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ABSTRACT
Objectives To describe the extent to which pragmatic 
trials underachieved or overachieved their target sample 
sizes, examine explanations and identify characteristics 
associated with under- recruitment and over- recruitment.
Study design and setting Secondary analysis of an 
existing database of primary trial reports published during 
2014–2019, registered in  ClinicalTrials. gov, self- labelled 
as pragmatic and with target and achieved sample sizes 
available.
Results Of 372 eligible trials, the prevalence of under- 
recruitment (achieving <90% of target sample size) was 
71 (19.1%) and of over- recruitment (>110% of target) 
was 87 (23.4%). Under- recruiting trials commonly 
acknowledged that they did not achieve their targets 
(51, 71.8%), with the majority providing an explanation, 
but only 11 (12.6%) over- recruiting trials acknowledged 
recruitment excess. The prevalence of under- recruitment 
in individually randomised versus cluster randomised 
trials was 41 (17.0%) and 30 (22.9%), respectively; 
prevalence of over- recruitment was 39 (16.2%) vs 48 
(36.7%), respectively. Overall, 101 025 participants were 
recruited to trials that did not achieve at least 90% of their 
target sample size. When considering trials with over- 
recruitment, the total number of participants recruited in 
excess of the target was a median (Q1–Q3) 319 (75–1478) 
per trial for an overall total of 555 309 more participants 
than targeted. In multinomial logistic regression, cluster 
randomisation and lower journal impact factor were 
significantly associated with both under- recruitment 
and over- recruitment, while using exclusively routinely 
collected data and educational/behavioural interventions 
were significantly associated with over- recruitment; 
we were unable to detect significant associations with 
obtaining consent, publication year, country of recruitment 
or public engagement.
Conclusions A clear explanation for under- recruitment 
or over- recruitment in pragmatic trials should be provided 
to encourage transparency in research, and to inform 
recruitment to future trials with comparable designs. The 
issues and ethical implications of over- recruitment should 
be more widely recognised by trialists, particularly when 
designing cluster randomised trials.

INTRODUCTION
An essential step in designing a randomised 
controlled trial (RCT) is calculating the 
required sample size. Reporting guidelines 
require authors to report their planned 
sample size and how it was determined, 
whether interim analyses were used to deter-
mine early stopping or continuation of the 
recruitment beyond the planned study end, 
and the explanation ‘if the actual sample 
size differed from the originally intended 
sample size for some other reason (eg, 
because of poor recruitment or revision of 
the target sample size)’.1 Recruitment diffi-
culties may lead to increased costs, delays in 
findings becoming available or even prema-
ture closure of the trial, which could render 
it unable to detect a potentially important 
treatment effect.2 3 Strategies that have been 
proposed to facilitate recruitment and reten-
tion include use of novel trial designs, open- 
label designs, novel approaches to informed 
consent, enhanced information provided to 
prospective participants and incentives for 
participation4 5; reducing barriers such as 
stringent eligibility criteria and demands on 

STRENGTHS AND LIMITATIONS OF THIS STUDY
 ⇒ This analysis included a broad range of randomised 
controlled trials with pragmatic orientation across 
diverse clinical areas.

 ⇒ Some trial characteristics used as explanatory fac-
tors in the analysis were poorly reported and may 
have been vulnerable to misclassification.

 ⇒ As verifying all sample size calculations was im-
possible, we had to assume that the target sample 
size in the report had been appropriately determined 
under valid assumptions for the primary objectives 
of the trial.
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participants and staff6 7; and the use of routinely collected 
data for outcome assessment.8 Many of these strategies 
are consistent with features of ‘pragmatic trials’, which 
are trials designed deliberately to promote applicability 
of results to patients, clinicians and decision makers in 
usual care conditions.9 10

Although under- recruitment in RCTs is a recognised 
challenge,4 over- recruitment (ie, exceeding the planned 
number of participants) is rarely measured, although both 
under- recruitment and over- recruitment have ethical 
implications. If a study under- recruits, the contingent 
benefits of the research may not be realised and patients 
may have been exposed to research risks and burdens 
without the consequent benefits to society, undermining 
the social value of the research. Under- recruitment also 
represents an opportunity cost: resources might have 
been better directed towards other socially valuable 
research. An opportunity cost may also apply in the case 
of over- recruitment if the additional inclusion of partic-
ipants is unjustified. Equally, if not adequately justified, 
over- recruitment raises the possibility that patients are 
exposed unnecessarily to research risks and burdens. 
Over- recruitment may occur inadvertently, especially in 
cluster randomised trials (CRTs)—a design often chosen 
to advance pragmatic aims.11

Ethical implications of excessive cluster sizes in CRTs 
have been previously discussed.12 Due to the presence 
of intracluster correlation, CRTs generally require 
larger sample sizes than comparably designed individ-
ually randomised trials, yet, once a certain level of satu-
ration is reached, any further increases in the number 
of participants per cluster has minimal if any contribu-
tion to study power.13 However, over- recruitment may 
also occur more explicitly: with CRTs, power depends 
to a greater extent on the number of clusters than the 
number of participants. Thus, sample size calculation 
procedures may be focused on the required number of 
clusters given an anticipated number of eligible individ-
uals per cluster over the planned duration of the trial. 
If more than the anticipated number of individuals are 
available, and especially when routinely collected data 
are used for outcome assessment, all available patients 
over the duration of the study may be included without 
re- estimation of the sample size.13 Furthermore, many 
CRTs do not have formal interim analyses and even 
when such interim analyses are conducted, investiga-
tors may be reluctant to reduce the target sample size 
partway through the trial.14

Within a large sample of self- labelled pragmatic 
trials, our objectives were to (A) describe ‘recruit-
ment outcomes’, that is, the extent to which trials 
underachieved or overachieved their target sample 
sizes, (B) compare recruitment outcomes between 
cluster randomised and individually randomised trials, 
(C) examine any provided explanations for under- 
recruitment or over- recruitment and (D) identify 
characteristics associated with under- recruitment or 
over- recruitment in pragmatic RCTs.

METHODS
Identification of trials
This was a secondary review and analysis of an existing 
database of trials established as part of a broader study of 
the ethical and design considerations of pragmatic trials.15 
Details concerning the search, eligibility and screening of 
trials have been published16 and are summarised in online 
supplemental appendix A1. In brief: an electronic search 
filter was developed to identify 4337 primary reports of 
trials more likely to be pragmatic in Ovid MEDLINE and 
published January 2014–April 2019.17 As in two previously 
published analyses of this database,18 19 we focused on 
the subset of 415 that were registered in  ClinicalTrials. 
gov ( CT. gov), a registry of clinical studies run by the 
US National Library of Medicine and that were clearly 
labelled by trial authors as ‘pragmatic’ anywhere in the 
title, abstract or main text. To be eligible for the present 
review, both a target and achieved sample size had to be 
available.

Data elements
Data elements had been downloaded from  CT. gov and 
MEDLINE, or manually extracted from the trial reports 
as part of previously published reviews.17 20 21 Additional 
items were extracted as part of the present review. The 
data extraction form used to guide manual extractions is 
available in online supplemental appendix A2.

Previously downloaded data were the type of inter-
vention (drug, device, biological/vaccine, procedure/
surgery, educational/behavioural or other) from  CT. gov 
and the trial registration number, journal name, title, 
author list and year of publication from MEDLINE.

From our previously published review of informed 
consent in pragmatic trials,21 we obtained the trial design 
(individually or cluster randomised, region of study 
recruitment (reclassified for this study as: USA and/or 
Canada only, Europe only, other high- income countries 
only, at least one low- income and middle- income country 
(LMIC) or multiple high- income regions) and journal 
impact factor. We also obtained information about indi-
vidual informed consent, classified as obtained, not 
obtained (or a waiver of consent) or no information. From 
our review examining how claims of pragmatism were 
justified,18 we obtained the number of centres (multi-
centre, single centre or unclear); type of setting (primary 
care, hospital/specialist care, nursing homes/long- term 
care, communities/residential areas, workplaces, schools 
or other); the use of patient or public engagement in the 
research; and exclusive use of routinely collected data 
for outcome assessment. Patient or public engagement 
was defined as ‘meaningful and active collaboration in 
governance, priority setting, conducting research and 
knowledge translation’ and was identified by searching 
the full text of the manuscript, author affiliations and the 
acknowledgements and funding sections for evidence of 
engagement. Exclusive use of routinely collected data was 
classified as outcome assessment solely from registries, 
electronic health records and administrative databases.
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Target and achieved sample sizes were extracted by 
two reviewers per trial (PN and YO). Disagreements 
between reviewers were resolved through discussion 
with MT. The target sample size was extracted from 
the sample size section of the final trial report and 
included adjustment for attrition, if reported. When 
the target sample size was not clearly stated in the 
final report, it was extracted from the protocol, if 
available. Protocols were previously identified as 
part of a separate review of these trials.20 We chose 
to extract target sample sizes from the final report 
(as opposed to from the protocol or  CT. gov regis-
tration) because protocols were not available for all 
reports and because in a preliminary investigation, 
target sample sizes registered in  CT. gov were found 
to be unreliable (eg, counting the number of clusters 
rather than participants).

At the request of a reviewer, we additionally extracted 
information on the statistical significance of the results 
for the primary outcome(s), classifying each trial as all 
primary outcomes significant, no primary outcomes 
significant, mixture of significant and non- significant 
primary outcomes, no primary outcomes identified and 
unclear.

Classification of recruitment outcomes
The ratio of achieved sample size over target sample size 
was calculated for each trial as a measure of the degree 
to which the trial achieved its target sample size. If less 
than 90% of the target sample size was achieved this was 
considered ‘under- recruitment’ and if more than 110% 
of the target sample size was achieved this was considered 
‘over- recruitment’. These boundaries were chosen prior 
to analysis to be comparable to those used in previous 
reviews,6 22 23 and allow room for trivial under- recruitment 
and over- recruitment. We also examined cut- points 
of ±30% and ±50% of the target sample size to provide 
a more granular perspective on extreme recruitment 
outcomes.

For trials that recruited less than 90% or more than 
110% of their target sample size, we extracted whether 
the final report acknowledged the respective under- 
recruitment or over- recruitment and captured any 
provided explanations as text. A statement about the trial 
size being ‘large’ or ‘small’ without reference to the target 
sample size was not considered an acknowledgement. 
Statements about ‘recruitment challenges’ or about 
inclusion of ‘all eligible participants’ without clarification 
or elaboration were not considered explanations, as these 
were used by under- recruiting and over- recruiting trials 
alike. For over- recruiting CRTs, the source of the over- 
recruitment (cluster size, number of clusters or both) was 
also extracted.

Analysis
Categorical variables were described with frequencies 
and percentages. Continuous variables were described 
with median and IQR (Q1–Q3) and/or sum and SD. A 

component bar chart was used to compare prevalence of 
under- recruitment or over- recruitment between cluster 
and individually randomised trials. Explanations for 
under- recruitment and over- recruitment were grouped 
into common themes.

To describe variation in recruitment outcomes 
across trial characteristics, χ2 tests of association 
were conducted between the three- level categorical 
outcome (under 90%, 90%–110% and over 110%) 
and each of the eight trial characteristics of interest. 
These characteristics, predefined based on avail-
ability, were publication year, unit of randomisation 
(cluster vs individual), geographical region of recruit-
ment, type of intervention, use of routinely collected 
data, whether individual informed consent had been 
obtained, use of patient or public engagement and 
journal impact factor. The rationale for considering 
each of these characteristics is described in online 
supplemental appendix A3. Continuous characteris-
tics were dichotomised as below or above the median 
for all trials. To preserve degrees of freedom, categor-
ical variables were recoded for analysis: the geograph-
ical categories ‘other high- income countries only’ and 
‘multiple high- income regions’ were combined, and 
intervention type was dichotomised as educational/
behavioural versus clinical, mixture or other. Where 
the exclusive use of routinely collected data or patient/
public engagement in the research was unclear, these 
were classified as no use. To analyse associations with 
obtaining consent, we compared studies which indi-
cated that consent had been obtained with studies 
that either explicitly reported no consent or did not 
state anything about consent. A similar approach was 
used in our previous review.21 This was thought to 
be appropriate as it is likely that if consent had been 
obtained, authors would have stated so. A sensitivity 
analysis was conducted excluding trials in which no 
information about consent was reported. Three trials 
with missing journal impact factors were categorised 
as below the median, as journals with missing impact 
factors likely have lower impact.

To examine the independent contributions of these 
trial characteristics to recruitment outcomes, a multivari-
able exploratory multinomial logistic regression analysis 
was conducted. We included all eight variables of interest 
in the multivariable model regardless of statistical signif-
icance—no stepwise variable selection was used. A post 
hoc supplementary analysis, stratified by unit of rando-
misation, was conducted to examine whether these char-
acteristics were differentially associated with recruitment 
outcomes in cluster versus individually randomised trials. 
This analysis was exploratory and did not adjust for 
multiplicity.

A level of significance of 5% was chosen a priori for all 
analyses. Analyses were performed using SAS Studio V.3.8 
on SAS V.9.4 Software (SAS Institute).
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Patient and public involvement
No patients or members of the public were involved in 
this review of published RCTs.

RESULTS
Identification of trials
Among the 415 previously analysed trials, 340 (82.1%) 
had target sample sizes available in the final reports and 
another 33 (8.0%) provided target sample sizes in an 
accessible protocol, however, one of these final reports 
only stated the target sample size and not the achieved 
sample size. Thus, in total, 372 trials (89.9%) had both a 
target and an achieved sample size available.

A flow diagram describing the identification of trials for 
the present review is presented in online supplemental 
appendix A1.

Characteristics of trials
Table 1 presents characteristics of the 372 included trials. 
More trials used individual randomisation (241, 64.8%) 
than cluster randomisation (131, 35.2%). Trials most 
often recruited in the USA and/or Canada (166, 44.6%) 
or in Europe (133, 35.8%); 56 (15.1%) took place in at 
least one LMIC. The most common settings were hospital 
or specialist care (174, 46.8%) with relatively fewer in 
public health settings such as communities or residen-
tial areas (37, 9.9%) and the majority (288, 77.4%) were 
multicentre trials. The most common type of interven-
tion was educational or behavioural (144, 38.7%). Only 
63 (16.9%) used exclusively routinely collected data. Indi-
vidual informed consent was obtained in in 289 (77.7%), 
and 35 (9.4%) reported patient or public engagement.

Sample size and recruitment
Sample size and recruitment outcome ratios are 
presented in table 2 and figure 1. Across all trials, the 
median (Q1–Q3) target sample size was 514 (250–1402) 
and the achieved sample size was 505 (250–1615). As 
expected, the median (Q1–Q3) target size was larger for 
CRTs than for individually randomised trials: 1200 (586–
3960) vs 360 (220- 800). The median ratio (achieved/
target) was 1.00 (0.99–1.04) for individually randomised 
trials and 1.05 (0.94–1.33) for CRTs. Overall, 214/372 
(57.5%) achieved their recruitment targets (±10%). The 
prevalence of under- recruitment was 71 (19.1%) overall: 
when comparing individually versus CRTs the preva-
lence was 41 (17.0%) vs 30 (22.9%). The prevalence of 
over- recruitment was 87 (23.4%): when comparing indi-
vidually versus CRTs, the prevalence was 39 (16.2%) vs 
48 (36.7%), respectively. Among the CRTs, 35 (26.7%) 
exceeded their recruitment target by more than 30%. 
Overall, 101 025 participants were recruited to trials that 
did not achieve at least 90% of their target sample size. 
When considering trials with over- recruitment, the total 
number of participants recruited in excess of the target 
was a median (Q1–Q3) 319 (75–1478) per trial for an 
overall total of 555 309 more participants than targeted.

Table 1 General trial characteristics of N=372 self- declared 
pragmatic trials included in this analysis

Characteristic Frequency (%)

Publication year

  2014–2015 92 (24.7)

  2016–2017 149 (40.1)

  2018–2019 131 (35.2)

Unit of randomisation

  Individually randomised trial 241 (64.8)

  Cluster randomised trial 131 (35.2)

Country or region of trial recruitment

  USA and/or Canada only 166 (44.6)

  Europe only 133 (35.8)

  At least one low- income or middle- 
income country

56 (15.1)

  Other high- income countries only 9 (2.4)

  Multiple high- income regions 8 (2.2)

Type of setting

  Hospital or specialist care 174 (46.8)

  Primary care 113 (30.4)

  Communities, residential areas 37 (9.9)

  Nursing homes, long- term care 7 (1.9)

  Workplaces, schools 5 (1.3)

  Other (eg, online, mixture of the above) 36 (9.7)

Single centre or multicentre?

  Single centre 75 (20.2)

  Multicentre 288 (77.4)

  Unclear 9 (2.4)

Type of experimental intervention* (CT.gov)

  Educational or behavioural 144 (38.7)

  Drug 50 (13.4)

  Procedure/surgery 35 (9.4)

  Device 31 (8.3)

  Biological/vaccine 3 (0.8)

  Other† 130 (34.9)

Exclusively routinely collected data collected?

  Yes 63 (16.9)

  No 302 (81.2)

  Unclear 7 (1.9)

Individual consent obtained?

  Yes, consent obtained 289 (77.7)

  No, waiver of consent or consent not 
obtained

59 (15.9)

  Not reported 24 (6.5)

Any patient or public engagement reported?

  Yes 35 (9.4)

  No 332 (89.2)

  Unclear 5 (1.3)

Continued
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Table 3 reports the prevalence of acknowledgements 
of under- recruitment and over- recruitment; quoted and 
classified explanations from both under- recruitment and 
over- recruiting trials are provided in online supplemental 
appendices A4 and A5. Under- recruiting trials commonly 
acknowledged that they did not achieve their planned 
targets (51, 71.8%), with the majority of these (38/51, 
74.5%) providing an explanation. Common explanations 
were fewer eligible participants than anticipated (10, 
26.3%) and resource constraints (9, 23.7%). On the other 
hand, over- recruiting trials did not commonly acknowl-
edge exceeding their target sample size (only 11/87, 
12.6%), with 10 providing an explanation. Power or 
sample size calculation details were not always complete 
enough to assess the source of over- recruitment, but 
where it was possible to determine (38/48; 79.2%), most 
CRTs with excessive sample sizes exclusively had a larger 
number of participants per cluster than targeted (26, 
68.4%).

The post hoc analysis of statistical significance revealed 
that among the 71 under- recruiting trials, 31 (43.7%) 
obtained a statistically significant result on at least one 
of their primary outcomes, compared with 124 (57.9%) 
among 214 trials recruiting within 10% of their target 
sample size and 47 (54.0%) among the 87 over- recruiting 
trials.

Factors associated with recruitment outcomes
Table 4 presents the results of the χ2 tests of association 
exploring factors associated with under- recruitment 
or over- recruitment. Unit of randomisation, type of 
intervention, use of routinely collected data, obtaining 
consent and journal impact factor were significantly asso-
ciated with recruitment outcomes when considered on 
their own, but publication year, geographical region and 
use of patient or public engagement were not. The post 
hoc sensitivity analysis excluding studies not reporting 
consent did not result in any substantive changes to our 
results.

The results of the multivariable multinomial logistic 
regression analysis are presented in table 5. After 
accounting for all other characteristics, CRTs had signifi-
cantly higher odds of under- recruitment (OR 2.68 (95% 
CI 1.39 to 5.15)), while trials published in higher impact 
factor journals had significantly lower odds of under- 
recruitment (OR 0.36 (95% CI 0.20 to 0.64)). When 
considering over- recruitment, CRTs (OR 2.8 (95% CI 1.51 
to 5.17)), trials of educational/behavioural interventions 

(OR 2.27 (95% CI 1.28 to 4.01)) and trials using routinely 
collected data (OR 2.74 (95% CI 1.36 to 5.54)) had 
significantly higher odds of over- recruitment. Publication 
year, region of trial recruitment, informed consent and 
use of patient or public engagement in the research had 
no significant association with recruitment outcomes in 
either direction. Trials published in higher impact factor 
journals had lower odds of over- recruitment, but the CI 
slightly overlapped with 1.

The results from the supplementary analyses stratified 
by unit of randomisation are presented in online supple-
mental appendix B. Due to quasi- complete separation of 
points (resulting from small frequencies in some cells), 
the analysis of individually randomised trials excluded 
patient or public engagement as a covariate, while the 
analysis of CRTs collapsed regions of trial recruitment 
into three categories: USA/Canada only, Europe only 
or other. Although CIs around the estimated ORs were 
wider, results were consistent with those obtained from 
the overall analyses and substantive conclusions did not 
change.

DISCUSSION
Statement of principal findings
Among 372 self- declared pragmatic trials with target and 
achieved sample sizes available, over half recruited to 
within±10% of their target sample size, approximately one 
in five failed to achieve at least 90% of their target, while 
close to one in four recruited more than 110% of their 
target. While prevalence of under- recruitment was similar 
in cluster randomised and individually randomised trials, 
over- recruitment was substantially more prevalent in 
CRTs. Most under- recruiting trials provided an explana-
tion, but few of the over- recruiting trials acknowledged or 
explained the excess. Most over- recruiting CRTs enrolled 
more than the planned number of patients per cluster (as 
opposed to more than the planned number of clusters). 
In multivariable analyses, cluster randomisation and lower 
journal impact factor were important characteristics asso-
ciated with both under- recruitment and over- recruitment, 
while exclusive use of routinely collected data and educa-
tional/behavioural interventions were important charac-
teristics associated with over- recruitment.

Strengths and weaknesses of the study
Important strengths of our study include the large 
sample size and wide range of pragmatic trials. By also 
including trials declared as ‘pragmatic’ only in the main 
text, we were able to access a greater and broader sample 
of pragmatic trials than if we had relied on the title and 
abstract alone. This range of trial designs and interven-
tions allowed us to consider associations with several trial 
characteristics.

Our study had some limitations. The absolute number 
of trials with some characteristics was low and our results 
are therefore vulnerable to type II error. All statistical 
significance tests should be interpreted with caution: our 

Characteristic Frequency (%)

Journal impact factor‡

  Median (Q1–Q3) 5.4 (3.5 to 19.0)

*Non- mutually exclusive categories.
†Includes dietary supplement, radiation or genetic.
‡Three journal impact factors were not available.

Table 1 Continued
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analyses were exploratory and we performed no adjust-
ment for multiple comparisons. The characteristics of 
interest included in our analyses were limited by data 
availability, and some were vulnerable to misclassification 
due to poor reporting (eg, patient/public involvement, 

routinely collected data, consent). Our ability to examine 
changes over time was limited to the small interval 
spanned by the available sample. As suggested by Schroen 
et al,23 a trial’s actual ability to address its primary endpoint 
(independent of percentage of target achieved) may be a 

Table 2 Target and achieved sample sizes and prevalence of under- recruitment and over- recruitment among individually 
randomised and cluster randomised trials

Characteristic Individually randomised trials (N=241) CRTs (N=131) All trials (N=372)

Sample sizes: median (Q1, Q3)

  Target sample size 360 (220, 800) 1200 (586, 3960) 514 (250, 1402)

  Achieved sample size 353 (212, 806) 1463 (522, 4626) 505 (250, 1615)

  Difference (achieved target) 1.0 (–7.0, 17.0) 37.0 (–87.0, 421.0) 2.5 (–14.5, 50.5)

  Ratio (achieved/target) 1.00 (0.99, 1.04) 1.05 (0.94, 1.33) 1.01 (0.96, 1.09)

Recruitment: frequency (%)

Recruited under target

  (Ratio <0.9) 41 (17.0) 30 (22.9) 71 (19.1)

Recruited to within 10% of target

  (0.9≤ratio≤1.1) 161 (66.8) 53 (40.5) 214 (57.5)

Recruited over target

  (Ratio>1.1) 39 (16.2) 48 (36.7) 87 (23.4)

No in under- recruiting trials N=41 N=30 N=71

  Median (Q1, Q3) 328 (182, 556) 636 (308, 1997) 396 (200, 1179)

  Sum (SD) 31 989 (1521.5) 69 036 (3946.8) 101 025 (2889.4)

Absolute no over- recruited N=39 N=48 N=87

  Median (Q1, Q3) 98 (45, 334) 706.5 (225.5, 2883) 319 (79, 1478)

  Sum (SD) 19 228 (1009.1) 536 081 (37 302.6) 555 309 (28 098.9)

CRTs, cluster randomised trials.

Figure 1 Distribution of ratio (achieved/target) sample size among the N=372 included trials. Percentage (of 241 individually 
randomised or 131 cluster randomised trial (CRT), respectively) of trials in each ratio category is indicated.
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more valuable measure of ‘success’. As anticipated, the 
proportion of trials reaching statistical significance on the 
primary outcome(s) was lower among under- recruiting 
trials than among trials with recruitment to within 10% 
of their target sample size. However, it was not higher 
among over- recruiting trials relative to those recruiting 
within 10%. We did not determine the extent to which 
the planned sample size was appropriate for the primary 
objectives and thus, the extent to which over- recruitment 
or under- recruitment was harmful; our analysis assumes 
that the target sample size was determined appropriately. 
If target sample sizes were too small, for example, if they 
were determined based on an anticipated difference, as 
opposed to a true clinically important difference, over- 
recruitment may alleviate a concern of underpowered 
trials. Our analysis did not distinguish trials formally 
terminated after interim analysis for futility, safety or 
effectiveness. Finally, we focused on a set of trials in which 
authors explicitly used the label ‘pragmatic’ to describe 
their trial; however, ‘pragmatic’ is a dichotomous indi-
cator of a concept that exists on a continuum, and as 
previously discussed with respect to our sample of trials, 
its use is frequently not explicitly justified.18

Comparison with other studies
Previous reviews have focused on under- recruitment 
although direct comparison with our results is challenging 
as many reviews considered RCTs in general, rather than 
specifically trials labelled as pragmatic. Definitions of 
recruitment outcomes have also varied. Reviews in the UK 
examining ‘recruitment success’ (defined as achieving 
>80% of recruitment target) found a prevalence of 55% in 
114 multicentre trials published during 1994–200224 and 
78% in 73 trials published during 2002–20082 (compared 
with 89% in our review at a corresponding cutpoint). 
Among 151 individually randomised Health Technology 
Assessments published during 2004–2016, 79% achieved 
at least 80% of their recruitment target.25 Among phase 2 
and 3 intervention trials closed in 2011, 80% (2051/2577) 
achieved 90% of their recruitment target before closing 
or termination6 (compared with 81% in our review at the 
corresponding cutpoint).

A previous review examining under- recruitment in RCTs 
in general found under- recruitment to be associated with 
more eligibility criteria, using an active control and non- 
industry (public) funding, while multicentre trials had 
more recruitment meeting targets.6 We did not explore 
these characteristics in our review. Previous work has 
found that behavioural interventions are associated with 
recruitment to the target sample size26 27: this is supported 
by our review, which found trials evaluating educational 
or behavioural interventions had lower odds of under- 
recruitment and higher odds of over- recruitment. Simi-
larly, the use of exclusively routinely collected data in the 
research showed a strong association with exceeding the 
recruitment target in our review. There is some previous 
research showing patient engagement increases the odds 
of meeting enrollment goals, but we were unable to 
demonstrate this in our analysis.28 A Cochrane systematic 
review examining methods to increase recruitment iden-
tified eight studies examining whether modified consent 
had an impact on recruitment rates: only one using an 
opt- out procedure showed increased recruitment.5 A 
study on obtaining consent in acute stroke trials found 
no significant improvement in recruitment yield using 
a waiver of consent.29 Our bivariable tests of association 
show that trials that do not obtain consent are more likely 
to over- recruit, however, in an exploratory multivariable 
regression model, there was no significant association 
between consent and either under- recruitment or over- 
recruitment after accounting for other trial character-
istics. Although CIs were wide, indicating considerable 
uncertainty, is it possible that the need to obtain indi-
vidual informed consent is overstated as a barrier in prag-
matic trials.

Recommendations and conclusions
Pragmatic trials aim to recruit diverse populations and 
yield results that are more applicable to the population 
who would receive the intervention outside the trial. 
Characteristics common to more pragmatic trials, such 
as using routinely collected data for outcome assessment, 

Table 3 Acknowledgement of under- recruitment and over- 
recruitment and explanations

Under- recruitment (N=71 trials 
recruiting <90% of target) Frequency (%)

Does the final report acknowledge that the target sample 
size was not achieved?

  Yes 51 (71.8)

  No 20 (28.2)

If yes, do they give an explanation? (N=51)

  Yes 38 (74.5)

  No 13 (25.5)

Does the trial report formal termination as an explanation? 
(N=38)

  Yes, termination for futility 6 (15.8)

  Yes, termination for harm 3 (7.9)

Over- recruitment (N=87 trials 
recruiting>110% of target)

Frequency (%)

Does the final report acknowledge that the target sample 
size was achieved with excess?

  Yes 11 (12.6)

  No 76 (87.4)

If Yes, do they give an explanation? (N=11)

  Yes 10 (90.9)

  No 1 (9.1)

If CRT, what was the source of over- recruitment? (N=48)

  No of clusters 3 (7.9)

  No of participants per cluster 26 (68.4)

  Both 9 (23.7)

  Insufficient information 10 (26.3)
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may facilitate achieving the target sample size (although 
the known limitations of routinely collected data should 
always be considered).30 31 Despite concerns about 
obtaining informed consent from participants being 
a barrier to achieving the target sample size, our anal-
ysis was unable to demonstrate such an association. We 
suggest that trialists and research ethics committees care-
fully weigh the benefits of foregoing informed consent 
in light of these results, as informed consent is central to 
respecting patient autonomy and upholding public trust 
in research.

We identified over- recruitment as a prevalent but under- 
recognised issue in pragmatic trials, especially in cluster 
randomised designs, trials using routinely collected data 
for outcome assessment and those evaluating educa-
tional/behavioural interventions. We recommend that 
trialists consult with an experienced statistician when 

implementing a cluster randomised design, to ensure the 
trial is adequately powered without excessive inclusion of 
participants.13 Trialists should consider the nature of the 
intervention and likely recruitment rate when designing 
the trial and study duration. Availability of routinely 
collected data in advance of a trial also presents an oppor-
tunity to obtain more accurate estimates of the potential 
sample size available for the trial and should be consid-
ered in justifying the trial design and study duration. 
Clear reporting of recruitment and retention rates in trial 
publications is essential to inform the design and conduct 
of future RCTs. Data safety monitoring committees and 
trial steering committees monitoring the progress of a 
trial should not exclusively focus on whether the target 
sample size is achieved, but also consider the potential 
benefits and risks of overinclusion, with particular atten-
tion to trials with the above characteristics. If it seems 

Table 4 χ2 tests of association with recruitment outcomes (N=372 trials)

Recruitment (frequency, row %)

P value

Under<90% Within±10% Over>110%

N=71 N=214 N=87

Publication year 0.8438

  2014–2016 31 (19.9) 87 (55.8) 38 (24.4)

  2017–2019 40 (18.5) 127 (58.8) 49 (22.7)

Unit of randomisation <0.0001

  Individually randomised 41 (17.0) 161 (66.8) 39 (16.2)

  Cluster randomised 30 (22.9) 53 (40.5) 48 (36.6)

Region of trial recruitment 0.3684

  USA/Canada only 33 (19.9) 92 (55.4) 41 (24.7)

  Europe only 26 (19.6) 81 (60.9) 26 (19.6)

  At least one LMIC 7 (12.5) 31 (55.4) 18 (32.1)

  Other high- income countries 5 (29.4) 10 (58.8) 2 (11.8)

Type of intervention 0.0001

  Educational/behavioural 19 (14.0) 69 (50.7) 48 (35.3)

  Clinical, mixture or other 52 (22.0) 145 (61.4) 39 (16.5)

Exclusively routinely collected data <0.0001

  Yes 9 (12.9) 29 (41.4) 32 (45.7)

  No or unclear 62 (20.5) 185 (61.3) 55 (18.2)

Individual consent obtained 0.0002

  Yes 56 (19.3) 179 (61.7) 54 (19.0)

  No or not reported 15 (18.3) 35 (42.7) 33 (39.0)

Patient or public engagement 0.7829

  Yes 6 (15.0) 24 (60.0) 10 (25.0)

  No or unclear 65 (19.6) 190 (57.2) 77 (23.2)

Journal impact factor* 0.0011

  Below median (<5.4) 46 (24.7) 90 (48.4) 50 (26.9)

  Above median (≥5.4) 25 (13.4) 124 (66.7) 37 (19.9)

*Missing journal impact factors were classified as below the median.
LMIC, low- income and middle- income country.
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that the target sample size is likely to be substantially 
exceeded, the benefits of stopping the trial or decreasing 
the trial duration should be considered. If stopping the 
trial is undesirable, continued recruitment should be 
adequately justified. For example, consideration can be 
paid to whether continued recruitment can contribute 
towards power for key secondary or safety outcomes 
or important prespecified subgroup analyses. It is also 
important to examine the original sample size calcula-
tion and target difference to ensure that it represents a 
‘true’ minimum important or plausible difference, and 
that potential attrition and non- adherence are accounted 
for. These recommendations, which also apply to trials 
without prospective recruitment, can help improve the 
social value of the research.

Reviews across many disciplines have shown that sample 
sizes in RCTs are poorly justified, incompletely reported 
and often impossible to replicate.32–35 We recommend 

that trialists report complete details of their sample size 
justification, referencing the original target sample size 
as well as any changes made during the conduct of the 
trial, with the goal of promoting transparency in research. 
For CRTs, not only the planned and achieved total sample 
size but also the number of clusters and size per cluster 
should be reported. Journal editors and peer- reviewers 
across all journals should insist that authors provide a 
clear explanation when the achieved sample size is either 
higher or lower than planned.

One key area for future methodological development 
is approaches for meaningful engagement with patients 
and members of the public in trial design and protocol 
development. While prioritisation exercises have iden-
tified recruitment and retention as important areas 
of focus,36 there has been limited work on methods to 
involve patients in numerical aspects of clinical trials.37 38 
Involving patients in discussions around primary outcome 

Table 5 Multivariable multinomial logistic regression analysis of recruitment outcomes (N=372)

Characteristic

<90% vs within target >110% vs within target

OR (95% CI) P value OR (95% CI) P value

Publication year

  2014–2016 1 1

  2017–2019 0.82 (0.46 to 1.44) 0.486 0.87 (0.50 to 1.50) 0.609

Unit of randomisation

  Individually randomised 1 1

  Cluster randomised 2.68 (1.39 to 5.15) 0.0032 2.79 (1.51 to 5.17) 0.0011

Region of trial recruitment

  USA/Canada only 1 1

  Europe only 0.79 (0.42 to 1.50) 0.4765 1.06 (0.55 to 2.02) 0.8689

  At least one LMIC 0.53 (0.20 to 1.40) 0.1994 1.28 (0.58 to 2.80) 0.5453

  Other high- income countries 1.72 (0.51 to 5.84) 0.3854 1.06 (0.20 to 5.51) 0.9498

Type of experimental intervention

  Clinical, mixture or other 1 1

  Educational/behavioural only 0.61 (0.32 to 1.17) 0.1374 2.27 (1.28 to 4.01) 0.0049

Exclusively routinely collected data

  No or unclear 1 1

  Yes 0.66 (0.27 to 1.59) 0.3536 2.74 (1.36 to 5.54) 0.0048

Individual consent obtained

  No or not reported 1 1

  Yes 0.90 (0.39 to 2.06) 0.8076 0.72 (0.34 to 1.52) 0.3874

Patient or public engagement

  No or unclear 1 1

  Yes 0.59 (0.22 to 1.56) 0.2876 0.99 (0.42 to 2.31) 0.9821

Journal impact factor

  Below median (<5.4)* 1 1

  Above median (≥5.4) 0.36 (0.20 to 0.64) 0.0005 0.58 (0.34 to 1.02) 0.0583

ORs represent odds of either over or under- recruitment relative to recruitment within 10% of the target .
*Three missing journal impact factors were classified as below the median.
LMIC, low- income and middle- income country .
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selection and target differences can contribute to more 
appropriate sample size justification and help improve the 
social value of the research. Finally, we note that the time 
frame of the database excludes the COVID- 19 pandemic 
which began in 2020. Our analysis, thus, reflects trials 
unaffected by the pandemic. Future reviews may see 
COVID- 19 as a dominant issue affectingv recruitment 
and may identify new approaches to recruitment and trial 
design developed in light of the global pandemic.
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