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Over the past decade, research has shown that diet and gut health affects symptoms expressed in stress re-
lated disorders, depression, and anxiety through changes in the gut microbiota. Psycho-behavioral function
and somatic health interaction have often been ignored in health care with resulting deficits in treatment
quality and outcomes. While mental health care requires the professional training in counseling, psy-
chotherapy and psychiatry, complimentary therapeutic strategies, such as attention to a nutritional and di-
verse diet and supplementation of probiotic foods, may be integrated alongside psychotherapy treatment
models. Development of these alternative strategies is predicated on experimental evidence and diligent re-
search on the biology of stress, fear, anxiety-related behaviors, and the gut-brain connection. This article
provides a brief overview on biological markers of anxiety and the expanding nutritional literature relating
to brain health and mental disorders. A case study demonstrates an example of a biopsychosocial approach
integrating cognitive psychotherapy, dietary changes, and mindfulness activities, in treating symptoms of
anxiety. This case study shows a possible treatment protocol to explore the efficacy of targeting the gut-

brain-axis that may be used as an impetus for future controlled studies.

INTRODUCTION

In the Westernized world today, anxiety and de-
pression are the most frequently diagnosed disorders [1].
Over time, the number and frequency of diagnoses have
indeed grown due in part to greater awareness of mani-
festations of disease symptoms, but also due to the pace
of modern life, inclusive of society, diet, and stress. From
a human biological perspective, prevalence of somatic
disorders that are characteristic of “diseases of affluence”

(e.g. metabolic, immunologic, and endocrine) [2] is so
great that the acquisition of disease is considered in-
evitable, or a natural outcome of aging. Collectively, the
multi-modal and co-morbid disease epidemics depicted
here share a common association with urbanization, in-
dustrialization, westernization, and resulting changes in
agriculture and food processing. Considerable effort pre-
cedes us in the search for a catalyst to explain the sweep
of health issues seen today, and has yielded some prom-
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ising leads. This scrutiny draws attention to probable cul-
prits such as: food production and refinement, overuse of
xenotoxins (e.g. fertilizers, carbon emissions, and pesti-
cides), vaccines, antibiotics, and various types of medica-
tions, particularly the third generation of antidepressants,
commonly known as selective serotonin reuptake in-
hibitors, SSRIst. Furthermore, a growing consensus in
psycho-behavioral research recognizes that disorders,
specifically anxiety and depression, are often co-expressed
with physiological symptoms, particularly digestive and
bowel disorders. This hints at a shared communication or
effector pathway between the emotional centers of the
brain and the visceral organs of the gut [3].

Accumulating interest on the connection between gut
health and psychological well-being has termed this the
gut-brain-axis (GBA). The GBA is a bi-directional com-
municative and regulatory system involving (but not lim-
ited to) the brain and central nervous system (CNS) and
the enteric environment of the gut, inclusive of human and
microbial cells, metabolites, neuroactive chemicals, and
energy substrates. The gut and the brain send and receive
messages via the enteric nervous system (ENS) through
neural pathways such as the efferent sympathetic system
and the afferent vagal nerve, as well as through the blood-
stream [4,5]. The ENS also innervates the GI tract, pan-
creas, and the gall bladder. Thus the gut and its microbiota
affect immunity, endocrine function, and the nervous sys-
tem, as well as regulation of behavior [6]. Therefore, stress
and the accompanying arousal affect the gastro-intestinal
function in top-down and bottom-up signals via the ENS
[7].

The rise in the pathogenesis of anxiety and depres-
sion is concomitant with an epidemic of metabolic and
auto-immune diseases, and may not be traceable to one or
even a few etiologies. Instead, physiological and psycho-
logical comorbidities are likely reflective of a more in-
sipid sweep of toxic changes permeating the lifestyles of
people within urban-industrial societies [8]. If the shared
axis of psycho-behavioral function and somatic health
continues to be ignored, then the future ramifications
could be rather daunting. Therefore, while mental health
is necessarily the domain of psychotherapy and psychia-
try, and requires the specialized care that is afforded by
mental health professionals, complimentary therapeutic
strategies should be coopted alongside standard models of
care. Development of these alternative strategies is non-
random. Instead, they are predicated on extensive experi-
mental evidence and diligent research on the biology of
stress, fear, anxiety-related behaviors, and the gut-brain
connection.

This article provides an overview of the scientific and
academic literature on biological markers of anxiety,
briefly summarizing the expanding nutritional literature
on brain health so as to connect the neuroendocrine routes
and pathways of anxiety that can be manipulated or di-
rectly activated by the gut microbiome. The inclusion of
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a case study demonstrates an example that integrates ther-
apy strategies in treating anxiety that target the gut-brain-
axis. While the modes of stress, fear, and anxiety are
chemical in nature, the exchange from stimulus to re-
sponse moves through personal cognitive participation in
emotional or visceral experiences. In fact, a modern par-
adigm of emotions is that they are experienced at three in-
terrelated levels: mental, neurochemical or physiological,
and behavioral [9]. Contrary to the notion of discrete
purviews, physiology, neurochemistry, and psychology
inscribe chain links along a continual bidirectional flow
of human interaction with physical, emotional, and con-
ceptual realities. Treatment for anxiety symptoms may se-
lectively adjust any one link, but a more effective
approach could incorporate the entire stream of psycho-
somatic processes through progressive and layered inte-
gration of counseling and therapeutic strategies. There
exists already numerous compelling review and research
articles that discuss and demonstrate the indelible link be-
tween gut and brain health, and these concepts are dis-
seminating rapidly into frontier research in counseling,
nutritional psychiatry [10] and psychoneuroimmunology.
Therefore, the purpose of this paper is not to provide yet
another review of topical material, but instead to focus on
the neurological and visceral systems specific to symp-
toms of anxiety and to demonstrate how these can be mod-
ulated through lifestyle interventions to entrain anxiolytic
behaviors and health. Furthermore, a proposal of a holis-
tic therapeutic approach is largely considerate of gut and
somatic health, and can be implemented safely and non-in-
vasively alongside cognitive-behavioral therapy (CBT),
mindfulness practice, and other counseling and therapeu-
tic models. Finally, this proposed model applies to a case
study patient (n = 1) receiving treatment for generalized
anxiety with a report on the outcome to date.

RECOGNIZING THE BEHAVIORAL AND
BODILY CONNECTIONS IN STRESS AND
ANXIETY

The predictable consequence to traumatic and anxiety
provoking incidents involves hyper-arousal in the nerv-
ous system, leading to the amygdala-mediated fight, flee,
freeze, hypervigilance, or submission reactions. Freeze
has been considered the more severe psychological price
of earlier stressful or traumatic experiences and has been
the major predictor of post-traumatic stress disorder
(PTSD). This array of responses, especially freeze, com-
promises brain development and necessary neuro-en-
docrine functions [11]. Stress symptoms “can accumulate
and increase from exposure to multiple events and reach
a degree in which symptoms become a disorder” (p. 5)
[12]. Thus, traumatized or stressed individuals may expe-
rience their free time as anxiety time and may be unable
to be satisfied with the present and so need help to find
calm and happiness within themselves [13]. Intense fear is
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staple of trauma provoking endocrine changes, compro-
mised immune function, pervasive anxiety, and cognitive
distortions leading to difficulty ignoring what is unim-
portant and selecting only what is most relevant [14].

Chronic hyperarousal depletes the body’s reserves
and renders one vulnerable to a plethora of physical and
mental health problems [14], as was demonstrated in the
Adverse Childhood Experience (ACE) Study. The ACE
study is an extensive investigation to assess associations
between serious childhood stressors and later-life health
and well-being. An ACE score assesses the total amount
of stressors during childhood and as the score increases,
the risk for health problems increases. Some of the ACE
correlates include the following: early initiation of smok-
ing, obesity, chronic obstructive pulmonary disease, liver
disease, cancer, diabetes mellitus, ischemic heart disease,
hypertension, hyperlipidemia, macular degeneration, pso-
riasis, depression, suicide attempts, alcohol and illicit drug
abuse, and an overall compromised health-related quality
of life [15,16].

So what are the underlying mechanisms that con-
tribute the physical and psychological vulnerability of in-
dividuals who have had early trauma? Trauma fragments
become subtle and generalize throughout body and be-
havior. These provoking triggers are recorded throughout
body and brain, including the brain stem, as implicit or so-
matic memory. The more trauma fragments a person has
the less neutral or pleasurable sensations this individual
experiences in everyday activities [14,17]. The vulnera-
bility manifests in behavior and interpersonal relationships
that may persist into adulthood. This happens via the
amygdala, an early warning system rather than a storage
system, which is immune to the effects of stress hormones.
The amygdala registers highly charged emotions with
body sensations and emotion before the cerebral cortex
gets the message. The body continues to alarm inappro-
priately and perpetuates alarm even after danger ceases
[17]. Neural pathways encode emotions (via the amyg-
dala), behaviors, perceptions, habits, and body memories
and some contend that these memories are held in mus-
cles or at the cellular level [18].

These memories are not accessible to the problem
solving, analytical pre-frontal cortex. The active amyg-
dala and unchecked adrenaline-suppressed hippocampus
contribute to anxious thoughts and behaviors [12]. Trig-
gers alert the brain stem, which floods the body with stress
chemicals, e.g. cortisol and adrenalin. Thus, the body ac-
tivates, but the muscles do not due to stress hormones dis-
turbing the whole body and consequently contributing to
passive coping in forms of emotional numbing or de-
spondency [13]. Fortunately, the impact of hyper-arousal
symptoms and intrusive thoughts is minimized when the
memory of threat is processed and problem solving action
can proceed.
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NEUROBIOLOGY OF ANXIETY AND FEAR

The biology of fear is well established in (namely
murine) animal models, and a biological basis for core,
putatively unlearned, emotions (e.g. fear, rage/anger, and
love) is well supported and instructive [9]. However,
among higher order mammals, particularly primates, it is
often difficult to disentangle the etiological afferents given
the multiple compounding effects of amygdalic and corti-
cal mediation. Humans especially incorporate the activity
of the prefrontal cortex (PFC) in managing and labeling
emotional responses and integrating complex stimuli. In
order to demonstrate a plausible link between the gut mi-
crobiota and neurobiological factors in anxiety, it is es-
sential to first understand the major neuroendocrine
activities that precipitate fear-based behavior, after which
it is possible to evaluate the physical and chemical gate-
ways for integration of activity arising from the enteric
environment. This brief review rests heavily on a bottom-
up approach to interpreting emotions, whereby visceral or
sensory triggers detected by medullary and pons structures
in the brain stem are relayed to the limbic system, includ-
ing the thalamus, amygdala, hypothalamus, and extended
subcortical regions. In effect, the working paradigm is an
integrated James-Lange (bottom-up processing) and Can-
non-Bard theory of emotion, with stimuli originating ex-
ternally or viscerally, signal processing coordinated by the
subcortical brain, and responses meted by the autonomic
nervous system (ANS) [7,9]. The enteric environment,
particularly of the colon, is home to trillions of microor-
ganisms and comprises a dense meshwork of cells, nerves,
molecules, and receptors. Due to its size and complexity,
the ENS is considered a third arm of the ANS [5,19,20],
and in recognition of this perspective, the executive cen-
ters of information collection and processing necessarily
span from brain to gut (see Figure 1).

The human experience of anxiety may be an evolu-
tionarily recycled system of elaborated fear that includes
extenuating cognitive processing [21]. In this way, fear
arousal, instigated by perceptible stimuli, is projected onto
a more generalized, unknown, or uncertain threat [9]. For
humans, the predilection towards heightened anxiety and
the associated resulting behavior may be an evolutionar-
ily adaptive trait that arose out of an enhanced need for
future planning and threat prediction. Although all mam-
mals display anxiety behavior, humans are specialists in
associative labeling of emotional experience, or pattern
finding cognitions [22], which results in an amplified abil-
ity to extrapolate threat scenarios from ordinary, everyday
stimuli. This marries well with the notion that evolution-
ary complexity changes in degrees rather than in kind to-
wards articulating the differences between human and
non-human behavioral patterns. In modern urban societies
where threats are more often of a distant or virtual nature,
anxious behavior turns maladaptive and pathological,
compounded by or resulting from everyday stress and
emotional trauma [23].
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Anatomical map of efferent and afferent connectivity relevant in anxiety
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Figure 1. Anatomical map of the efferent and afferent neurobiological connections that are relevant in fear and anxi-

ety.

Despite a large heterogeneity in human emotional re-
activity [21], it is possible to interpolate the neural sys-
tems involved in the generation and expression of emotion
and anxiety. According to John Watson, the father of be-
haviorism, emotions that trigger behavior are dominated
by “visceral and glandular factors” [24]. The growing
body of research in the past 15 years now largely sub-
stantiates this view. Anxiety behaviors and symptoms are
predominantly activated through the ANS and the hypo-
thalamus-pituitary-adrenal axis (HPA). The ANS has pro-
found influence over the activity of the intestinal tract, not
limited to merely activating smooth muscle contractions,
but also in regulating pH, motility, mucus secretion, and
mucosal immune response [19]. Both aspects of the ANS,
sympathetic and parasympathetic, dispense cortical and
subcortical directives, but the sympathetic system, using
noradrenaline (NA) neurotransmitter, is the main promo-
tor of characteristic anxiety symptoms such as alertness,
arousal, sweating, hypertension, and tachycardia. The NA
and HPA systems both function to mobilize the brain and
body to confront or flee threatening situations. Hip-

pocampal and amygdalic integration during anxiety per-
mits conditional and emotional learning during a fearful
situation, and is a core survival feature of the threat re-
sponse. Dysregulation of the neuroendocrine responses to
stress can result in exaggerated or aberrant behavior in the
face of a perceived threat, and there appears to be a criti-
cal post-natal developmental window for inhibitory sen-
sitization of the HPA circuit [25]. Furthermore, factors
critical to learning and plasticity such as 5-hydroxytrypt-
amine (5-HT) and brain derived neurotrophic factor
(BDNF), along with regulated stimulation of the amyg-
dala and hippocampus are necessary to train appropriate
endocrine and behavioral reactivity to stressful situations
[26]. Since inputs to the brain that initiate a stress response
can originate from both external and visceral stimuli, and
human emotion and association centers are primed for pat-
tern learning, then anxiety producing situations where one
feels a loss of control may rapidly accumulate from non-
specific or even crossed stimuli [27].

A diagram of the general brain and ANS signal routes
that are activated in response to a serious or painful threat
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Brain circuits and efferent signals in fear and anxiety
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Figure 2. Major brain circuits and efferent signals involved in transduction of fear and anxiety behavior. External and
visceral stimuli hit the locus coeruleus (LC), and the area postrema (AP) in the brain stem, and the thalamus in the
limbic brain. The LC is receptive to noradrenaline (NA) while the AP detects molecules in the circulation and vagal af-
ferents. The LC and AP transmit input to the thalamus, which proceeds to innervate the amygdala. The amygdala
also receives input about contextual and spatial information from the hippocampus, invoking the behavioral inhibition
system (BIS). The amygdala sends inhibitory signals to the prefrontal cortex (PFC) and initiates sympathetic activity
through positive innervation of the LC and peripheral NA systems via corticotropin-releasing factor (CRF). The ex-
tended amygdala, the bed nucleus of the stria terminalis (BNST), also sends excitatory signals to the hypothalamus,
again via CRF, which initiates the hypothalamus-pituitary-adrenal axis (HPA) that release glucocorticoids, namely cor-
tisol, throughout the body. Abbreviations in brackets indicate the transmitter of the signal, and positive and negative
symbols indicate the excitatory or inhibitory signals respectively. Glu, glutamate; 5-HT, 5-hydroxytryptamine; GABA,

y-aminobutyric acid; ACTH, adrenocorticotropic hormone.

is shown in Figure 2. It is difficult to target one single cen-
tral structure in the mediation of threatening stimuli, how-
ever, the key loci in this process are certainly the area
postrema (AP), locus coeruleus (LC), amygdala/bed nu-
cleus of the stria terminalis (BNST), and the hypothala-
mus. External and sensory information are relayed to the
thalamus by the cortex, while visceral information en-
coded by hormones, neuropeptides, and cytokines in the
circulation, and neurotransmitters in afferent nerves is de-
tected by the AP and LC, which subsequently also inner-
vate the thalamus. The thalamus integrates these signals
and relays a response to the amygdala, which also receives
contextual input from the hippocampus through the be-
havioral inhibition system (BIS). The BIS regulates the
severity of emotional response through hippocampal in-
hibition on the amygdala. It compares the expected to the
actual stimuli and assesses whether a proper adaptive ac-
tion is possible, or whether loss of control has occurred.

The amygdala, and its extension via the BNST, go on to
innervate the LC and hypothalamus through corticotropin-
releasing factor (CRF), and thus the cascade of stress in-
duced response propagates throughout the ANS (via NA)
and systemic adrenergic receptors. The amygdala is also
responsible for inhibiting cortical processing, particularly
in the PFC [28], and disrupts the ability to cognitively mit-
igate a threat, leading to anxiogenic feelings of uncertainty
and heightened threat anticipation [27]. Through this lens,
the expression of anxiety apparently hinges on amyg-
dalic/BNST activity and innervation of extensive subcor-
tical structures by CRF, but these are deep brain
processing regions that are far downstream of the original
threat signal. Their function is integral in determining the
severity of the stress response, but our interest lies instead
with the factors that provoke this response, in which the
ENS and gut microbiome is heavily influential.
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CONNECTING THE GUT MICROBIOME TO
CIRCUITS OF ANXIETY

The ENS is directly connected to the CNS through
descending ANS nerves, ascending vagus nerve, and ep-
ithelial capillaries that carry hormones and other humoral
signals [5,19,20]. Microbiota living in the colon comprise
either an autochthonous (resident) or allochthonous (tran-
sient) population, both of which have important and in-
fluential functions for maintenance of the enteric
ecosystem and for the host health [29,30]. Inflammation in
the gut is operationally contributive to inflammation in the
brain and somatic tissues. The role of microbiota in be-
havior was originally suggested by observations that a va-
riety of mental illnesses, such as anxiety, depression,
schizophrenia, and cognitive developmental disorders
such as autism spectrum disorder (ASD) are co-expressed
with gut dysfunction [31,32] and linked to autoimmune
disorders and neuroinflammation via detection of serum
cytokines such as IL-6 [8]. Therefore, inflammatory mark-
ers are implicit in the GBA signaling complex alongside
mental illness, particularly of anxiety and depression, in-
corporating the activity of inflammasomes and innate
host-mediated pathogen awareness in the gut-brain con-
nection [33]. Gut microbiome remodeling through pro- or
anti-biotics has also been shown to affect behavioral phe-
notypes in mice and in human patients [20,34].

Brain to gut signaling is transduced through chemical
crosstalk engaged through a variety of way points: (1)
Host enterocytes such as the enterochromaffin cells (ECC)
and immunocytes such as dendritic and mast cells (DC
and MC respectively) secrete hormones and cytokines di-
rectly into the lumen and in return, can receive signals
from mucosal and luminal microbiota in the form of
metabolites, neuropeptides, peptide hormones, and neu-
rotransmitter-like molecules [5,19]; (2) Microbial mole-
cules such as lipopolysaccharides and lipoproteins can
leak into the host circulation through gaps in the epithelial
tight junctions, termed “leaky gut”, stimulating a host im-
mune response [19,20,35]; (3) Efferent adrenergic and NA
signals from capillaries and nerve terminals within the gut
wall “spill” into the lumen during stressful or traumatic
events (including physical trauma) and disrupt enteric
homeostasis [19]; and (4) Interkingdom signaling, partic-
ularly through adrenergic homologs that cross-activate
bacterial and host adrenergic receptors [19]. Additionally,
the gut is directly innervated by the ANS, with the sym-
pathetic NA system exerting a restrictive signal on gut
function and digestion. Through NA, the sympathetic sys-
tem is able to halt intestinal motor function and fluid se-
cretion, which restricts lumen motility and alters microbial
activity such as gene expression and metabolite produc-
tion. Therefore, anxiety and stress increase NA and glu-
cocorticoid production in the body, which translates into
a disturbed enteric environment that promotes patho-
genicity through decreasing motility and shifting micro-
bial composition in favor of opportunistic pathogens.
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In turn, the gut reciprocates the brain with its own
panoply of signals derived from microbial metabolites,
which reach the brain through intermediary enterocytes
and dendritic cells or directly through endocrine and neu-
ral signaling [5,19]. Candidate microbial metabolites that
are implicated in GBA communication as well as behav-
ioral modulation are an open area of investigation, with
good evidence for the production and impact of short
chain fatty acids (SCFAs), catecholamines (serotonin and
dopamine), and neurotransmitters [34]. Microbial metabo-
lites can influence enteric and systemic health in both a
pro- and anti-inflammatory fashion. Microbial strains of
Escheria, can disrupt gut motility by the release of pep-
tides, which creates and imbalance in the population struc-
ture [19]. Pro-inflammatory members of Clostridiales such
as Lachnospiraceae and Ruminococcaceae have also been
associated with social avoidance behaviors in mice
[36,37]. Pro-inflammatory and anxiogenic factors of mi-
crobial origin are often found in the bloodstream, sugges-
tive of compromised epithelial function and intestinal
permeability. Evidence for microbiome-related factors in
mitigation, alleviation, or even prevention of disease are
mainly limited to probiotic studies using just a few strains
of Bifidobacteriaceae and Lactobacillaceae, and often in
the presence of a pathogen-induced disease state
[34,38,39]. Still, these results are critical to formulating a
baseline of therapeutic approaches. Recent work demon-
strates that butyrate and propionate SCFAs strongly affect
monocyte-derived DC gene expression, as well as reduce
pro-inflammatory chemokines and inhibit lipopolysac-
charide-induced cytokines [40]. On the other hand, mi-
crobially-derived uremic toxins such as 4EPS and cresol
are strongly associated with autism-like behaviors in mice
[36], and recently, cresol was found to inhibit myelin gene
expression in oligodendrocytes [37], implicating the mi-
crobiome in early developmental and long-term plasticity
brain processes that directly affect stress tolerance and re-
silience.

Studies on probiotic supplementation in mice and in
humans provides compelling evidence of microbial regu-
lation over stress and anxiety induced neuroendocrine sig-
naling. In particular, strains of Lactobacillus and
Bifidobacterium are found to exert a profound anxiolytic
influence through the production of y-aminobutryic acid
(GABA), 5-HT, and SCFAs, and by dampening HPA
adrenergic reaction [26,34,38,41,42]. Moreover, the re-
gression of anxiety after treatment in these studies was
often associated with positive neurological changes such
as increased BDNF, altered expression of PFC and hip-
pocampal GABAA and GABAGg receptors, increased cir-
culating glutathione, and a reduction in inflammatory
markers. Therefore, Lactobacillus and Bifidobacterium
strains that are commonly found or enriched in foods that
undergo lactic fermentation may be the critical factor in
the potency of dietary probiotics towards supporting a re-
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configuration of the enteric environment to supplant anx-
iogenic activity with anxiolytic regulation.

Interestingly, dysregulation of carbohydrate digestion
and metabolism is also linked to clinical disorders such as
depression, hyperactivity, and autism, though these asso-
ciations require further empirical testing to clarify their
mechanistic effect. Curiously though, there seems to exist
a relationship between fructose malabsorption and circu-
lating lipopolysaccharide (LPS), which could be abolished
by administration of an antibiotic, thus implicating mi-
crobial activity [43]. Even further, fructose malabsorption
is linked to depression and mood disorders [44] in which
observable behaviors strongly implicate a dysregulation
of the tryptophan and 5-HT production cycle that has di-
rect impact on mood control in the brain. Even so, one can
speculate upon the contextual factors that surround what,
how, and when an individual manages food selection and
ingestion. Consideration of environmental and social fac-
tors is often ignored in the medical treatment of physical,
infectious, and affective disorders, and yet may be the
focal point of disease etiology and prognosis for recovery,
and shows promise for immediate application in psy-
chotherapy.

In summary, the focus on the neurobiology of anxiety
and the CNS connectivity in the gut has illuminated likely
mechanisms where microbial interference can induce sig-
nals that govern emotions and behaviors through the fear
and reward anticipation circuits. Importantly, medical and
mental health professionals can and should use these in-
sights to develop informed models of therapy for the treat-
ment of anxiety symptoms in a professional setting. The
NA and adrenergic systems seem to be the core activators
of anxiety symptoms. In fact, the mammalian executive
system of fear consists of the lateral and central nuclei of
the amygdala, the ventral anterior and medial hypothala-
mus, and the mesencephalic periaqueductal gray (PAG)
[9]. Therefore, their inhibition should be the goal of anx-
iolytic treatments, which is possible by dampening the
HPA response to stress, improving immune function, and
facilitating proper nutritional acquisition and absorption.
The prescription is simple: rest, digest, exercise, practice
mindful relaxation, and eat a nutritionally rich and varied
diet. Through the gut microbiota, it is apparent that GABA
and 5-HT are produced by specific bacterial strains [42],
and that supplementation with these bacteria correspond-
ingly attenuates presentation of anxious behaviors in ani-
mal models. Anxiolysis is also accomplished by
reinstating normal gut function and community structure,
suggesting that mitigating perception of anxiety is also
possible by directly promoting gut health and treating dys-
biosis through dietary modifications, specifically also
adding a daily consumption of fermented foods. In this re-
gard, diet, extenuating gut issues, and the contextual fac-
tors of eating behavior should be reviewed and treated
before the application of psychotropic medication. This
may also involve not only the treating medical and psy-
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chotherapy professional to educate oneself regarding gut
issues, but also providing this information to the patient so
as to increase cooperation in the dietary aspects of the
treatment plan.

NUTRITIONAL FACTORS IN MAINTENANCE
OF CNS HEALTH

Hypothetically, intuited understanding about the im-
portance of nutrition is not new. Consider that Hippocrates
said, “all health begins in the gut” or in other words, “we
are what we absorb”. Since nutrients play a key role in
preventing and alleviating mental disorders, then the med-
ical and mental health systems need to radically shift away
from reliance on prescribing psychotropic medications
and move to providing dietary information and prioritiz-
ing dietary interventions as an important initial step in
biopsychosocial treatment approaches. Thus, in recogniz-
ing the critical role of nutrition in mental and physical
health, all healthcare should prioritize nutrition as an in-
tegral part of treatment, especially for those who are most
vulnerable and at risk. It is prudent at this time to consider
diverse combinations of nutrients from a variety of natu-
ral food sources, although some specific nutrients, such as
omega-3 fatty acids or vitamin C, as treatment modalities
[45,46].

A number of human studies and meta-analyses of di-
etary treatment approaches show connections in several
aspects of mental health, mental disorders, and cognition:
a relationship between diet and depression in children
[47]; a connection between an unhealthy prenatal diet with
later acting-out behavioral problems in pre-school chil-
dren [48]; and an association between “junk food” and
cognitive impairment [49]. The results of these studies
must be weighed in considering the bidirectional aspects
of diet and depression and other emotional problems. For
example, people who are depressed or anxious are more
likely to sacrifice on their diet quality due to symptoms
such as lethargy, appetite issues, and cravings for comfort
foods. Although it appears that diet does play a major role
in mental as well as physical health for all ages, there is
much yet to be studied about the complex interaction of
diet, development, mood, exercise, trauma, among other
variables [47]. Even so, in terms of mental health treat-
ment, emotional and physical well-being can be managed
through dietary life style interventions, unlike risk factors,
some of which are uncontrollable, such as early trauma,
natural disasters, poverty, and genetic vulnerabilities.

Gomez-Pinilla (2008) reviewed of the research liter-
ature on animal and human studies and identified select
nutrients and their relationship to brain health and cogni-
tion (p. 26) [50]. Of the studies with human and animal
subjects, Gomez-Pinilla discussed the effects of micro-nu-
trients on brain health, cognition, memory, and mental
health. These nutrients include omega-3 fatty acids, vita-
mins B6, B12, C, D, and E, as well as minerals, choline,



404

calcium, copper, and iron. Quirk, et al. (2013) conducted
a meta-analysis of 25 studies from nine countries that met
the criteria for evaluating various types of traditional diets
and a connection to depression [47]. They found that there
is “limited evidence to support an association between tra-
ditional diets (i.e. Mediterranean diet, Norwegian diet) and
depression” (p. 19). In addition, they saw a “conflicting
level of evidence for associations between (i) a traditional
Japanese diet and depression, (ii) a healthy diet and de-
pression, (iii) a Western diet and depression, and (iv) de-
pression and the likelihood of eating a less healthy diet”
(p- 19). Since depression is a major mental health concern
across most parts of the world [1], this meta-analysis re-
lating diet to depression is an important step in acknowl-
edging the need for further investigation and to integrate
dietary considerations in mental health treatment.

There are a variety of diets that tout their respective
benefits, (e.g. for detoxification, high protein, anti-in-
flammatory, and high fiber) and many of these have lim-
ited research to really discern their efficacy. There is some
consistent agreement though that diets should include a
balance of organic fruits, vegetables, whole grains, fish
rich in omega-3 fatty acids, and healthy oils like those
from olives and nuts, (e.g. the Mediterranean diet) [31].
Critically diets that are diverse with regard to the types of
polysaccharides (complex carbohydrates) are considered
essential for feeding the microbiota, promoting long-term
symbiosis with high diversity populations, and upregulat-
ing the metabolic output of both primary and secondary
(i.e. crossfeeding or co-metabolizers) metabolism [51-53].

Much has been studied about diet and mental health
in the past decade. In fact, at the May 2015 annual meet-
ing of the American Psychiatric Association (APA), re-
searchers presented studies showing the efficacy of using
nutrients to treat symptoms of anxiety, stress, depression,
attention deficit disorder (ADHD), aggression, mood, and
even addictions. There are several challenges in demon-
strating the effects of diet on mental health, particularly
in controlling the confounding variables of other lifestyle
and developmental factors, for example, trauma, commu-
nity and social support networks, environmental effects of
toxins, food supply, and culture. The fact that the APA is
showing some recognition that mental health and physical
health treatment reaches beyond psychotropic medication
and other medications to include nutrition is a significant
inroad in developing and funding rigorous studies on di-
etary associations and mental disorders. The National In-
stitute of Mental Health (NIMH) has initiated a call to link
mental illness to genetic and neural substrates. This initi-
ation gives impetus to investigation and new treatment
regimens with inclusion of dietary interventions and con-
sideration of impact of gut microbiota on mental health.
There has been recent support for the inclusion of mind-
fulness, hypnosis, stress management, and relaxation
strategies to “regulate inflammatory activity” [54]. Thus,

"Name has been changed to protect identity.
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implementing dietary changes to minimizing leaky gut
contributing factors to inflammation in gut brain interac-
tion would be congruent with the NIMH initiative [55].

CASE STUDY REPORT

Kevin' is in his early thirties, educated, works in the
art sector, and is married with cat. Athletic and outgoing,
with only a touch of cynicism, his usual disposition me-
anders from curiosity to genuine satisfaction and enjoy-
ment in life. Very rarely in the past did he feel that his
emotional state was precarious or imbalanced, and never
for very long. However, adult life and a beginning career
has, as with many young adults, exacted a toll on his phys-
ical and mental well-being. Over time, with no particular
warning or event, Kevin began to experience anxiety
symptoms ranging in severity, and on occasion, a full-
fledged panic attack. Eventually, he decided to seek coun-
seling to address and help resolve the increasing concern
about general anxiety he felt almost every day. After ap-
proximately four months of psychotherapy, Kevin was
very motivated to explore other lifestyle changes that
could help him accelerate the process of psychological and
emotional growth and healing. Therefore, Kevin was re-
cruited to participate as a case-study participant to demon-
strate how one proposed model of treatment that
integrated dietary lifestyle changes could be incorporated
with minimal interference and invasiveness with mental
health counseling. The implemented protocol and direc-
tional transcripts that were provided directly to the client
are in the Supplementary Information.

This treatment protocol is a pilot trial, and represents
only one of many iterations of integrated lifestyle thera-
pies that can be developed. The basis behind the protocol
designed for Kevin was to first examine the effect of his
normal diet on blood glucose control, a significant and
convenient health marker that is highly predictive of ex-
tenuating metabolic and gut health and personalized tol-
erance to different foods [56]. In addition to recording his
diet and blood glucose response, he was asked to monitor
his sleep, physical activity, and stress or anxiety symptom
occurrences and record this information in the provided
log-sheets (examples given in Supplementary Informa-
tion). Importantly, within this baseline information col-
lection week, Kevin was instructed to complete a Beck
Anxiety Inventory (BAI) under the guidance of his men-
tal health counselor. The BAI is a self-report inventory
that assesses both physiological and cognitive symptoms
of anxiety with norms on male and female outpatients. It
is easy to score and discriminates anxiety symptom from
depression [57]. Finally, in order to evaluate changes to
the gut microbiome, Kevin was asked to collect one stool
sample per week for the 3-week duration of the trial (1
baseline week and 2 test trial weeks). Trial weeks con-
sisted of first a dietary intervention whereby the results of
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Figure 3. Bar charts summarize log records from the three-week case study (week 1 baseline; weeks 2 and 3 trial).
PAL, physical activity level; 1 is light easy (light walking); 2 is moderate (load bearing or somewhat dynamic); 3 is vig-
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the blood glucose testing were evaluated along with his
self-reported dietary record to create a new diet plan, and
second an exercise to practice mindful self-exploration of
emotional experiences in response to his diet. The new
diet was written to mimic as much as possible Kevin’s
standard diet, but with the addition of probiotic food
choices, and omission of foods that caused long duration
blood sugar spikes. Mindfulness exercise instructions are
included in the full protocol provided in Supplementary
Information.

RESULTS

Records for sleep, physical activity, and mindfulness
activities are summarized and reported in Figure 3 (note
that for week 1, the sleep log contained only two days of
information). Notably, total sleep hours and activity
amount increased by the third week, which is important
for reducing chronic stress. Mindfulness positivity ranks
are reported on a scale of 1 to 5, with 5 being the most
positive, 3 being neutral, and 1 being most negative.
Across this limited spread of data, it is difficult to find any
meaningful pattern, especially when other factors that may
have contributed to emotional, physical, and mood states
cannot be assessed. However, the BAI score (min = 0,
max = 63) before the trial, during the baseline week was
21, which is right at the cusp of low to moderate anxiety
(a sum exceeding 36 is regarded as high, and a significant
cause for concern). After the two trial weeks, the BAI
score plummeted from 21 to 5, a remarkable improve-
ment.

Bacterial composition of stool samples based on 16S
rRNA gene sequencing is shown in Figure 4. Of note, a
major turnover in abundant taxa occurred across the in-
tervention weeks (weeks 2 and 3) compared to the base-
line week (week 1), corresponding primarily to a relative
increase in members of Lactobacillales and Bacteroidetes
(Prevotella), and a reduction in Clostridiales members
(Lachnospiraceae and Blautia) as well as a curious re-
duction in the Actinobacteria phylum, mainly from the
loss of Collinsella. Bacterial diversity improved over the
intervention weeks, both in phylogenetic diversity and
number of operational taxonomic units (OTUs) (Supple-
mentary Figure 1). These results suggest that the taxo-
nomic arrangement of gut microbiota is reflective of
probiotic supplementation, demonstrating a rearrangement
and increase in taxa associated with beneficial effects in
mitigating anxiety behaviors. Such rapid turnover offers
encouraging prospects for long-term dietary interventions
in reshaping the gut microbiome towards a more balanced
and diverse community.

SUMMARY CONSIDERATIONS FOR THIS
CASE STUDY

Kevin was very motivated in incorporating therapeu-
tic interventions as well as the dietary changes in amelio-
rating his symptoms of anxiety, and found much relief and
renewed vigor both physically and emotionally. Explor-
ing with him what actions he found to be most helpful and
ones that he would most likely integrate as part of his daily
lifestyle habits is a necessary step in setting long-term
health goals. The remaining and follow up counseling ses-
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sions could include Solution Focused Therapy (SFT)
questions such as these: What are obstacles that would im-
pede the progress that has been made? What are enhance-
ments that contribute to his continued practice of the
lifestyle, specifically dietary, change? On a scale from 1 to
10, with 10 being most confident, how confident are you
that you will continue the progress and integration of the
lifestyle changes and mental health practices? What would
alert you that you might be slipping into former habits that
contributed to your prior symptoms of anxiety? On a scale
from 1 to 10, how likely do you think you would be to in-
tervene to shift to the strategies that you learned and used
during your counseling and dietary experience? [58].
Given this type of exploration, Kevin may provide himself
with some insight about how he may sabotage the gains he
has made and explore ways to mitigate those behaviors
and cognitions that would contribute to a return to old
habits. Additionally, this discussion with his counselor
would allow him the opportunity to identify his success
and strategies to maintain and enhance his progress.

LIMITATIONS

Psychiatry and psychodynamic psychotherapy has as
its early foundation the use of case studies to support ther-

apeutic interventions, e.g. the writings of Sigmund Freud,
Carl Jung, and Alfred Adler. After more than a century,
case study is now considered an initial starting point in
exploring potential treatments. Thus, the inclusion of this
case study is the impetus to explore a biopsychosocial
treatment approach in this overview of the burgeoning re-
search about the gut brain relationship to mental health.
There are several limitations in attempting to extract con-
clusions and these are certainly warranted in deriving sup-
port for this integrated approach. Motivation is mentioned,
although there is no objective assessment of the extent of
the participant’s motivation. It seems that motivation to
make significant lifestyle changes, especially in long
standing dietary habits, certainly needs to be accounted
for in any future research. There are also idiosyncratic
characteristics of future sample participants that would
need to be controlled, such as age, sex, developmental fac-
tors, culture, family of origin, dietary practices, current
health status, among many other variables. A benefit to
mental health and medical professionals of the informa-
tion derived from this case is the reported improvement
this participant experienced as a result of this integrated
approach. Therefore, these protocols can serve as a tem-
plate for future integrative models, and yet are highly
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adaptable to nuances presented with any individual pa-
tient.

FUTURE RESEARCH

Presently, the connections and mechanisms between
gut function and mental health are on a fast track to major
paradigm shifts in the conceptualization of not only ‘self
and other’, but also of environmental (or external) versus
genetic (internal or deterministic) and behavioral (emo-
tional and cognitive) governance over brain function. The
concept of psychosomatic connections are not new, hav-
ing been formally integrated into a theory of behavior well
over 100 years ago [24]. Now, with the ability to interro-
gate micro-ecologies throughout the human body in as-
tonishing detail, many open questions can be addressed.
Importantly, personalized healthcare is far more feasible
due to advances in machine learning and computation, al-
lowing for accurate predictions about response variables
given multidimensional parameters and highly diffuse
metadata [56]. Also, there is a growing awareness of a
need for individually tailored therapies. Therefore, in light
of the presentation of material in this paper, future work
can have two aims: (1) from the clinician side, an assess-
ment of the ease of compliance of dietary, social, and en-
vironmental changes for clients across social and
economic strata can help inform and implement a practi-
cal means of counseling through lifestyle transitions; and
(2) at the research bench, investigators should focus on
finding out if and to what degree aspects of moderniza-
tion reshape the structure and functions of the gut micro-
biome longitudinally, which might help explain the
observed rise in developmental and mental disabilities.

CONCLUSIONS

There are an increasing number of studies demon-
strating this associative and mechanistic relationship be-
tween gut microbiota and mood and behavior. However,
the translation of these significant findings to modes of
therapeutic care remains limited in practice. Similar to nu-
tritional therapy, beginning interventions to modulate gut-
microbial communities in an attempt to improve gut health
are inexpensive and non-invasive, and so there is little rea-
son not to pursue such initial avenues of patient therapy in
conjunction with standard care. Our demonstration of one
style of layered dietary and cognitive interventions using
a single-person case study example shows extremely
promising results. Not only did the client report dramatic
improvement in the BAI score, but also overall improve-
ment in mood and a positive life outlook on the (uncer-
tain) future. Importantly, compliance and satisfaction with
the protocol suggests that it could have broad receptivity
among other people who are similarly motivated to seek
professional care.
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Multiple vectors of psychological well-being and
pathos exist. Early trauma may instate long-term anxiety,
which modulates neuroendocrine signaling to and from
the gut microbiota, effectively entrenching an anxiety phe-
notype. Models of physical and mental health treatment
can use psychotherapy approaches such as CBT, Rational
Emotive Behavior Therapy (REBT), Emotionally Focused
Therapy (EFT), and Dialectical Behavioral Therapy
(DBT), and mindfulness strategies to mitigate anxiety
symptoms. These treatments prompt patients to identify
and learn to manage the factors that contribute to anxiety
and also teach patients to use relaxation and deep breath-
ing to counteract the physical symptoms of anxiety. In-
deed, these therapeutic strategies are designed to calm
amygdalic activity and strengthen the cortical (cognitive)
input and rationalization of emotion. However, it is no
longer sufficient to use psychotherapeutic approaches
alone, particularly where emotional trauma may play a
role in the etiology of the presenting problem. With much
evidence supporting the relation of systemic wellness in
mental health, and in particular the status of the enteric
ecosystem of the colon, health care must incorporate bot-
tom-up as well as top down approaches towards treating
anxiety disorders among other mental and physical health
concerns. The search for the neurobiological substrates of
fear and anxiety has had resounding success over decades
of research, leaving no doubt that cognitive and emotional
processes are merely one branch of an integrated systemic
circuit, inclusive of the gut microbiota. Continued research
and clinical application are essential to refine treatment
strategies that will optimize enhancements in physical and
mental health as well as engender long-term compliance
for dietary and mental wellness related lifestyle changes.
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Consent and ethical approval

This case adheres strictly to requirements stipulated by the University of Oklahoma Internal Review
Board document SOP 406: Determination of Human Research and Protocol Development, section 1.3 (b):
Case studies mvolving no more than two (2) separate cases, provided that the case studies are void of
private identifiable information, may be initiated without prior submission to IRB.

Informed consent for participation in this study was obtained in writing from the case study client, and the
client’s mental health therapist. Participation in this study was completely voluntary. The client was
informed that he may withdraw at any time. All expenses incurred by the client for the purposes of this
study were reimbursed. The identity of the client will remain private and anonymous. Names have not be
used for the sample collection, analysis, and reporting. Stool samples will not be associated in any way
with their individual owner and no public report will include information that will make it possible to
identify the client.
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Case study protocol transcript
Baseline week

Diet:
Eat your normal foods and meals in your normal proportions, but this time you will use the test food
guide to systematically measure your blood glucose response to food.

In the Test Foods tab of the excel file, you will find a list of some of the main foods that you incorporate
into your normal diet. For each day of the week and for each meal, select one of those food items to
prepare as normal, and take 3 blood glucose measurements for before, during, and after the meal (precise
directions written below).

You will need to test these foods largely in isolation, so you will have to eat rather plain meals during the
test period. The gold standard is to conduct a pre-, peri-, and post-prandial test that lasts 2 hours total.
This means that you do the first test (pre) just before you eat, then after 1 hour you take the second (peri),
and then at the 2 hour mark, you take the third (post).

Since the food items you are testing may not constitute a whole meal, you can have a small side with the
meals, which is indicated in parentheses. Make sure these “sides” are much smaller in portion and in
calories than the main test food (for carbohydrates, especially bread or crackers, no more than ~75
calories worth, or one slice of bread).

For these test meals, log cach meal and portion (by weight or volume) on the log excel sheet provided.
Make sure to test cach of the meals at least once. You will of course have to do multiple tests per day, but
only one per meal. Snacks are added to give you a chance to test more foods, as well as desserts and
alcohol in case you want to try those. They are optional, but will help if you can test them. However,
desserts and snacks need to be 2 hours outside of any other meal. Additionally, all test meals must be
outside of 2 hours from all other meals or snacks. In general, try to adhere to your normal routine and
schedule.

Blood-glucose test:

Follow the instructions for the monitor to use it. Take one measurement just before you eat and log the
result. Immediately following the reading, eat your meal. Eat at your normal pace. Exactly 1 hour after
the first glucose reading and the start of the meal, take your second measurement and log the result.
Exactly 2 hours after the first glucose reading and the start of the meal, take your third measurement and
log the result. The third reading that you take two hours after the start of the meal concludes the test. You
can eat something else or even begin a new test if you wish.

Things to log:

Along with your test meals, portions, and blood glucose readings, it will be helpful if you log any
physical activity (beyond basic tasks) or stressful moments that occur throughout the test week. Also log
your sleep hours and quality.

Here is a stress scale to rate you stress level:
Calm Stressed Distressed
1 2 3 4 5

Beck Anxiety Inventory (BAI):
You will need to take the BAI at the first opportunity in session with your therapist in the first week. You
can also conduct the test yourself if necessary, but professional guidance is preferred. Keep a record of
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the score, cither with your therapist, or in your own personal records, and submit this score along with
your logs at the end of the week.

Stool sampling:
You should collect a stool sample at the beginning of the trial, and continue to do so every week at
approximately the same time of day (e.g. every Monday morning). For self-collection at home, you only
need a few basic supplies and your freezer.

" tongue depressors (popsicle sticks)
bleach
distilled water
Ziploc freezer bags (small) or mini round plastic disposable containers with lids (4 0z)
opaque sealable disposable container (such as used Cool Whip or yogurt tub)
permanent marker
First, soak about 10 tongue depressors in bleach for about 30 seconds, then rinse off bleach with distilled
water and let them dry on a rack or balanced over the lip of clean cups. Onee dry, put the sterilized
depressors into a Ziploc bag until use. If you have the plastic containers, then break the depressors in half
so that they will fit.
Change the water level in your toilet so that the bowl water is very low. If possible, urinate first and flush,
then defecate. Use one sterilized tongue depressor to collect a small pea or marble sized amount of stool
and put directly into a new Ziploc freezer bag and then seal immediately. You can put the entire depressor
and sample into the bag together.
Use the permanent marker to label the Ziploc bag with the date of collection and a sample number (such
as ‘“Feb 1; Sample 17, “Feb 8; Sample 27, ete...).
Put the scaled and labeled bag with the stool sample into the opaque container, scal the container and put
in the freezer (vour house freezer should be ~ 0 to -2 °F, or ~-18 °C).
Store samples in the freezer until all samples are collected and likewise frozen until proceeding with
shipping.
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Test week 1

Diet: Your glucose responses did not raise any flags or show any major outliers, except for the bagel.
Keep eating your normal foods in your normal proportions within your regular routine. If you can,
substitute bagels for a different option, such as basic breads or English muffin.

What you will do differently is you will incorporate pro- and pre-biotic foods into all of your meals. If
you can make kimchi or sauerkraut at home, try starting a batch (recipe included), and while that
ferments, buy some premade sauerkraut that is actually fermented and alive, rather than pickled. It should
be in the refrigerated section, and it cannot be pasteurized.

Probiotic foods (along with yogurt) — these contain active cultures: miso soup, soft cheeses like gouda,
camembert, brie, or blue cheese (must be raw, unpasteurized), sour pickles, kefir (raw, unpasteurized),
artisan sour doughs, and lacto-fermented condiments such as mustard, mayonnaise, fruit chutney, hot
sauce, or relish.

Prebiotic foods — these encourage and feed already present gut microbiota: onion, Jerusalem artichoke,
asparagus, raw carrots, dandelion greens, garlic, leek, apples, ginger, celery, jicama, radish, bananas,
oatmeal, and legumes (there are many more, but this is a start).

What you will do: Eat a large mouthful, or 1 half cup (at least) of probiotic food before all of your meals.
Treat it as your appetizer. You can start with using yogurt that has live cultures if that is all you have for
the first day, but try to incorporate varied types of pro-biotic foods. You can eat more if you like. Also
include one type of prebiotic food as a part of your meal that you eat with your meal, such as having a
banana, or using dandelion greens for a salad or on your sandwich. You can include as much pre- and
pro- biotic food into your diet as you want, but the minimum is 1 half cup (or large mouthful) of probiotic
food at the beginning of the meal, and incorporation of at least one type of pre-biotic food during the
meal.

Logbook: This time, log all of your meals and the foods you use to meet your criteria above. The level of
detail you gave in the first round was sufficient. You do not need to monitor your glucose anymore if you
do not want, but continue to log your sleep and make notes about feelings of anxiety, when they happen,
and where you are or what you are doing. Log physical activity or energy levels, or anything else that
could epitomize the mood and energy of that day.

Fecal sample: Take another one on whichever day you designated to do this, and continue to do this once
a week.
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Test week 2

This week you will engage in mindful exploration of your emotional experiences and physical sensations
of well-being in response to your diet. This is called mindfulness and you will use it as your tool for this
week, in much the same way that you used the other tools of glucose monitoring and dict interventions in
the previous weeks.

You will keep your diet the same as in the last week, in which you have strategically incorporated
probiotic and prebiotic foods into each meal, and you will continue to keep a food log. Therefore, the
current dictary implementation that you have in place now will remain exactly the same for the next
week. Continue to eat approximately half a cup of fermented food before each meal (of any form; yogurt,
kefir, saverkraut, kimchi, tempeh, miso soup, ete.), and incorporate at least one type of prebiotic food into
the meal itself. These techniques can help you populate your gut with beneficial microbiota that help you
digest and extract essential nutrients from your food, maintain a healthy gut ecosystem by excluding or
outcompeting potential pathogenic bacteria, thus encouraging growth of a diverse community of
microbiota that are more stable over time than are a few dominant opportunistic taxa.

What you will do:

You will systematically record your feelings and sensations, both emotional and physical, for each meal
at set time intervals directly before cating and then 1 hour after you have finished cating. You will log
these perceptions in your log book provided here for Test Week 2.

How you will do it (have pen and paper ready):

1. You will need to focus on the experience in the here and now without distractions. i you must
physically move to a temporarily quicter place, then do so. You will only need about 5 minutes.

2. Now pause and close your eyes and look inward. If a distracting thought enters your mind,
acknowledge the thought and let it go and again focus your attention on your emotional and physical
being and sensations.

3. First acknowledge what 1s your perceived mood at this very moment or just a few minutes prior. Write
it down.

4. Next, track your emotional state from the last three to five spontaneous thoughts you have had. What
emotion do those thoughts convey? ex: irritation, anger, sadness, joy, cagerness, contentedness,
anxiousness, anticipation, stressfulness. curiosity, bewilderment, confusion, laziness, unmotivated,
other... Write down a few of the more prominent emotions that you identify.

5. Next, close your eyes and take a deep diaphramic breath. Starting from the top of your head, mentally
track your physical being, working slowly down through your face and neck, out to your arms and
fingertips, and on until you have reached vour toes. Once you are finished, write down your assessment of
how you feel physically, whether you have aches or pains, or trouble spots, or where you feel tension or
restlessness, or whether you feel relaxed or strong or tall, or any other physical qualities that characterize
your state of physical being.

Continuing this practice for the week:

If you keep a normal meal schedule of 3 meals a day, then you will conduct this mindful self-assessment
6 times a day. If you take about 5 minutes to do this per assessment, then that is only 30 minutes of your
entire day that you have devoted to your inner-self. Cherish that time and view these 5 minutes as
reprieves in your schedule. You may find that after a few days, this self-assessment becomes more
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intuitive and easier. Allow yourself to fully experience the exercise, and if you must postpone your
assessment for 5 or 10 minutes because of a temporary distraction, then go ahead and deal with the
distraction so that you can come back to a peaceful and distraction-free 5 minute window.
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Supplementary methods

Freshly voided fecal samples were isolated and frozen immediately at -20 °C, and shipped overnight on
ice. Once in the lab, samples were kept frozen at -80 °C until further handling. Extractions were
conducted using the PowerSoil DNA Isolation Kit (Qiagen) and the V4 region of the 165 tRNA gene was
amplified with Phusion HS using the bacterial/archacal primers 515F/806R (initial denature at 94° for 2
mins, then 25 cycles of 94° for 15 g, 50° for 15 5, and 72° for 20 ¢, with final clongation at 72° for 5 mins)
and sequenced on an Illumina MiSeq platform (2 x 150 bp). Paired-end reads were trimmed (q < 30) and
assembled using PEAR [1], and OTUs were clustered at 97% identity using UPARSE [2]. Taxonomy was
assigned using the Greengenes database (release 13 08) [3]. The resulting OTU table was rarefied to a
depth of 15,000 reads per sample, replicated 10 times. Median OTU counts were used to generate the
final OTU table, which was used for all downstream analyses. Alpha diversity metrics were calculated in
QIIME [4]. Heatplot was gencrated in R [5] using the Maded package and ‘heatplot” function [6].

Supplementary references

1. Zhang J, Kobert K, Flouri T, Stamatakis A. PEAR: a fast and accurate [llumina Paired-End reAd
mergeR. Bioinformatics. 2014;30:614-20.

2. Edgar RC. UPARSE: Highly accurate OTU sequences from microbial amplicon reads. Nat
Methods. 2013;10(10):996-8.

3 DeSantis TZ, Hugenholtz P, Larsen N, Rojas M, Brodie EL, Keller K, et al. Greengenes, a
chimera-checked 16S rRNA gene database and workbench compatible with ARB. Appl Environ
Microbiol. 2006;72:5069-72.

4. Caporaso JG, Kuczynski I, Stombaugh J, Bittinger J, Bushman FD, Costello EK, et al. QIIME
allows analysis of high-throughput community sequencing data. Nat Methods. 2010;7:335-6.

53 RCoreTeam. R: A language and environment for statistical computing. Vienna, Austria: R
Foundation for Statistical Computing; 2013.

6. Culhane AC, Thioulouse J, Perri¢re G, Higgins DG. MADE4: an R package for multivariate
analysis of gene expression data. Bioinformatics. 20035 Jun 1;21(11):2789-90.
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Supplementary figures
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Supplementary Figure 1. Alpha-diversity plots of observed species and phylogenetic diversity shown
for each sample week, with incrementally increasing diversity seen across the three mtervention weeks.
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Sleep Log

Entry Date Sleep hours Sleep quality Notes
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