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Abstract N of 1 trials are single-subject, randomised, cross-
over studies, in which the patient serves as their own control
to compare the efficacy of a treatment. They offer an alter-
native to large, randomised clinical trials, which have lim-
ited applicability, and empirical testing, which is arbitrary in
nature. N of 1 trials are regarded as providing the highest
strength of evidence for individual subject decisions. They
rely upon the patient expressing preferences and making
shared decisions for determining the future therapy, and may
therefore lead to the successful implementation of lifestyle
interventions. N of 1 trials are an optimal approach for
making therapeutic decisions in chronic diseases like
diabetes mellitus, where decision-making is often reliant
upon arbitrary criteria and clinical judgement.
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Introduction

The publication of data linking a lack of glycaemic control to
micro- and macrovascular complications and increased
mortality, in both type 1 [1, 2] and type 2 diabetes [3], has
led to the establishment of a goal-driven approach to
decision-making in diabetes: guidelines and consensus
statements issued by several organisations [4, 5] advise that
tight glycaemic control should be strived for, often recom-
mending a range of glucose values limited to the extent that
they might negatively affect the quality of life [6] or even
the mortality of individuals with diabetes [7]. The guidelines
and consensus statements also suggest therapeutic pathways,
aiding decisions with respect to choice of treatment [5].
Unfortunately however, owing to limitations already ac-
knowledged by most of them (paucity of high-quality evi-
dence, diversity of clinical characteristics, progressive
nature of the disease), they propose algorithms that are
based upon ‘clinical judgement and experience’, which have
long been criticised for being unreliable [8].

Decision-making in diabetes in the modern era
The problems associated with treatment decision-making in

chronic diseases are familiar to those in everyday clinical
practice [9]: several goals to be met, multiple strategies for
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achieving them, and multiple options available for each
strategy. Consequently, healthcare professionals, even when
evaluating the same patient, make completely different treat-
ment choices [10], influenced by multiple factors such as
subjective attitudes and ideas, experience, regional prescrib-
ing habits, cost and availability of medications, and the
patient’s stated or perceived preferences [11]. These incon-
sistencies with respect to treatment highlight the need to
shift focus and engage the patient in the decision-making
process, a strategy that can prove particularly effective in
diabetes, a chronic disease for which successful manage-
ment necessitates sustained lifestyle interventions and
aggressive multifactorial management of several risk factors
[L1, 12]. Patient involvement does not, however, imply that
we should move away from evidence-based medicine. On
the contrary, we should be using current evidence of efficacy
to allow patients to make an informed choice between
therapies, bearing in mind that an individual’s response to
any regimen has aspects of uncertainty.

Evidence-based medicine and clinical practice

Evidence-based medicine is defined as ‘the conscientious,
explicit and judicious use of current best evidence in making
decisions about the care of the individual patient’ [13].
Unfortunately, however, ‘evidence-based medicine’ is often
misunderstood as meaning ‘randomised clinical trials (RCTs)-
based medicine’, despite the fact that RCTs are associated
with certain limitations regarding their applicability and
validity [14]. To reduce variability in the reported results,
researchers may try to recruit a population that is as homog-
eneous as possible, by applying restrictive inclusion and
exclusion criteria. This, however, results in trial participants
being recruited from just a minority of the patients one sees
in standard clinical care, and so the findings may not be
applicable to the majority of patients. The use of a broader
recruitment strategy, increasing the heterogeneity of a trial’s
population (and thus the applicability of the results) may
lead to wider confidence intervals. Moreover, parameters are
not monitored as meticulously in clinical practice as they are
within the setting of a clinical trial. Finally, there is always a
significant time lag between the development of a new
therapeutic modality and the emergence of sufficient and
robust evidence-based data.

In situations where evidence-based data are lacking, health-
care professionals often use a trial of practice, also called
empirical testing. These may be specific therapeutic decisions,
based on consensus or treatment guidelines, but they are,
nevertheless, based on arbitrary criteria. A therapy may have an
excellent evidence base for its use but there may not be any
consistent evidence available for its use in preference to other
therapeutic options. Thus, in case history terms, it is debatable
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a b
Pioglitazone  (Option A) ACE inhibitor  (Option A)
NPH insulin ~ (Option B) Diuretic (Option B)
Exenatide (Option C) B-blocker (Option C)

Fig. 1 a Decision tree for treatment of hyperglycaemia in a patient
with type 2 diabetes. b Decision tree for treatment of hypertension.
The options for therapy have an evidence base for their individual
effects, but in any given patient the choice between option A, B or C
is arbitrary

as to which agent should be added to metformin and
sulfonylurea therapy [10]. Pioglitazone, NPH insulin and
exenatide all have excellent evidence bases for their use.
However, there are no data available that might indicate which
choice a physician should make for a specific patient (Fig. 1).
The New England Journal of Medicine has illustrated this by
publishing the results of a worldwide opinion poll showing
national biases and subjective physician preferences [11].

Having made a therapeutic decision, a physician is un-
likely to later change this. A patient might have responded
much better to exenatide than to a glitazone (or vice versa),
but this will remain untested. Moreover, the therapeutic
benefits will be judged solely by the same physician, using no
predefined criteria. There are other issues, often beyond vo-
luntary control (placebo effect, the patient’s wish to please his
doctor, patient’s/doctor’s attitude towards the specific thera-
py), that have an impact upon the outcome, possibly leading
to false confidence in an initial therapeutic decision [15].

N of 1 trials and quality of evidence

N of 1 trials have been proposed as an alternative to these
problems [16]. N of 1 trials are single-subject, randomised,
crossover (double-blinded where possible) studies in which
the patient serves as their own control to compare the
efficacy of a treatment vs placebo or two treatments. Unlike
crossover studies, N of 1 trials attempt to establish effects in
an individual. They contain the same safeguards as RCTs—
randomisation, definition and quantification of outcomes,
and patient and physician blinding to treatment assignment—
and are considered to offer robust evidence for making
individual treatment decisions. In fact, as regards individual
therapeutic decisions, the evidence offered by N of 1 trials is
considered to be of the highest strength, because its
applicability and validity for the specific patient is higher
than that of any RCT [14]. However, not every patient is
eligible to participate in an N of 1 trial, and there are strict
criteria that apply to their design (see text box: Eligibility for
an N of 1 trial) [17].
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Eligibility for an N of 1 trial

Is an optimal treatment duration feasible?

Is there a pharmacist who can help me?

4. Is the study ethical?

1.Is an n of 1 randomised trial indicated for this patient?

Is the effectiveness of the treatment option really in doubt?

Will the treatment, if effective, be continued in the long term?

Is the patient eager to collaborate in designing and carrying out an n of 1 RCT?
2.1s an n of 1 randomised trial feasible in this patient?

Does the treatment have an effect measurable over a limited time period?

Does the treatment cease to act soon after it is discontinued?

Can clinically relevant targets be measured?
Can sensible criteria for stopping the trial be established?
Should an unblinded run-in period be conducted?

3.Is an n of 1 trial feasible in my practice setting?

Are strategies for the interpretation of the trial data in place?

N of 1 trials are indicated in chronic diseases with a
prolonged course. This is because it is not possible to test
different therapeutic options over the time scale of an acute
disease. Moreover, the interventions must have an effect
that is readily observable, measurable and quantifiable over
a limited time period. There should be a termination of
effect, to avoid potential carry-over, which could interfere
with the interpretation of data acquired from the sequential
application of the interventions.

The use of N of 1 trials has been suggested under various
circumstances. They are an excellent option for the assess-
ment of efficacy on an individual basis: they allow deter-
mination of magnitude of treatment effect, and therefore,
titration of intervention or discontinuation of an ineffective
treatment, and represent a cheap alternative to the wide ap-
plication of pharmacogenomics. Under specific circum-
stances, they can also be used in the investigation of newly
introduced therapies, to determine therapeutic range, side
effects or target population. Perhaps even more important
than measurable effects is the fact that the patients them-
selves can express an opinion as to which therapy they
prefer, and the decision of long-term treatment can be made
based solely on this. However, it is more likely that each
arm of the trial will have a more complex outcome. A
patient may prefer treatment A, but treatment B may have a
marginally better therapeutic effect, and treatment C may be

cheaper than either A or B. The physician can then enter a
constructive dialogue about future options, based on
evidence and the patient’s preference.

The methodology used in N of 1 trials resembles that of
crossover studies, except that it is implemented in single
subjects. The patient sequentially undergoes each of the
interventions to be examined (Fig. 2a). The acquisition of
sufficient data together with the participant’s safety and
convenience are taken into consideration when determining
the number and frequency of the treatment periods. To
increase the consistency and the statistical power of the
findings one could apply more periods of each regimen
(Fig. 2b). The sequential application of different inter-
ventions may affect the findings as a result of possible
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Fig. 2 Simple randomisation schedule. A, B and C represent
therapeutic regimens, as in Fig. 1. a N of 1 trial with one treatment
period for each agent. The length of ¢ should be sufficiently long to
allow assessment of effect. b N of 1 trial with two randomised
treatment periods for each agent
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carry-over effects. This can be avoided by applying ran-
domisation in longer blocks and by analysing data collected
during the end of each period. Randomisation of interven-
tion order is used to minimise systematic bias. To further
reduce the observer-induced bias, the observer and the
patient may be blinded to the intervention. However, it is
not essential to the design of N of 1 trials, as long as key
variables and outcomes are recognised and predefined [18].

The main characteristic that differentiates N of 1 trials
from other trials, and may raise doubts about their clinical
relevance and their scientific value, is their application to a
single patient. The crucial point is that the results are not
generalisable, but, rather, establishes the best therapy for an
individual. Such a therapy will then be continued. This is in
marked contrast to RCTs, which are designed to determine
the efficacy of an agent in general, but may not be applicable
to any single individual. Indeed, parametric statistical
analysis recognises there is a large difference in therapeutic
effect within a population, and RCTs tend to be large so that
standard errors of a mean response are minimised. N of 1
trials do not differ from other crossover studies in other
respects. Outcome measures must be predefined, and the use
of visual scales and symptom rating scales should be en-
couraged, to ensure that sufficient data from the patient
regarding preferences is obtained. However, the use of
statistical methods different from those used in the analysis
of a classical crossover study may be warranted, to capture
qualitative differences in predefined outcomes.

Can any valid conclusions be drawn by combining data from
several similar NV of 1 trials, and if so, what is the appropriate
methodology? Several methods for combining findings have
been proposed, including the use of random effects models or
hierarchical Bayesian models, based on a normal or binomial
likelihood distribution. These methods are used to increase
statistical power and offset any assumption of normality in
the distribution of findings. They also overcome the inherent
disadvantage of non-parametric statistics, which do not take
magnitude into account when trying to rule-out chance. In
this sense, the methodology used to analyse findings from a
series of N of 1 trials is similar to that used in meta-analyses.

Ethical aspects

Regarding the ethical aspects of N of 1 trials, the require-
ments are similar to those of other trials: confidentiality, free
and informed consent to participate, and withdrawal rights
without any consequences on rights for care. However, since
the objective of N of 1 trials is to use the accumulated data
and experience to formulate a treatment plan for a particular
patient, the trial probably does not require formal ethical
approval [19, 20]. The trial in this case can be regarded as
an audit of 1: an audit examines clinical practice, and the
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audit loop is completed when the results are utilised to
change such practice for the future.

In summary, N of 1 trials offer high-validity research in
single subjects. They are easy and cheap to perform, and
answer important questions for the specific patient. Indeed,
for many patients the result of the trial will have rami-
fications for several years of future therapy, and this ap-
proach is regarded as providing the highest-grade evidence
for making single-subject decisions.

N of 1 trials and patient involvement

N of 1 trials increase the patient’s awareness and willing-
ness to participate in the management of their disease [15,
21]. When assuming more responsibility for their health-
care, patients become more compliant and adhere better to
their treatment regimen, they gain more knowledge and
understanding of their disease and their treatment regimen
and its relationship with their lifestyle, and they have an
improved relationship with their healthcare professional.
These facts may lead to better health-related outcomes [22],
including increased patient satisfaction with care [23],
shorter recovery periods [24] and improved general health
[25]. Thus, careful assessment of the patient’s preferred
therapeutic regimen and a discussion of the objective
outcomes is mandatory in N of 1 trials. This discussion
should be carefully undertaken and perhaps even formal-
ised. The issues may be finely balanced between preference
and outcome. An informed decision then needs to be made.

N of 1 trials in diabetes

Although the use of N of 1 trials in chronic disease research
is rigorously advocated and there are robust data supporting
their use, only one study on diabetes has been published to
date, and this concerned the use of amitriptyline for the
treatment of diabetic neuropathy [26]. Does this mean that
N of 1 trials are not indicated in diabetes?

Diabetes, both type 1 and type 2, fulfils many of the criteria
required for a patient/disease to be eligible for study within an
N of 1 trial framework: it is a chronic disease and the effect
of treatment (glycaemic control) is obvious soon after
initiation and soon after discontinuation of therapy for most
types of intervention. Most drugs do not have an extended
carry-over effect on glucose (at least not so long as to bring
into question the results of an N of 1 trial). Moreover, the
efficacy of interventions can be monitored thoroughly if
multiple glucose readings are obtained, either with multiple-
points profiles with self-monitoring of blood glucose or with
continuous glucose monitoring. Tailoring of treatment is a
necessity for effective titration of diabetes therapy and
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elimination of treatment side effects. So it is remarkable that
there has been just one trial of N of 1 in diabetes.

Conclusion

N of 1 trials offer a safe, objective and evidence-based way
to implement patient-oriented research, individualisation of
treatment, patient participation—all leading to improved
outcomes and satisfaction—in everyday clinical practice of
diabetes mellitus.
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