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Trials carried out in primary care typically involve complex interventions that require considerable planning
if they are to be implemented successfully. The role of the statistician in promoting both robust study
design and appropriate statistical analysis is an important contribution to a multi-disciplinary primary care
research group. Issues in the design of complex interventions have been addressed in the Medical Research
Council’s new guidance document and over the past 7 years by the Royal Statistical Society’s Primary
Health Care Study Group. With the aim of raising the proﬁle of statistics and building research capability
in this area, particularly with respect to methodological issues, the study group meetings have covered a
wide range of topics that have been of interest to statisticians and non-statisticians alike. The aim of this
article is to provide an overview of the statistical issues that have arisen over the years related to the design
and evaluation of trials in primary care, to provide useful examples and references for further study and
ultimately to promote good practice in the conduct of complex interventions carried out in primary care
and other health care settings. Throughout we have given particular emphasis to statistical issues related
to the design of cluster randomised trials.

1

Introduction

Research in primary care has always presented particular challenges for researchers
and the complexities of conducting such studies remain. Intervention studies in particular are often time consuming and require extensive planning and preparation.
Complex interventions are conventionally made up of several interacting components
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and present special problems related to their sensitivity to the local context and the logistics of applying experimental methods in a health care setting.1 The Medical Research
Council’s (MRCs) new guidance document1 on ‘Developing and Evaluating Complex
Interventions’ outlines fully the processes to consider in developing, evaluating and
implementing complex interventions. It provides a number of useful case studies for further reference, on issues such as theory-based reasoning, economic modelling, pilot and
feasibility work, experimental design, reporting, user involvement and implementation.
Campbell et al.2 too emphasise the importance of thorough groundwork in designing and evaluating complex interventions and provide further case studies to highlight
the importance of contextualising and conceptualising the problem at the development
stage.
Cluster randomised trials in particular are common in primary care and are trials
in which clusters (or groups) of individuals, rather than individuals themselves, are
randomised. This requires active participation from general practices, nursing homes or
households, for example, depending upon the unit of randomisation. The pressures of
designing and successfully conducting primary care research, impact considerably on the
role of the statistician in this context. With the recent developments of the UK Clinical
Research Collaboration, the UK Clinical Research Network (UK CRN), the Primary
Care Research Network (PCRN) and its local research networks, the provision to train,
support and build capability in those working in this ﬁeld is likely to be given increasing
importance over the coming years. Parallel developments in the funding opportunities
both for substantive applied research and methodological innovations of relevance to
such research further emphasise the need for capacity building in this area.
In 2002, a group of statisticians set up the Primary Health Care Study Group under
the auspices of the Royal Statistical Society, to concentrate speciﬁcally on issues related
to primary care. The principal aims of the study group are to: bring together statisticians
and researchers from a wide range of backgrounds who are working or have an interest
in primary health care research; provide a forum for discussion of issues related to the
design and analysis of complex interventions whilst learning more about the primary
care environment in which the research takes place; improve the quality of quantitative
research and facilitate collaborative working in this area. The latter aim is intended to be
served by encouraging the development of a critical mass of expertise in both substantive
and methodological areas of primary care research, resulting ultimately in raising the
proﬁle of statistics in primary care. The regular meetings of the study group have proved
popular and effective in terms of disseminating ideas and encouraging networking, and
it is as a consequence of these meetings that we decided to write this article to share
the issues and ideas with a wider audience. The presentations from our meetings can be
found on the Primstat data archive (at http://www.jiscmail.ac.uk).
The aim of this article is therefore to provide an overview of the statistical issues related
to the design and evaluation of complex interventions, and to share useful examples and
references for more in depth study of these issues, particularly in a primary care setting.
Throughout where appropriate we have given particular emphasis to the statistical issues
related to the design of cluster randomised trials. The intention is to build on existing
guidance1,2 in promoting good practice in the conduct of trials for assessing complex
interventions in primary health care and other health care settings. The contribution of
this article within the guidance framework is overviewed in Table 1.
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Table 1 Overview of key statistical design issues in the development and evaluation of complex interventions
in primary care and other health care settings
Phases given Key elements in designing
in MRC
and evaluating complex
guidance
interventionsb
frameworka

General points to consider

Development Background and context.
(For more information
and examples see
MRC1 and Campbell
et al.2 )

Socio–economic background;
Underlying cultural
assumptions;
Health service system;
Government initiatives;
Preventative policies.

Evaluation

Key statistical design
issues addressed in this
article

Deﬁning and
understanding the
problem.
(See above1,2 )

Prevalence of condition;
Population most affected;
How condition is caused/
sustained;
Potential for intervention
and improvement.

Conceptualising
the problem.
(See above1,2 )

Levels of complexity of
health problem and
co-morbidity;
Risk factors and factors
inﬂuencing changes
over time;
Patient beliefs, symptoms
and adherence to
treatment.

Gathering evidence.

Systematic reviews;
Epidemiological research;
Qualitative research;
Expert opinion.

Using evidence from
primary studies,
systematic reviews and
qualitative studies to
inform study design.

Developing the
intervention.

Identify key processes and
mechanisms for delivery;
Potential beneﬁcial effect;
Deﬁne target group;
Optimise best treatment
combinations.

Conducting primary care
research in the UK:
complying with research
governance and assessing
quality of care using the
Quality and Outcomes
Framework.

Developing and
optimising trial
parameters.

Testing the feasibility and
and integrity of the
trial protocol;
Consideration of
appropriate primary/
secondary endpoints;
Recruitment and
retention strategies;

Pilot studies and;
pre-trial modelling;
Selection of outcome
measures for effectiveness
and quality;
Recruitment of
practices and participants;
(continued )
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Table 1

Continued

Phases given
in MRC
guidance
frameworka

Key elements in designing
and evaluating complex
interventionsb

Data collection
and analysis.

Implementation Getting evidence
into practice.
(See new MRC guidance
document1 )

General points to consider

Key statistical design
issues addressed in this
article

Method of randomisation
to minimise imbalance;
Sample size
considerations.
Data collection forms;
Design of database;
Monitoring procedures;
Awareness of issues of
data analysis for different
study designs.

Choosing the method
of randomisation;
Sample size and between
trial variation.

Choosing the method of
analysis: cluster speciﬁc
versus marginal models.

Publication and
dissemination strategy;
Stakeholder involvement;
Beneﬁts, harms, costs
for decision making;
Recommendations.

a

Phases of framework taken from the MRC, developing and evaluating complex interventions: new guidance
document1 .
Key elements adapted from Campbell et al. Designing and evaluating complex interventions to improve
health care2 .

b

The complexities of conducting this kind of research inevitably require the careful
planning and organisation of procedures well in advance of the launch of the main study.
In this respect the design and analysis of previously conducted primary studies, systematic reviews and qualitative studies in the area of interest can greatly assist in planning
the new study, and in ensuring its generalisability, and this is highlighted in Section 2.
Generalisability will also be addressed by research governance bodies before permission
for the study is granted. Compliance with research governance, the role of the statistician on ethics committees and particular intricacies of the primary health care system
are addressed in Section 3. Testing the feasibility and integrity of the study protocol
is another important aspect, and the ranges of concerns that may need pilot work are
discussed in Section 4. One speciﬁc design issue is the selection of the most appropriate
primary outcome measure; the related issues associated with different types of outcome
measures are discussed in Section 5. Large-scale recruitment is common in primary care
and needs attention to detail to be successful, as discussed in Section 6. Issues concerning
randomisation of individuals or clusters of individuals are considered in Section 7. When
clustering is involved then there is an additional component to the sample size calculation, called the intra-cluster correlation coefﬁcient (ICC), and this is explained in Section
8. Statistical methods for planning and conducting the main analysis of the trial are
outlined in Section 9, with a particular focus on the analysis of cluster randomised trials.
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Using evidence from primary studies, systematic reviews and
qualitative studies to inform study design

Medical research aims to improve the healthcare that is provided by practitioners and
received by individuals. Unfortunately, much valuable research of high quality and good
methodological rigour is wasted either because it lacks generalisability (external validity)
or because it cannot be implemented in practice.3

2.1 Context and setting
The issue of generalisability provides a strong argument for primary studies of interventions to be carried out in the setting where they are most likely to be implemented,
which is often in primary care, and is an important consideration when designing a trial.
For example, current evidence of the effectiveness of interventions to lower blood pressure following stroke comes mainly from studies based in secondary care.4 Therefore,
if the results were to be used to plan a study in primary care, then there would be
questions about the accuracy of the estimated effect size in this setting. However, information on the use of oral anticoagulants in atrial ﬁbrillation is based on studies of
the elderly and the majority of these interventions are carried out in a primary care
setting.5 In this case we can be more conﬁdent of using these results to plan similar
future studies in a primary care setting. Similarly, an equally important issue is the need
for adequate detailed descriptions of how the interventions being evaluated should be
implemented in practice, in terms of who should do it, how it should be delivered
and for what duration it is needed in the setting of interest. Descriptions tend to be
vague and minimal, partly due to journal word constraints, but the recent option to
have extended manuscripts appearing online should help to resolve this particular issue
in time.

2.2 Systematic reviews
Systematic reviews based on clearly formulated research questions that identify
relevant studies, appraise their quality, and summarise the evidence using explicit
methodology are recognised as providing an essential underpinning for most empirical
studies. Statistical approaches for systematic reviews of therapeutic interventions are
well established.6 Methods include meta-regression on the dose-effect relationship and
Bayesian methods to identify adjusted trial speciﬁc effects, which have been shown to
be useful tools in this context.7,8 The feasibility and acceptability of an intervention can
be measured by the level of attrition found in the study in those that are willing to participate. Information about low participation rates can also provide information about
the feasibility and generalisability of uptake of the intervention. A systematic review
allows the exploration of this across several studies, which are generally randomised
controlled trials. ‘Relative attrition’9 (attrition in the intervention group divided by the
attrition in the control group) has been used as a measure of acceptability that allows
the calculation of an overall effect estimate and the study of different levels of attrition based on the population of each trial. Statistical methods for systematic reviews
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of diagnostic test studies10−12 and method comparison studies13 are currently being
developed, and provide ways of assessing agreement between two potential methods of
measurement – for example type of thermometer to measure temperature in children,14
in order to select the most appropriate technique to use in the main study. The same
methodology used in the primary studies in these reviews may also be used to assess
agreement between two assessors using the same measurement method on the same set
of patients to ensure consistency in measurement, both concurrently and on different
occasions.
Although the internal validity (i.e. the extent to which any observed difference between
groups is due to the effect of the intervention being tested) of trials and systematic
reviews has greatly improved, the ﬁndings have had a relatively small impact on guideline
development. Consequently guidelines have had limited impact in aiding researchers
in planning new studies on similar or related interventions. This is partly due to the
fact that guideline developers want: (i) trials with consistent results, with large enough
subgroups; (ii) individualised epidemiological data for risk based decisions, such as
in the Framingham study for cardiovascular disease; (iii) research covering relevant
populations such as ethnicities where health risks vary; and (iv) research in comparable
settings, such as primary care.15,16 Some advances in this area have been made with
the creation of large databases for speciﬁc populations.17 However, it is important to
consider that guidelines generally have a national bias,18 a median lag of 8 years in the
research being used,19 and a variable use of systematic reviews.20

2.3 Qualitative studies
Given the importance of the acceptability of interventions in health services research
generally, and arguably particularly in primary care, quantitative methods alone are
in general not sufﬁcient to address all aspects of the evaluation of interventions in
this context. Especially for complex interventions, a multiple integrated mixed methods approach which includes qualitative research methods is a key element and is of
growing importance. Qualitative approaches can be used before a trial to explore
issues related to the design of the trial, during a trial to unpack the processes of
implementation and change and after the trial to explore reasons for the ﬁndings of
the trial in line with the underlying theory.21 Such methods are clearly not the primary expertise of those in the study group, but increasingly when the application
of statistical methods in the design, conduct and reporting of such studies is being
conducted in parallel with qualitative investigations, then both paradigms can inﬂuence the other at many stages of the investigations.22 Speciﬁcally, qualitative methods
have potential in the design of interventions (particularly complex interventions),23
recruitment to trials,24 understanding random allocation,25 comparisons with patient
reported outcomes,26 assessing the acceptability of the outcome to both deliverers and
receivers27,28 and in the evaluation of the intervention itself – the latter both as assessments in their own right and also to play a role in interpreting the overall (qualitative
and quantitative) ﬁndings from a trial.29 Various techniques are available, and qualitative studies are valuable both for the participants and health professionals involved in
the study.22
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Conducting primary care research in the UK: complying with
research governance and assessing quality of care using the
Quality and Outcomes Framework

In general the public perceives academic research to be honest and credible, and every
effort is made within the research community to maintain this reputation. Governance
in research is about ensuring research integrity in order that the public maintains conﬁdence in the processes used and the resulting outcomes, that research participants are
protected from abuse and researchers are protected from accusations of misconduct.30
In order to achieve high quality clinical research and patient care, researchers need to
comply with a wide range of legal requirements, including the European Clinical Trials
Directive and the Data Protection Act (see www.ukcrn.org.uk/index/clinical/regulatory.
html). The second edition of the National Health Service (NHS) Research Government
Framework31 was published in 2005 and covers all aspects of research governance,
including the responsibilities of the investigators, funders and sponsors, standards,
monitoring and inspection and research ethics, with the aim of promoting a quality
research culture.
Primary health care within the UK differs markedly in practice from most other
countries, and in order to meet the challenges of conducting primary care research in
the UK, we need to understand the primary health care system, and the way that quality
of care is monitored through the Quality and Outcomes Framework (QOF).
3.1 Conducting primary care research in the UK
General Practitioners (GPs) in the UK are usually self-employed or work within a
limited company, and they contract to the NHS to provide speciﬁc services to a given
number of patients. There are few GPs who now work single-handedly, the move over
recent years being towards primary health care centres incorporating partnerships of
GPs as well as other health care staff – for example, practice nurses, health visitors,
counsellors and chiropodists. This infrastructure presents particular types of problems
in the design and analysis of research projects as there will virtually always be a need
to include a number of GP centres. A further complication arises from the way the
NHS is structured across the UK. Primary Care Trusts (PCTs) are the NHS bodies
that commission GPs’ services within their areas, which are normally coterminous with
counties or unitary authorities. They are also responsible for facilitating research locally
within the NHS and for ensuring the integrity of the research and its practitioners.
Problems have arisen in setting up research projects across different areas as each of the
PCTs involved needs to be assured by the researchers of their ability to conduct their
projects appropriately. Researchers need to take time to present to PCTs the aims and
plans of the proposed research in order to obtain their approval, which may take well
up to 6 months, and occasionally even longer.30
The National Institute for Health Research (NIHR) has recently published guidance
in their ‘Research in the NHS – Human Resources Good Practice Resource Pack’32
to help both the PCTs and Higher Education Institutions (HEIs) to be aware of their
responsibilities. Honorary contracts are required for researchers where their work concerns NHS patients, and Criminal Records Bureau checks will be needed particularly
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when children or vulnerable adults are to be involved.33 It is, however, sufﬁcient to
have such a contract with only one NHS organisation even though the research may be
conducted elsewhere in the NHS. A Research Passport system32 has recently been introduced to streamline the application process and is needed even when the research is not
concerned with patients’ care. Undergraduate and postgraduate students proposing to
undertake research need to be supervised by HEI staff with honorary research contracts.
HEI-employed GPs, practising within the NHS, also need such contracts if the research
extends beyond their normal clinical practice. HEIs, should ensure that research is adequately planned, and researchers adequately resourced and funded. Indemnity from
harm due to clinical negligence in research is, however, the responsibility of the NHS
once the honorary contract is awarded.32
Any research involving NHS patients or healthy volunteers, their patient records or
human tissue, also needs approval from a research ethics committee (REC). The NHS
Patient Safety Agency is responsible for the research ethics service31 (see www.nres.npsa.
nhs.uk) through which application for ethical approval is made. RECs are responsible
for acting primarily in the interest of potential research participants, protecting their
rights, dignity, well-being and safety. Researchers, for instance, have no right of access to
an identiﬁable individual patient’s record without explicit consent from the individual.
It is RECs that permit researchers to approach individuals for such consent – see for
example, the recent Wellcome guidance on ‘The use of patient data from GP records
for research’.34 The safety and interests of researchers and the appropriateness of the
proposed research is also taken into consideration by RECs before granting approval.
Furthermore, RECs do examine statistical issues, the sample size being proposed as well
as the planned analysis. A summary of any advice given to researchers by statisticians
is often requested by RECs at the time of application, and RECs do sometimes include
statisticians among their membership.35 There is, however, debate about whether RECs
should examine statistical issues because although in some institutions scientiﬁc review
does take place prior to submission of the proposal to REC, this is not always the case
and the two processes are often run in parallel.
3.2

The research potential of Quality and Outcomes Framework
indicators
Before the new contract was agreed with GPs in 2004 the NHS was very restricted in
its ability to monitor the quality of care provided to patients. This was particularly of
concern in the more deprived areas of the UK.36 Financial incentives relating to up to
30% of GP income, have been introduced through the achievement of targets monitored
in the QOF. There are ﬁve domains: clinical care; organisation; patient experience;
education and training; and other additional services provided that are covered by the
indicators. Clinical care covers 19 areas from coronary disease and cancer to obesity and
smoking habits. Points are awarded according to estimated workload needed to achieve
targets and prevalence of disease (dependant on age, sex and deprivation level). The
points are then converted into payment, adjusting for practices’ list sizes and comparison
with national averages. Very few GPs are currently not covered by the QOF but there
have been modiﬁcations and additions since the ﬁrst set of indicators was created for
2004/5 (see http://www.qof.ic.nhs.uk for further details).
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When using the QOF to assess differences in quality of care one should be aware of
certain issues that may affect comparisons between practices. Patients may be excluded
for various reasons from the assessments – for example, because of patients’ failure
to attend for reviews, frailty of condition or refusal of treatment. GPs may differ in
how certain patients’ conditions are recorded or how interventions are assessed, such
as advice to quit smoking and its outcome. Practices may also change in composition
over time with new staff introducing new skills, which can affect the quality of care
provided. Similar questions arise about equity of care (for example, across different
areas and socio–demographic groups), and these may also change over time. Finally, it
has to be remembered that the QOF is primarily a payments-driven system and was not
therefore created speciﬁcally for research purposes.36
4

Pilot studies and pre-trial modelling

Planning a trial is time-consuming and costly but due to the nature and enormity of
many of the trials in primary care it is an extremely important pre-requisite of most
major funding bodies. Lancaster et al.37 showed that there was a dearth of pilot studies
in the literature that stated they were speciﬁcally in preparation for a randomised controlled trial, and that give a clear list of key objectives relating to the pilot phase. Often
feasibility studies are conducted as small stand-alone studies on an ad-hoc basis, and in
addition they may be subject to publication bias and therefore not readily available as
learning tools for researchers. The problem is compounded when we are dealing with
large clusters of people, as these studies require a great deal of administrative effort
and co-ordination, often including marketing and public liaison work to promote the
importance of the study to key stakeholders. This type of preparation and attention
to detail can improve recruitment (see Case study 14 in MRC guidance document)1 .
Funding for pilot studies for trials is also an issue. It is difﬁcult to get funding for a
pilot study, although sometimes local NHS Trusts do allocate Research and Development funds in this respect. In addition, large funders such as the Health Technology
Assessment do allow suitable costs for a pilot/feasibility phase before the main trial is
conducted.
Pilot studies are conducted to assess the feasibility and integrity of the study protocol in a variety of ways37 as shown in Table 2. One important objective of a pilot
study is to test the acceptability and feasibility of developing and implementing the
intervention,1 illustrated by the PANDA trial38,39 case study in Table 3. In this respect
pre-trial modelling has been shown to be very useful in assessing the likelihood of the
intervention being effective. Eldridge et al.40 developed a cost-effectiveness model of a
complex intervention from pilot study data in order to inform the viability and design
of a subsequent falls prevention trial. Using two models, they ﬁrst estimated the probability of falling over a 12-month period based on a probability tree, and then used
Markov simulation to assess the impact of the programme over time. The ﬁrst model
indicated that the intervention would reduce the proportion falling by only 2.8% over
a 12-month period. The major reason for this small effect was that less than a quarter
of older people at risk of falling were assessed using their screening tool. Sensitivity
analyses showed that the only scenarios that produced a substantial increase in the
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Table 2

Key objectives of a pilot study

Objective

Issues to consider

Test the integrity of the study protocol.

Important if multiple sites are to be involved;
Inclusion/exclusion criteria;
Are interim analyses necessary?
Would a pilot RCT be helpful?

Sample size calculation.

Obtain initial estimates, considering variability;
Estimate of intraclass correlation coefﬁcient if to
be cluster randomised.

Recruitment and consent rates.

Important for planning the length of the study;
Strategy for recruitment of practices and participants;
How to best explain the study in layman’s terms;
Readability of patient information and consent forms.

Develop and test the implementation
and delivery of the intervention.

Drug preparation, storage; Duration of delivery;
Is it possible to adhere to a dietary regime?
Testing of materials, equipment and techniques;
Is self-administration possible?
Is an on-call help service needed?

Determine the acceptability of the
intervention.

To participants, assessors and funders;
Side effects; Feasibility of costs;
Pre-trial modelling of cost-effectiveness.

Train staff in delivery and assessment
procedures.

Inter-rater and intra-rater reliability;
Calibration of instruments;
Data collection, recording and data entry.

Selection of most appropriate
primary outcome measure
(endpoint).

Use more than one primary outcome measure?
Secondary outcome measures;
Use of biomarkers?
Patient-reported outcomes?

Randomisation procedure.

How to implement;
Is use of 24 h randomisation service needed?
Acceptability to participants.

Pilot data collection forms
and/or questionnaires.

Face/content validity;
Self-completion at hospital or at home;
Use of postal questionnaires;
Are home visits and interviewers required?

Prepare and plan data collection
and monitoring procedures.

Database – data entry, validation methods, backup;
Forms for monitoring adverse events, missing data.

effect of the intervention were those in which all older people are assessed, and this was
not cost-effective. They found that even if policy-makers were willing to spend 30 000
pounds per quality-adjusted life-year gained, there was only a 40% chance that the
intervention would be cost-effective.
A second objective of pilot studies is the selection of the most appropriate outcome
measure for assessing the effect of the intervention. Here we want to consider several
suitable outcomes, however, a new measure should only be used as a primary outcome
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Case study 1

Case study 1 – Developing and testing the acceptability of the intervention for the PANDA
(Patients and Decision Aids) trial38
Objective: To devise and test a Patient Decision Aid (PDA) to help patients with Type 2 diabetes decide
when they should go on to insulin.
The premise was that patients who made fully informed decisions were more likely to adhere to treatment
and be better controlled.
Method : Feasibility study to develop the PANDA study protocol following the MRC complex intervention
guidelines and comprising:
(i) Expert Panel of GPs, nurses, a diabetologist, patients, statistician, clinical decision experts;
(ii) Needs assessment exercise involving a Review Panel of 14 GPs and nurses and nine patients with
Type 2 diabetes;
(iii) Systematic review of the evidence for insulin therapy;
(iv) Drafting of the decision support intervention using the Ottawa Guidelines;39
(v) Review of the intervention by the Review Panel;
(vi) Pilot study to test the decision aid for acceptability and feasibility;
(vii) Sample size calculation: 30 practices (15 to receive the PDA and 15 to receive usual care) and with
15 patients per practice to have 80% power to detect a difference of 0.5% HBA1c at the 5%
signiﬁcance level.
Results: The feasibility study revealed that general practitioners found the PDA acceptable, and
that there were sufﬁcient eligible and willing patients in the practices to devise a cluster trial of the
intervention against usual care in one city using 30 practices.

if it has been shown to be valid and reliable in the population in which it is to be used
before its use in the main study, and a pilot study offers an opportunity to do this.
This is particularly important when children are involved as often outcome measures
have been tested for use in adults but not necessarily for use in children.41 Another
objective of a pilot study is to obtain information and initial estimates to use in sample
size calculations.37 In studies involving clustering, when there is no information on the
primary outcome, then it may be necessary to consider a range of different scenarios to
see how each would affect the power of the study, for example, in a sensitivity analysis.42
This should also include consideration of the recruitment rate and possible drop-outs
and withdrawals. Piloting of data collection and follow-up forms is also recommended,
particularly when there are multiple assessors or self-completion is required by the
participants.
4.1 Example: UK BEAM trial
The value of well designed pilot or feasibility studies, prior to large multi-centre
randomised controlled trials, is perfectly illustrated by the feasibility study for the UK
Back pain, Exercise, Active management and Manipulation (UK BEAM) trial.43 As seen
in Table 4 this was planned as a primary care cluster randomised 3 × 2 × 2 factorial
trial44,45 of three treatments for back pain, namely ‘active management’ randomised at
the practice level, and ‘spinal manipulation’ and ‘exercise classes’ both randomised at
the patient level. The preceding feasibility study was designed as one large study with a

360

GA Lancaster et al.

Table 4

Case study 2

Case study 2 - Testing the integrity and feasibility of the trial protocol for the UK BEAM (Back pain,
Exercise, Active management and Manipulation) trial
Objective: To test the integrity and feasibility of the trial protocol. The trial was planned to be a cluster
randomised 3 × 2 × 2 factorial trial of three treatments for back pain (‘active management’ randomised
at the practice level, and ‘spinal manipulation’ and ‘exercise classes’ randomised at the patient level).
Method : Particular issues investigated concerned:
(i) Sample size – primary outcome variability and ICC estimates, and identiﬁcation, recruitment and
follow-up rates;
(ii) Data collection processes – piloting of forms, length of patient questionnaire, most effective method
to collect practice data; randomised sub-study of patient diaries versus questionnaires to compare
methods for collecting economic data;
(iii) Staff training – acceptability of multi-disciplinary approach, effectiveness of generic primary care
educator versus clinical back pain expert;
(iv) Treatment delivery – sufﬁcient number of therapists, and manipulators and locations for
treatment;
Results: The majority of the methods piloted were feasible. Differential recruitment between clusters led
to the abandonment of the planned randomisation at practice level. Intervention practices recruited
more than twice as many participants as control practices and participants in intervention practices
differed signiﬁcantly at baseline to those in control practices, having, for example, milder back pain,
less physical limitation, less depression, higher percentage in full-time work and higher levels
of educational attainment. The protocol was changed so that all patients were individually randomised
and all practices were trained in active management to maximise recruitment.

number of planned embedded sub-studies. The aim was to pilot all aspects of the trial
including the intervention,23 to identify problems in design or execution,46 investigate
unresolved issues and demonstrate that the main trial could fulﬁl its aims, in terms of
its design and implementation, and was therefore worthy of funding.
Overall, the feasibility study demonstrated that the majority of methods and processes
were successful. It identiﬁed where changes were required to the trial design or execution
and highlighted unexpected problems,46 allowing further design changes before the
start of the main trial. This study proved that pilot studies are vital, especially when
evaluating complex interventions,1 for providing planning information and identifying
unanticipated issues in advance of expensive, complex trials. This is of course not to
say that all pertinent issues will be resolved by such studies, as almost inevitably further
issues will arise when the main study begins to recruit on a wider basis. A major factor
is the additional workload for researchers and practice staff,23 especially if the study
involves sites some distance from the trial centre. Nonetheless, feasibility studies are
crucial in keeping such difﬁculties to a minimum.
5

Selection of outcome measures for effectiveness and quality

In general outcome measures need to be valid (shown to have face/concurrent/predictive
validity), repeatable (stable over time when disease state is not changing), reproducible
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(when applied by different assessors), and objectively measured in situations where selfreporting is unreliable (for example, self-reported smoking cessation with additional
biochemical validation).41 The primary outcome of a trial may be directly measurable
(for example, as the peak ﬂow rate, blood pressure or severity of effusion), or it could
be a patient-reported outcome,47 where the person receiving the treatment describes
how well they feel the treatment has worked. Patient-reported outcomes are commonly
assessed using a questionnaire, where a series of closed questions, with dichotomous or
categorical response options, are asked. The scores assigned to these categories are then
generally summed to get a total score. A discussion of the analysis of such studies has
been given by Lall et al.48 One might also consider individually set outcome measures,
whereby the patient suggests activities in which they wish to see improvements in their
performance.49
Outcomes can be measured at the individual level, for example improvement in a
patient’s pain score, or at the level of a group or cluster, which in primary care research is
usually the GP practice. In primary care an intervention administered at the practice level
might be the introduction of a universal parenting programme to prevent early childhood
behavioural problems, with main outcomes concerning parenting, child behaviour and
maternal mental health.50 In choosing the primary and secondary outcomes to be measured, it is imperative that they are suitable for the purpose, both theoretically and
practically. Researchers must consider the most important outcome for a trial, and in
primary care research there are likely to be many to choose from. For example, in a trial
for knee pain,51 it is likely that as well as a measurement of pain, knee function, ability
to work and satisfaction with treatment may also be assessed. However, only one or
two of these would be selected as the primary outcome measure(s) by which to assess
the overall success of the intervention, and the required sample size calculation would
be based on only the primary outcome measure(s).
Before deciding on an outcome measure, it is important to think about the type
of statistical analyses required. Many physiological measurements will be interval in
nature; that is, they will be measured on a linear scale where a change in score from
5 to 10 units represents the same difference as a change from 15 to 20 units – for
example when measuring blood pressure. However, this is unlikely to be the case with
patient reported outcomes such as Health Related Quality of Life (HRQL) because of
the way the scores are created from the individual items. These scores often give the
impression of having a linearly increasing scale; when, in fact, the scale is ordinal and so
the arithmetic operations needed to ﬁnd differences or means may not make sense.52,53
Although interval-level measures are now beginning to appear in health research,54,55
it is often the case that ordinal scores are used as trial outcomes and that arithmetic
operations are carried out. It is possible to achieve a linear score from questionnaire data
when the score is created using the Rasch measurement model.56 Empirical evidence
comparing the adoption of parametric with non-parametric approaches for ordinal data
analysis with respect to HRQL, did ﬁnd discrepancies in results between approaches.57
Walters et al.58 suggested that if the HRQL measure has a large number of ordered
categories, most of which are occupied, and the underlying scale really is continuous
but measured imperfectly by an instrument with a limited number of discrete values,
then an informal rule of thumb is that this discrete scale should be treated as continuous if it has seven or more categories and as ordinal otherwise. More generally,
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the use of HRQL measures is gaining increasing importance in the economic evaluation of interventions. Whenever possible a good approach is to use two HRQL
measures: one that is disease-speciﬁc, such as the Hospital and Anxiety Depression
Scale59 for depression, and one that is generic, such as the Short Form 36,60 (SF36).
Disease speciﬁc HRQL measures sometimes must be developed in a pilot stage but it is
wise to include popular generic scales as well, so that comparisons can be made across
studies.
6

Recruitment of practices and participants

Recruitment to primary care studies is complex and response rates can be low. There are
different levels of recruitment, including the recruitment of practices and recruitment
of patients or participants. These often require tailored approaches, and may be trial or
study speciﬁc. Eldridge et al.61 give examples of different recruitment strategies and discuss what can be done to avoid bias in identifying and recruiting participants to cluster
randomised trials, where recruitment may operate at a number of different levels. Ross
et al.62 identiﬁed barriers to patient participation that included concerns about information and consent; patient preferences for treatment and additional demands such as
additional procedures. Barriers to clinician participation included lack of staff and training; concern about the impact on the doctor patient relationship; time constraints and
difﬁculties with the consent procedure. Mapstone et al.63 and Watson and Torgerson64
carried out systematic reviews of strategies to improve recruitment and in both cases
concluded that some strategies were not necessarily generalisable and as such it was
not possible to predict their effect in different settings. They concluded that funders
and researchers should ensure that evaluation of recruitment strategies is incorporated
into research studies. The Bells Palsy trial65 is a good example of devising strategies
to maximise recruitment and retention. These included pilot work; the use of a good
research network infrastructure in Scotland for sources for referral; and the involvement
of a celebrity to promote the study in the media.66
Successful recruitment requires a co-ordinated and multi-faceted approach and, as we
have already seen in Section 4, the piloting of trials in primary care is an important ﬁrst
step.37,46 Pilot studies often address barriers to participation of practices, efﬁcient ways
to identify the sample within practices and to recruit participants, consent rates and
whether completion of outcomes measures is acceptable to participants. It is important
to engage practices in the study at an early stage. A research question that is considered
to be important to primary care will usually make recruitment easier, as it will engender
greater practice interest. Likewise it is important to consider how the study will impact
(or at least be perceived to impact) on the patient–doctor relationship more generally,
and the priority given to the research question in relation to other issues.24 Providing
training for practice staff either in an area of disease management or research will
also be appreciated, especially in areas where patients are considered vulnerable, and
some GPs may lack conﬁdence in raising research issues within a sensitive consultation
such as those relating to mental health.24 Most importantly, recruitment of practices to
national studies can be facilitated by primary care research networks and by identifying
a named contact in the practice. These networks have existed for a number of years
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at both national (see Medical Research Council General Practice Research Framework
(MRC GPRF) found at http://www.gprf.mrc.ac.uk/) and local levels. More recently the
UK CRN through the NIHR Clinical Research Network Co-ordinating Centre (NIHR
CRN CC) for England has set up the Primary Care Research Network (PCRN) in
England (http://www.ukcrn.org.uk/index/networks/primarycare.html) with eight local
primary care networks being nationally co-ordinated. There are equivalent research
networks in Scotland, Wales and Northern Ireland. Both the PCRN and MRC GPRF
provide a recruitment framework and support for both local and national peer reviewed
and funded studies. In a new incentive introduced by the Royal College of General
Practitioners in conjunction with the NIHR CRN and PCRNs, practices involved in
research can now seek accreditation through the ‘Research Ready’ accreditation scheme
found at http://www.rcgp.org.uk/researchready.
Another important area for consideration is obtaining informed consent and there
is a growing commitment to increase public awareness, understanding and support
for the use of patient records in research. Whilst individual patient consent is not
needed when records remain anonymised and unidentiﬁable, when records are identiﬁcable then consent is necessary and it is important to remember that patients can
opt-out of participation in research (see Wellcome guidance document34 ). Response
rates may be higher when patients are invited by their GPs to participate in a study,
however, successful recruitment often means using people other than GPs to identify
and consent possible participants. In fact there is evidence that studies where GPs
are asked to gain consent are less likely to recruit.67 Staff such as practice nurses
or non-clinical practice staff can be trained to take informed consent and increasingly research network staff are becoming trained in the internationally recognised
principles of Good Clinical Practice68 (see http://www.mhra.gov.uk/Howweregulate/
Medicines/Inspectionandstandards/GoodClinicalPractice/index.htm). A nursing model
is used extensively in the MRC GPRF and is being considered by the PCRN. One way
of minimising work for practice staff is to use electronic queries to identify samples and
this approach is being developed within the ePCRN clinical trial management system
(see www.ePCRN.org).69 Other methods include using electronic systems to trigger an
alert within a consultation70 or templates on practice systems when eligible patients
are seen. There is also evidence that having a strong ‘brand’ for the trial, having welldeveloped marketing strategies and engaging with the stakeholders (such as practices
or participants) can help with recruitment. Practices need to be adequately reimbursed
for the time taken to take part in research, and support for this is now available from
the Comprehensive Local Research Networks.
7

Choosing the method of randomisation

The choice of a randomisation method usually requires greater consideration in the
primary care setting. Firstly, there is greater use of cluster randomised designs in which
either relatively few units, usually general practices71 are randomised, or clusters, such
as households are small.72,73 With this type of design, there is a higher probability
that arms in a study will become imbalanced in size, and that baseline covariates will
show an imbalanced distribution at the level below the unit of randomisation, usually
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individuals – or even, in studies with relatively few clusters, at the level of randomisation
itself. Secondly, complex, multi-component, intervention trials are more commonly
encountered in primary than secondary care, and in particular screening73 and preventive
trials72 are more common. These complex trials often have multiple parts and multiple
routes through which an intervention can act and operate. Consequently there are
an increasing number of covariates that may predict outcome, and which need to be
considered to avoid confounding. Thirdly, early phase explanatory trials may involve
testing a greater number of types of factors such as multiple interventions, or different
doses or levels of contact from an intervention deliverer. These may require for example
factorial,44,74 or other multi-arm trials72,75 where covariate-imbalance is more probable
over the large number of pairwise arm comparisons.
7.1 Imbalances in size of treatment groups
There are two issues to consider for cluster randomised trials to optimise power:
ensuring equal numbers of clusters and ensuring equal numbers of patients per treatment arm. In studies where few units of observation are randomised there may be a
concern that imbalances will lead to a reduction in study power. The likelihood of
such an occurrence can be evaluated. For example, consider a two-arm parallel groups
cluster randomised trial of 30 general practices, which assumes an equal allocation
ratio for 80% power. By binomial sampling, there is a 10% chance of obtaining a 2
to 1 or more uneven allocation, which reduces the power below 75%. Blocking, the
method of generating randomly permuted blocks to form the randomisation sequence,
can be used to achieve the planned allocation ratio. Here interventions are assigned
randomly within blocks to ensure balance within the blocks. Blocks of larger or varied
sizes can be used to form a sequence that lowers predictability of successive assignments. Predictability is an important issue,76,77 particularly with respect to allocation
concealment to the participants. In many cluster trials, randomisation is done at the
start and the trials are open such that everyone recruited in the same cluster gets the
same allocation, which means that participants are only blind to allocation status as
long as the actual treatment can remain concealed, for example by using a placebo,
and this is usually not feasible (if it were, cluster randomisation would, in most cases,
not be necessary). In individually randomised trials, the choice and concealment of
block size and factors speciﬁc to the practical running of the trial, such as the arrival of
batches of participants to be randomised in a varied order, may then alleviate concerns
of predictability.
7.2 Imbalances in covariates
As already mentioned another consideration in primary care trials is the choice of
a method that will best avoid imbalances in baseline covariates. At the design stage,
a number of covariates may be thought to be important predictors of outcomes, and
if the baseline distribution of these were to become imbalanced between study arms
then this may affect the face validity of comparisons and conclusions. An analysisstage adjustment for those covariates that show imbalance would allow correction
according to an assumed model, but then the unadjusted and adjusted estimates of
intervention effects may differ in size and statistical signiﬁcance. This can be problematic
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when interpreting the results, especially as a pre-speciﬁed statistical analysis plan with
a deﬁned primary model and covariates requires prior knowledge of the covariates that
may become imbalanced.
A design-stage alternative is to eliminate the occurrence of imbalance in chosen covariates by using a restricted randomisation method such as stratiﬁcation by covariates when
there are sufﬁcient randomisation units.74 This uses blocking within the strata formed
from all possible combinations, or interactions, of the categorical, or categorised continuous, covariates. Alternative methods include minimisation,76 which balances the main
effects of more variables than is feasible using stratiﬁcation.75 The idea here is that
the next participant to enter the trial is allocated to the intervention group that would
minimise the overall imbalance between the two groups according to a pre-speciﬁed
set of covariates. The selection of one covariate as a stratiﬁer immediately reduces the
chance of extreme imbalances in another correlated covariate.

7.3 Practical considerations
In the primary care setting, care is also needed to ensure that randomisation is not
undermined when, for example, a randomisation program or schedule has not been
checked, sequential allocations are left unmonitored, or numbered sealed envelopes are
used without sufﬁcient consideration of the randomisation setting. In primary care, the
use of envelopes has been common – for example, in the situation when previously
unidentiﬁed eligible patients arrive in primary care for consent and randomisation.
The NIHR CRN CC recommends the use of centralised randomisation services operating, for example, from within recognised Clinical Trials Units. Web-based solutions
are also becoming available.78 The CONSORT statements for individual and cluster
randomised trials are informative for planning randomisation, covering issues such as
procedure, method and level of randomisation.79 The decision to randomise clusters
requires justiﬁcation because of the associated cost of the increased numbers of patients
involved.80 The avoidance of potential contamination between individuals in different
study arms is a common justiﬁcation.81 The new NIHR network of regional Research
Design Services can give advice regarding issues such as randomisation (see www.nihr.
ac.uk/infrastructure).
The ProActive trial is an example of a complex intervention to increase physical
activity in participants with parental history of Type 2 diabetes using three trial arms.72
Covariate imbalance was an issue in this multi-arm trial such that the greater likelihood
of pairwise imbalances in six identiﬁed covariates led to the decision to balance main
effects using minimisation, importantly having a stochastic element for a more robust
statistical basis and reduced predictability of assignment. In addition, two covariates
were considered important enough to retain in interaction form via a single combined
stratiﬁer, and stratifers were weighted relatively in the method to improve likely effective
balance, with weights informed using over-resampling of pilot sample participants’
covariates.
Alternative design methods used in community based studies are matched-pairs,82
or randomisation units matched in sets larger than size two,83 and use of balanced
randomisation with permutation or randomisation tests.71,84 Designs that are efﬁcient
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in addressing multiple unrelated conditions require a carefully considered randomisation approach.85 Altogether different approaches may be required for interventions
that involve several intervention deliverers, depending on whether this person is common to all arms, or restricted to a subset.72 Practical considerations can restrict
the use of a further random allocation of a participant to an intervention deliverer.
Sometimes consideration needs to be given as to whether randomisation will be possible,
and in some cases patient preference designs may need to be examined.86
8

Sample size and between practice variation

The existence of variations between general practices in treatment and referral activity
is well established.87−89 This variation is relevant in many trials in primary care. For
example, some studies will have an explicit aim to reduce variation or will at least have
been conceived because of the existence of variation. When a trial is conducted in a single
practice, or a small group of geographically close practices, between practice variation
may have implications for the generalisability of the study. However, perhaps the most
important implication of between practice variation for trials in primary care is in the
design of cluster randomised trials,90 since between cluster variation must be allowed
for in sample size calculations of these studies. In primary care the most common type
of cluster is the general practice – hence the importance of knowing about between
practice variation in this context.
Understanding and measuring the extent of between practice variation for interpreting
or planning studies depends on good quality, relevant data. There are a number of large
data sets currently available that provide information on variability, for example, the
General Practice Research Database (GPRD), Mediplus and MIQUEST. In addition,
since the establishment of the RSS Primary Health Care Study Group in 2002, we
have seen the development of Primary Care Trusts, and the introduction of the QOF
(see Section 3.2), both of which have had the potential to improve the amount and
quality of data, although the target setting associated with the QOF may also distort
data.36,91,92 Information on between practice variation can, of course, also be collected
in primary research studies. Whilst estimates of variation taken from primary studies
might be more closely related to the planned outcome of interest, they may be less
precisely estimated when compared to estimates taken from large general databases
where greater precision can be achieved. There is, therefore, a trade off to be made
between bias and precision.
In addition to having robust data, investigators must also have a way of measuring
between practice variation and make a decision about whether several measures can
be combined. Sometimes suitable measures can be extracted from the QOF. If it is felt
necessary to combine outcome measures, a decision must be made about how these are
to be combined, for example by counting the number of positive scores for a patient.
Different ways of combining measures can lead to different assessments of the extent
of variation and the position of an individual practice within any quality ranking.93
In relation to trials, as highlighted in Section 5, a decision must be taken about the
primary outcome to be assessed. Between practice variation in the outcome will be
relevant to the extent that this affects the sample size required. For a cluster randomised
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trial, the measure of between practice variation usually adopted is the ICC and this
can be used more generally to describe between practice variation.94,95 The best way of
thinking about an ICC is as the proportion of total variation between individuals that
is explained by between practice variation (as opposed to variation within practices).
Thus it ranges in value between 0 and 1. The actual value depends on a number of
factors such as the type of cluster, the type of outcome, the setting and for binary
outcomes, the overall outcome prevalence. For trials randomising general practices and
involving patient-level outcomes, ICCs usually take values around 0.05. In recent years,
a number of papers have been published which provide lists of ICCs relevant to primary
care.96−100
Before conducting a randomised controlled trial, investigators should not only think
about how to predict ICCs but whether a cluster randomised trial is the best design.
These trials are often conducted to avoid contamination,101 or because an individually
randomised trial is impossible or to reﬂect the manner in which an intervention would
ultimately be delivered. The sample size is commonly calculated by ﬁnding the number
required by an individually randomised trial with the same effect size, signiﬁcance level
and power and multiplying it by the Inﬂation Factor or Design Effect. These are given
by 1 + (n − 1)ρ, where ρ is the ICC and n is the cluster size when cluster sizes are all
equal. Since ρ is positive this has the effect of increasing the sample size compared to a
comparable individually randomised study. When cluster sizes vary the mean cluster size
can be used in this formula instead of n but it underestimates the sample size required.102
An alternative formula which accounts for variable cluster size is conservative,103 but
shows that when the coefﬁcient of variation of cluster size is less than 0.23 any effect on
power is essentially negligible. Unfortunately, coefﬁcients of variation of cluster size are
usually much larger than this when general practices are randomised, so investigators
should take account of variable cluster size when calculating sample size. Kerry and
Bland104 show the implications of variable cluster size on power for a range of scenarios,
and also highlight the risk of having empty clusters, a particular problem in primary
care where recruitment can be a problem. When studies recruit smaller cluster sizes than
intended, investigators may include more clusters to compensate.
Unfortunately, many cluster randomised trials conducted before 2000 did not account
for clustering correctly and were consequently underpowered.105 The situation has
improved since then. A number of recent publications make recommendations for
improving the design, analysis and conduct of these trials. These include piloting to
iron out execution issues,46 using Bayesian methods to improve prior estimates of
ICCs,106,107 ensuring that bias does not occur at the stage when patients are identiﬁed and recruited,108,109 and paying more attention to the generalisability of these
trials.105,108 In particular, Turner et al.110 showed that an estimated ICC from a previous trial with the same target participant group (e.g. diabetes patients) and cluster (e.g.
practice) typically has sizeable sampling variability, and there is therefore a question
as to whether such an estimate will accurately reﬂect the ICC that will be observed,
which itself has sizeable sampling variability. They used Bayesian and classical methods
to form a distribution using the previous estimate and its standard error (or several of
these, when available, via meta-analytic methods) in order to obtain, through simulation from this distribution, a sample of ICC values that were then each combined with
a design option (of numbers of clusters and participants) which provided a distribution
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for power. For a ﬁxed average power (e.g. of 80%), they recommended designing trials
that opt for larger numbers of smaller clusters rather than a smaller number of larger
clusters, in order to reduce the impact of the sizeable sampling variability and thereby
to lower the risk that the occurrence of a large observed ICC will produce a large design
effect and a wide conﬁdence interval for the treatment effect.

9

Choosing the method of analysis: cluster specific versus marginal
models

Appropriate methods of analysis for individually randomised trials are based on standard methods of statistical analysis, which are well-documented111 and do not need
any further mention here. However, there are more complex issues to consider when
analysing cluster randomised trials, where we have to account for groups of individuals
within clusters, and this is the focus of this section. One simple approach is outlined,
and two model based approaches are discussed and compared in the example given in
Section 9.2.
The simplest way of analysing cluster randomised trials is to use the method of summary measures, as popularised by Matthews et al.112 This gives equal weight to each
cluster, irrespective of size and is a cluster speciﬁc method. It has a great deal to recommend it since it simply uses the summary statistics (mean or proportion) for each
cluster and is easy to apply without specialist software. Alternative weights can also be
chosen to reﬂect different precision in the estimates.113 However, we cannot adjust for
individual level covariates directly using this approach.
The two main approaches to analysing cluster randomised trials that enable covariate
adjustment are using the cluster-speciﬁc (CS) model or alternatively the populationaveraged (PA) (or marginal) model. Consider an outcome variable Y (which may be
continuous or binary), with expected value μ and a generalised link of the form:
g(μ) = η = β0 + β1 X + Z,

(1)

where g is a monotone function. We further assume that Z is a random variable with
E(Z) = 0 and var(Z) = σZ2 , and is independent of the covariate X. Equation (1) is a
suitable model for clustered data. We assume that the clusters are sampled from a larger
population and the effect of any particular cluster i is to add a random effect Zi to all the
outcomes of individuals in that cluster. The variable X is the independent variable, and
is assumed to be what is known as a ‘ﬁxed’ effect. Thus in a trial, we could have X = 1
for an intervention and X = 0 for control. We assume that the effect of the intervention
will be the same if we repeated the study. A CS model measures the effect on Y of
changing X, while Z is held constant. This is a common model for longitudinal data,
where it is possible to imagine, say in a cross-over trial, a treatment value changing over
time. However, in a cluster randomised trial, everyone in a cluster receives the same
treatment, and although a CS model can be ﬁtted, the result can be interpreted only
theoretically. The alternative is to ﬁt a model that looks at the average effect of X over
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the range of Z. In this case we ﬁt the model
η = β0∗ + β1∗ X.

(2)

This is the so-called PA model. Here, we estimate the effect of X on Y as averaged over
all the clusters Z. The errors will be correlated and we can allow for this in the ﬁtting
process described below.
Neuhaus and Jewell114 contrast the CS models and PA models by observing that
model (2) is simply model (1) with the variable Z omitted. If we assume that the coefﬁcients for X in the two models are related by β1∗ ≈ Bβ1 , where B is the bias factor, then
they show that for a linear or a log–linear model B = 1, and so the interpretation of CS
and PA models is the same. However, for a logistic link, μ = logit (P(Y = 1|X, Z)) and
B=1−

σz2
= 1 − ρ,
E(μ){1 − E(μ)}

where ρ is the correlation of the Y’s within clusters assuming β1 = 0. Since the value
of ρ in community randomised trials is usually less than 0.01, the bias in incorrectly
assuming a marginal model should not be great. In this case 0 < B < 1, so the general
effect of using a PA model is to attenuate the regression coefﬁcient. We can also see that
for a logistic link the greater the variability of the random variable Z, the greater the
ICC and so the greater the attenuation.
9.1 Fitting models
For continuous data we can rewrite (1) as
yij = β0 + β1 Xi + Zi + εij = β0 + β1 X1 + υij ,

(3)

where the εij are independent random errors with variance σ 2 and we can think of the
υij as random errors which are not independent. For binary data using a logistic link,
the CS logistic model is
logit(πij ) = β0 + βXi + Zi ,

(4)

where πij = E(Yij |Xi , Zi ). These models can be extended to include individual speciﬁc
covariates Xij . The random variable Zi is assumed independent of Xi and is usually
assumed to be normally distributed with mean 0 and variance σZ2 . In model (4), given
the Zi , the Yij s are assumed independently distributed with binomial parameter πij .
We can also ﬁt a log–linear model, which has the advantage that we get relative risks
rather than odds ratios, which for prospective studies are easier to interpret. However in
general, logistic models are more likely to describe data well.115 A common assumption
is to use an exchangeable correlation structure. This means that the variance covariance
matrix of the outcome would remain the same if we changed the order of the subjects
within the clusters.
There are different methods of ﬁtting models (1) and (2) to data. The CS model (1)
can be solved by maximum likelihood. The random variable Zi is a nuisance parameter
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that can be removed from the likelihood either by integration, using a technique such
as Gaussian quadrature, or approximating the integral using Laplace’s method and
using penalised likelihood.116 One can also adopt an empirical Bayes approach, and by
specifying non-informative priors for the random components, obtain the estimates as
the modes of the posterior distribution using MCMC in WinBUGS.117
The PA model (2) can be ﬁtted using the Generalised Estimating Equation (GEE)
method, developed by Liang and Zeger118 in the context of longitudinal studies. It uses
an iteratively reweighted algorithm to estimate the parameters and a robust method for
the standard error. The advantage of the GEE method is that even if one ﬁts the wrong
correlation structure (for example, an independent error structure) the method will still
produce valid estimates. However it will be less efﬁcient and so the effect of the intervention will have higher standard errors in this case. As a general rule of thumb the method
requires a minimum of 20 clusters per treatment group, although recent modiﬁcations
to the ﬁtting algorithm have shown fewer clusters can be accommodated.119
We can ﬁt model (3) but not account for the correlated nature of the error terms.
Provided that ηij is uncorrelated with Xi then we get a valid estimate of the treatment
effect but the standard error of the treatment effect is underestimated, and should
be inﬂated. Donner and Klar83 give a number of methods for continuous and binary
outcomes, which modify the standard error associated with either the t-test or the chisquared test, respectively. It is important to note that the estimate of the treatment effect
is unchanged, only the standard error is inﬂated. An alternative method is to use the socalled ‘sandwich’ or Huber-White estimator, which has a long history in econometrics
for estimators with continuous data and with heterogeneous variances. This ﬁts a model
where the variance of the error term V(η) = σi2 is not assumed constant, and is estimated
through the residuals of the model. The advantage of the robust standard error is that
one does not need to estimate the ICC separately before conducting the analysis. It also
allows for a wider range of models (such as a negative ICC which is impossible under
the CS model). The disadvantage is that it may be less efﬁcient and so would need a
greater number of clusters than does use of a model which more closely reﬂects the
actual structure.
The robust variance estimation relies on between-cluster information to ensure the
validity of the resulting inferences. It is therefore important to be wary of this approach
in community intervention trials, where the amount of such information tends to be
relatively small. Guo et al.119 discussed not only the use of a robust standard error
in the Wald test, but also an alternative, the robust score test, particularly for cluster randomised trials. They show that use of the Wald test is too liberal (more likely
to give a signiﬁcant value) and the score test is too conservative and suggest that a
simple correction K/(K − 1) to the score statistic will give a test size closer to the nominal value. This is relevant to primary care studies where the number of clusters is
often low. The correction widens the conﬁdence interval and so does not apply to the
Wald test.
A number of papers have explored different methods of ﬁtting models to data and
have found that it often matters little which method is used provided the methods do
allow for clustering.120 With modern software there is little difﬁculty in using different
methods. The CS methods are probably better with small numbers of clusters, provided
that model (1) holds.

Trials in primary care

371

Table 5 Four methods of analysing the proportion of patients with an HbA1c below 7% for the
DESMOND trial – intervention is structured education
Model

Odds ratio

Standard error

z

P > |z|

(95% Conﬁdence interval)

Cluster speciﬁc

1.085539

0.166037

0.54

0.592

(0.804362, 1.465007)

Population averaged
Robust
1.161681
Independent errors
1.161681
Exchangeable errors 1.079769

0.271156
0.162818
0.160086

0.64
1.07
0.52

0.521
0.285
0.605

(0.735194, 1.835573)
(0.882643, 1.528933)
(0.807480, 1.443876)

9.2 Example: the DESMOND trial
The Desmond trial77 was a cluster randomised trial of structured education of 824
patients with Type II diabetes randomised into 207 clusters which were general practices.
The primary outcome measure was the level of HbA1c at one year, and for this example
we have dichotomised it into above or below 7%. The results of analysing the data using
four of the methods available in the package Stata 10 are shown in Table 5. For the
CS method we can specify how many points are required for integration and the method
of integration (we speciﬁed 60 points and adaptive quadrature). We can see that the
CS method agrees well with the PA method, which assumes exchangeable correlation,
although as expected the PA estimate is shrunk slightly towards the null. The robust
standard error method and the PA method, which assumes independent errors gives
identical estimates of the intervention effect, since the estimates are not adjusted for
cluster size. However, the independence assumption is unrealistic and this method gives
a different P-value to the other three methods. The robust method, which is less efﬁcient,
gives a larger standard error.

10

Discussions and conclusions

In this article we have covered the main statistical issues relevant to conducting complex
interventions within a primary care setting and have placed these issues within the wider
context of the MRC guidance framework.1 Rather than attempt a fully comprehensive
coverage of statistical methods applied in primary care research, let alone an exhaustive
treatment of the research issues themselves, our aim in this paper has been to provide
a ﬂavour of the issues addressed over the last 7 years of the RSS Primary Health Care
Study Group, that impact the role of the statistician within the research team. Moreover,
the style of this paper matches closely those of the group’s meetings – in particular, that
of a balance between methodological issues and more practical issues of applying such
methods to real-life research problems. Indeed, assuming that one accepts the phrases
‘real-life’ and ‘research’ within the same sentence, we hope that there is an implicit
message emerging from the above sections – namely, that for most statisticians working
in primary care, for most of their time the methodological and contextual challenges
are inextricably linked.
This contention perhaps begs the question of how much of the methods covered here
and in future meetings are speciﬁc to primary care research. As indicated in the relevant
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sections, while few if any are unique to primary care, much of what has been described
is either especially pertinent to this context, has closely linked practical issues that are
speciﬁc to primary care, or both of these. Arguably much more important, though, is
the question of how to ensure that the particular aspects of the design,1,2 conduct and
reporting79 of health care research in a primary care setting can continue to attract the
attention of methodologists in general and statisticians in particular.
The challenges of at least maintaining and preferably expanding the capacity of both
methodological and applied expertise relevant to this agenda do of course remain.
In conclusion, then, if the present paper is of some help to those currently engaged in
primary care research and assists in some way in drawing those with statistical expertise
to the ﬁeld, then progress in achieving the Group’s objectives will certainly have been
made.
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