPD 84.3% and asthma 96.0%.

Inclusion and exclusion criteria used by studies to
estimate exclusion rates

It was only explicit which eligibility criteria had been
used to determine exclusion rates in the clinical popula-
tion for 174 (57.4%) of trials. The most commonly
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Table 1 Percentage of the clinical population excluded by condition studied
Number of trials Median percentage excluded (range excléided)
All conditions 305 77.1 (0.0 to 100.0)
Cardiovascular conditions 81 74.7 (1.6 to 98.8)
Heart failure 25 65.0 (18.8 to 92.0)
Hypertension 22 83.0 (1.6 to 98.8)
Stroke/transient ischemic attack 21 83.6 (33.2t0 98.4)
Atrial fibrillation 4 34.9 (32.310 41.2)
Coronary heart disease 53.1 (2.8 to 84.5)
Lipid lowering for primary prevention 4 85.9 (69.7 to 89.1)
Secondary prevention of myocardial infarction 1 76.8
Diabetes mellitus 16 88.1 (29.8 t0 99.0)
Type 2 diabetes 7 81.7 (49.3 to 96.5)
Diabetic ulcers 7 93.3 (29.8 t0 99.0)
Type 1 diabetes 2 91.6 (87.5 to 95.6)
Respiratory conditions 78 89.4 (42.4 to 100.0)
COPD 51 84.3 (42.4 to 100.0)
Asthma 17 96.0 (64.0 to 100.0)
Bronchiectasis 10 80.1 (49.0 to 93.0)
Cancer 24 56.6 (13.6 to 81.2)
Breast cancer 12 56.6 (28.9 to 81.2)
Lung cancer 3 71.4 (65.4 to 71.9)
Renal cancer 3 13.6 (13.6 to 48.5)
Colorectal cancer 2 66.7 (65.7 to 67.6)
Bladder cancer 1 45.3
Stomach cancer 1 41.3
Lymphoma 1 70.4
Prostate cancer 1 57.1
Rheumatoid arthritis 51 84.0 (56.0 to 98.7)
HIV infection 32 42.0 (0.0 to 67.6)
Other conditions 23 58.3 (23.7 to 88.9)
Venous thromboembolism prophylaxis 9 41.5 (23.7 to 78.8)
Venous ulcers 7 83.6 (58.3 to 88.9)
Brain injury 2 40.5 (35.9 to 45.0)
Pressure ulcers 1 34.7
Alzheimes disease 1 86.5
Fibromyalgia 1 52.1
Irritable bowel syndrome 1 73.1
Incisional hernia 1 62.5

AbbreviationsCOPDchronic obstructive pulmonary diseasé{lVhuman immunodeficiency virus
2 Where there is only one trialclinical population comparison, the number reported is the value for that comparison; where there are two, the median reported is

the midpoint value between the two

reported eligibility criterion used to determine exclusion
rates was disease severity for 142 trials (81.4% of trials
where this was reported), most commonly selecting pa-
tients with more severe or less well-controlled disease.
Co-morbidity was reported as being used to determine

exclusion rates for 119 (68.4%) trials, usually as an exclu-
sion criterion (117 [67.2%)] trials) but sometimes as an
inclusion criterion (14 [8.0%] trials, for example, to se-
lect patients at higher risk of cardiovascular disease in
diabetes and atrial fibrillation trials). Age was reported
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as used to determine exclusion rates in the clinical
population for 86 (49.4%) trials, most commonly using
an upper age limit for eligibility and other criteria such
as limited life expectancy and inability to comply with
treatment for 56 (32.2%) trials.

Variation by type of condition

HIV trials excluded the lowest percentage of patients
amongst the different conditions (mean 38.4%, 95% CI
31.4 to 45.5) (Table 2). In unadjusted analysis, there
were statistically significantly higher rates of exclusion
for all other conditions compared with HIV trials, and
cancer trials excluded 15.6% more patients, cardiovas-
cular trials 31.8% more, respiratory trials 36.6% more,
RA trials 44.6% more, and diabetes trials 42.4% more.
When adjusted for all other variables, the results
remained similar with significant differences in the per-
centage of patients excluded in trials of different condi-
tions compared with HIV trials; cancer trials excluded
20.4% (95% CI 8.8 to 48.4) more patients, cardiovascu-
lar trials 34.0% (95% CI 24.0 to 44.0) more, respiratory
trials 43.1% (95% CI 31.9 to 54.4) more, RA trials 43.9%
(95% CI 33.4 to 54.4) more, and diabetes trials 46.8%
(95% CI 31.1 to 62.6).

Variation by funding source, clinical population and trial
publication date
Publicly funded trials excluded a mean of 58.2% of pa-
tients (95% CI 52.3 to 64.1), and industry-funded trials ex-
cluded 15.7% more (95% CI 9.6 to 21.7) in unadjusted
analysis, but there was no statistically significant difference
observed after adjustment (difference 4.7%, 95% CI 11.0
to 1.6). Studies where the clinical population was recruited
in primary care excluded a mean of 72.2% (95% CI 69.0 to
75.5). In unadjusted analysis, studies where the clinical
population was in specialist care excluded 6.2% (95% CI
11.7 to  0.6) more patients, but there was no statistically
significant difference after adjustment (difference 3.0%,
95% CI 9.0 to 3.0). Trials published during 1994-1999
excluded 71.0% of patients (95% CI 65.6 to 76.5) on aver-
age. This was no different in later time periods in un-
adjusted analysis. Although estimated differences were
larger in adjusted analysis with fewer people excluded
more recently, differences remained non-significant
(2012-2018 difference compared with 1194-1999 6.5%
(95% CI 13.8 to 0.7, P=0.08).

Risk of bias
In risk-of-bias assessment, 126 (41.3%) of estimates of trial
exclusion rates were assessed as low risk of bias, 104
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