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Editorial on the Research Topic

Creating Evidence from Real World Patient Digital Data

Over the last 5 years there has been a tremendous rise in interest in personalized medicine and patient-
centred healthcare. This has resulted in an expanding focus on the value of single-case research
methods (also known as N-of-1 or Single-Case Designs (SCDs)). SCDs use repeatedmeasures, frequent
data collection and patient-reported outcome measures to draw conclusions about an individual.

We use “SCD” as a broad term that includes all SCD sub-designs, encompassing Single-Case
Experimental Designs (SCEDs), N-of-1 randomised controlled trials (N-of-1 trials) and Single-Case
Observational Designs (SCODs)—all with specific features (see Box 1).

SCDs can complement RCTs in a wide range of clinical research and practice contexts (Gabler et al.,
2011; Smith, 2012; Punja et al., 2016; McDonald et al., 2017; Shaffer et al., 2018; Hekler et al., 2019). Since
2015, the number of SCD articles published yearly has rapidly increased. High profile articles have recently
been featured in Nature (Schork, 2015) and JAMA (Stunneneberg et al., 2018). Guidelines have been
published to improve SCD conduct and reporting quality, including CENT (N-of-1 trials) (Vohra et al.,
2016), CENT for TCM (N-of-1 trials for traditional Chinese medicine) (Li et al., 2019), SCRIBE (SCDs in
behavioral sciences) (Tate et al., 2017), and SPENT (N-of-1 protocol design) (Porcino et al., 2019).

N-of-1 randomised controlled trials (RCTs) provide an opportunity to evaluate individual-person
response to interventions, by randomly allocating different time periods within an individual to
repeated intervention and control conditions and then comparing responses across these periods.

N-of-1 observational studies involve the repeated measurement of an outcome (e.g., pain) in a
person over time, but with no intervention implemented, in order to draw conclusions about
naturally occurring patterns and predictors of outcomes over time.

Both N-of-1 RCTs and observational studies can have a ‘self-study’ design, where an individual
conducts the study on themselves, to answer research questions they have generated themselves.

N-of-1 RCTs and observational studies provide individualized findings that can be aggregated to
produce results equivalent to those found in traditional group-based RCTs and population-level
epidemiological studies, respectively, but may require fewer people for the same statistical power.

Because of their patient-centricity, individualized results, and amenability for use by doctors to
tailor therapies to individuals, SCDs are ideally placed to complement, strengthen, and generate
advances in precision medicine, patient-centred healthcare, personalized health and digital health
(Schork, 2015; Hekler et al., 2020).

Digital health is an exploding field, with over 1,000 relevant studies registered on clinicaltrials.gov in
November 2020. Digital health includes digital therapeutics (i.e., actual interventions implemented on a
digital device), patient-reported outcomes (e.g., survey responses administered via phone or web app),
mobile health tools, such as wearable devices (e.g., worn sensors, implants) that can be used to monitor
various aspects of an individual’s health in SCDs, along with telehealth, electronic health record
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systems, and data analytics tools. Digital health data can potentially
be monitored continuously during the SCD, and used to help tailor
a treatment to the needs and preferences of each patient. Collecting
data digitally can be very convenient for participants, especially if
they do not have to actively record data. SCDs can be of longer
duration than group-based RCTs, so they are well suited to data
collection using digital health devices and related technologies.

SCDs can be ‘self-study’designs,wherein an individual conducts the
study on themselves, to answer research questions important to them.
In addition, both use techniques such as meta-analysis to aggregate
individual-level findings. This can produce results equivalent to those
found in traditional group-based RCTs and population-level
epidemiological studies, but may require fewer people to obtain the
same statistical power as a larger, group-based study. It is common for a
series of SCDs to be conducted, and the results to be pooled to address
issues of, e.g., generalisability and population response rate.

To acknowledge the emerging field of digital N-of-1 and SCD
research, a team of experts recently completed editing a Frontiers
Research Topic entitled ‘Creating Evidence from Real World
Patient Digital Data’. This Frontiers Research Topic covered
digital health applications, delivery, and analysis of SCDs
(including self-studies) in any health discipline. It focused on
mobile health (mHealth), smart phone applications (apps),
wearable devices, sensors and implants, real-time tracking, data
analytics, patient experience of digital health and mobile health,
patients as collaborators in personalized medicine, and self-
tracking efforts in the “citizen science” community.

The articles covered a selection of original research, methodology
pieces, opinion pieces, and study protocols, discussing important
themes including the significance of technology, emergence of the
“self-scientist”, and the value of using diverse N-of-1 and SCD
designs. The 13 articles written by 60 authors have already generated
over 37,000 views to January 2021, reflecting the strong interest in
these methods globally. The topic has had viewers from all over the
world, particularly from the United States, United Kingdom,
Germany, France, and China.

SIGNIFICANCE OF TECHNOLOGY

A key feature of several articles was use of N-of-1 studies enabled
by mobile app technology. For example, Bobe et al. discussed the

potential for clinicians and patients to collaboratively use an app-
based platform for N-of-1 trials, and reported results of a survey
exploring perceptions about implementing an app-based N-of-1
trial platform to support data-driven decisions around insomnia
treatment. Kravitz et al. reported on feasibility, acceptability, and
influence of mHealth-supported N-of-1 trials for enhanced
cognitive and emotional well-being in US volunteers. Bauer
et al. described a feasibility study protocol for testing
individual-level effects of tamsulosin using the PERSONAL
app to track daily urinary symptoms and medication side
effects. And Golden et al. detailed a protocol for self-directed,
mobile-app-based N-of-1 studies to test the effects of caffeine and
L-theanine on cognitive performance.

The use of emerging technology in SCDs is not limited to
mobile apps. Chrisinger outlined the opportunities to use GPS
technology to create geolocated N-of-1 datasets that could be
used to explore relationships between individuals, their
environment, and their health, or what has been termed “the
quantified self-in-place”. Chrisinger argues that individual-level
information in real-world environmental contexts might lead to a
better understanding of how treatments and interventions work,
for whom, and under which conditions. A number of logistical,
methodological, and ethical challenges were identified.

EMERGENCE OF THE “SELF-SCIENTIST”

Many articles discussed the concept of the “self-scientist” or
“personal science”, which has been enabled by availability of
diverse and accessible digital tools to collect personal real-world
data. Wolf and de Groot outlined a 5-stage conceptual framework
to guide research and education into practice of “personal
science”, which they define as using empirical methods to
address personal health questions. Important similarities and
differences between personal science, citizen science, and
single subject (N-of-1/SCD) research were also discussed.

Schwartz et al. discussed the concept of the “digital twin”,
where individuals have access to self-generated biobehavioural
information derived from data collected from various sensors and
devices that may reflect their biological and environmental
circumstances, and be used to make predictions about their
health. Advances in technology have led to more accurate

BOX 1 | Description of some SCD sub-designs
What are Single-Case Designs?
Single-Case Designs (SCDs) gather and interpret repeated measures data from a single participant over time.
What are Single-Case Experimental Designs?
Single-Case Experimental Designs (SCEDs) are experimental designs that test the effect of an intervention on one participant, using repeated measurements,
sequential (±randomised) introduction of an intervention and method-specific data analysis, including visual and statistical techniques. Simultaneous or sequential
replications are possible with more individuals.
What are N-of-1 trials?
N-of-1 randomised controlled trials (RCTs) provide an opportunity to evaluate individual-person response to interventions, by randomly allocating different time
periods within an individual to repeated intervention and control conditions and then comparing responses across these periods.
What are SCODs?
Single-Case Observational Designs (SCODs) involve the repeated measurement of an outcome (e.g., pain) in a person over time, but with no intervention
implemented, in order to draw conclusions about naturally occurring patterns and predictors of outcomes over time.
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capture of various biometric, behavioral, emotional, cognitive,
and psychological aspects of daily life. Data-driven feedback from
their “digital twin” information may inspire users to conduct self-
experiments to evaluate their own treatment responses.

Nebeker et al. described the patient perspective of using self-
study and peer-to-peer support in conjunction with traditional
clinical support guided by external evidence generated from
group-based studies. They argue that access to digital health
technologies, wearable sensors, affordable lab screenings, etc.
may contribute to a paradigm shift wherein “sick” care may
become authentic “health” care.

THE VALUE OF DIVERSE N-OF-1 DESIGNS

The articles provided in this Research Topic also covered
different SCD types. McMillan and Dixon used a series of
digital SCODs to characterize self-regulatory processes,
motivation to conserve resources, and activity levels in people
with chronic pain. They found that motivational and self-
regulatory processes during goal pursuit goal may play a key
role in an intervention’ success. Similarly, Altman et al. used a
series of digital SCODs to characterize processes and mechanisms
of change over a course of psychotherapy.

Hendrickson et al. presented findings from statistical
simulation studies they conducted to optimize aggregated
N-of-1 trial designs for predictive biomarker validation. They
described a set of simulation studies comparing the power of four
different trial designs to detect relationship between a predictive

biomarker (measured at baseline) and subjects’ specific responses
to the pharmacotherapeutic agent prazosin for Post Traumatic
Stress Disorder.

Finally, Munson et al. argued that elicitation of
individualized goals and customization of tracking to
support those goals are a critical part of conducting N-of-1
studies. Their conclusions serve as an important reminder
about the flexibility of these methods and their ability to
tailor to preferences and needs of individuals through
patient-centred N-of-1 designs.

The great variety of articles illustrates the versatility of this
design and the opportunity to use digital methods to collect real
world health data. We look forward to seeing the impact of this
research on digital health and personalized medicine worldwide.
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