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Concealment of allocation is regarded as crucial for indi-
vidually randomised controlled trials. The process ensures 
that the people selecting participants for randomisation 
do not know their allocation and avoids selective recruit-
ment. In cluster randomised trials, groups (or clusters) of 
participants are randomised rather than individuals, yet 
data are collected on individual participants. Selective 
recruitment of individual participants can occur in these 
trials if the people recruiting participants know the par-
ticipants’ allocation, even when allocation of clusters has 
been adequately concealed.

Two recent reviews found that up to 40% of cluster trials 
published in major medical journals may be biased.1 2 Yet 
articles and books on cluster randomised trials have tended 
to focus on statistical issues rather than the need to ensure 
unbiased sampling of individuals within the cluster.3 4

Cluster randomised trials are well established in educa-
tion, where their use is relatively straightforward.5 6 Chil-
dren are usually identified from school or class registers 
with little or no problem of selection bias being introduced 
after randomisation, and no consent is required from the 
children or their parents. Many healthcare trials can be 
designed along similar lines, with potential participants 
being all those who belong to a cluster (box 1).7 We describe 
how bias may occur when individual participants are iden-
tified or recruited in cluster randomised trials and discuss 
how it can be avoided.

Trials in which individual participants are not recruited
Even in today’s increasingly restrictive research environ-
ment it may sometimes be ethically acceptable not to 
recruit individual patients. For example, in an ongoing trial 
to increase the identification and referral of women who 
are victims of domestic violence (box 2), the intervention 
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Blinded recruitment of participants presents particular challenges for cluster trials, but 
careful design can minimise the risk of selection bias

Summary points
Poor design of cluster trials risks bias in selection of participants
Ideally participants should be identified before the cluster is randomised
When this is not possible recruitment should be by someone masked to the cluster 
allocation 
Statistical solutions to selection bias are less satisfactory than design solutions
Cluster trials need to report cluster sizes to enable the readers to ascertain any differences in 
recruitment between treatment groups

takes place at the cluster level, outcomes are collected from 
routine data with adequate regard to confidentiality and 
data protection, and there is no change in the care arrange-
ments of participants. 

In trials without individual patient recruitment, bias can 
still occur if individual participants are identified by people 
who know the allocation status. In a trial randomising gen-
eral practices,9 patients consulting for ischaemic heart dis-
ease were identified by the general practitioners and data 
collected by people who knew which group their practice 
was in, even though there was no patient recruitment.

Box 1 | Individual participants identified and recruited 
before randomisation: Kumasi Stroke Prevention Trial

•	Clusters—12 villages in Ghana
•	Eligible participants—All residents aged 40 to 75
•	Methods of selecting participants—1896 selected from 

village census using random sampling, stratified for age 
and sex

•	Recruitment method—Selected participants invited to 
attend temporary field station for health screening in 
their village; people with serious illness and pregnant or 
lactating women were excluded; 1013 (53%) consented

•	Intervention—Community education to reduce dietary salt
•	Outcome—Reduction in blood pressure after 6 months
•	Comment—After two villages had completed recruitment 

these were randomised, one to intervention and one 
to control. As villages varied in the age and sex of their 
populations stratified sampling ensured balance between 
intervention groups

Box 2 | Individual participants are not recruited: 
identification and referral intervention to improve safety 
of women8

•	Clusters—48 general practices in east London and Bristol
•	Eligible participants—All registered women over 16
•	Intervention—Educational package to practices, 

enhanced referral systems, feedback to practices
•	Outcome—Referral rates per 100 women
•	Comment—Outcome data were obtained from practice 

notes by researchers and no patient identifiable data 
taken outside practices. Additional screening of women 
for domestic violence in consultations was not expected 
to affect usual care negatively
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Even for acute conditions, recruitment before ran-
domisation is possible if risk factors for the condition 
are well established. For example, women who have had 
a urinary tract infection have a higher risk of developing 
another acute episode.15 Investigators wishing to conduct 
a cluster randomised trial of a treatment for urinary tract 
infection could recruit a cohort of women who have had 
an infection and then randomise clusters. The drawbacks 
of this approach are that more people are recruited than 
are needed and, depending on the latent time to symp-
tom development, the trial may need to be relatively long, 
both of which will increase costs.

More generally, one drawback of identifying and 
recruiting participants before randomisation is the possi-
bility of a long delay between recruitment and implemen-
tation of the intervention, which is generally undesirable. 
To avoid this, individual clusters or a block of clusters 
can be randomised immediately all their patients have 
been recruited. The advantage of the block approach 
is that balance in the number of clusters in each inter-
vention group can be assured while keeping allocation 
status concealed from the last cluster to enter the trial. 
The Kumasi trial (box 1) used blocks of two, but larger 
blocks also work.7 In a trial of patient held records for 
adults with learning difficulties, the number of patients 
per cluster was small and blocks of 10 practices were 
randomised simultaneously.16

Trials that have to identify or recruit individual  
participants after randomisation
If it is not possible to identify and recruit before clus-
ter randomisation, then masked recruiters can be used. 
Ideally they should recruit outside the cluster setting to 
avoid unmasking by contact with staff aware of alloca-
tion. In the East London Randomised Controlled Trial 
for High Risk Asthma (ELECTRA) patients with an acute 
episode were recruited from a clinic in an accident and 
emergency department by researchers blind to allocation 
status (box 3).17 In this example, all eligible patients were 
attending secondary care. In some trials, this method 
might bias the sample towards more serious cases or 
result in recruitment of patients not belonging to study 
clusters.

Even when participants are recruited within cluster set-
tings, masked recruitment may still be possible if poten-
tial participants can be identified by masked recruiters 
outside the clinical consultation (box 4).18

When masked recruitment is not an option, some 
effort can be made to standardise recruitment across 
intervention groups. King and colleagues evaluated an 
educational intervention to manage patients with inci-
dent depression.19 The trialists trained reception staff to 
recruit the participants. Because the control and inter-
vention recruitment staff had the same training the pos-
sibility of recruitment bias was reduced. Nevertheless, 
reception staff may still introduce selective recruitment, 
and using non-clinical recruiters may result in some inel-
igible participants being recruited. In this instance we 
should include the ineligible participants in the analysis 
(that is, intention to treat) as the dilution effects are not 
as serious a threat as selection bias.

Some people think that individual recruitment with con-
sent is an ethical requirement for all trials.10 However, the 
balance between scientific considerations and the need 
for consent can be difficult in cluster randomised trials.11 
Given the wide variety of interventions and designs each 
study needs to be considered on a case by case basis.

Trials that identify and recruit individual participants 
before randomisation
For trials of management of chronic disease, it may be 
possible to identify and consent patients before clusters 
are randomised. This is often not done, however, even 
when possible. Kannus and colleagues identified and ran-
domised 22 clusters where older people are supported to 
live in the community.12 After randomisation, participants 
were asked if they would be prepared to take part in a study 
evaluating the use of hip protectors. In the control group 
91% agreed to participate and allow the researchers to col-
lect data on hip fractures, but only 69% of the intervention 
group participated, possibly because they did not want to 
wear the hip protectors. Studies using this approach tend 
to show a benefit of hip protectors whereas individually 
randomised trials do not; this difference might be due to 
selection bias.13

The key to preventing this sort of problem is trial design.6 
Although statistical methods, such as propensity scores, 
are used to correct for observed group imbalances,14 ana-
lytical solutions are unsatisfactory because we can never 
be sure that we can fully correct for unobserved covariate 
imbalances.

Box 3 | Individual participants are recruited outside the cluster setting: East London 
Randomised Controlled Trial for High Risk Asthma17

•	Clusters—44 general practices in east London
•	Eligible participants—All registered patients attending or admitted to the Royal London 

Hospital or general practice out of hours service with acute asthma attack
•	Methods of selecting participants—Researcher, blind to allocation status of patients, 

recruited patients in accident and emergence department
•	Allocation to intervention—All patients saw the liaison nurse, who informed them which 

group they were in
•	Intervention—Patient review in a nurse led clinic and liaison with general practitioners and 

practice nurses comprising educational outreach, promotion of guidelines for high risk 
asthma, and ongoing clinical support

•	Outcome—Percentage of participants receiving unscheduled care for acute asthma over 
one year and time to first unscheduled attendance

•	Comments—Although control patients saw the nurse briefly, the contamination was minor 
and thought to be better than risking bias in recruitment

Box 4 | Participants recruited within cluster setting by masked recruiters: effect of 
counselling on care seeking behaviour in families with sick children18

•	Clusters—12 primary healthcare centres in rural India

•	Eligible participants—Children under 5 presenting for curative care and their mothers

•	Methods of selecting participants—Field workers masked to allocation status enrolled 
mothers and children attending health centres

•	Intervention—Doctors had 5 day training on counselling, communication, and clinical skills. 
They were also given cards to help them, copies of which could be given to mothers

•	Outcome—Care seeking behaviour of mothers

•	Comments—The recruiting field workers did not know the precise objectives of the study. They 
were told that the study aimed to assess children’s illness load and how families respond to 
illness. Field workers provided similar information to the families when seeking their consent
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Another proposal is to try to mask allocation status by 
using a partial split plot design.20 Clinicians are masked to 
the allocation of their clusters, and to maintain blinding a 
small proportion of patients in the control clusters are ran-
domised to the intervention group and a small proportion 
of intervention patients to the control group. A study in the 
Netherlands suggests that this design can be used success-
fully to mask recruiting clinicians with cluster sizes of up 
to 10 participants.19 However, the design cannot be used 
in trials evaluating interventions aimed at cluster staff, and 
the masking is likely to be maintained only if cluster sizes 
are small; when cluster sizes are large health profession-
als are likely to be able to guess which group they are in. In 
addition, the presence of people receiving the intervention 
within the control clusters could contaminate the rest of the 
cluster. This will dilute estimates of effect size. Some of the 
dilution effects may be offset by using latent variable analyti-
cal methods, such as complier average causal effect analysis, 
although these approaches tend to increase the width of the 
confidence intervals.21

Bias may also occur if clusters allocated to an undesired 
treatment group withdraw between randomisation and 
recruitment of first patient. To avoid this, clusters can be ran-
domised after an index case has been recruited.14 22 Imple-
menting the intervention when a patient presents is likely to 
cause practical difficulties for interventions aimed at cluster 
staff and, more importantly, does not necessarily prevent 
future selective recruitment beyond the index case. However, 
it may be useful when the number of eligible patients per 
cluster is likely to be small.

In a pilot study of an intervention for back pain, doctors 
who had been trained in the intervention recruited twice 
as many incident cases, with lower severity, as doctors in 
the control group.23 One solution might have been to use 
masked researchers to identify patients from the practice 
computer and gain their consent to participate. An alterna-
tive could have been to recruit people with chronic back pain 
from practice lists before randomisation of the clusters. But 
in the event, investigators abandoned a clustered design for 
this part of their study.

Patient information
Whatever the timing of recruitment, both intervention and 
control groups should be given similar information about the 
trial before consent. However, fully informing the controls 

of the intervention could dilute the intervention effect, caus-
ing bias. In the Kumasi trial (box 1), the information sheet 
did not mention salt but referred to changing diet, and all 
participants were asked to attend health education sessions 
on a variety of subjects with the addition of salt reduction in 
the intervention clusters. 

How much information control patients should receive in 
these circumstances has been the subject of debate.24 This 
problem is not restricted to cluster randomised trials,25 but 
in a cluster trial there may be a temptation to have very dif-
ferent information sheets for the intervention and control 
groups. This should be avoided.

Participants may also receive information from cluster 
staff, who may know the aim of the intervention but be 
unaware of the importance of masked recruitment and possi-
bility of contamination. All staff must be adequately trained, 
and information about the trial’s aims and the cluster alloca-
tion should be on a “need to know” basis.

Measuring possible selection bias
When there is no design solution to masking recruitment, 
authors should report sufficient information to enable read-
ers to judge for themselves whether differential recruitment 
has taken place. Firstly, authors should report the size of the 
potential eligible population as well as numbers recruited. 
When eligible patients can be identified from practice com-
puters before consent this is fairly straightforward. If partici-
pants are recruited as a result of a consultation or event, it 
may be possible to check for eligible patients who were not 
recruited retrospectively. A trial in pregnant women to reduce 
use of baby walkers reported the number of participants as 
a percentage of live births in each intervention group (box 
5).26 If it is not possible to obtain an unbiased estimate of 
the total eligible population, total cluster size could be used 
instead.21

Even if there are no differences in recruitment rate, there 
may be differences in the make-up of the groups. This could 
be examined, although differences may occur in unmeas-
ured covariates. Statistical testing for baseline imbalances 
has been recommended to detect possible selection bias due 
to subversion,27 although we would strongly caution against 
this because significant differences may occur by chance.

Reports of cluster trials should be clear how clusters were 
recruited. This should include how participants were iden-
tified and at what stage, and the total potential population 
within each intervention arm, where possible. This will facili-
tate the assessment of the internal validity of a cluster trial.
We thank Tim Peters and Carol Coupland for helpful comments.
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Corrections and clarifications

Medical Classics: Sister Morphine
The correct author of this review of the song by the Rolling Stones (BMJ 
2009;339:b3806, print publication 19 Sep, p 699) is Joshua Hill, a general 
practitioner (not his wife, Marina Hill). His email address is josh.hill@nhs.net.

Screening for intracranial aneurysms in ADPKD
During the editing of this editorial about intracranial aneurysms in 
autosomal dominant polycystic kidney disease (ADPKD) by Albert C M Ong 
(BMJ 2009;339:b3763, print publication  26 Sep, pp 706-7), we mistakenly 
twice used “ruptures” instead of “aneurysms.” The last sentence of the third 
paragraph should start, “New aneurysms . . .” And the second sentence of 
the fourth paragraph should read: “The only factor that seemed to correlate 
with the development of new aneurysms [not “ruptures”] was a history of 
rupture.”

Managing neutropenic sepsis
When we shortened this letter by S Michael Crawford in the cluster titled “A/
H1N1 flu pandemic” (BMJ 2009;339:b3960, print publication 3 Oct, p 768), 
we should have made it clearer that patients with suspected neutropenic 
sepsis have to go to hospital to have the condition diagnosed, so the third 
paragraph should have started: “When [not “if”] assessed in hospital . . .”

Libraries of the future
In this letter by Imraan Jhetam in the cluster titled “Wicked encyclopaedia” 
(BMJ 2009;339:b4065, print publication 10 Oct, p 821-2) we forgot the final 
digit (5) of the “citeline” (the format for citing BMJ articles). We should have 
said: “Please cite this as: BMJ 2009;339:b4065.”

This Week: mosquito photo
In a bottom corner of the first page of This Week in the issue of 24 October 
(BMJ 2009;339) we published a small photo of a mosquito. Despite the 
picture agency assuring us that it was an anopheline mosquito (the only 
species responsible for transmission of malaria to humans), a reader 
has informed us that the photo shows a culicine mosquito (whose bites 
don’t transmit malaria to humans). In addition, the note beside the photo 
wrongly directed readers to page 941 (it should have said 942). And in our 
enthusiasm, we also published the same little photo (but in mirror image) on 
page 942 (beside the brief News item to which it refers). We apologise for any 
confusion we may have caused.

Obituary: Alexander Auld Cochrane
In this obituary of Alexander Auld Cochrane by Desmond Miller (BMJ 
2009;339:b4337, print publication, 31 Oct, p 1032) we wrongly spelt out 
RNVR as Royal Naval Volunteer Regiment. The correct designation is Royal 
Naval Volunteer Reserve.

Trade secrets
While editing this feature article about commercial solutions to malnutrition 
by Ben Bland (BMJ 2009;339:b4482, print publication 7 Nov, p 1058-60), 
we inadvertently referred to Renata as Bangladesh’s biggest drug company. 
It is in fact only one of the biggest.

Subacromial ultrasound guided or systemic steroid injection for rotator 
cuff disease: randomised double blind study
In this research paper by Ole M Ekeberg and colleagues published in 
January 2009 (BMJ 2009;338:a3112, print publication 31 Jan, pp 273-6) 
the table contains errors. For pain at rest, the median values in the local 
group should be 4.5 at baseline, 3.0 at 2 weeks, and 2.0 at 6 weeks (not 
6.0, 4.0, and 3.0) and those for the systemic group should be 4.0, 2.0, 
and 3.0 (not 7.0, 4.0, and 5.0). For pain in activity, the baseline values 
are correct, but the median values for the local group should be 4.0 at 2 
weeks and 3.0 at 6 weeks (not 3.0 and 2.0) and those for the systemic 
group should be 4.0 and 4.0 (2.0 and 3.0). The results and conclusions are 
unaffected.

Cryptosporidiosis 
While editing this Clinical Review by A P Davies and R M Chalmers (BMJ 
2009;339:b4168, print publication 24 Oct, pp 963-7) we mistakenly spelt 
out BAL as blood alcohol level just before the citation of the table. It should 
be bronchoalveolar lavage (as was stated in the table).

Crunch time for doctors’ hours
In Fiona Godlee’s Editor’s Choice for the print issue of 7 November 2009 
(BMJ  2009;339:b4569), we wrongly said that the maximum of 80 hours 
a week was introduced across the United States in 1993. The correct year 
was in fact 2003, as stated in the article that Godlee was referring to (BMJ 
2009;339:b4260).


