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Short report

Complex interventions
Paul Dieppe MRC HSRC

Department of Social Medicine, University of Bristol, Bristol, UK

What is a complex intervention?

The pharmaceutical industry is in charge of modern health care and of its research
agenda. Most of our so-called ‘basic’ research is geared towards the goal of finding
new drug targets for the industry to exploit, and we are currently producing drugs for
recreational use and to ‘cure’ normal facets of the human condition as well as to treat
disease. We find out about the efficacy of these drugs through the placebo-controlled
randomized controlled trial (RCT), which holds premier position as the ‘top dog’ in
the production of high quality evidence for systematic reviews and meta-analyses.

But this approach to the advancement of health care will not get us very far. In
prosperous countries like the UK, where infectious disease and malnutrition have
largely been dealt with through public health measures, chronic illness in older
people is the main health problem that we face. Prevention or treatment of the
conditions responsible will depend more on ‘packages of care’ involving behavioural
change and self-management than on drugs. And the much-loved classical RCT,
while good at telling us about the efficacy of a drug, is often an inappropriate way of
assessing such measures.

A drug is thought of as a ‘simple’ intervention and a package of care, that
combines several different types of treatment, as a ‘complex’ one. But this simple
classification is also simplistic. The efficacy of a drug can depend, for example, on the
beliefs and behaviour of the professional who recommends or prescribes it, as well as
the varying beliefs and adherence of the patient who takes it. So, through the
involvement of more than one type of intervention, every treatment that we use in
health care is a complex intervention. One of the basic characteristics of the RCT is
that it attempts to turn all interventions into simple ones – it is designed to factor
out the effects of every aspect of health care except the one thing (generally a drug)
that is being tested. It ignores, for example, one of the most powerful interventional
weapons that a health care professional has at his or her disposal – the context (or
placebo) effect – because it deliberately uses placebo as the control.

Having said that, there is clearly a world of difference between the use of a drug to
try to control the activity of early rheumatoid arthritis, and the employment of a
package of care involving, for example: education, empowerment, general exercise,
physical therapy, weight loss, alterations in footwear and in daily activities, and a
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rubefacient for the treatment of osteoarthritis of the knee joint. One of the pressing
questions for those of us currently involved in the management of musculoskeletal
conditions is whether such packages of care (complex interventions) work.

There is one other level of complexity in the world of health care interventions.
This concerns the target group for the intervention rather than its contents. The RCT
deals with the individual patient (ignoring the complexity of individual variation), but
some interventions need to be aimed at groups of individuals, at service organizations
(to change the nature of health care delivery in primary care for example), at health
professionals (such as an educational intervention to improve treatment adherence) or
at the population in general (some health promotion campaigns).

In summary, we can view both the interventions that we use and their targets
as ranging from the relatively simple to the very complex (Figure 1).

Can we use classical RCTs for complex interventions?
Yes, but with difficulty. We live in the age of ‘evidence-based health care’: we believe
in the need for ‘hard’ evidence that anything that we might do for a patient is a good
idea. The evidence base revolves around the concept of the pyramid, or hierarchy, of
evidence, at the top of which is the placebo-controlled RCT (considered the best
evidence) and at the bottom of which is expert opinion (considered the weakest sort
of evidence), as shown in Figure 2.

Four of the most important features of a high quality RCT are randomization of
individuals, an appropriate control treatment (such as placebo) to compare the
intervention with, concealment of the intervention from both patients and trialists,
and an intention-to-treat analysis. In addition, for external validity, it is important
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Type of intervention Target of intervention

Relatively simple One drug vs. placebo People with a single, simple disease

Example: a DMARD for young adults with early rheumatoid
arthritis and no other health problem

Drugs and life advice A complex disorder

Example: use of an anti-depressant along with advice
on exercise and activities for people with fibromyalgia

Extremely complex Package of care Complex health problem

Example: a rehabilitation regime for older people with severe 
osteoarthritis, who cannot have surgery because of co-morbidity

FIGURE 1: The spectrum of complexity in healthcare interventions and their targets,
with some rheumatological examples. DMARD = disease modifying anti-rheumatic drug. 
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that those entered into the trial are representative of the group you are trying to treat
(and that most people approached enter the trial). However, if we try to do an
ordinary, high quality RCT on a complex intervention, such as a package of care, we
run into all sorts of problems, some of which are outlined below, through the example
of a trial of physical therapy.

1. Recruitment can be difficult. If you offer someone the option of exercise for their
arthritis, verses nothing, or ‘normal care’, the chances are that they will want
the exercise therapy, and will be unhappy about being randomized if there is a
risk that they will then not get it. This introduces selection bias.

2. It is difficult to include an adequate ‘control group’. Placebo, or sham exercise
therapy is practically impossible, and normal care may not be an appropriate
alternative.

3. It is difficult to blind both the patient and the assessors. For example, you are
likely to know if you have been doing exercises, and it may be hard for you to
conceal that fact when you see the trialist for an assessment. We know that lack
of adequate blinding tends to lead to an exaggerated estimate of effects of an
intervention, a form of performance bias.

4. Patients assigned to a non-exercise group may decide to do exercises for
themselves, recognizing that the trialists believe it probably works. This
introduces a form of contamination bias to the trial.

5. You may need to maintain the exercises for a long time and follow up the
patients for years rather than weeks to see if the effects are sustained. This results
in a high attrition rate and attrition bias.

6. As the effects will probably vary a lot from one patient to another, you may need
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FIGURE 2: The hierarchy of evidence.

RCT

Controlled trial

Cohort study

Case-control study

Expert opinion

Best evidence

Worst evidence

MSC 2(3) CRC  9/3/04  1:24 PM  Page 182



a very large sample size. This may be difficult, particularly as no-one is keen to
pay for trials of physical therapy (unlike drug trials).

7. Finally, if we do get a positive outcome, the RCT will not allow you to find out how
or why the intervention has worked – it does not allow us to dissect out the effects
of, say, the therapists and their personalities, from the exercises they recommended.

The result is a biased trial, likely to be considered low quality and ‘poor’ by the
evidence-base gurus, and an outcome that may not have helped you understand very
well what is going on.

If you want to target the intervention on groups, practices or professionals then
the problems are even greater, you simply cannot use a design that attempts to
randomize and blind individuals.

The Medical Research Council (MRC) and others have tried to think these
problems through and come up with advice to help people undertake high quality
RCTs of complex interventions. The MRC has produced and published a framework
for the development and evaluation of RCTs for complex interventions (MRC,
1999). They suggest that such trials need to go through five phases:

1. A pre-clinical or theoretical phase during which the theoretical basis for what
you are trying to attain is sorted out properly.

2. A modelling phase, during which you develop an understanding of the
intervention and its possible effects. This might involve computer simulation,
qualitative research or both.

3. An exploratory trial, during which one might try out different components or
‘doses’ of the different modalities to get a sense of the likely effects and to
optimize the final choice of intervention.

4. The main trial, which can be adequately designed on the basis of findings from
the first three steps.

5. A long-term surveillance phase so that the longer-term outcomes on people can
be assessed over time.

This is a difficult, ‘complex’ set of recommendations. However, some good quality
RCTs of complex interventions have been completed, using this sort of framework.

Alternative approaches
There are a number of alternative designs that can be used. They include:

1. Cluster randomized trials.
2. Large-scale pragmatic trials.
3. Preference trials.
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4. Pre-randomization trial designs.
5. Individual patient, or ‘n-of-1’ trials.

Cluster randomized trials do not randomize individuals; rather they randomize
‘clusters’ or groups of individuals. Such clusters may be based on some organizational
issue, such as a general practice or a hospital. They have become quite widely used,
but may be difficult to perform and lead to a number of statistical problems, making,
for example, sample size calculations difficult.

Large pragmatic trials usually compare individuals in whom normal care is
delivered in the setting, of, for example, general practice, with those for whom an
additional intervention is added to the normal care. They do not attempt to control
the trial through use of a placebo or sham treatment. They are not always randomized
or blinded. They rely on the use of very large numbers of people to obtain an answer
that is likely to be ‘correct’ and are called ‘pragmatic’ because they take place in the
normal setting of care delivery, avoiding the artificial nature of the classical RCT.
They are expensive and difficult to carry out.

Preference trials involve asking patients whether they would prefer one or other
option, allowing them to have whichever one they choose if they have a clear
option, and randomizing those who are unsure about which option is likely to be best
for them (those people in whom there is ‘equipoise’); one can then follow the
outcomes for five groups of people – those who refused to take part, those who chose
option 1, those who chose option 2, those randomized to option 1 and those
randomized to option 2. One of the problems here is that the groups are not similar,
reducing the quality and value of the data.

Pre-randomization trials (the ‘Zelen’ design) involve assigning people to one or
other option before or without consent. This approach, considered unethical by
some, has mostly been used in situations in which it is thought that any attempt to
obtain informed consent might produce unnecessary anxiety and distress, such as
neonatology and cancer. As outlined in the next section, I believe that a
modification of this design may be the way forward for interventions in chronic
disease involving behavioural change.

Individual patient (n-of-1) trials involve cycles of the options (with or
without a placebo) in the same individual, until it is clear to that individual which
one is best. They can only be used when the condition is stable and for
interventions that do not have a significant carry-over effect. They produce very
high quality data for the individual, and are considered an excellent way of
obtaining good evidence on interventions, but, as outlined below, this approach
also has its problems.

Other alternatives include ‘going down the pyramid’ and accepting that the only
sort of evidence that you can get will come from something less rigorous than an RCT
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of any sort, and using, for example, observational studies. As argued by some of the
authors in the list of further reading, we need observational studies as well as trials.

Alternatives to RCTs for complex interventions
Over the last few years, we have undertaken two different types of trial, of relevance
to the assessment of complex interventions.

A modified pre-randomization trial for a physiotherapy package. Brian Quilty,
Marian Tucker and colleagues carried out an interesting trial of physiotherapy for
patients with knee osteoarthritis. The intervention included education, supervised
exercises, strapping of the knee and exhortation to continue with the exercises after the
eight weeks of supervision; this was to be compared with no intervention. They also
wanted to know if any patient benefit was due to muscle improvement, and whether any
benefit would be sustained. Their potential problems included recruitment (who was
going to agree to be in the no-treatment group), loss to follow-up, and contamination
(how would they stop those randomized to no intervention from doing exercises). They
got round these problems by modifying the pre-randomization design. They first
consented patients for a one-year observational study of their knee osteoarthritis, during
which they would undertake regular assessments of muscle strength. They then
randomized patients, and subsequently consented those randomized to the intervention.
It worked well, provided some of the answers sought, and has been published (Quilty et
al., 2003). It seems to us that the design used, which we have called a randomized trial
nested in an observational study, may be ideal for complex interventions involving a
behavioural element, in which contamination is likely to be a major problem.

n-of-1 studies of a ‘device’. Sara Brookes and Charlotte Paterson have been
carrying out some n-of-1 studies to compare the effects of two types of knee support
for patients with knee osteoarthritis (Brookes et al., in press). They basically
randomized individuals to short periods of use of one or other type of orthosis, to find
out which one any individual preferred. They used standard, as well as individualized
outcome measures (allowing patients to choose their own preferred outcome), as
they wanted to assess how n-of-1 trials might be used to aid the individualization of
therapy, as well as a way of assessing some of the components of a likely package of
care intervention. They undertook qualitative research to assess the likely value of
this one component, and to look at the overall acceptability of this type of approach
to trials. They have found such trials difficult and time-consuming to perform, but to
be of high value and acceptability to patients.

Does any of this matter?
Yes. As mentioned early in this article, complex interventions, involving
behavioural elements, are likely to become increasingly important to health care in
developed countries. They are certainly important to the management of most
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common rheumatic diseases (such as fibromyalgia or osteoarthritis) for which a
‘magic bullet’ is an inappropriate approach. My colleague Jiri Chard has shown that
in the case of osteoarthritis, the evidence base is dominated by drug trials, and that
the interventions of most interest to patients (such as education and exercise) have
had far fewer trials, and that the trials of these types of intervention are generally of
lower quality. More worryingly, in his review of the literature (Chard et al., 2000),
he was unable to find any good trials of packages of care. One of the potential
consequences of this sort of bias of evidence is that health managers and purchasers
will become increasingly convinced that only drugs are of value – and that we fall
into the serious and erroneous trap of believing that a lack of evidence equates to
negative evidence. That could mean the end of some of the best things that we have
to offer our patients with musculoskeletal diseases.

The only certain way to prevent such a scenario is to undertake trials of
complex interventions.
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