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Engaging in contemplative practice like meditation, yoga, and prayer, is beneficial for psychological and
physical well-being. Recent research has identified several underlying psychological and biological pathways
that explain these benefits. However, there is not yet consensus on the underlying overlapping physiological
mechanisms of contemplative practice benefits. In this article, we integrate divergent scientific literatures on
contemplative practice interventions, stress science, and mitochondrial biology, presenting a unified
biopsychosocial model of how contemplative practices reduce stress and promote physical health. We argue
that engaging in contemplative practice facilitates a restorative state termed “deep rest,” largely through safety
signaling, during which energetic resources are directed toward cellular optimization and away from energy-
demanding stress states. Our model thus presents a framework for how contemplative practices enhance
positive psychological and physiological functioning by optimizing cellular energy consumption.
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Stress levels are continuing to rise across the United
States (American Psychological Association, 2020). In search of
approaches to ameliorate this distress, contemplative practices are
being studied as ways to help people better manage distressing
emotions and increase well-being (Fricchione, 2023; Van Gordon et
al., 2022). Contemplative practices are mind–body exercises that are
intentionally practiced to work toward inner well-being, psycho-
logical flourishing, and deep connection with self, the world, or a
higher power (Davidson & Dahl, 2017). These practices take on
many forms, including prayer, visualization, chanting, and
meditation, as well as movement centered practices such as yoga,
Tai Chi, and Qigong.What unites the various types of contemplative
practices is that they alter habitual cognitive processes (e.g., reduced

attention to negative stimuli, decreased perseverative cognition) and
emotional processes (e.g., increased positive emotions) in ways that
enhance well-being.

Research shows that despite the different techniques utilized in these
various types of practices, they frequently confer similar beneficial
impacts on mental and physical health. Randomized controlled trials
provide evidence that contemplative practices improve a wide range of
psychosocial and health outcomes with small-to-medium effect sizes,
despite differences in the training content and format (Black&Slavich,
2016; Bower & Irwin, 2016; Büssing et al., 2012; Chiesa et al., 2011;
Donald et al., 2019; Fredrickson et al., 2019; Goldberg et al., 2018;
Hilton et al., 2017; Kemeny et al., 2012; Kuyken et al.,
2015; Le Nguyen et al., 2019; Ospina et al., 2007). Reviews and
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meta-analyses of randomized controlled trials of the most commonly
researched contemplative practice, mindfulness-based training pro-
grams, conclude that these practices decrease distressing emotions,
depressive symptoms, and perceived stress, as well as increase positive
psychological and physical well-being markers (Chiesa & Serretti,
2009; Goyal et al., 2014; Janssen et al., 2018; Parsons et al., 2017; Xu
et al., 2022).
Because of these positive results, recent research has focused on

understanding the biological pathways linking contemplative practices
to improved health (e.g., Conklin et al., 2019; Househam et al., 2017;
Kaliman, 2019; Pascoe et al., 2021; Poli et al., 2021; Reive, 2019;
Venditti et al., 2020). Randomized controlled trials suggest that
contemplative practices can improve physical health by lowering basal
blood pressure (Pascoe et al., 2017), lowering systemic inflammation
(Black & Slavich, 2016; Bower et al., 2014; Morgan et al., 2014),
decreasing energy expenditure or improving metabolic efficiency
(Tyagi & Cohen, 2013), and improving aging-related biomarkers such
as telomere length, telomerase, and insulin-like growth factor-1
(Conklin et al., 2019; Gallegos et al., 2013; Schutte et al., 2020).
However, not all studies have found or replicated beneficial effects of
contemplative practices on biomarkers of health (Black & Slavich,
2016; Bower & Irwin, 2016). A closer look at existing studies suggests
that the impact of contemplative practices is moderated by individual
difference factors, such as frequency of practice, and specific
personality traits, like conscientiousness (de Vibe et al., 2015;
Puhlmann et al., 2019).
There are several core scientific challenges that have thus far

limited the ability to create a cohesive cumulative science of
contemplative practice and well-being. One of the challenges
of research on contemplative practices is that there are a wide range
of techniques used that vary in content, style, structure, length,
cultural, and sometimes religious underpinning. Thus,much of the field
has been siloed into research groups studying particular practices.
Adding to the complexity is the variety of outcomes, and more recently
mechanisms, that are being examined. To move the field past these
barriers, there is a need for models and theories that describe the core
underlying components of the practices, as well as the proposed
biologically plausible mediators that lead to increased well-being. Such
a model would advance measurement and study design by proposing
core mechanisms of action that researchers can test in an experimental
medicine approach, as recommended by the National Institutes of
Health (Aklin et al., 2020; Michie et al., 2018; Onken et al., 2014).
In this article, we answer this need by offering a unifying

framework to describe the health benefits of contemplative
practices. We link theoretical components of the ways in which
contemplative practices are designed and practiced, to the activation
of autonomic and cellular-level processes associated with health.
We posit that contemplative practices exert their salutary health
effects by communicating to the body and mind a sense of safety
(safety signaling), which allows a physiological shift away from threat
states. We hypothesize that reduced energy expenditure resulting from
decreased threat arousal activity is the crux of the beneficial impact of
contemplative practices on health. We suggest that contemplative
practices facilitate a psychological and physiological state we term
“deep rest,” which is characterized by parasympathetic dominance,
and encourages cellular restoration. The components of our model and
their interactions are shown visually in Figure 1.
This article is divided into five sections. Section 1 describes stress

physiology, arguing that most of the daily lives of adults living in

Western countries are spent in the energetically costly allostatic state
of moderate threat arousal. Section 2 describes the concept of signals
of safety that allow the body to shift away from high threat arousal
during, and as a result of, contemplative practice. Section 3 reviews
evidence that contemplative practices directly alter autonomic
functioning. Section 4 describes the process by which contemplative
practices lead to cellular optimization. Section 5 introduces sleep as
the ultimate state of deep rest and highlights how sleep science
might inform our understanding of contemplative practice. The
Appendix describes testable hypotheses of the model.

Section 1: Stress Processes in Daily Life

Daily physical and psychosocial stressors are primarily managed
by the autonomic nervous system. The nervous system’s primary
job is to respond to signals from the internal and external
environment—appropriately allocating bodily resources to meet the
current context. This process is partially described through the
concept of predictive regulation—the unconscious process of
perceiving environmental demands expected in the imminent future
(Sterling, 2004). As the nervous system attunes itself to contextual
signals from the environment, it toggles between physiological
(allostatic) states of activation throughout the day in a dynamic and
highly responsive manner. This process of shifting between
physiological states is called allostasis, in which predictive regulation
of bodily functions works to meet present and future demands in the
most efficient and rewarding way (McEwen & Stellar, 1993;
Schulkin & Sterling, 2019; Sterling, 2004). Summarizing from
current psychophysiological research, we surmise that during the
waking day, healthy functioning means toggling between arousal
states of acute stress (e.g., argument with a spouse), moderate threat
(e.g., working, caregiving), rest states (e.g., watching TV), and deep
rest (e.g., in contemplative states or mind body practices),
differentiated by the balance between sympathetic and parasympa-
thetic nervous system activation (see Figure 2). The fourth state, deep
rest, is currently the most understudied state. In this article, we
primarily focus on the states of moderate threat arousal and deep rest,
given their relevance for our model.

We propose that in the United States, most daytime hours of
healthy working-age adults are spent in moderate threat arousal.
Two important pieces of empirical data support this hypothesis: high
daily-level self-reported perceived stress in survey data and the
frequency of minor stressors in daily life in daily-level data. In the
American Psychological Association (2022) report, 27% of 3,192
adult respondents reported that most days they were so stressed that
they could not function in daily life (American Psychological
Association, 2022). Stress levels are even higher for some
marginalized groups, for example, over half (56%) of Black adults
under 35 agreed with the statement that most days they were so
stressed that they could not function in daily life. This may be driven
by two core components that drive stress perceptions: uncertainty
and lack of control. The report found that levels of uncertainty about
the future are significantly increasing year after year, with
respondents being primarily distressed by stressors outside of their
control. Important to our model, lack of control and uncertainty, are
both psychological experiences that are physiologically arousing
(Brosschot et al., 2005; Epel et al., 2018; Pieper et al., 2010).

Traditional models of stress have assumed that our baseline state
of arousal is a relaxed state that we remain in until a threat is
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perceived, at which point, we respond with the activation of the
acute stress response (Lazarus, 1993; Robinson, 2018). This acute
stress response is characterized by the detection of threat and the
proceeding activation of neural networks that drive peripheral
sympathetic activity and initiate the hypothalamic–pituitary–adrenal
axis cascade in order to prioritize survival (Gianaros & Wager,
2015; McEwen & Stellar, 1993; Muscatell & Eisenberger, 2012;
Sapolsky et al., 1986). While traditional models suggest that the
physiological activation of the acute stress response follows from a
specific acute stressor (a specific event), a newer model suggests an
alternative. The generalized unsafety theory of stress hypothesizes
that physiological stress arousal may actually be the default or
baseline state, caused by the general perception of threat that is not
due to a singular defined trigger (Brosschot et al., 2017, 2018). As
reviewed above, there is evidence that experiencing stress in daily
life is common and frequent, and empirical evidence is building to

suggest that high stress-related physiological arousal is in fact a
common and frequent baseline state in daily life.

Minor daily stressors are commonly experienced in the United
States. Data from a population-based study, the midlife in the United
States study, found that on average participants experienced 3.26
(SD= 1.76) daily stressors across a week of data collection using the
gold standard measurement tool for capturing daily stressors, the
Daily Inventory of Stressful Events (Charles et al., 2013). Research
also shows that experiencing daily stressors leads to heightened
daily physiological arousal. Mak et al. (2023) published results from
a large ecological momentary assessment study of 32,169 adults,
with nearly 500,000 momentary responses, using both self-report
items and physiology collected via optic sensors in a watch or
smartphone. Analyses of these data found that participants with
more frequent reports of daily stressors had higher than average
heart rate and blood pressure across 3 weeks. Furthermore, even on
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Figure 1
Visual Representation of the State of Deep Rest

Note. The deep rest state necessitates first that external safety is signaled from the physical and social environment. When this need is met, then
a personmaymore easily enter a contemplative practice. During the practice, the mind’s threat-inducing thoughts are quieted, creating a sense of
safety, peace, calm, and contentment, a state we label psychological safety. In a reciprocal relationship, the state of psychological safety and the
contemplative practices themselves initiate a parasympathetically dominant nervous system state via slowed and rhythmic breathing rate. When
safety is perceived at the physical, social, and psychological levels, deep rest follow. Energetic resources shift away from maintaining a threat
state of high sympathetic nervous system activity, toward restorative activities within cells, enabling cellular optimization processes. Thus, when
the mind and body are in this state of deep rest, cellular optimization ensues. ATP = adenosine triphosphate. See the online article for the color
version of this figure.
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days without a stressor, greater self-reported in-the-moment
perceived stress averaged across all momentary assessments was
associated with higher than average heart rate and blood pressure
using wearable technology. These results suggest that even in the
absence of a daily stressor, greater daily perceived stress is
associated with greater activation of physiological threat arousal
systems as indexed by higher daily blood pressure and heart rate.
In addition to the high number of daily stressors, ecological

momentary assessments of adults in the United States show that
daily mind states that are commonly experienced are likely also
contributing to physiological arousal. Specifically, Killingsworth
and Gilbert (2010) found that the majority of U.S. adults spend half
of their day mind wandering toward the past or future. Mind
wandering includes rumination and worry, thought patterns that
have well-established associations with arousal of stress-related
physiological systems, including increased blood pressure, heart
rate, and cortisol (Ottaviani et al., 2016; Zoccola & Dickerson,
2012). While stress theories have previously argued that
perseverative cognitions (worry, anxiety, rumination) in the
anticipation or aftermath of an acute stressor is what makes stress
toxic for health (Brosschot et al., 2005; Zoccola & Dickerson,

2012), it may be that even in the absence of an acute stressor, the
common mind states of worry and anxiety contribute to heightened
stress-related physiology in daily life.

Stress States Are Energetically Costly

Spending toomuch time in the moderate threat arousal state likely
harms long-term physical and mental health because threat arousal
states are extremely energetically demanding (Bobba-Alves, Juster,
& Picard, 2022; Picard et al., 2018). Threat states increase
production of neuroendocrine factors—cortisol, sympathetically
derived epinephrine and norepinephrine, and cytokines—which
then activate gene expression and the production of proteins
(Sapolsky et al., 1986). While this is an evolutionarily adaptive
response meant to support survival under threat (e.g., prepare the
body to fight or flee; McEwen & Sapolsky, 1995; Sapolsky et al.,
2000), protein synthesis is one of the most energetically demanding
cellular processes (Kafri et al., 2016). Heart rate also speeds up
during threat arousal to pump blood to the parts of the body that may
need more oxygen and nutrients, like muscles (Sapolsky et al.,
2000).While evolutionarily adaptive for survival, each heartbeat is a
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Figure 2
Model of Allostatic Mind Body States

Note. Specific physiological states are plotted on a Y-axis of autonomic nervous system (ANS)
dominance, where equal dominance is set at 0 (black line) on the Y-axis. Sympathetic nervous
system (SNS) dominant states are represented with circles placed above the X-axis and
parasympathetic nervous system (PNS) dominant states are represented with circles below the
axis. The X-axis represents the degree to which restorative biological processes are engaged,
with allostatic states further to the right indicating greater restoration. Acute stress is shown as
the high SNS dominant state (red circle). The moderate threat (orange circle) is SNS dominant
though less so than acute stress (orange circle). Rest is when SNS and PNS activity are equally
balanced (yellow circle). Deep rest is defined by PNS dominance (blue circle). The grey shaded
area indicates that when PNS is dominant, enhanced cellular restoration begins. The dotted line
represents our hypothesized average daily arousal levels for typical adults in the Western
modernized world of working age. Of note, positive arousal states, such as extreme excitement
or joy, can induce subtle short-term arousal that may be similar to an SNS dominant state, and
positive physiological stressors (hormetic stress) can create short-term acute stress followed by
recovery states that may be restorative (these are not shown in the figure). See the online article
for the color version of this figure.
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high-energy demand (Lemieux & Hoppel, 2009). Heart rate is also
subject to predictive regulation as it increases in preparation for a
required action or potential response to a threat, another example of
its energetic burden (Sapolsky et al., 2000). In sum, an incredible
amount of cellular energy is spent navigating states of moderate
threat arousal, energy that could otherwise be used for other health-
promoting biological processes such as cellular restoration, as
described later.
In addition to proposing that adults in the United States are

spending the majority of their time in moderate threat states, we also
hypothesize that the fourth allostatic state of deep rest is rarely
achieved. Our assessment that Americans are spending little time in
a deep rest state is based on time use data from The U.S. Bureau of
Labor Statistic’s American Time Use Survey. The 2021 survey data
show that for the average adult living in the United States, 70% of
the waking day is consumed by working, household activities,
eating meals, purchasing items, calls/emails/mail, and watching TV
(Economic News, 2021). Activities we would classify as deep rest-
inducing activities (based on the perceptions of safety and slowed
breathing inherent to the activity) were not measured directly in this
survey; however, some of the measured activities that could broadly
fall under this category included religious and spiritual activities,
participating in sports, exercise, or recreation, or other activities not
elsewhere classified. Combined, these categories made up only .63
hr of the average day (4.2% of the waking day; Appendix of the
American Time Use Survey Results), indicating that people are
spending very little time in activities that have the potential to
activate a state of deep rest. Interestingly, while this study reported
that only 8% of people engage in daily religious or spiritual activity,
another study of over 35,000 Americans found that 55% report
praying everyday (Pew Research Center, 2017). The discrepancy in
these numbers is large and perplexing, warranting further research
and potentially alternative methodological approaches to uncover
how people are describing and experiencing spirituality in daily life.

Section 2: Perceiving Safety to Shift Away From Stress

To shift away from threat states and into rest states, safety must
be perceived. Feeling safe is essential to our poisitive and optimal
functioning in the world (Porges, 2022). Safety can be perceived
through safety signals, which are “learned cues that predict the
nonoccurrence of an adverse event … [and] are potent inhibitors of
fear and stress responses”; they are the signals of being safe that the
physical body interprets either consciously or unconsciously
(Christianson et al., 2012). Safety signals can buffer the effects
of uncontrollable stress in mouse models of stress by shutting down
the fear response during an acute stressor (Christianson et al., 2008,
2011) and preventing the development of new fears (Jovanovic et
al., 2005). Recent work on safety signals has begun to uncover the
neural bases of safety signal learning (Meyer et al., 2019).
The process by which these safety signals are perceived is termed

neuroception—the neural process responsible for the unconscious
evaluation and distinguishing between environmental indicators of
threat, risk, and safety (Porges, 1995, 2001, 2021). Porges’ Polyvagal
theory proposes that once a threat or safety cue is perceived, the
autonomic nervous system shifts its allostatic state to match the
environmental demands. This idea has been echoed by others,
namely, the neurovisceral integration model (Thayer et al., 2012;
Thayer & Lane, 2000). We hypothesize that the biological signature

of safety would include high parasympathetic arousal and low
sympathetic arousal, coupled with cellular activity indicative of
cellular restoration (described in Section 4).

The interpretation of safety signals is likely an individual
difference factor. For example, research shows that individuals with
a history of early life stress are more likely to perceive neutral
stimuli as negative compared to those who grew up in safe and
loving homes (Chen et al., 2004; Duffy et al., 2018; Luecken et al.,
2006; McLaughlin et al., 2015; Repetti et al., 2002). This may mean
that there are more challenges for some people (such as those with
early adversity) to move away from threat states. We hypothesize
that having both access to safety, as well as the ability to perceive
safety, is essential to the ability to down regulate the threat state.

Entering Deep Rest via Perceptions of Safety

We suggest that there is a two-step process to entering a state of
deep rest. The first step is a felt sense of external safety—physical
and social safety. Physical safety means the environment is free of
threats to the physical integrity of the person. Social safety means
the environment offers experiences of acceptance, belonging, and
inclusion and is free of social threats in the form of emotional
distress or social status harm such as judging, shaming, or excluding
(Slavich, 2020). We hypothesize that when the physical and social
environment is perceived to be free of people or stimuli that may
cause harm, then the metabolic energy and cognitive attentional
capacities that are no longer spent predicting and planning for an
upcoming threat or assessing risk, are conserved. We propose that
the availability of these cognitive resources creates a second layer of
safety—psychological safety. By psychological safety, we mean
that the mind is free from distressing thought patterns such as worry,
rumination, self-criticism, and shame, that promote threat arousal
states (Brosschot et al., 2006; Gruenewald et al., 2004; Nealis et al.,
2020). As described in the following sections, we hypothesize that
many contemplative practices have overlapping elements that signal
physical and social safety to practitioners, and create psychological
safety.

Physical Safety in Contemplative Practice

We hypothesize that one of the core ways contemplative practices
confer benefit is through safety signals, with safety signals being a
natural part of many contemplative environments. The physical
environment is a predominate source of safety (and threat) signals,
and traditional contemplative practices are often undertaken in
intentionally safe spaces. For example, in one of the earliest andmost
widely used Buddhist texts, there are detailed instructions on how to
engage in breath-based meditation. The very first line describes that
to prepare one must first find a secluded space (Thanissaro, 2013).
A secluded space implies one free of the potential threat of other
people. As another example, in a major text of the Tibetan Buddhist
tradition written in the sixteenth century, a harmonious environment
is listed as the first cause of tranquility (Namgyal, 2006). This
historical context highlights the longstanding acknowledgement in
Eastern traditions that a perceived safe space is foundational to
meditative practice.

There are also sensory-based aspects of contemplative practice
environments that may cue schemas of safety. For example, some
contemplative teachers and practitioners use scents such as aromas
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from essential oils, and many religious rituals include the burning of
incense (Ackermann, 2022; Episcopal Church, n.d.; Zhao, 2023).
Research has shown that specific scents such as lavender, cypress,
and cedar, increase well-being and decrease stress-related physio-
logical activity (Atsumi & Tonosaki, 2007; Li et al., 2009; Masuo et
al., 2021;Matsubara &Ohira, 2018; Sowndhararajan &Kim, 2016).
Some contemplative practices also use tactile props such as prayer
beads, which are used by holding and moving a string of beads
through one’s hand in a slow rhythmic manner. This movement may
activate specific sensory receptors that respond to gentle and slow
stroking touch (Eckstein et al., 2020; Kearney & Lanius, 2022).
Touch has been shown to regulate amygdala arousal via the insula
(Eisenberger et al., 2011), and thus it may be that the slow rhythmic
touch of prayer beads calms threat arousal through this pathway.
Finally, many contemplative practices also include nature-based

objects and symbols, and in some cases include being physically in
or engaging with nature (such as forest bathing). While the current
empirical evidence for nature-based objects or symbols (e.g., having
a potted plant in a classroom) is weak (van den Bogerd et al., 2020),
there is strong evidence for physical and mental health effects of
actually being in nature. Being immersed in a natural setting like a
forest provides the sensory inputs of sight, smell, and sound that
support the restoration of attentional resources and efficient
physiological recovery from daily stress (Grahn & Stigsdotter,
2010; Markevych et al., 2017; Schertz & Berman, 2019; Stier-
Jarmer et al., 2021; Stoltz & Schaffer, 2018). Future studies should
explore the role of sensory stimuli in the ability for people to shift
between allostatic states by testing different sensory conditions,
while participants enter practice to see if the presence of specific
sensory stimuli facilitates the shift to rest state physiology.

Social Safety in Contemplative Practice

A core mechanism of the positive benefits of contemplative
practices may be the activation of schemas of secure attachment and
social belonging via relationships with trusted teachers and fellow
practitioners (Conklin et al., 2019). Social safety, or a sense that you
are welcomed and accepted, is transmitted between people through
eye contact, movement, and positioning of the head, facial
expressions, the action of listening, the intonation of voice, and
physical gestures (as extensively studied and described by Porges,
1995, 2001, 2021).
A foundational example of social safety signaling is the soothing

voice parents use to calm their babies. Neuroanatomically, it is clear
why sound is a profound safety cue; as Porges describes (2021,
p. 3), “Mammals uniquely have a detached middle ear bone which
expands the frequency band that mammals can hear and provides a
‘safe’ frequency band in which they can socially communicate.”
Thus, sound is key to the ways we are alerted to the presence of
safety and absence of danger.
We hypothesize that contemplative spaces include safety-

inducing sounds such as rhythmic and slow talking from a teacher,
soothing background music, or chanting in unison with fellow
practitioners. Other social safety cues may include positive social
interactions between practitioners (Sandstrom & Dunn, 2014) and
visual cues of group belonging (as explored in other research areas;
e.g., Cheryan et al., 2009). These elements should be studied more
closely in future contemplative research to establish whether indeed
they are important or needed for the efficacy of the practice.

Safety Perception Equity

Physical and social safety are not experienced in the daily lives of
all people. The American Psychological Association (2022) report
found that 10% of respondents reported feeling physically unsafe
every day. There are large external factors that shape historical and
current experiences of feeling safe (Lynch et al., 2021; Swope et al.,
2022). Physical safety is likely hard to access for individuals living
in areas of increased violence or vandalism, those that are a target of
discrimination, or those living in chaotic home environments.
Indeed, these contexts are associated with heightened threat
arousal, which is likely adaptive in those contexts as the body
prioritizes survival-related activity (e.g., Evans & Kim, 2010;
Mezuk et al., 2011; Repetti et al., 2002; Taylor et al., 1997;
Thoits, 2010).

The lack of equity in perceptions of safety in the United States is
exemplified well in an essay excerpt from a participant of The Urban
Yogis nonprofit (https://www.urbanyogis.org/). Raheem Lewis
writes about the lack of safety (and freedom) in his neighborhood
in his essay What is Freedom and How Do I Experience It?:

Living in the Baisley Housing Project, in South-Side, Jamaica, Queenswe
are harassed on a daily basis. We are unable to be comfortable in our own
community. The people in my neighborhood are treated like prisoners.
Surveillance cameras watch us 24/7. We have many restrictions that we
have to follow such as no bicycle riding, no skateboarding, no
rollerblading, and no barbecuing (except by permit only).

Inequity in safety perceptions should be considered in contempla-
tive group settings. As social mammals, we derive a sense of safety by
being in relationships with others that support and share our goals
(Coan & Sbarra, 2015). However, not everyone feels safe in
contemplative practice groups despite the shared intentions for being
there. In his book, Awakening Together, meditation teacher and
author, Larry Yang, describes entering the meditation hall during his
first retreat at a popular retreat center. He saw that he was the only
person of color in the roomof over one hundred people, and instead of
feeling safe, he felt excluded and isolated, conditioned by a lifetime of
discrimination (Yang, 2017). Yang suggests ways to create social
safety, such as creating groups of people based on sociocultural
demographic similarity, because being with similar people creates a
sense of safety. One example is the development of “workplace
affinity groups” which are groups for marginalized people to form
around a collective social identity in order to promote inclusion and
belonging in workplaces (e.g., Blitz & Kohl, 2012). Studies
measuring safety might consider measuring aspects of group safety,
such as sense of belonging or exclusion.

There are interindividual differences in the perception of safety that
can be partially explained by historical factors and current life
circumstances. For example, research has shown that adults who
experienced childhood adversity (McLaughlin et al., 2015), and
adults who report high loneliness (Bangee et al., 2014), are more
likely to perceive ambiguous information as threatening. Trauma
history is a particularly important factor that influences what a person
perceives as safe versus threatening. Trauma-informed trainings for
contemplative teachers are increasingly common, with the goal of
making more people feel safe and welcome in contemplative settings
(Treleaven, 2018). Empirical examination of which practices,
techniques, and environments elicit feelings of safety in which
individuals, will allow for closing some of these gaps.
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Psychological Safety in Contemplative Practice

Contemplative practices increase psychological safety by reducing
distressing thought patterns like rumination and self-criticism through
a number of psychological mechanisms outlined by others (Dahl &
Davidson, 2019; Hölzel et al., 2011; Pascoe et al., 2021; Riley & Park,
2015). In the following section, we describe three of the primary
pathways through which contemplative practice may lead to perceived
safety and reduce stress-related arousal. These are: (a) interoception,
becoming aware of previously unconscious internal bodily sensations,
(b) attentional capacity, becoming skilled at shifting attention away
from self-referential thoughts toward present-moment awareness, and
(c) emotion regulation, effectively navigating distressing situations.

Interoceptive Awareness

Contemplative practices may lead to psychological safety by
using techniques that help practitioners become consciously
aware of internal bodily sensations (e.g., heart pounding, muscle
tension, jaw clamped, stomach fluttering), a phenomena called
interoceptive awareness (Craig, 2003). Interoception is an
individual difference characteristic that can be quantified via
self-report questionnaire (Mehling et al., 2018) or behavioral tasks,
such as a heartbeat tracking task (Ludwick-Rosenthal & Neufeld,
1985). A core technique for many contemplative practices is noticing
bodily sensations. Mindfulness training in particular helps
participants notice subtle bodily cues that they would not otherwise
be conscious of. For example, mindfulness training often includes a
“body scan” where one directs attention to each part of the body,
tuning attention to subtle bodily sensations emanating from that
region (Hölzel et al., 2011). Increased awareness of bodily arousal
may be beneficial as it allows a person to notice and respond
effectively to arousal states (Jamieson et al., 2013).

Attentional Capacity

Another core component of contemplative practices is improving
attentional capacity. Increases in attentional capacity allow for
increased ability to intentionally turn the mind away from threat-
provoking thought patterns, a sign of enhanced emotion regulation
(Jha et al., 2015; Morrison et al., 2014). Attentional capacity can be
increased by contemplative practices in several ways. In some
practices such as Qigong, Tai Chi, specific forms of yoga, and
breath-based meditations, attention is directed to physical move-
ments of the body throughout the length of the practice, with
encouragement to bring attention back to the body when the mind
wanders. Other practices focus attention on a singular set of words or
short text, such as reading specific religious texts slowly and
mindfully (e.g., Lectio Divina) or repeating specific phrases (e.g.,
mantra or prayer). These practices of directed attention increase
one’s capacity for sustained attention (Jha et al., 2015; Lutz et al.,
2008; Morrison et al., 2014; Mrazek et al., 2013) and increases the
ability to intentionally turn attention away from threat-inducing
thoughts (Hawley et al., 2014; Perestelo-Perez et al., 2017).

Emotion Regulation

Many contemplative practices include expanding one’s toolkit of
coping techniques to deal with negative emotional reactivity patterns.
These emotion regulation techniques include skills like controlled

breathing (Banushm et al., 2023) re-appraisal (Brown et al., 2007;
Brown & Ryan, 2003), and acceptance of negative states (Lindsay &
Creswell, 2019). Many of these coping techniques enable more
thoughtful exploration of one’s emotional life, including the ability to
name one’s emotional experience with specificty. Naming emotions
with specificty, or emotion labeling, may be a pathway by which
contemplative practices increase psychological safety, as the ability to
name specific emotions has been shown to decrease the intensity and
impact of distressing emotions (see Moyal et al., 2014). Lieberman et
al. (2007, for a summary of this literature) found evidence for the
neural pathways involved in this phenomenon. Labeling emotions
was associated with decreased activity in the amygdala and increased
activity in the right ventrolateral prefrontal cortex, and the inverse
relationship between these brain regions was mediated by activity in
medial prefrontal cortex. This brain imaging evidence suggests that
describing or naming emotions as they are experienced activates brain
regions that help reduce the stress-related reactivity linked to that
emotion. Noticing and identifying distressing thoughts and emotions
without judgment may be one of the key techniques taught both
directly and indirectly in contemplative practices that allows
individuals to learn how to shift from autonomic states of stress to
rest. Indeed, a systematic review of 135 studies found that aspects of
emotion regulation—efficient negative affect regulation, adaptive
emotional coping, and greater affective flexibility—were associated
with higher resting cardiac vagal control, which indicates greater
resting parasympathetic dominance (Balzarotti et al., 2017). Future
studies should directly test the relationships proposed here—that
contemplative practices increase one’s ability to nonjudgmentally
view and identify specific emotions, which in turn allows individuals
to shift away from threat states to rest states.

Section 3: Parasympathetic Dominance as a Key
Mechanism of the Benefits of Contemplative Practices

The most empirically supported way that contemplative practices
confer their psychological and physiological benefits is by lowering
threat arousal through shifting the autonomic nervous system to
parasympathetic dominance via slowed and/or regulated breathing
(Gerritsen & Band, 2018). The autonomic nervous system regulates
the body through its two governing divisions—the sympathetic and
the parasympathetic nervous systems. These two systems work
antagonistically, synergistically, and independently to coordinate
responses to internal and external demands. Both systems work to
respond to environmental cues to allow blood and oxygen to reach the
brain and muscles at the rate the environmental demands require, as
well as to restore and maintain homeostasis.

The sympathetic branch is primarily responsible for energy
mobilization (e.g., metabolism, blood oxygenation, etc.) in response
to threat or challenge. The primary endocrine outputs of the
sympathetic branch—epinephrine and norepinephrine—are released
either systemically from the adrenal medulla or locally in most
organs through peripheral nerve endings. Both epinephrine and
norepinephrine are powerful energy-mobilizing hormones, causing
the breakdown of lipids and the mobilization of fatty acids and
glucose in the bloodstream (Bachen et al., 2002). The parasympa-
thetic branch has dominion when organisms are at rest. The core
component of this process is the vagus nerve, which is the primary
nerve of the parasympathetic branch. At rest, respiration is tightly
regulated by both sympathetic and parasympathetic activation to
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ensure proper tissue oxygenation, with the vagus nerve relaying the
necessary information about the environmental and internal demands
for oxygen (Komisaruk & Frangos, 2022).

Physiology of Slowed Breath

Parasympathetic dominance can occur through slowing and/or
controlling breath, as detailed by Gerritsen and Band (2018). Most
contemplative practices share the commonality of slowed breathing,
either intentionally, or as a consequence of the calming practice. The
breathing techniques used in contemplative practices often include
slowing down breath, elongating exhales, shifting the breath to the
abdomen versus thorax (diaphragmatic breathing), shifting one’s
attention toward natural in-and-out breath cycles, and syncing physical
movements to breath cycles. These cues engage the baroreceptor reflex
and pulmonary mechanoreceptors, which directly increase vagus nerve
activation and decrease sympathetic activity (Cernes & Zimlichman,
2017; Gerritsen & Band, 2018). The parasympathetic and sympathetic
systems are tonically active, with efferent pathways extending from the
brainstem and hypothalamus to all major peripheral organs and afferent
nerves from the lungs, airways, and heart, projecting to the brainstem
and to the hypothalamus and higher order neural regions (Prescott et al.,
2020; Thayer & Lane, 2009). Because of this anatomical connectivity,
changes in breathing rate are quickly signaled to the brain, allowing the
brain to interpret that the body is in a relaxed, calm state, and safe state.

Body to Brain Communication Is Essential
for Deep Rest

The vagus nerve perceives and communicates the internal state of
the body to the brain through afferent nerve signals from the vagus to
the central nervous system (Porges, 2001). Roughly 75% of the fibers
in the vagus nerve are afferents, which project to the brainstem and
then to higher order neural regions like the amygdala and prefrontal
cortex (Thayer & Lane, 2009). This means that most neural fibers
within the vagal nerge send information upward—from the body to
the brain. We hypothesize that there is a positive feedback loop
generated during contemplative practice via afferent and efferent
nerve signals that creates a calm state of being. Specifically, as slow
and deep breathing is initiated during a contemplative practice, the
internal state of being settles into a relaxed state with a slower heart
rate (Gerritsen & Band, 2018). With this slowing of heart rate, a
positive feedback loop is initiated: The vagus nerve sends this
lowered heart rate information via afferentfibers to the brain, and after
it receives these signals that imply safety from the body, the brain
then turns off threat arousal activation (Mather & Thayer, 2018).
Now, parasympathetic activity is dominant over sympathetic activity,
initiating a felt sense of peace, safety, and contentment (in potentially
a quadratic, nonlinear relationship; Duarte & Pinto-Gouveia, 2017;
Petrocchi et al., 2017). This shift to parasympathetic dominance,
coupled with slowed breathing rates and safety signals that reduce
threat arousal system activation, and the resulting positive feedback
loops these create, is what we identify as a state of deep rest.

Evidence Linking Contemplative Practices to
Parasympathetic Dominance

The next step in our model is demonstrating that during
contemplative practices, parasympathetic activity increases while

sympathetic activity decreases. There is some initial evidence for this,
though more high-quality work is needed to confirm this hypothesis.

The strongest empirical link between contemplative practices and
autonomic functioning come from long standing evidence that
breathing rates slow during contemplative practice, given the known
link between slowed breath and parasympathetic activity. In one of
the earliest studies of meditation effects on biological activity in
novice practitioners, R. K. Wallace (1970) found that practicing
Transcendental Meditation significantly slowed breathing rates,
oxygen consumption, and heart rate compared to a general resting
state. This hypometabolic state induced by transcendental medita-
tion was proposed by R. K. Wallace et al. (1971) to be a fourth state
of consciousness, during which metabolic rates drop below those
seen even during sleep.

Research over the past several decades have supported R. K.
Wallace’s (1971) idea of a hypometabolic state induced by yoga,
meditation, and prayer. Studies of yoga have shown that practicing
specific forms of yoga decreases oxygen consumption and generally
slows metabolic rate (Chaya & Nagendra, 2008; Telles et al., 2000).
Another early study in this area documented the breathing and
cardiac activity of experienced Zazen practitioners as they performed
a core meditative practice of tanden breathing, which is a form of
guided breathwork focused on breathing from the abdomen (Lehrer
et al., 1999). Results showed that respiration rates significantly
decreased from sitting at rest to performing the breathwork, and heart
rate variability increased (an index of vagally mediated cardiac
activity, signifying an increase in parasympathetic activity; Lehrer
et al., 1999). Similarly, Bernardi et al. (2001) demonstrated that
repeating prayers of either Ave Maria or a yoga mantra—without
directly telling participants to slow their breathing—slowed
breathing to a rate of 6 breaths per minute (bpm), a rate significantly
slower than spontaneous breathing rate. This breath rate of around
6 bpm has been linked to positive health outcomes (Bernardi et al.,
1998) and has been called resonant breathing or vagal breathing,
given its effect on increasing heart rate variability and reducing blood
pressure (Sevoz-Couche & Laborde, 2022). It has not yet been
established in the literature whether the wide range of contemplative
practices can induce a breathing rate of 6 bpm or if this slow rate is
only related to specific forms.

There is limited, but promising, evidence for contemplative
practices influencing pure metrics of parasympathetic and sympa-
thetic activity. Tang et al. (2009) investigated how meditation may
be linked to functional changes in the brain that explain the
associations between meditation and autonomic control, specifically
examining the dorsal and ventral anterior cingulate cortex (ACC),
given that functional magnetic resonance imaging studies have linked
these regions to autonomic control (Critchley et al., 2003). In a short 5-
day randomized controlled trial of meditation compared to a relaxation
training control group (both groups practiced for 20 min a day), the
meditation group showed more parasympathetic activity during and
after practicing meditation (measured via heart rate variability), as
well as greater change in regional cerebral blood flow in the right
subgenual ACC and adjacent ventral ACC than the relaxation group.

While similar evidence for increases in parasympathetic activity
has also been found for yogic breathing (R. P. Brown & Gerbarg,
2005; Kromenacker et al., 2018), Christian prayer recitation
(Stanley, 2009), Muslim prayer (Doufesh et al., 2014), Qigong
(Lee et al., 2002), and Yoga Nidra (Chhetri et al., 2020), not all
studies have found this link (e.g., Peng et al., 2004; Raghuraj et al.,
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1998). The methodological quality of these studies limits firm
conclusions given the small sample sizes (less than 30 participants)
and a lack of comparability of autonomic functioning measures
(including the absence of sympathetic activity measures). These
limitations undermine the reproducibility of the findings and
necessitates the results of these initial studies to be considered
preliminary. Future lab-based studies should use larger samples, and
higher quality measurements of nervous system functioning,
including galvanic skin response or preejection period to measure
sympathetic activity to test the hypothesis that sympathetic activity
lowers during practice.
Furthermore, an open question in contemplative science is

whether other aspects of the practice are necessary beyond
intentionally slowing or regulating breathing rates to receive the
health benefits of the practice. Past work on paced breathing
practices have shown benefits on mental and physical health,
including down-shifting sympathetic arousal and increasing
parasympathetic activity, without any other didactic or psychos-
piritual components (Blum et al., 2019; Harada et al., 2014; Laborde
et al., 2019). It is possible that the didactic aspects of contemplative
practice are not necessary to shift physiology. Perhaps instead, there
are unique benefits of the diatic or social aspects of the practice that
give meaning to the practice, which allows the person to engage with
it for longer periods of time or to exert more intentional effort to
perform it more deeply. Contemplative practices that come with a
set of social ethics, prosocial values, and community, may be more
likely to be practiced consistently over longer periods of time
compared to types of controlled breathing that do not have a richer
psychosocial or cultural context. In addition, the contemplative
aspects of the practice may provide other psychological benefits
(e.g., insights into self and interdependence, self-compassion,
perspective taking, emotion regulation tools, experiences of awe)
that increase positive affect and decrease distress, which confers
their own health-promoting benefits. These mood-boosting and
distress-reducing psychological effects may also motivate the
practitioner to come back to the practice day after day, promoting
long-term adherence.

Long-Term Changes to Nervous System Functioning

There is growing evidence that long-term engagement in
contemplative practices can change resting state autonomic nervous
system activity. A meta-analysis of 19 randomized controlled
meditation studies concluded that meditation training can lower
resting systolic and diastolic blood pressure (Shi et al., 2017). While
the evidence is less robust for the impact of contemplative practices
on independent measures of sympathetic and parasympathetic
activity, the work in this area is accumulating. Several studies have
found that contemplative practice training can shift one’s baseline
set point toward greater parasympathetic dominance. For example, a
four-arm randomized trial with an active control arm that compared
4 weeks of (a) yoga, (b) mindfulness, and (c) yoga combined with
mindfulness, and a control condition of playing with a therapy dog,
found that resting heart rate variability was significantly higher
postintervention in the three contemplative groups compared to the
control condition (Hunt et al., 2018). Similarly, practicing Qi Gong
for 30 min three times a week for 12 weeks increased resting heart
rate variability (Lee et al., 2002). Additionally, a small observational
study found that experienced practitioners who had engaged in

meditation or prayer for 30 or more minutes a day for 15 or more
years had greater cerebral blood flow at rest in brain regions
associated with autonomic functioning compared to matched
controls (Newberg et al., 2010). However, not all studies have
found significant changes in autonomic profiles from pre- to
postintervention. For example, Krygier et al. (2013) reported no
change in resting heart rate variability after a 10-day intensive
Vipassana meditation retreat.

If training in contemplative practices can ultimately shift one’s
autonomic nervous system set point so that the “baseline” or usual
allostatic state is one of lower arousal, then it may be easier for that
person to shift to, and spend time in, deep rest. Training in
contemplative practices may also enhance the nervous system’s ability
to flexibly shift between states. This concept is supported by another
set of studies showing that training in contemplative practices can
enhance autonomic functioning in response to acute stress. A meta-
analysis of experimental studies found that meditation immediately
before undergoing an acute laboratory stress task, like giving an
impromptu speech to a panel of judges (the Trier Social Stress Test),
dampens the impact of the acute stressor on psychological and
physiological stress arousal profiles (M. L. Morton et al., 2020).

Despite the typical assumption that less reactivity is an index of
greater well-being, research shows that it is not necessarily
beneficial to reduce arousal during the process of coping with
challenging situations. Rather, a resilient acute stress response
profile actually looks like having high reactivity coupled with fast
recovery, and a pattern of “challenge” hemodynamic arousal (high
cardiac output or low total peripheral resistance). This pattern is
associated with improved performance on social and cognitive tasks
(Jamieson et al., 2010). In one study, training in mindfulness led to
slightly improved emotional and physiological challenge response
to a lab stressor (Daubenmier et al., 2019). In another study,
mindfulness training led to faster physiological and emotional
recovery after an acute stress task (Crosswell et al., 2017). These
findings suggest that contemplative practices may increase flexible
coping during demanding emotional circumstances. Examining the
impact of contemplative practices on acute stress reactivity is likely
a better test of their impact on the autonomic nervous system as
compared to examining the baseline set point physiology given that
the autonomic nervous system is a dynamic system and it is difficult
to measure true baseline activity in a laboratory setting (see
Appendix, for research suggestions). Using acute stress tasks
enables the direct testing of the individual’s fitness for responding
dynamically to a challenge (aka stress resilience).

There are other contemplative practices that likely also increase
stress resilience, but not because the practice elicits deep rest. Some
contemplative practices are energetic and fast paced such as the
yogic practice of breath of fire which increases heart rate and
sympathetic activity with reduced vagal activity (Peng et al., 2004;
Raghuraj et al., 1998). Another example of an arousing practice
is the Wim Hof Method, a protocol that includes cycles of
hyperventilation followed by breath retention (intermittent hyp-
oxia), combined with short-term cold exposure, with the goal of
activating stress arousal to develop resilience. Healthy volunteers
who trained in this technique for 10 days showed strong sympathetic
activation (epinephrine release) during the practice and an improved
immune response to endotoxin (Kox et al., 2014). These arousing
practices that briefly activate sympathetic responses (a form of
hormetic stress) may have salutary consequences such as improving
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the nervous system’s ability to recover quickly from challenges, a
ripe area for investigation as described elsewhere (Epel, 2020).

Section 4: Cellular Restoration as a Core
Pathway to Health

Our model proposes that in a state of deep rest, energy can be
allocated toward cellular restoration processes instead of toward
maintaining heightened threat arousal. Reducing threat arousal
frees up cellular and organismal energetic resources, allowing
energy to go to the optimization of biological and physiological
functions. This concept is similar to that previously proposed by
Robles and Carroll (2011) and can be conceptualized as a
hierarchy of biological needs analogous to the hierarchy of
psychological needs classically depicted as Maslow’s pyramid
(Maslow, 1943).
As represented in Figure 3, at the bottom of the hierarchy of

biological needs are basic survival needs—responding to and
recovering from immediate acute threats, directing available energy
toward themaintenance of physical integrity, and ensuring immediate
survival. When basic survival needs are met, the organism can direct
energy toward allostasis and predictive regulation, during which the
organism prepares for future threats (Bobba-Alves, Juster, & Picard,
2022; Sterling, 2012). At the top of the pyramid is optimization of

biological functioning. When there are no threats to attend to
immediately, the cellular and physiological energy resources that are
usually devoted to surviving and preparing, are instead devoted to
optimizing cellular restoration, which directly contributes to health
and longevity.

Cellular restoration is an umbrella term for the processes related to
housekeeping and quality control within and surrounding cells. Even
without major or acute stressors, there is a biological cost of living
that leads to “wear and tear” on cells themselves and their
microenvironment. The constant activity of cellular processes creates
oxidative stress and causes damage to DNA and other molecules,
which are counterbalanced by reparative and protective cellular
functions (i.e., maintenance) including but not limited to antioxidant
defenses and the activity of DNA repair enzymes (Maynard et al.,
2009). Restorative functions include the process of autophagy, which
degrades and removes misfolded proteins, damaged organelles, and
other waste products (Levine & Kroemer, 2008; Robles & Carroll,
2011). Similarly, mitophagy is key to maintaining cellular health as it
allows for the turnover of mitochondria and prevents buildup of
dysfunctional mitochondria, which leads to cellular degeneration
(Youle & van der Bliek, 2012). A common characteristic and cause
of aging is a decline in these “housekeeping functions” or quality
control of the cell, which manifests as an impaired ability to protect
DNA, an increase in DNA damage and misfolded proteins, and
resistance to apoptosis, which can lead to immunosenescence
(Salminen et al., 2011; Salminen & Kaarniranta, 2009).

Mitochondria Are Essential to Cellular Restoration

A core component of cellular restoration is energy production
capacity. Cellular energy is derived from two main sources—
glycolysis and mitochondrial respiration. In breathing animals like
humans, all energy is derived aerobically inmitochondria (Nicholls &
Ferguson, 2013). Mitochondria are small intracellular organelles with
their own DNA—the maternally inherited mitochondrial DNA
(mtDNA; Giles et al., 1980). Mitochondria are multifaceted: dozens
of different types of mitochondria populate the cells of our brain,
immune system, and other organ systems (Monzel et al., 2023).
Hundreds to thousands of dynamic mitochondria populate the inside
of every nucleated cell in the human body. Mitochondria transform
energy from glucose, fatty acids, and amino acids into adenosine
triphosphate (ATP) through a process called oxidative phosphoryla-
tion, which consumes the oxygen we breathe to extract energy from
food substrates (Nicholls & Ferguson, 2013). Through respiration,
mitochondria build an internal charge—much like batteries—that can
be used for ATP/energy production, and for a number of other life-
sustaining and stress-induced functions (Picard, 2022). For example,
mitochondria are responsible for producing steroid hormones
including cortisol and all biological sex-defining hormones (estro-
gens, testosterone, etc.; Selvaraj et al., 2018). Thus, mitochondria are
critical to the healthy neuroendocrine physiological stress response
(Papadopoulos & Miller, 2012; Picard et al., 2015).

The central role of mitochondria in human health likely arose for
three main reasons. First, the human body and all other multicellular
life forms arose from the endosymbiosis of an aerobic bacterium (the
ancestor of mitochondria; Lane & Martin, 2010; Sagan, 1967).
Without mitochondria, there would be only single cell organisms—
no multicellular life, no thinking, feeling, conscious animals (D. C.
Wallace, 2010). Second, energy flow is the ultimate currency of life
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Figure 3
Hierarchy of Biological Functions Based on Contextual Demands
and States of Arousal

Note. This figure represents a hierarchy of biological needs that depends on
energy resources deployed among cells and across the body. At the bottom of
the hierarchy are basic needs for surviving in the present moment, such as
repairing acute damage (e.g., proteins) andmaintaining physical integrity (e.g.,
membrane potential), as well as responding to acute threats. Once those needs
are met, then the organism can devote energy toward the next level of need—
preparing for coming environmental demands; this process is also termed
predictive regulation or allostasis (Bobba-Alves, Juster, & Picard, 2022). If
this level does not consume all energy resources, then energy can finally be
used toward optimizing. In other words, once cellular and physiological
systems are working well, and there are no threats to take care of or plan for,
then energy is directed toward cellular restoration. Each level of the hierarchy
is associated with a different allostatic state, as indicated in the figure with
italicized text. See the online article for the color version of this figure.
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and the main distinguishing factor between a cadaver and the living
body (Bobba-Alves, Juster, & Picard, 2022). We must continuously
breathe precisely to bring oxygen to mitochondria to fuel oxidative
phosphorylation, to charge our mitochondria, which sustain cellular
life, brain activity, and consciousness (Lane, 2002; Shulman et al.,
2009). And third, evolutionary evidence suggests that all living
creatures and their behaviors have been optimized specifically for
energy efficiency (Damasio, 2018; Makarieva et al., 2008), arguing
that cellular functions, behaviors, and the mind are secondary to
energy flow (Damasio, 2018). Thus, mitochondria have evolved as
the energy hub of the human body.
Mitochondria are directly linked to stress-related processes and

stress-related diseases. Poor mitochondrial functioning has been
found in otherwise healthy individuals who are living in conditions
of chronic stress (Picard et al., 2018), and recent evidence tie
mitochondrial dysregulation to multiple chronic inflammatory,
metabolic, and degenerative diseases (B. G. Hill et al., 2019; Picard
et al., 2016; Wu et al., 2019), and aging (Jang et al., 2018). Because
chronic stress elicits complex, energy-demanding, multisystem
physiological responses, it consumes energy resources (Picard &
McEwen, 2018). Therefore, stress can be understood as an
environmental demand that either consumes an excessive amount
of energetic resources or causes recalibrations that disrupt
mitochondria (mitochondrial allostatic load; Bobba-Alves, Sturm,
et al., 2022). Mitochondrial allostatic load may arise due to the
constant energy demand stimulated by stress hormone signaling as
part of the physiological stress response (Du et al., 2009).
Responding to stress greatly taxes mitochondria, which has

downstream negative health effects. In a model of cellular allostatic
load in vitro, glucocorticoid signaling increased energy expenditure by
close to 60% (a state termed hypermetabolism) in parallel with
increased cytokine and extracellular DNA release (Bobba-Alves,
Sturm, et al., 2022). Over a 10-month period, this state of
hypermetabolism was associated with increased mitochondrial DNA
damage, accelerated telomere shortening, increased rate of epigenetic
aging, and increased cell mortality. Mechanistically, exaggerating
excess energy consumption by impairing energy flow in mitochondria
further amplified hypermetabolism and exaggerated telomere erosion.
These findings support the notion that expending energy on stress-
related pathways of surviving and preparing (at the bottom and middle
of the pyramid; Figure 3) comes at the expense of restorative and
longevity-promoting cellular activities, as posited in the energetic
model of allostatic load (Bobba-Alves, Juster, & Picard, 2022).
Additionally, some evidence ties mitochondrial functioning to

acute stress reactivity profiles. Impairments in mitochondrial biology
can produce hyperreactive physiological and endocrine responses to
psychophysiological challenges, including exercise in humans
(Taivassalo et al., 2003), and induced stress in rodents (Picard
et al., 2015). These results suggest that defective mitochondria impair
the ability of the organism to optimally respond to stress, likely
because of reduced energy production capacity or alterations in
mitochondrial signaling. Conversely, when energetic demands are
low, mitochondria can undergo biogenesis, replicate, and increase in
number and quality (Neufer et al., 2015).

Contemplative Practices and Cellular Restoration

There is limited work examining whether contemplative practices
directly alter mitochondrial energy transformation capacity or other

aspects of mitochondrial biology (Fricchione, 2023). There is,
however, a series of studies out of one research group demonstrating
that “relaxation response training” alters gene expression in a variety
of gene sets, including those that regulate mitochondrial biology.
The intervention in these studies is an 8-week relaxation training
intervention consisting of 20-min of daily guided meditation which
includes body scan, focused word, and mindfulness meditation
techniques, as well as a weekly hour-long one-on-one health
coaching session geared toward problem solving barriers to daily
practice (Dusek et al., 2006). In a variety of clinical and nonclinical
samples, this intervention was shown to enact vast changes in gene
expression related to energy metabolism and mitochondrial
functioning, insulin secretion, telomere maintenance, and inflam-
matory processes (Bhasin et al., 2013, 2018; Dusek et al., 2008).
Through network analysis, the authors found nuclear factor kappa B
genes downregulated other pathways including isolated components
of themitochondrial ATP synthase. This work is compelling, andwe
encourage more scientists to explore links between psychosocial
interventions and mitochondrial biology.

Basic science and animal studies support a link between
mitochondrial functioning and functioning of the parasympathetic
branch of the autonomic nervous system. First, receptors for
acetylcholine (ACh), a neurotransmitter of parasympathetic nerves,
are present on the membranes of mitochondria, thereby enabling
mitochondria to sense parasympathetic signals (Lu et al., 2014).
When challenged with stressors, mitochondria also can release their
DNA (mtDNA) into the inside of the cell (cytoplasm) and even in
the blood as circulating cell-free mtDNA (Trumpff et al., 2021). A
brief socioevaluative challenge is sufficient to trigger cell-free
mtDNA in the bloodstream (Hummel et al., 2018; Trumpff et al.,
2019), directly linking psychological threat to one form of
mitochondrial signaling. Interestingly, mtDNA release in the
cytoplasm appears induced by glucocorticoid signaling (Trumpff
et al., 2019), but inhibited by the parasympathetic neurotransmitter
ACh (Lu et al., 2014). Additionally, a drug that stimulates vagus
nerve activity, donepezil, was shown to prevent adverse changes in
mitochondrial fusion proteins and the loss of membrane potential,
and to mitigate mitochondrial reactive oxygen species production
in rats with cardiac ischemia (Khuanjing et al., 2021). This
parasympathetic-mitochondrial connection suggests that the same
acetylcholine signaling pathway that links vagal activation to
decreased proinflammatory cytokine production (Pavlov et al.,
2009) may also link vagal nerve stimulation to other cellular
restoration processes, including antioxidant enzymes, antiapoptotic
actions, and the upregulation of mitochondrial biogenesis and
mitophagy. Evidence for contemplative practices altering both the
autonomic nervous system and the functioning of mitochondria is
needed as part of rigorous testing of the deep rest model.

Section 5: Sleep as the Ultimate Time for Restoration

While we argue that contemplative practices allow the body to
spend time in a state of deep rest, characterized by parasympathetic
instead of sympathetic dominance, the other time this state is
reached is during sleep. The primary way humans engage restorative
processes is during nighttime sleep, and particularly, deep slow
wave sleep. By understanding the biology of high-quality restorative
sleep, we can gain insight into the biology of deep rest.
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Sleep is categorized into two parts: nonrapid eye movement
(NREM) sleep, comprising Stages 1–3 that progress from lighter
sleep to deeper sleep stages, and rapid eye movement (REM) sleep.
During sleep, humans disengage from the external environment and a
series of cellular, molecular, and systemic processes ensue to support
neural and bodily homeostasis and restoration. High quality sleep is
essential for the optimization of biological functioning, including for
restorative cleansing processes in the brain. During deep NREM
sleep, toxic molecules that are byproducts of normal neuronal
function are cleared away; Fultz et al. (2019) demonstrated that the
large amplitude slow waves characteristic of deep NREM sleep are
coupled with hemodynamic oscillations and cyclic patterns of
cerebral spinal fluid movement that clears waste materials from the
brain. This clearance system removes toxic metabolites (Xie et al.,
2013), like β amyloid, the accumulation of which is associated with
the neuronal death common in neurodegenerative disorders like
Alzheimer’s disease (McKhann et al., 1984). Despite these active
processes during sleep, the body still uses less energy during slow
wave sleep than it does during waking hours (Shechter et al., 2013),
suggesting that restorative activities are energetically efficient.
Sleep exerts considerable influence over the autonomic nervous

system and vice versa. When initially falling asleep, parasympathetic
activity increases and sympathetic activity decreases, like what
happens during deep rest. Specifically, sleep onset is accompanied by
a reduction in heart rate paired with an increase in parasympathetic
activity (measured by the high frequency component of heart rate
variability, a measure of vagally mediated cardiac activity), and a
decrease in sympathetic activity (measured by preejection period, a
measure of cardiac sympathetic tone; Tobaldini et al., 2013; Trinder
et al., 2012). During NREM sleep, compared to waking and REM
sleep, heart rate decreases further and this is coupled with a reduction
in overall cardiac output with a relative dominance in vagally
mediated parasympathetic activity. These autonomic changes across
NREM sleep facilitate an organism’s efficient use of the metabolic
resources available while supporting bodily homeostasis, restora-
tion, and rejuvenation (Zoccoli & Amici, 2020). Taken together,
mechanistic studies show that coordinated neural activity during
sleep supports the conditions necessary for restoration and
rejuvenation of the brain and body, and this physiological state
is characterized by lowered heart rate, increased parasympathetic
activity, and decreased sympathetic activity—a physiological
profile similar to what we hypothesize is accomplished when a
person enters a wakeful state of deep rest.

Energy Expenditure During Sleep and Deep Rest

At the whole organism level, lower heart rate and reduced
physiological arousal reflects lower energy expenditure. Every
physiological function—heart beating, breathing, digesting, seeing,
hearing, thinking, and moving—requires energy. Because most of
our physiological, sensory, and motor functions are reduced or
interrupted when we sleep, life can be sustained at a significantly
lower energy cost. Measuring energy expenditure via the amount of
oxygen consumed during wakefulness and at different stages of
sleep among different mammalian species, including humans,
shows that sleep decreases energy expenditure by 7%–69%
(generally ∼30%–50% from waking values, and typically ∼10%
lower than basal metabolic rate in humans; e.g., Shechter et al.,
2013). In fact, energy conservation is one of the proposed functions

of sleep (Berger & Phillips, 1995). Consequently, sleep deprivation
increases overall energy expenditure (Jung et al., 2011; Shechter et
al., 2013), preventing the potential restorative benefits associated
with the hypometabolic state of low physiological arousal during
sleep. Under ideal circumstances, the body’s need for restoration
might be met during sleep, creating less need for deep rest states
during the daytime.

Despite the essential role sleep plays in allowing for restoration
of core biological functions, most adults do not get enough sleep.
Nearly one-third of American adults receive significantly less than
the 7 hr of sleep per night that is recommended by the Centers for
Disease Control (Liu et al., 2016). Poor sleep quality is now
considered a public health crisis given the high rates of poor sleep
and beacuse strong experimental and epidemiological studies
show that disruptions in sleep profoundly influence mental and
physical health, including increasing risk of mortality (Itani et
al., 2017).

Safety Signaling and Sleep Equity

One of the reasons quality and quantity of sleep may be disrupted
for many Americans is because they lack the physical and
psychological safety that is critical for high-quality sleep. Sleep
science shows that individuals experiencing discrimination and
those living in unsafe neighborhoods have less restorative sleep than
those not experiencing chronic stress (Euteneuer et al., 2014;
Tomfohr et al., 2010). Hale and colleagues demonstrated that living
in neighborhoods with greater crime rates and physical disorder is
associated with lower sleep quality and shortened sleep duration
(Hale et al., 2010; T. D. Hill et al., 2009). Linking lack of physical
safety to autonomic functioning during sleep, Mellman et al. (2018)
found that unsafe neighborhood conditions were associated with
lower parasympathetic activity during sleep in a sample of Black
Americans, and for women, greater exposure to violence was
positively associated with sympathetic activity during sleep.
Furthermore, Troxel et al. (2017) found that daily stressors,
relationship conflict, and perceived discrimination are each
associated with less of a dip in blood pressure during sleep.

We hypothesize that individuals living in unsafe environments
have difficultly shifting to restorative states during sleep because
their bodies are maintaining hypervigilance, even at night, which
interferes with the physical recovery that happens during sleep. These
studies suggest that we may carry daily stress at an unconscious level
while we sleep, interfering with optimal restoration by keeping the
sympathetic and cardiovascular systems in heightened activation.

Sleep and Contemplative Practices

Contemplative practices may offer a way to support physiologi-
cally restorative activities for those getting too little or low-quality
sleep by offering a daytime practice that can supplement and/or
support nighttime restoration. Meta-analytic evidence of random-
ized controlled interventions have supported the use of mindfulness
meditation, yoga, and Qi Gong in improving sleep quality (but not
sleep quantity) in clinical and nonclinical samples (Rusch et al.,
2019; Wang et al., 2020; Wayne et al., 2018). In addition, studies
comparing expert Vipassana meditation practitioners to nonmedi-
tating controls have found that expert meditators have greater
amounts of slow wave sleep and a higher number of sleep cycles
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(Pattanashetty et al., 2010; Sulekha et al., 2006). The difference may
be due to a shift in autonomic balance from sympathetic to
parasympathetic dominance during contemplative practices that
decreases perceptions of, and reactivity to, daily stressors and
related threat arousal during the day. Decreased daily threat arousal
may in turn bleed over into the evening, decreasing presleep arousal,
and thus improving sleep quality (Winzeler et al., 2014).

Future Directions

The deep rest model has several important implications for future
well-being and contemplative science research. Specific research
questions and suggested methodological approaches following our
model’s propositions are detailed in the Appendix. There are also
broader implications from our model that if adopted would enhance
the quality of research in contemplative science—we describe
these next.
Contemplative science will be greatly improved when there is a

larger focus on the psychophysiological states that the practices
induce, and an exporation of how those states mediate the
relationship between contemplative practices and health.
Throughout this article, we describe several mechanistic compo-
nents that future work can investigate (i.e., perceptions of
psychological, social, and physical safety; parasympathetic and
sympathetic activity during the practices, during a true resting
baseline while awake, and during sleep; cellular processes related to
energy production and restoration). Unpacking mechanistic path-
ways will allow for the development of more effective and targeted
interventions.
Our model also suggests that future research should avoid the

reductionist approach of breaking down each contemplative practice
in order to dissect the “active ingredient” of a specific practice, and
instead focus on testing whether the practice in its wholeness
supports people in achieving a desired psychophysiological state. It
could be that the specific type or style of practice matters less than
whether the participant was in fact able to achieve a state of deep rest
for a significant amount of time. Focusing on whether a person
reaches a state of deep rest across a variety of practices may help
individuals identify which one works best for them.
In bringing together the science of contemplative practices, stress

physiology, and cellular functioning, we have made leaps in logic
that do not yet have empirical support. The biggest area in need of
testing within this model is whether contemplative practices
influence the cellular-level optimization processes hypothesized.
Specifically, do they impact the functions and behaviors of
mitochondria involved in energy transformation and are those
effects mediated in part by alterations in parasympathetic activity?
Cardiac activity and respiration rate can be measured noninvasively
and relatively inexpensively, and thus should be considered in future
contemplative science studies. Increased use of these measures as
either mechanisms or outcomes is a first step to advancing the
mechanistic understanding of these practices. The use of gene
expression to identify cellular restorative pathways is now less
expensive and can be used in studies that collect blood samples.
There is also evidence of other biological pathways not described in
this article, including oxytocin (Mascaro et al., 2015), melatonin
(Bushell & Theise, 2009; Harinath et al., 2004), antioxidants (Olivo,
2009), and epigenetic clocks (Chaix et al., 2017). Future studies

should unpack whether these pathways operate in conjunction with
one another or operate as separate biological mechanisms.

Finally, unpacking the relationship between contemplative
practices and sleep health is of urgent importance given the strong
evidence that sleep is fundamental to health and well-being along
with the significant disruptions in sleep in a large percentage of U.S.
adults and the emerging work on sleep inequity (Hale et al., 2020).
Core research questions include: Does daily contemplative practice
engagement increase sleep latency, quantity, and/or quality? Do
deep rest interventions facilitate healthier sleep, further permitting
rejuvenation processes during sleep? Can contemplative practices
practiced during the day enhance toxin clearance during sleep, such
as slow oscillations?

It is important to note that contemplative practices are not the only
nonpharmacological interventions that increase mental health and
decrease disease risk, and thus other practices leading to well-being
should not be ignored. Physical activity, leisure activities, and time
spent in nature, each have profound and long-lasting mental and
physical health benefits (Ekelund et al., 2019; Fancourt et al., 2021;
Frumkin et al., 2017; Kondo et al., 2018; Schertz & Berman, 2019).
Additionally, there are other techniques for promoting the related
concept of rejuvenation, such as through acute hormetic stress (Epel,
2020). There are many areas of well-being and biological
optimization that are ripe for rigorous examination where aspects
of the deep rest model may be relevant.

Conclusion

In this article, we presented a model of deep rest—a physiological
and psychological state that creates a biological environment which
allows for cellular restoration, and that we hypothesize can be
facilitated through contemplative practices. We built on evidence that
our bodies move between allostatic states depending on environmental
signals, and propose that modern life demands that we spend much of
the day in the energetically costly state of moderate threat arousal. We
described how safety signals that are part of contemplative practices
allow for movement away from threat arousal, thereby freeing
energetic resources for repairing cellular damage and optimizing
cellular functioning. We argued that deep rest, as an allostatic state, is
one that is achieved through the combination of safety perceptions and
parasympathetic dominance. Our core hypothesis is that spending time
in a state of deep rest allows for more energetically efficient biological
functioning and greater well-being and may have profound positive
impacts on health and aging.

In conclusion, contemplative practices are a powerful tool for
enhancing health. Routinely practicing a contemplative technique
may reduce harmful stress-related threat arousal, promote cellular-
level healing and restoration, and ultimately promote positive mental
and physical health. Should the deep rest model be empirically
substantiated, it would provide the basis to design more targeted,
powerful, and equitable mind–body interventions to increase well-
being across the lifespan.
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Appendix

Deep Rest Model Principles and Corresponding Research Questions

To provide further evidence for the model, we lay out the deep
rest model principles - our core assumptions and the testable
research questions, along with potential scientific approaches for
examining each assumption.

Principle 1: Chronic Stress Arousal Is Common

Assumption: Most working-age adults living in Western urban
societies have elevated stress-related physiology across the day,
indicating chronic stress arousal.

Research question: Do working-age adults living in Western
urban societies have greater daily cardiovascular and sympa-
thetic activation as compared to groups for whom daily and trait
perceived stress is lower and social safety is higher, such as in
groups with greater social support or sense of belonging (e.g.,
collectivist cultural groups, or communities with greater social
networks)?

Possible approach: The primary method for testing the
biology of social safety includes wearable technology that
continuously monitors how the autonomic nervous system
responds to different contexts. It includes minute to minute
assessment of stress-related physiology including heart rate,
heart rate variability, respiration rate, blood pressure, and
ideally sympathetic activity. This method will enable
researchers to test deep rest hypotheses across large groups
of people throughout the world. For a sociobiological
approach, it will be important to examine how this daily-
level physiological activity differs based on demographic
subgroups (e.g., age, race/ethnicity, geography, cultural
groups, intersectionality). Cross-cultural data may be espe-
cially useful to examine group level variations. With recent
advancements is biomarker assessment (using blood and
saliva-based approaches), it will soon be feasible to examine
related biomarkers in large global population-based studies
such as proteomic and gene expression patterns to examine
pathways of arousal, restoration, and aging in large samples.

Principle 2: There Is a Biological Signature of Safety

Assumption: Objective and subjective measures of safety will
be associated with a basal biological signature of high
parasympathetic and low sympathetic activity, as well as less
cellular damage and active cellular restoration.

Research questions: Does feeling safe and being in safe
environments have a unique biological signature compared to
states of moderate threat or acute threat, and if so, what are the
core measurable elements of this signature? Which dimension
of safety (physical, social, psychological) is more highly
correlated with this biological signature? Is there evidence that
this biological safety signature is present and measurable during

the day and at night, during sleep? How does feeling safe
influence sleep-related neural and autonomic nervous system
patterns?

Possible approach: A biological signature of safety could be
quantified by comparing profiles of biological indices (i.e., select
autonomic, neuroendocrine, immune, and cellular-functioning
biomarkers of stress and restoration) using both stable metrics
reflecting baseline states and examining change from when
individuals move from unsafe to safe conditions. Examples
include deployedmilitarymembers who then return home to safe
conditions, unemployed individuals who obtain financially
stabilizing jobs, or individuals who move out of conflictual,
chaotic, and/or unsafe home environments to safer residences. In
addition, alterations in biological signals of safety could be tested
to quantify the amount of intraindividual variation in acute
changes in safety conditions (workday versus weekend, with
strangers versus with close others, noisy urban versus peaceful
natural settings). It will be important to test the validity of
biological signatures of safety with psychosocial constructs
related to safety perceptions (e.g., perceptions of neighborhood
safety, marital satisfaction, sense of belonging, workplace
support, financial well-being) and threat (e.g. danger, violence,
criticism, social rejection, discrimination, financial strain).

Principle 3: The Deep Rest State Is Quantifiable

Assumption: It is possible to quantifiably measure whether and
for how long an individual is spending in a state of deep rest
each day.

Research questions: What are the biological indicators of states
of deep rest? Can behvioral metrics from wearable technology
quantify whether and for how long an individual is spending in
rest each day? What experimental approaches can induce states
of deep rest that get close to the autonomic profile seen during
NREM slow wave sleep (e.g., intensive meditation practice or
yin yoga)?

Possible approach: Given that NREM slow wave sleep is the
deepest rest period during each day, autonomic activity at this
time could be used as an individual’s “true” deep rest biological
signature. Wearable activity could then track how close an
individual gets to reaching that state during the day, and whether
spending more time close to the true state of deep rest is
associated with greater well-being. This is most easily tested
with wearble technology that captures both parasympathetic
and sympathetic activity over the entire day. Experimental
studies could then test whether all or only specific forms of
restorative activities allow individuals to reach their own
“true” deep rest biological signature.
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Priniple 4: A Felt Sense of Safety Underlies
Emotional Well-Being

Assumption: Contemplative practices are effective in improv-
ing emotional well-being to the extent they create perceived
psychological safety.

Research questions: Do perceptions of safety increase after
contemplative practice sessions? Is this a core mechanism by
which contemplative practices reduce perceived stress? Do
those with contemplative practice as part of their daily life show
a daily emotion profile indicative of high social safety and
connectivity?

Possible approach: To test these questions, perceptions of felt
safety and social safety (trust, belonging, compassion) should
be directly measured with self-report scales (e.g., L. Morton et
al., 2022) in intervention and experimental studies. In
addition, novel measures need to be developed to capture
and differentiate between types of safety such as psychologi-
cal, social, physical, and unconscious safety. Unconscious
safety is a concept in need of further development as it may
play a crucial role in the processes described in this paper.
Ecological momentary assessment technology can capture
both perceptions of safety and emotional experiences
throughout daily life, ideally coupled with wearable technol-
ogy capturing continuous autonomic nervous system activity
and other physiological measures such as saliva sampling for
hormonal patterns.

Principle 5: Spending Time in Deep Rest Increases Basal
Parasympathetic Activity

Assumption: Engaging in contemplative practices consistently
over time will alter the resting allostatic state, shifting it toward
an autonomic profile of greater parasympathetic dominance,
which is ultimately associated with greater well-being.

Research questions: Do long-term contemplative practitioners
have parasympathetic dominance at rest during daily life, when
not engaging in a contemplative practice? Do they recover from
stress more quickly and spend more time in rest and deep rest
states during the day? Do people who spend more time in rest
and deep rest report greater well-being?

Possible approach: To test this, wearable technology
capturing continuous daily autonomic activity could be tested
as a way to assess an individual’s time spent in various
allostatic states. Previous studies have defined “rest state”
physiological activity by having research participants engage
in “restful” activities such as sitting quietly with nothing to do
in the research laboratory setting while waiting for a study
protocol to start. However, because waiting in a research
setting may in fact be anxiety inducing for some individuals,
measurements taken at that time may not be truly capturing
“rest” state physiology.

One possible way to capture true rest, is to create opportunities
in a lab setting for participants to engage in self-selected leisure
activities most susceptible to elicit rest (e.g., setting up a
comfortable and welcoming room with a comfortable chair and
having participants bring a book to read). This could provide an
individual’s rest state physiological baseline which would serve
as a comparison point for daily data that is collected with
wearable technology and ecological momentary assessment
methodology. With this approach, researchers could track how
much time an individual spends in a resting physiological state
each day naturalistically compared to their own true resting
baseline. This same lab-based method to creating a true
assessment of rest state physiology could be used to create
individualized physiological activity ranges for various allo-
static states. Capturing individualized allostatic state physiology
would allow for the quantification of how much time
individuals are spending in each state, and how that ties to
well-being (e.g., if more time is spent in rest or deep rest in a
single day, is that person less fatigued?).

Principle 6: Unsafe Environments Prevent Rest States

Assumption: Environmental contexts with consistent threats
(e.g., unsafe neighborhoods, chaotic homes) make it more
challenging to experience rest states.

Research questions: Is it possible to reach states of rest when
the context of the environment is psychologically, socially,
and/or physically unsafe? Under what conditions can rest
states be achieved in environments where real or perceived
threat is present?

Possible approach: To test this, qualitative methods can be
deployed to explore how and when rest and deep rest is felt
for those living in unsafe or chronically stressful contexts.
Quantitative approaches involving experimental induction of
rest and deep rest states could also be used in individuals
living in chronically stressful contexts to see if and how it is
possible to override the persistent threat perception and
achieve rest state physiology. Another approach would be to
examine autonomic functioning during deep sleep (the
ultimate state of deep rest) in people who differ in their level
of environmental safety.

Principle 7: Some People May Uniquely Benefit
From Deep Rest

Assumption: Trauma-exposed and certain clinical populations
operate in higher threat arousal states in daily life compared to
nontrauma exposed or nonclinical populations, and thus may
uniquely benefit from spending more time in rest states.

Research questions: Are contexts such as history of trauma,
current clinical disorder (i.e., anxiety), or chronic stress,
associated with greater daily physiological arousal and
decreased ability to perceive safety? Do these groups uniquely
benefit from contemplative practices?
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Potential approach: The benefits of achieving rest states for
trauma-exposed and clinical populations should be explored
since rest may be particularly beneficial to those whose nervous
systems have a high sympathetic baseline. Additionally,
considerable research has shown that trauma-exposed and
clinical populations lack restorative sleep, and increasing time
spent in rest states during the day may reduce presleep arousal
and thus improve overall sleep quality. Intervention studies in
individuals with a history of trauma and specific clinical
samples should examine whether contemplative practice

training can alter daily allostatic states, self-reported daily
feelings of threat and safety, and sleep metrics in ways that
benefit overall health.
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