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1. Introduction

Stress is a pervasive force, one that can nudge our
thoughts, feelings, and behaviors in imperceptible ways.
The experience of stress is subjective but it’s also all-
encompassing; the brain does not differentiate between real
and perceived, physical and emotional stressors. If left un-
managed, the burdens of our work and personal lives man-
ifest in the body as a physiological state of chronic stress
marked by elevated cortisol levels and low-grade, nonspe-
cific inflammation [1].

The link between external stressors and internal physio-
logical responses, that is, the stress response, was first
described in 1936, following a series of experiments in rats,
and has since become an increasingly active area of trans-
disciplinary research [2]. We now understand that stress can
be classified into three broad categories: eustress is positive
stress that motivates productive actions, distress is negative
but normal stress for which coping mechanisms have been
developed, and toxic stress is prolonged and/or high-grade
distress for which coping mechanisms have not been
developed [3]. Short-lived eustress and distress are positive
effectors that drive biological adaptations like neuroplastic-
ity. Toxic stress kindles chronic diseases and fuels existing
conditions.

Chronic diseases are the largest burden on the health
care system: they consume 86% of health care spending
and are the leading causes of death and disability in the
United States (Centers for Medicare and Medicaid Service,
2015). An estimated 150 million Americans are living with
at least one chronic condition, and incidence is on the rise.
These numbers are striking; they become unjustifiable in
the context of epidemiological data showing that many
chronic diseases, specifically, up to 80% of premature heart
disease, type II diabetes, and stroke, and 40% of cancers,
are preventable by modifying known risk factors [4].
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Familiar behavioral risk factors including, unhealthy
diet, lack of exercise, and alcohol and tobacco use, have
been known drivers of mortality via chronic diseases in
population based cohorts for decades [5]. Genetic factors
also contribute to chronic diseases, but their role in driving
disease is minor relative to external factors [6]. Stress is an
external risk factor that is intrinsically linked to behavioral
risk factors in a perpetual, self-reinforcing feedback loop.
Stress is also modifiable, so while stress itself may be inev-
itable, a life of stress-induced chronic disease is not.

Stress management techniques based on mind-body med-
icine, for example, mindfulness-based stress reduction or
moving meditations like yoga, have tremendous potential
to impact public health at a reasonable cost. Mind-body prac-
tices work as a type of biofeedback that teach the practitioner
to govern processes normally regulated by the involuntary
nervous system including, heart rate, respiration, and muscle
tension, that in effect, counteract the stress response [7].

While mind-body practices are an established entity in
the lives of many patients, mind-body medicine is still a
burgeoning field in the scientific community. Small-scale
studies and anecdotal evidence suggest mind-body prac-
tices may effectively prevent and/or treat chronic diseases.
However, few studies to date are both appropriately sized
and methodologically rigorous, so statistical significance
and replication have been largely elusive [8e11].
2. The evidence hierarchy is obsolete

On one hand, the design and interpretation of mind-body
medicine research comes with a set of seemingly insur-
mountable challenges [20]. Studies in this domain are not
suitable for customary randomized controlled trials, the
practices are conceptually and practically difficult to dose,
and the effects are highly subjective. On the other hand,
these challenges are only barriers in the prevailing yet
outmoded approach we take to clinical research, an
approach that struggles with reproducibility and relevance
in the world of complex chronic diseases and precision
medicine [12-14,16,17,21].
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What is new?

� Stress-induced chronic diseases are an enormous
burden on our health care system.

� Stress management is a skill that can be honed
through mind-body practices such as yoga and
meditation.

� Mind-body medicine, for the prevention and treat-
ment of chronic diseases, has potential to impact
public health at a reasonable cost, but currently
lacks a strong evidence base.

� This is partly due to attempts to design studies that
adhere to the principles of traditional randomized
controlled trials, which ensures the research will
not be useful.

� However, mind-body medicine research is an ideal
candidate for n-of-1 trials, a patient-centered
approach to clinical research, and provides a low-
risk, low-cost, high-reward space to prototype
novel n-of-1 trial designs for precision medicine
in real-world relevant settings.
Randomized controlled trials (RCTs) are considered the
gold standard for clinical research, but using RCTs by
default, under the presumption that they are invariably the
most rigorous method, can be counterproductive [12,13].
The utility of RCTs lies in the randomization process,
which in theory, distributes confounding factors evenly
among cases and controls, minimizing the internal bias of
a study. However, it is well established that results of RCTs
lack generalizability to patient populations outside of the
study population and importantly, that summary statistics
from RCTs rarely represent an accurate risk-benefit ratio
for individual patients [14e17].

These limitations are a consequence of RCTs producing
relative treatment effect sizes between the randomized
groups, a statistic based on averages. In studies of diseases
with a single cause and effect, for example, selecting an
antibiotic to treat pneumonia, average treatment effects
can be informative. But in studies of diseases with a diver-
sity of causes and effects, such as the demographic, genetic,
and treatment heterogeneities, and comorbidities underly-
ing chronic diseases, average treatment effects are unavail-
ing. The problem is not that RCTs do not work, the problem
is that they are not designed to address contemporary
research questions, specifically, the types of research ques-
tions we must answer to deliver on the promises of preci-
sion medicine.

Precision medicine is broadly defined as disease preven-
tion and treatment that takes into account individual differ-
ences in people’s biologies, environments, and lifestyles
[18]. Mind-body medicine is a type of precision medicine
that, for stress-induced chronic diseases, can act both as a
lifestyle-based factor in disease prevention and as a nonphar-
macological treatment. In a healthy state, the stress response
and the reciprocal relaxation response both propagate
through the mind-brain-body axis, always re-establishing a
homeostatic balance. Mind-body practices fortify this bal-
ance by training the relaxation response to robustly counter
a protracted response. However, just as the experience of
stress is subjective, the experiences that invoke a relaxation
response are subjective. Therefore, when designing
research studies in mind-body medicine, we should expect
the effects of mind-body practices to be idiosyncratic and
personal.

Specifically, the personalized effects of a mind-body
intervention will be largely dependent on the state of mind.
In studies of the mind, psychologists use the terminology
set and setting to refer to the mindset and the environment,
respectively [19]. Here, mindset includes attributes like per-
sonality, and previous knowledge of, and expectations for, a
given mind-body practice. Setting encompasses the char-
acter and atmosphere of the physical space and includes so-
cial interactions. A patient’s response to mind-body
medicine will be dependent on set and setting; not all prac-
tices, environments, or teachers will resonate with every pa-
tient, and not every patient will derive benefit from a mind-
body practice. Set and setting are personalized confounding
factors that cannot be evenly distributed among treatment
groups a priori. For this reason, one of the greatest short-
comings in mind-body medicine research has been the
attempt to design studies that adhere to the principles of
traditional RCTs.

A recent critique of clinical research calls for rethinking
common but flawed study designs that fail to focus on key
features of useful research including information gain,
patient-centeredness, and transparency [22]. To this end,
we ought to be tailoring study designs to more precisely
fit the objectives and circumstances of every clinical
research question independently, instead of forcing clinical
research designs to fit a predefined model. In studies of
mind-body medicine, for the prevention and treatment of
chronic diseases, the way to deliver useful research is
through n-of-1 trials.
3. N-of-1 trials produce useful and actionable results

The n-of-1 trial is a type of single-case design that inves-
tigates the efficacy of therapeutic interventions, in individ-
ual patients, through standalone experiments [23]. In an
n-of-1 trial, a patient serves as their own control, mitigating
biological and environmental confounding and tackling the
issue of treatment heterogeneity by directly estimating risk-
benefit ratios for individual patients [24]. The framework of
an n-of-1 trial is flexible and can, for example, include
randomization and cross-over of therapeutic interventions
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for comparative effectiveness research, or provide a cost-
effective way to study longer term, behavior-based inter-
ventions. When study designs are coordinated, data from
independent n-of-1 trials can be aggregated from the
bottom-up to estimate treatment effects in comparable pop-
ulations [25].

The n-of-1 approach is most applicable for studying
chronic, stable conditions that have measurable biomarkers;
mind-body medicine research, as it relates to stress man-
agement for the prevention and treatment of chronic dis-
eases, fits this bill. With advanced molecular biology and
commercially available wearable devices, the adaptive
stress-response can be measured in response to a mind-
body practice by monitoring salivary cortisol levels, a
well-established biomarker of stress, and complementary
physiological signals such as electrodermal activity and
heart rate variability, proxies for arousal of the sympathetic
nervous system. These technologies produce quantifiable
data that can be synced with a patient’s electronic health re-
cords, and they enable the collection of data outside of clin-
ical research sites, eliminating time and location barriers to
participation, which in turn fosters more inclusive,
community-based research with real-world relevance.

Although the literature on n-of-1 trials for mind-body
medicine is meager, some progress has been made in
related fields. For example, an n-of-1 design with contin-
uous activity monitoring was used in a study that showed
significant interindividual variability in the relationship be-
tween stress and exercise [26]. Another study showed that
cognitive-behavioral therapy for mood and anxiety can effi-
ciently be tailored to individual patients with an n-of-1
approach, and that the data can be aggregated to estimate
the average effect per unit time across patients, which in
turn provides a timeframe to determine whether or not a
treatment is working for an individual [27]. These studies
demonstrate that n-of-1 trials provide an objective way to
assess efficacy of behavioral determinants of health, in in-
dividuals and across broad populations, by aggregating
data, patient by patient.
4. Mind-body medicine and reciprocal progress

An estimated 46 million Americans practice yoga, the
most commonly used mind-body intervention, and 86%
of yoga practitioners, surveyed by the Centers for Disease
Control and Prevention, report stress reduction as the great-
est perceived wellness-related outcome [28,29]. When 1 in
7 Americans are investing time and money in an ad hoc
health and wellness plan, we ought to be able to provide
credible scientific evidence to support or counter the
assumption that mind-body practices reduce stress and
improve health outcomes.

But there are much broader implications for studying
mind-body medicine through n-of-1 trials. In the era of pre-
cision medicine, n-of-1 trials are a promising way to
compensate for the limitations in the status quo of clinical
research. Statistical guidelines and methodological recom-
mendations, including software to optimize n-of-1 study
designs, have been published [23,30]. The next step is
large-scale implementation. Because mind-body practices
are generally safe, accessible, and inexpensive relative to
the cost of pharmaceutical and surgical interventions, they
provide an unprecedented opportunity to prototype novel n-
of-1 study designs in a low-risk, low-cost, high-reward
space.

Using mind-body medicine as a proving ground to
advance clinical research, in effect, fosters the development
of a unified evidence base for precision medicine that
covers treating diseases and promoting health. This has sig-
nificant implications for delivering value-based health care
to confront the rising incidence of lifestyle-based chronic
diseases, especially those that are linked to pervasive,
modifiable risk factors such as chronic stress.
5. Conclusion

As a burgeoning field, unconstrained by an established
dogma, mind-body medicine research, as it relates to stress
management for the prevention and treatment of chronic
diseases, is particularly well-suited to set a new standard
for useful clinical research.
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