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Abstract
Background Single-patient, multiple cross-over designs 
(N-of-1 or single-case randomized clinical trials) with 
systematic data collection on treatment effects may be 
useful for increasing the precision of treatments in health 
psychology.
Purposes To assess the quality of the methods and sta-
tistics, describe interventions and outcomes, and explore 
the heterogeneity of treatment effect of health psych-
ology N-of-1 trials.
Methods We conducted a systematic review of N-of-1 
trials from electronic database inception through June 
1, 2015. Potentially relevant articles were identified by 
searching the biomedical electronic databases Ovid, 
MEDLINE, EMBASE, all six databases in the Cochrane 
Library, CINAHL, and PsycINFO, and conference pro-
ceedings, dissertations, ongoing studies, Open Grey, 
and the New York Academy’s Grey Literature Report. 
Studies were included if  they had health behavior or psy-
chological outcomes and the order of interventions was 

randomized. We abstracted study characteristics and 
analytic methods and used the Consolidated Standards 
of Reporting Trials extension for reporting N-of-1 trials 
as a quality checklist.
Results Fifty-four N-of-1 trial publications composed 
of 1,193 participants were included. Less than half  of 
these (36%) reported adequate information to calculate 
the heterogeneity of treatment effect. Nearly all (90%) 
provided some quantitative information to determine 
the superior treatment; 79% used an a priori statistical 
cutoff, 12% used a graph, and 10% used a combination.
Conclusions N-of-1 randomized trials could be the next 
major advance in health psychology for precision thera-
peutics. However, they must be conducted with more 
methodologic and statistical rigor and must be transpar-
ently and fully reported.

Keywords  N-of-1 trial • Within-subject design ∙ 
Multiple cross-over design • Clinical decision making • 
Research methodology • Health psychology

Introduction

More than three decades ago, Guyatt and colleagues 
proposed an exciting, personalized method to solve the 
discrepancy between the results provided by large, con-
ventional (between-subject) randomized clinical trials 
(RCTs) and the needs of individual patients or partic-
ipants—the N-of-1 (single subject) study design [1, 2]. 
With the advent of comparative effectiveness research 
[3] and patient-centered outcomes research [4], there is 
a renewed interest in N-of-1 trials as an important re-
search method for generating scientific evidence for what 
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is best for the single patient or participant [5]. Ironically, 
psychologists were performing this type of single-subject 
experimental design on psychological and behavioral 
phenomena for many decades before that [6, 7].

In an N-of-1 or patient-centered trial, the effect of one 
treatment is compared with one or more other treatments 
or a placebo condition, and the differences are calculated 
within-person. Thus, these designs are essentially mul-
tiple cross-over trials conducted on single persons [2]. 
Whereas conventional two-arm RCTs aim to estimate 
the average effect of an intervention in a population, an 
N-of-1 trial strives to identify the optimal treatment for 
a single patient or participant [8]. These trials may in-
clude observational and nonrandomized studies, such as 
ABAB designs, multiple baseline designs, and regression 
discontinuity designs. In the ideal version of this type 
of trial, a single person receives one or more reversible 
interventions and a credible control or comparator con-
dition in a random order and with suitable consideration 
of a washout period. For example, a patient with chronic 
pain might compare acetaminophen versus ibuprofen, 
by taking each of them for 1 week at a time in a blinded 

fashion, and then repeating the treatments two more 
times, while self  rating pain and side effects on a daily 
basis over the course of the 6-week trial. At the end of 
the trial, the patient would review the unblinded results 
with their clinician and help choose which medication to 
continue to treat his or her pain. N-of-1 trials that in-
volve randomization of the order of sequencing treat-
ments are referred to here as N-of-1 RCTs.

N-of-1 RCTs are best suited to clinical problems for 
which there is substantial uncertainty or clinical equi-
poise about the optimal treatment. In addition, a number 
of characteristics ideally or necessarily need to be pres-
ent to be able to conduct an N-of-1 RCT successfully 
(Table  1). Specifically, the treatment target in N-of-1 
trials must exhibit some variation and must be measur-
able over time; thus, rapidly progressive conditions are 
not well suited to N-of-1 trials. The intervention to be 
tested must be able to be withdrawn, and its effects must 
be reversible—something that limits the behavior change 
techniques (BCTs) [9, 10] that can be tested within this 
design; the washout period between exposures to the 
intervention must be able to be estimated; and, at least 

Table 1   Considerations for Conducting N-of-1 Trials

N-of-1 appropriate N-of-1 not appropriate Notes

State of knowledge Clinical uncertainty or equipoise Clear benefit of one intervention for 
the participant

Nature of the  
problem

Chronic stable or slowly progressing,  
frequently recurring symptoms

Rapid disease, disorder, or problem 
progression

Time trends for symptoms 
should be considered in N-of-1 
design (randomization vs. 
counterbalancing)

Washout period between  
interventions is safe

Participant harm is possible if  active 
intervention is discontinued

Nature of 
interventions

Rapid efficacy Slow efficacy onset Masking of intervention assign-
ment is ideal but not always 
necessary

Minimal carryover across time Substantial carryover across time  
(long washout)Significant individual differences in  

intervention response are expected Small individual differences in inter-
vention response are expected

Consider different interven-
tion efficacy onset periods in 
analysesToo complex/requires constant 

adjustment

No credible placebo

Outcome assessment Valid measures of outcome can be  
assessed multiple times

Primary outcome is assessed at a  
single time point

Repeated assessments within 
intervention condition periods 
are ideal

Statistical analytic 
plan

Appropriate statistical analyses (e.g., 
time-series analysis, Bayesian meta- 
analysis) can be conducted

Qualitative data are obtained Statistician should be consulted 
prior to initiating N-of-1 trial

Willingness of 
stakeholders

Patient/participant, physician/ 
investigator, pharmacist, and  
statistician willing to expend effort

One or more stakeholders not 
available/willing

All items must be conducted a 
priori, including obtaining 
institutional review board ap-
proval and patient/participant 
consent

Availability of finan-
cial resources

Measurement devices for outcome,  
cost of compounding drug, and  
multiple visits with physician can  
be procured

Resources not available Most previous N-of-1 rand-
omized clinical services have 
only existed where external 
grant support was available to 
cover these costs
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in early comparative tests of an intervention, a credible 
placebo with similar expectancy effects or comparator 
intervention should ideally exist [11]. There should be a 
priori decisions about when and how outcomes will be 
measured; preferably, outcomes are measured object-
ively, and at minimum the assessors of the outcome are 
kept masked to the intervention assignment for that par-
ticular period. Ideally, participants and researchers are 
also kept masked to the condition that is offered during 
each of these periods; however, masking of those pro-
viding and receiving the intervention is often not pos-
sible for many trials that involve behavior or emotion 
change interventions. Finally, there should be a statis-
tical approach, a power analysis, and a consideration of 
the data that would result in rejecting the null hypothesis 
articulated a priori. Of note, the sample size in an N-of-1 
trial does not refer to the number of patients, but rather 
the number of measurements conducted by each patient 
as well as the number of periods in which each treatment 
is tested.

The primary advantage of the N-of-1 design is that it 
offers direct, objective evidence about the dose and/or 
efficacy of a particular intervention for a particular par-
ticipant or patient [12]. These results can then be used to 
inform the treatment decision for that patient or partici-
pant. Engaging patients in data collection and interpret-
ation can also enhance shared decision making during 
treatment selection, which may enhance patient satisfac-
tion with care and may increase subsequent adherence 
with treatment. This differs from usual clinical practice 
in which information is extrapolated from a conven-
tional randomized design involving other patients and 
not always generalizable to specific patients, and hence 
not useful to helping a specific participant and investi-
gator make a decision about the best treatment or experi-
mental option for her or him [13].

In a series of demonstration trials, N-of-1 trials have 
been confirmed to have the potential to lead to valuable 
changes in treatment, cessation of treatment, or con-
firmation of the original treatment [14–18]. For example, 
in one series of 71 completed N-of-1 trials for patients 
with chronic pain or osteoarthritis, 46 patients (65%) 
decided to change their pain medication as a result of 
the information from the trials, and of the 37 patients 
using a nonsteroidal anti-inflammatory drug or cycloox-
ygenase-2 inhibitor drug for pain management before 
their trials, 12 (32%) decided that the medication was 
not helping and stopped using it as a result of their trial 
results. Thus, N-of-1 trials can help individuals and their 
physicians empirically evaluate what is the best treatment 
for that patient.

N-of-1 trials might be especially well suited to helping 
patients find treatments that work to improve their health 
behaviors, ranging from low physical activity to medica-
tion adherence. First, there are likely to be substantial 

differences in the underlying mechanisms for why dif-
ferent patients are nonadherent to recommended health 
behaviors. Given the challenges of identifying the spe-
cific mechanism in advance and then selecting the treat-
ment, simply allowing a patient to test various promising 
treatments at the outset may be more helpful for finding 
the treatment that works for them. Second, the advent of 
mobile health devices such as actigraphers and electronic 
medication monitors can now facilitate the continuous 
and objective measurement of health behaviors. This has 
substantially reduced participant burden and increased 
feasibility and rigor of behavioral N-of-1 trials.

N-of-1 trials require the ability to collect sufficient 
outcomes data within a single patient to have enough 
power within-subject to compare differences in effect be-
tween treatments. Thus, N-of-1 trials are not well suited 
to prevention efforts relevant to health outcomes that in-
frequently occur, for example preventing migraine head-
aches that occur on, at most, a monthly basis. They are, 
however, well suited to comparing interventions for pre-
ventive health behaviors that can be continuously meas-
ured such as physical activity. Similarly, N-of-1 trials 
might be well suited to comparing interventions, at the 
individual level, that have the goal of maintaining health 
behaviors that are otherwise expected to rapidly decline 
over time. Interestingly, N-of-1 trials can also be useful 
for determining whether to discontinue a treatment. In 
our era of polypharmacy with many treatments having 
unclear benefit, N-of-1 trials that are designed to help 
dismantle a regimen may be a particularly promising 
use case.

A secondary benefit of N-of-1 trials is that they have 
the potential to provide different treatment estimates 
than those derived from between-subject trial designs or 
conventional parallel-arm RCTs. Evidence from conven-
tional between-subject RCTs can conclude that the inter-
vention tested was safe and effective on average but that 
particular intervention may have had an uneven mix of 
risks and benefits to individual patients, a problem quan-
tified as heterogeneity of treatment effect (HTE) for those 
participants randomized to receive the intervention [19] 
and defined by Kravitz and colleagues as the “magnitude 
of the variation of individual treatment effects across a 
population” [20]. This broad definition also contains a 
more operational definition of HTE as the interaction 
of the treatment condition with individual participant 
characteristics. However, in conventional RCTs, there 
is limited power to detect such interactions, even in a 
meta-analysis combining the results from several stud-
ies [21]. There are exciting possibilities about the ways to 
calculate HTE from a series of N-of-1 trials pooled to-
gether that might yield a substantially different estimate 
than one calculated from a between-subject design or 
meta-analysis. One participant, for example, could have 
a medium-sized treatment effect that is positive, but if  
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that participant also had a medium-sized positive effect 
response to the placebo, there would be a different re-
sult from averaging this type of net treatment effect than 
what would be found in a between-subject trial design 
(although between-person trials do indeed have a similar 
problem in variation in control group and treatment as 
usual effects) [22]. Importantly, understanding when 
HTE is occurring with our health psychology interven-
tions will help health psychology researchers, clinicians, 
and policymakers identify those interventions or treat-
ments that might best be studied by N-of-1 trials, ra-
ther than continuing to be tested with a between-subject 
RCTs.

In contrast to conventional between-subject RCTs, the 
N-of-1 approach assumes that each person is sufficiently 
unique to warrant his/her own test of the usefulness of 
an intervention. However, one cannot determine whether 
this approach is generalizable for specific outcomes, 
interventions, or individuals unless multiple N-of-1 trials 
are conducted and their results pooled. Such a pooling 
would allow one to test whether the treatment effect is 
homogeneous or heterogeneous, and whether an N-of-1 
RCT is necessary to identify which participants will pre-
dominantly benefit from this particular intervention or 
experimental condition. Thus, N-of-1 designs may allow 
for a more accurate translation of research findings 
and higher probability of increasing our understanding 
of who may benefit from many of our health behavior 
interventions.

All these N-of-1 trial considerations present a chal-
lenge for health psychology researchers, clinicians, and 
theorists. Medicine, particularly with pharmaceutical 
interventions, has data on most of  these aspects before 
trials of  any type are conducted. Health psychologists 
need to further their empirical research in this area to 
better specify which BCTs, theories, and other health 
psychology interventions can be appropriately tested 
in a N-of-1 RCT. To aid in the progress toward this 
goal, we conducted a systematic review to assess the 
quality of  the methods and statistics used in N-of-1 
trials, to describe the interventions and outcomes in 
N-of-1 trials for health behavior or psychological out-
comes, and to explore the HTE in health psychology 
N-of-1 trials.

Methods

The protocol for this systematic review was registered 
in PROSPERO before conducting the review and has 
also been previously published [23]. The reporting of 
this review conforms to Preferred Reporting Items for 
Systematic Reviews and Meta-Analyses (PRISMA) 
guidelines [24, 25].

Eligibility criteria for inclusion in this systematic re-
view included the following [1]: all human populations 

for whom N-of-1 trials with psychological or health be-
havior outcomes have been conducted [2]; all medical, 
psychological, and behavioral interventions for which 
N-of-1 trials have been conducted (i.e., no restrictions 
on interventions) [3]; placebo control or active treat-
ment control; and [4] health behavior or psychological 
outcomes. Outcome categories included the following 
[5]: behavioral (e.g., number of steps) [6], self-reported 
subjective symptoms or severity (e.g., pain and dyspnea), 
and [7] psychological (e.g., depression). Interventions 
had to include randomization of treatment components 
(i.e., if  an N-of-1 trial examining the relative efficacy 
of self-monitoring vs. goal setting for physical activity 
were conducted, the order in which these BCTs were 
administered had to be randomly assigned). Studies were 
excluded if  they did not contain sufficient design detail 
to determine eligibility (i.e., they consisted primarily of 
methods and review without presentation of any data or 
results from an N-of-1 trial) and/or were not available in 
English.

Search Strategy

Potentially relevant articles were identified by searching 
the biomedical electronic databases Ovid, MEDLINE, 
EMBASE, all six databases in the Cochrane Library, 
CINAHL, and PsycINFO from date of database incep-
tion through June 1, 2015. Conference proceedings, dis-
sertations, ongoing studies, Open Grey, and the New York 
Academy’s Grey Literature Report were also searched. All 
relevant subject headings and free-text terms were used to 
represent N-of-1 RCTs and psychological or behavioral 
interventions, and databases were searched from incep-
tion through the week of planned manuscript submission. 
Terms for MEDLINE included n-of-1.tw OR ((individual 
or single) adj (patient$ or participant$ or subject$)).tw. OR 
ipd.tw AND exp Behavioral Medicine/ OR exp psycho-
therapy/ OR behavio$ adj (change or health or medicine 
or therap$)).tw OR psychotherap$.tw. OR psycholog$.
tw. These terms were adapted for the other databases. 
Ongoing studies were also sought through Clinicaltrials.
gov and the World Health Organization International 
Clinical Trials Registry Platform. Additional records 
were identified by scanning the reference lists of relevant 
studies and reviews, by using the Related Articles feature 
in PubMed, and by using the Cited Reference Search in 
Scopus.

Search Selection Process

Two reviewers (J.A.S. and L.F.) independently screened 
titles and abstracts of all the retrieved bibliographic 
records. Full texts of potentially eligible records passing 
the title and abstract screening level were retrieved and 
examined independently by the two reviewers according 
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to the above-mentioned eligibility criteria. Disagreements 
at both screening levels (title/abstract and full text) were 
adjudicated by a third reviewer (K.W.D.). The study se-
lection process with reasons for exclusions is shown in 
Fig. 1.

Assessment of Study Quality

Assessment of study quality was performed by two 
reviewers (J.A.S. and L.F.) according to the Consolidated 
Standards of Reporting Trials (CONSORT) state-
ment [24] and CONSORT Extension for N-of-1 tri-
als (CENT) (Supplementary Table 1) [26]. The CENT 
checklist assesses aspects of a study’s introduction, 
trial design characteristics, intervention, and outcome 
characteristics with sufficient detail to allow repli-
cation, allocation characteristics, statistical analytic 
methods, results, harms or unintended effects for the 
intervention, and discussion (trial limitations, gen-
eralizability, consideration of  harms and benefits). 
Whereas the Template for Intervention Development 

and Replication Checklist and Guide focuses exclu-
sively on characteristics of  the intervention featured 
in a study [27]. CENT aims to assess the entire study, 
including the intervention but also methods of  ran-
domization, statistical analytic methods, and discus-
sion. Furthermore, CENT adds to the CONSORT 
diagram, addressing such topics as the rationale for 
using the N-of-1 approach, description and measure-
ment properties of  outcome assessment tools, and 
number of  periods analyzed. Type of  study end point 
(e.g., self-report rating scale, objectively observed 
behaviors) was recorded by two independent review-
ers (J.A.S. and L.F.). As the goal was to focus on 
the quality but not the specifics of  assessment tools, 
the precise outcomes measures were not extracted. 
Extraction data for 20% of  studies were compared 
between reviewers to ensure accuracy of  data extrac-
tion. Review of  these outcomes was intended to pro-
vide clinicians and researchers with information that 
may be useful as they design their own N-of-1 trials 
by allowing them to identify clinical conditions and 

Fig. 1  Preferred Reporting Items for Systematic Reviews and Meta-Analyses flow diagram for N-of-1 health psychology trials
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outcomes that may be particularly amenable to the 
N-of-1 method.

Results

Trial Description

We retrieved 1,767 unique articles that were potentially 
eligible for systematic review. Following title and abstract 
review and then full-text review, we selected 54 articles 
for inclusion in this systematic review. These 54 articles 
varied considerably in their content, addressing a var-
iety of clinical conditions and interventions and using 
a variety of different methods. The health psychology–
relevant conditions that were most commonly studied 
using N-of-1 trial designs included pain (15 articles), 
sleep and fatigue (13 articles), attention-deficit/hyper-
activity disorder (8 articles), well-being and mood (6 
articles), depressive symptoms (4 articles), emesis and 
nausea (4 articles), and cognitive function (4 articles) 
(Supplementary Table  2). By far the most common 
interventions tested were pharmacologic (41 articles). 
Behavioral interventions were tested in four articles: 
motivational interviewing for weight loss and physical 
activity [28], behavioral self-control [29], behavior modi-
fication [30], and goal setting and self-monitoring for 
physical activity [31]. Other types of interventions tested 
in N-of-1 trials included spinal cord stimulation versus 
transcutaneous electric nerve stimulation for pain [32], 
gastric fat infusions for sleep/fatigue and well-being [33], 
electrical stimulation for depressive symptoms [34], and 
varying food textures for increasing food intake [35].

Quality of Methods Reported in These Trials

As indicated in Supplementary Table  1, study quality 
of the 54 articles selected for inclusion in this system-
atic review was generally poor. Less than half  of all 
studies reported whether the design featured a run-in 
or washout period or specified concurrent conditions 
or interventions. Strikingly, only 15% of all studies dis-
cussed a power analysis or sample size determination or 
addressed statistical methods to account for carryover 
effects, intraclass correlation, or period effects. Similarly, 
few studies reported details regarding the implementa-
tion of study procedures, including who was masked, 
who generated the allocation sequence, who enrolled 
participants, and how the allocation sequence was con-
cealed. In contrast, most studies described the scientific 
background under investigation (94%) and reported the 
trial design (98%) with planned number of periods (91%) 
and their duration (96%).

Few studies provided detailed information on the stat-
istical methods that they used. In general, studies pro-
vided graphic or tabular presentation of results (n = 22); 

used analysis of variance (n = 7), t-tests (n = 23), nonpar-
ametric tests (n = 10), or mixed-effects regression models 
(n = 4); and/or implemented hierarchical Bayesian mod-
els (n = 5). Most studies (79%) used an a priori statistical 
cutoff, whereas the remainder used either a graph (12%) 
or a combination of graph and statistical test (10%) to 
determine treatment superiority. Less than half  of these 
trials (40%) reported adequate information to calculate 
the HTE for a population or individual treatment effect 
(item 12b in Supplementary Table 2).

Clinical or Scientific Usefulness Reported in These Trials

Only nine trials, which comprised 105 participants, 
reported on the usefulness of conducting these trials: 
67% of these participants had subsequent treatment or 
scientific decisions consistent with the results of the trial 
(i.e., were prescribed the treatment that the N-of-1 trial 
identified as superior or non-inferior), 22% had deci-
sions inconsistent with trial results, and 11% had am-
biguous results.

Quality Gaps in N-of-1 Designs With Psychological and 
Health Behavior Outcomes

The importance of  a washout period separating active 
treatment periods has been a subject of  contention [5]; 
although a washout period between treatment periods 
can be used to guard against carryover effects, patients 
and clinicians may think it is unethical or problematic 
to withhold active treatment during the washout period. 
Nonetheless, we found that some studies included a 
washout period. For instance, Huber et al. tested whether 
amitriptyline therapy in children aged 10–18 years with 
active polyarticular-course idiopathic arthritis results in 
significant improvement in pain compared with placebo 
[36]. They note that each 2-week course of  treatment was 
separated from the next treatment by a 1-week washout 
period. Likewise, Louly et al., in their investigation of 
the effectiveness of  tramadol compared with placebo 
for chronic cough, administered either 50 mg of trama-
dol twice daily or placebo, followed by a 2-day washout 
period, and then the alternate treatment [37]. Indeed, 
without a washout period between the two treatments, a 
residual effect of  one active treatment might contribute 
to the outcome of a subsequent treatment. Indeed, car-
ryover effects resulting from insufficient washout will 
often tend to reduce observed differences between treat-
ments. Even if  the benefits of  a particular treatment 
wash out quickly, the risks of  adverse treatment–related 
events can persist for some treatments (e.g., aspirin, 
which reduces pain in a matter of  hours but increases 
risk of  bleeding for up to 7 days) [38]. In these cases, the 
likelihood of detecting net benefit will depend, in part, 
on the order in which the treatments are administered, 
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and the N-of-1 trial results can be unduly biased by this 
ordering. N-of-1 trials can be designed to account for 
carryover effects by spacing out the intervals in which 
data pertaining to benefits and harms of  treatments are 
assessed. However, this will lengthen the period needed 
for the full N-of-1 trial. N-of-1 trial designers must 
carefully balance what is needed to obtain rigorous, 
high-quality data with what is feasible for participants 
to complete. Similar problems arise when the onset of 
a new treatment is slow; in these cases, the N-of-1 trial 
design must provide sufficient time for a treatment to 
reach its maximal benefit before assessing treatment 
benefit. Statistical approaches are being developed that 
can help account for run-in and washout and effectively 
make N-of-1 trials more efficient [36].

Although nearly all the studies described in this re-
view provided a general description of the trial design, 
none mentioned most of the design elements considered 
critical to the good conduct of an N-of-1 trial in the 
CENT quality checklist. For example, neither Anderson 
et al. [29] nor Gourlay et al. [39] identified their study as 
an N-of-1 trial in their trial; Coxeter et al. [40] and Eick 
et al. [41] failed to report the number of sequences per-
formed; and Guyatt et al. did not report methods used 
to summarize data [2]. It is possible that these and other 
studies included this information and simply did not re-
port it; however, we suspect that the authors’ failure to 
report this information indicates a failure to consider 
these and other core N-of-1 trial features in their study 
design.

Few studies reported the method used to generate the 
allocation sequence, a core element of the CENT quality 
checklist for N-of-1 trials. In N-of-1 trials, randomization 
aims to “achieve balance in the assignment of treatments 
over time so that treatment effect estimates are unbiased 
by time-dependent confounders” [42]. Although random-
ization is not absolutely necessary for achieving balance, 
the studies we reviewed did not use alternative methods, 
such as the paired design (ABABABAB), the singly 
counterbalanced design (ABBAABBA), or the doubly 
counterbalanced design (ABBABAAB). The choice of 
these designs becomes important in the presence of sys-
tematic period effects. Few studies described the consid-
erations of adjusting for period effects, although there 
are relatively straightforward methods that could safe-
guard against bias. For example, the singly counterbal-
anced design will guard against any linear time trend, 
whereas the paired design may lead to biased estimate of 
treatment effect for an individual. When there is a quad-
ratic time trend, the doubly counterbalanced design may 
be used, whereas the singly counterbalanced design may 
not be adequate. Alternatively, post hoc statistical ana-
lysis can be easily applied to account for period effects 
that are additive to the treatment effects. Related study 
design elements, such as reporting the mechanism used 

to implement the random allocation sequence, identify-
ing steps taken to conceal the sequence until the inter-
ventions were assigned, and specifying the personnel 
responsible for generating the random allocation se-
quence, were also rarely featured in the articles that we 
reviewed.

In addition to sparse details regarding allocation of 
participants and randomization methods, few N-of-1 trial 
studies included detailed information on masking after 
assignment to interventions. For instance, Pelham et al. 
evaluated a behavioral intervention for eight hyperactive 
children for a period of 5 months [30]. Although it is im-
possible to mask the interventionists in this study, mask-
ing of the outcome assessors is possible. Nonetheless, 
outcome assessors in this study, who monitored on-task 
behavior in the classroom, were not masked. Although 
masking in N-of-1 trials may be less critical than in par-
allel group RCTs given that participants and clinicians 
are typically interested in the net benefit of treatment, 
including specific and nonspecific (i.e., placebo) effects, 
expert opinion tends to favor masking in N-of-1 trials 
whenever feasible [38]. Although masking is often not 
feasible in trials of behavioral interventions, most health 
psychology–relevant interventions identified by our sys-
tematic search involved pharmacotherapy, which makes 
masking through the use of a placebo more feasible.

Other core elements pertaining to the design of 
N-of-1 trials were infrequently reported in the 54 stud-
ies that we systematically reviewed. Specifically, less than 
15% of studies provided dates defining recruitment and 
follow-up or information on whether any procedures 
were stopped early and/or whether the trial was stopped 
early. Few studies reported on the measurement proper-
ties of outcome assessments or on any changes to trial 
outcomes after the trial commenced. Although, as with 
each of the other design elements that studies failed to 
report, it is possible that outcome measures were in-
deed valid and reliable or that no changes to outcomes 
occurred after the trial commenced, this information 
should be reported to allow for optimally informed con-
siderations of the validity of study findings.

Quality Gaps in the Statistical Analysis of N-of-1 Trials 
With Psychological and Health Behavior Outcomes

Because most of the studies featured in our systematic 
review provided scant information regarding core N-of-1 
design elements, so too did these studies fail to provide 
critical information pertaining to the statistical ana-
lysis of the trials. In particular, less than 20% of studies 
reported how sample size was determined (either number 
of participants or number of repetitions). Less than 10% 
of studies reported on any interim analyses and stopping 
guidelines, and less than 40% reported on methods of 
quantitative synthesis of individual trial data, including 
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adjusted analyses and how heterogeneity between par-
ticipants was assessed. Furthermore, nearly all studies 
failed to provide information on statistical methods used 
to account for carryover effects, period effects, or intr-
aclass correlation. Surprisingly, these studies also failed 
to report the results for each period for each primary 
and secondary outcome, the number of participants or 
periods analyzed, or the estimated effect size and preci-
sion for primary and secondary outcomes. This lack of 
information poses serious problems for the design and 
analysis of future N-of-1 trials because this information 
is needed to properly calculate sample size and number 
of repetitions of interventions.

Discussion

This review found only 54 published studies, and most 
featured disparate outcomes and included rudimentary 
statistical analysis plans and design features. A  total 
of 61% of studies targeted only three health psych-
ology–relevant conditions: pain, sleep/fatigue, and atten-
tion-deficit/hyperactivity disorder. While a number of 
other conditions and problems (e.g., physical activity, 
quality of life, weight loss; Supplementary Table 1) were 
the target of at least some N-of-1 trials, N-of-1 trials 
have yet to be conducted for a number of other health 
psychology–relevant problems such as medication ad-
herence, diet, anxiety, and panic attacks. A  prior sys-
tematic review of N-of-1 trials in the medical literature 
found only 108 trials and identified similar deficiencies 
in the quality of the design and the reporting of those 
trials [43]. Although this previous review also sought to 
describe N-of-1 trial characteristics, examine treatment 
changes resulting from N-of-1 trial participation, and 
determine the adequacy of trial reporting, it focused ex-
clusively on the medical literature, did not search several 
relevant databases (specifically, PsycINFO, the Cochrane 
databases, and CINAHL), and concluded in 2010.

The common deficiencies in design features that we 
identified included lack of  consideration of  a washout 
or run-in period and lack of  consideration of  concur-
rent participant health conditions or interventions. The 
majority of  these N-of-1 studies were completed before 
the publication of  the CONSORT extension for N-of-1 
trials, and the deficiencies in N-of-1 study designs may 
have been driven by the lack of  an established frame-
work for designing and reporting high-quality N-of-1 
trials. With respect to statistical aspects, less than 
20% of  studies featured a power analysis, and most 
used basic statistical techniques that do not take into 
account carryover effects, intraclass  correlation, or 
period effects. This low use of  a priori power anal-
yses was likely driven by the fact that the parameters 
describing variability in outcome measures that are 
needed for N-of-1 analyses are typically only available 

at the group level as opposed to the within-subject level. 
Thus, it is challenging to conduct power analyses until 
these data on heterogeneous treatment effects become 
more widely available.

Recommendations to Improve the Quality of N-of-1 
Designs With Psychological and Health Behavior 
Outcomes

We recommend that N-of-1 trials feature randomization 
or at least counterbalancing. These design elements pro-
tect against secular trends and other threats to validity 
that exist in our current crop of N-of-1 trials. If  these 
design decisions are not possible (e.g., not acceptable to 
participants), then the study investigators should think 
carefully as to whether N-of-1 trials are an appropriate 
design for that particular scientific problem.

The use of valid and reliable outcome measures is 
also highly recommended because these measures pro-
vide one step toward thorough and systematic outcomes 
assessment. In choosing outcome measures, two issues 
are important to consider [1]: what data to collect and 
[2] how to collect them [38]. There is a tradeoff between 
choosing measures that are well validated but impre-
cisely related to participants’ goals and measures that 
satisfy participants’ priorities and are easy to complete.

Repetition of  treatment exposure is also integral to 
the success of  N-of-1 trials, and number of  repetitions 
is analogous to sample size in conventional RCTs [38]. 
Although most studies included in our systematic re-
view featured repetition of  intervention administration, 
not all did. Indeed, some used the simplest N-of-1 trial 
design in which exposure to one treatment followed the 
other one time (AB or BA). One-time exposure to AB 
or BA offers limited protection against systematic error 
due to maturation and time-by-treatment interactions 
but no defense against random error [38]. These threats 
to the validity of  N-of-1 trials are particularly important 
for many behavioral and psychological conditions that 
tend to wax and wane over time (e.g., depressive symp-
toms, dieting). Once again, if  repetition is not feasible 
because of  reasons such as burden/acceptability to par-
ticipants conducting N-of-1 trials or inability to reverse 
effect of  interventions, then N-of-1 trials may not be 
appropriate.

Recommendations to Improve the Statistical Analytic 
Methods for N-of-1 Trials With Psychological and Health 
Behavior Outcomes

Our finding that most studies used less advanced stat-
istical tests to analyze N-of-1 trial data is consistent 
with a previous review by Gabler et al., who found that 
approximately half  of  trials reported using a t-test 
or other simple statistical criterion, whereas another 
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half  reported using a visual/graphic comparison alone 
[43]. We assessed some studies that used more sophis-
ticated Bayesian methods to analyze trial data [5, 44], 
and we recommend that these alternate approaches 
be explored further and used in future N-of-1 trials. 
Furthermore, statistical methods should take into 
account possible intervention carryover effects if  
washout and run-in periods are not integrated into the 
study design.

Facilitating a Quantitative Meta-Analysis of N-of-1 
Trial Designs With Psychological and Health Behavior 
Outcomes

We were unable to conduct a quantitative meta-analy-
sis of the 54 studies of N-of-1 trials with psychological 
or health behavior outcomes given the disparate out-
comes and analytic methods and the minimally reported 
information on core design elements. Several pieces 
of information are needed to conduct a quantitative 
meta-analysis in the future. This information includes 
data for each primary and secondary outcomes for all 
periods of  the N-of-1 trial; results of inferential statis-
tical tests rather than simply qualitative descriptions 
or visual presentation of results; information on study 
participants, including concurrent conditions and treat-
ments; and information on core design elements, such as 
those addressed above (presence or absence of a washout 
and run-in period, information pertaining to alloca-
tion sequence, etc). Ideally, investigators should use the 
CENT checklist to guide the design, analysis, interpret-
ation, and reporting of their N-of-1 trials. Moreover, for 
the field to progress, it may be useful to develop a re-
pository of N-of-1 trial designs with clearly delineated 
N-of-1 trial designs and outcome measures that investi-
gators can reuse such that the results of individual trials 
can be easily pooled together.

How the Increase in mHealth Will Allow Health 
Psychologists to be Leaders in This Design

Excitingly, with the advent of smartphones and other 
mHealth devices, there are now novel tools that can be 
used to collect data pertaining to outcomes that are rele-
vant to many behavioral and psychological conditions. 
Accelerometers, for example, can be used to capture data 
pertaining to physical activity. Smartphone diaries can 
be used to ecologically capture outcome data pertain-
ing to psychological symptoms. There are even innova-
tive approaches to using mHealth sensors to capture 
outcome data pertaining to emotional states [45]. Such 
approaches make it easier for participants to collect 
data than the paper and pencil surveys that were used 
in the past. These tools also make it possible to directly 
input data into N-of-1 trial electronic platforms that can 

integrate the data and produce real-time evidence com-
paring treatments.

A Primer on Conducting N-of-1 Trials for Psychological 
and Health Behavior Outcomes

First and foremost, it is essential to determine whether 
the N-of-1 method is applicable to the clinical question 
of interest (Table 1). Indications include substantial clin-
ical uncertainty, chronic or frequently recurring symp-
tomatic conditions, and treatments with rapid onset and 
minimal carryover. Contraindications include rapidly 
progressive condition, treatment with slow onset or pro-
longed carryover, and participant or investigator insuffi-
ciently interested in reducing therapeutic uncertainty to 
justify effort.

Second, after establishing the applicability of the 
N-of-1 method to the clinical question, one must select 
trial duration, treatment period length, and a sequenc-
ing scheme. In so doing, one might consider that longer 
trial duration offers greater precision but may be difficult 
or tedious to complete with the potential for dropout 
during the trial. Furthermore, treatment period length 
should be adjusted to fit the therapeutic half-life (of 
drug treatments) or treatment onset and duration (of 
nondrug treatments). Finally, although simple random-
ization optimizes masking, counterbalanced sequencing 
is generally a more reliable guarantor of validity given 
the limited number of repetitions that are possible within 
the sequence of treatments without overburdening par-
ticipants conducting the N-of-1 trials.

Third, one should implement a washout period if  
indicated. Washout is sometimes more acceptable and 
indicated if  treatment duration of action is short relative 
to treatment period and contraindicated if  participants 
could be harmed by cessation of active treatment. For 
instances in which withholding treatment is unethical, 
one can use an analytic approach that down weights, dis-
regards, or does not collect outcomes at the beginning of 
a treatment period [46]. Other modeling approaches are 
possible. Researchers should also consider data trends in 
N-of-1 trials (e.g., increases in step counts) attributable to 
increased intervention exposure and learning over time. 
Masking is feasible for pharmacologic interventions but 
challenging for most nondrug treatments (behavioral, 
lifestyle). Adequate masking allows investigators to 
distinguish between specific and nonspecific treatment 
effects, although in some circumstances, this distinction 
might not matter to participants and investigators.

Fourth, one should select suitable outcome domains 
and measures, although one should also consider that 
patient-centeredness should not be trumped by psycho-
metric considerations [38]. Of note, outcome domains 
and measure must also be validated and easily repeat-
able in order to ensure N-of-1 trials are feasible from a 
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participant burden and validity of results point of view. 
Finally, measures that have been used in prior N-of-1 tri-
als may be preferred if  pooling of results to understand 
population level HTE is desired.

Fifth, one must analyze and present data to support 
clinical decision making by participants and investiga-
tors. A reasonable approach is to select one or two pri-
mary outcome measures that best represent benefits and 
harms. For clinician-prescribed treatments, data should 
be presented using a variety of both statistical and 
graphical methods to fully explicate the data in a par-
ticipant-friendly manner that facilitates shared decision 
making with their clinicians while allowing for the calcu-
lation of sample sizes or number of repetitions in future 
N-of-1 studies.

Sixth, ethical considerations for N-of-1 trials are also 
important. There should not be a clear clinical prefer-
ence for or against one of the treatments based on known 
health outcomes (equipoise) [38]. In addition, one must 
consider whether informed consent and institutional 
review board (IRB) approval are required. In practice, 
clinicians often test treatments, measure outcomes, and 
determine whether to continue or change treatment, in 
what has been referred to as a “trial and error” approach. 
Clinicians do not obtain IRB approval for every clin-
ical decision. If  clinicians were to incorporate the more 
scientific N-of-1 method into this process, purely for 
the purpose of guiding treatment decisions for that in-
dividual patients (and not for publication), then many 
would argue that it would be ethical to pursue the N-of-1 
approach to patient care without IRB involvement. We 
envision a future in which N-of-1 trials become more 
routinely incorporated into care pathways, without the 
burdensome requirements of IRB approval. Of course, 
if  N-of-1 trials are designed to aggregate and disseminate 
the results, then IRB involvement may be necessary.

Limitations of the Current Review

Notwithstanding the timely nature of this comprehen-
sive review, some limitations deserve mention. First, our 
search strategy did not include questionnaires or scales, 
which commonly are specifically developed and vali-
dated for self-report outcomes for outcome evaluations 
for specific conditions (e.g., depression scales). Second, 
we have not provided detailed information on how to 
statistically analyze N-of-1 trials (e.g., by discussing 
which intraclass  correlations are necessary and how to 
conduct time-series analyses). We believe this discussion 
is beyond the scope of the current paper, and we refer the 
reader to other literature (e.g., Duan et al. [38]). Third, 
our initial search strategy did not include the term single 
case or single patient. We corrected for this oversight 

by conducting an additional search strategy with these 
terms and found that none of the articles recovered were 
eligible for inclusion in this review.

Conclusions

Increasing recognition, based on statistical, methodo-
logical, and empirical grounds, points to serious problems 
with between-subject designs to test health psychology–
relevant interventions and outcomes, particularly when 
HTE is large. These issues are particularly pernicious 
for the investigation of areas of interest to health psych-
ology because universal laws are unlikely to operate for 
many of the behaviors or processes we wish to change. 
Furthermore, even if  exemplar universal behaviors exist, 
they are more likely at the level of reflexes, operating be-
fore exposure to environmental, learning, and other idio-
graphic influences. Aggregating well-designed N-of-1 
trials may help us more definitively answer the question 
as to whether certain behavioral treatments are broadly 
useful or whether ideographic approaches are essential 
to achieving large treatment effects in health psychol-
ogy-relevant problems. Efforts to compare the N-of-1 
approach to usual practice will help us learn which areas 
of health psychology can best avail themselves of this 
personalized approach.
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Supplementary material is available at Annals of 
Behavioral Medicine online.
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