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Abstract: The relatonship between gastrointestinal (GI) conditions and sleep disturbance has been well
established. With a higher-than-average prevalence of sleep disturbance in individuals with GI conditions,
it is imperative to better understand the maintaining factors driving this comorbidity. Although there are
separate, ongoing investigations into both the biological mechanisms and interventions for the sleep and
GI relationship, there is a considerable need to further specify common and mutually influential pathways.
In our review, we highlight arousal as both a unifying feature of insomnia and various GI conditions as well
as a possible mechanism for action for the bidirectional relationship. This review aims to summarize the
relationship between arousal, insomnia, and GI conditions, specifically examining sources of arousal across
four broad domains: psychosocial factors, physical health factors, daily living factors, and sociocultural
factors. Online databases, including PubMed, PsychInfo, and Google Scholar, were searched for full-text
English language articles focused on patients with insomnia and/or GI conditions and involving mental
health, physical comorbidities, and social factors. Understanding the nature of this bidirectional relationship
between sleep and GI through the lens of arousal as a common mechanism will lend itself to using a

multidisciplinary approach to treatment and care.
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Introduction is endorsed by around 25% of the general population (1),

L . with rates two to three times higher in GI populations (2-5).
In recent years, research examining interaction between

gastrointestinal (GI) conditions and sleep disturbances has
accelerated. This relationship has been established in both
fields: rates of sleep disorders are elevated in people with
many GI conditions, while GI conditions are more common
in people with sleep disorders. Broadly, poor sleep quality

Research has focused primarily on restless legs syndrome
(also called Willis-Ekbom disease), obstructive sleep
apnea, and insomnia. Restless legs syndrome involves very
unpleasant sensations in ones’ legs combined with the urge

to move, predominantly at night. Across GI conditions, it
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appears to be elevated most in people with irritable bowel
syndrome (IBS) (6), with either limited research or similar
rates to the general populations in other GI conditions
(7,8). Obstructive sleep apnea, a sleep-related breathing
disorder, involves decreased airflow during sleep resulting in
snoring and/or gasping during sleep and daytime sleepiness.
Research suggests a complex association between obstructive
sleep apnea and gastroesophageal reflux disease (GERD)
and elevated rates of IBS in people with obstructive sleep
apnea (4,9-12). Most commonly investigated is insomnia—
difficulty falling asleep, staying asleep, or early morning
awakening combined with daytime impairment (13). Rates
of insomnia may be at least five times those of the general
population in inflammatory bowel disease (IBD), IBS, and
functional dyspepsia (FD) (2,5,8,14).

"To detail the interactions between sleep disturbances and
GI conditions, recent reviews have described the prevalence
rates, clinical considerations, and emerging evidence for
both physiological mechanisms and interventions (15,16).
However, comprehensive consideration of numerous GI
and sleep diagnoses naturally necessitated broad content.
Herein, we sought to dive more deeply into the specific
relationship between insomnia and GI symptoms, given
the high prevalence rates and more robust literature. In
particular, we highlight arousal as both a unifying feature
of insomnia and GI symptoms and a possible mechanism of
action for the bidirectional relationship. Heightened arousal
is a key maintenance factor in both insomnia and numerous
GI conditions (17-20).

The current review considers evidence for arousal
as a common factor potentially responsible for the co-
occurrence of insomnia and GI symptoms. To facilitate a
wide range of focus for the literature review, the authors
posed the following initial research questions to guide the
search process:

(I)  What are factors that impact both sleep and GI

conditions?

(II) How are these common factors related to arousal

in general?

Following the preliminary search, we then aimed to
identify all articles addressing specific factors that were
relevant to both sleep and GI conditions. A comprehensive
search was conducted in PubMed, Psychlnfo and Google
Scholar. The research team met and agreed on the databases
to be used for this review. For the study selection, articles
were included if they (I) were in English, (II) involved
patients with insomnia and/or patients with GI conditions,
and (III) involved mental health, physical comorbidities, and
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social factors seen in insomnia and GI conditions. Articles
that were excluded were non-peer reviewed materials,
including dissertations, manuscripts, and conference
abstracts. No other exclusion criteria were set. All authors
were in agreement with the included articles. The articles
chosen for the final analysis ranged from years 2007 to
2023. Since this was a review article, ethical approval was
not required.

Based on the results of the literature search, we
developed an organizational schematic that depicts some of
the proximal and distal influences of arousal on the sleep/
GI relationship across four domains: psychosocial factors,
physical health factors, daily living factors, and sociocultural
factors. Figure I provides a graphical overview of this
model.

Psychosocial factors

Complex interactions between biological, environmental,
and psychological factors may impact arousal and often
contribute to the development and maintenance of GI
conditions and sleep disorders. Psychosocial factors
that may impact this relationship include early adverse
life events, perceived stress and stressful life events,
psychological comorbidities, and cognitive and affective
patterns.

Early adverse events

Adverse childhood experiences (ACEs) including abuse,
neglect, poverty, exposure to domestic violence, or family
members with mental illness or incarceration may increase
the risk for developing GI conditions such as IBS and IBD
(21,22). Ju et al. (21) examined the prevalence of early
adverse events amongst a large group of IBS patients and
found that a higher number of adverse life events was
associated with increased odds of having the disease. The
study specifically found that experiencing a sexual trauma
as well as being a victim of other types of violence increased
the chances of IBS in an individual. Other studies have
found that relative to other types of ACEs, emotional
abuse and having a household member who was diagnosed
with mental illness or with a history of incarceration was
predictive of IBS (22). Similarly, the presence of ACEs
during childhood is associated with sleep pathology in
adulthood. A recent systematic review demonstrated that
having an adverse childhood event was associated with poor
sleep quality and sleep disorders. Specifically, childhood
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Figure 1 An organizational framework for arousal as a key factor in maintaining the relationship between sleep and GI symptoms.

Constructs that appear closer to the center are thought to be more proximal influences on this relationship. GI, gastrointestinal; Sx,

symptoms.

ACEs seemed to be an important predictor of increased
sleep onset latency, decreased sleep efficiency and higher
movement arousals among individuals with primary
insomnia (23). Overall, a higher number of ACEs and the
severity of such experiences was associated with increased
risk for sleep disorders (24). The occurrence of adverse
life events or early childhood events may directly impact
both GI conditions and sleep quality through arousal. At
a mechanistic level, a history of early adverse life events is
known to be associated with increased stress response and
hypothalamic pituitary adrenal (HPA) axis dysregulation
thought to confer deleterious effects on motility and
intestinal permeability in IBS (25,26). Similarly, several
studies have shown elevated cortisol activity and
hyperarousal of the HPA axis being a key factor in the
maintenance of sleep problems (24).

Perceived stress and stressful life events

Although there are mixed results in the literature, the
research broadly suggests an association between perceived
stress and disease exacerbation in GI symptoms (27).
Possible interactions between GI symptoms and insomnia
in the context of perceived stress have been explored as
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well. In a multi-center study, patients with IBS broadly
identified psychological stress as the main reason for
symptom exacerbation and IBS flares. Cross-sectional
analyses demonstrated that insomnia was associated with
symptom severity in patients who reported higher levels
of perceived stress (28). Perceived stress is also known to
precede exacerbations in IBD (27). Similarly, GERD also
was related to perceived stress and higher pain ratings (29).

Psychological comorbidities

It has been well established that there is a strong association
between GI symptoms and specific mental health
conditions, including anxiety and depression. Prevalence
of mental health disorders and sleep disturbances is higher
in those with GI conditions compared to the general
population (30-32).

Recent evidence has shown that psychological symptoms
are present in both disorders of gut-brain interaction
(DGBI) as well as in organic GI disorders, including
IBD and celiac disease. For instance, patients with IBS
reported more anxiety and depressive symptoms compared
to controls (33,34); specifically more anxiety symptoms
with IBS-diarrhea (IBS-D) and IBS-constipation (IBS-C)
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and more depressive symptoms in IBS-D (35). Visceral
hypersensitivity and GI-specific anxiety, including fear
of GI symptoms, were found unique to IBS patients with
psychological symptoms (34). Anxiety symptoms have also
been identified in other DGBIs including FD and functional
constipation.

Post-traumatic stress disorder (PTSD) is another
common mental health condition known to be a risk
factor in the development of both IBS and IBD. A meta-
analytic study by Ng et a/. concluded that PTSD was
significantly associated with disease emergence among
IBD patients (36). Another study found that 9.6% of
those with IBD met the criteria for PTSD related to their
disease, reporting arousal-eliciting symptoms such as
reexperiencing and hypervigilance specifically about GI
symptoms. Furthermore, the presence of post-traumatic
stress symptoms predicts rates of remission and health care
utilization (37). At the same time, the presence of post-
traumatic stress impairs sleep quality, including delayed
onset, decreased sleep efficiency and frequent awakenings.
The number of traumas experienced may be predictive
of the experience of trauma related nightmares as well as
insomnia (26,38).

In conclusion, there exists a complex relationship
between sleep, GI conditions and psychological
comorbidities in that not only are anxiety, depression and
PTSD related to sleep disturbances, but studies have shown
that poor sleep and the presence of depression and PTSD
can predict worsening of GI symptoms (15).

Cognitive and affective factors

If arousal plays a role in the maintenance of both insomnia
and GI symptoms, the various ways in which psychological
processes contribute to arousal are important to consider.
Arousal can take the form of hypervigilance of symptoms in
certain GI conditions and can contribute to exacerbation of
symptoms over time (19,37,39). Other common cognitive
patterns include catastrophizing, where the individual tends
to focus on worst possible outcomes, and negatively assess
one’s ability to cope with pain and illness. Catastrophizing
is associated with frequency and severity of abdominal
pain and poor quality of life in IBS (40). For example,
patients with IBS may hyperfocus on normal abdominal
sensations and interpret them as a threat by automatically
assuming disastrous medical implications or social rejection,
for example, which in turn results in unhelpful behaviors
such as social isolation. Similarly, catastrophic thinking
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patterns are commonly seen in sleep disorders as well (41).
Treatment modalities such as cognitive-behavioral therapy
(CBT) can help target arousal, reduce negative patterns of
thinking, and help with cognitive restructuring to promote
a more adaptive response to the illness. Specifically, CBT
targeting visceral hypersensitivity and autonomic arousal
via interoceptive exposures help reduce GI symptoms in
IBS (42). Mindfulness-based therapy (MBT) helps address
visceral hypersensitivity using meditation, relaxation and
non-judgmental cognitions about one’s experiences (26).

Physical health factors

Physical health factors including disease pathologies,
symptoms, and their treatments often play a governing role
in arousal state. At a clinical level, these can include both
medical comorbidities and treatments, and they can quickly
compound when navigating potential treatment side effects.
At a systemic level, pathophysiological mechanisms such
as inflammation, visceral interoception, and related pain
experience are commonly implicated and/or affected by
increased arousal state.

Comorbidity

Individuals with certain GI conditions may be at increased
likelihood for symptom-related pain or sympathetic arousal
based on the pathophysiology and clinical symptoms of
that GI condition. Unfortunately, many GI conditions
are also associated with comorbid conditions, including
co-occurring with other GI illnesses. As such, symptoms
causing physiological activation arising from comorbid
conditions may predict sleep disturbance independent of
the index condition. For instance, IBS, FD, and GERD
are common co-occurring conditions (43), each of which is
associated with sleep disturbance and can in-turn worsen as
a result of sleep deficiency (14,44-46). In another example,
approximately 40% of patients with IBD in remission meet
symptom criteria for a DGBI, oftentimes IBS. The visceral
pain, bowel dysmotility, and psychological stress associated
with IBS may drive disturbance in sleep quality and duration
even if the IBD is in remission.

Non-GI comorbidities also contribute to insomnia. For
example, sleep duration and quality is directly impacted
by bladder dysfunction including nocturia and bladder
pain (interstitial cystitis) (47,48). And patients with IBS
are much more likely to experience bladder dysfunction
and report bladder symptoms like nocturia, urgency, and
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urge incontinence to the extent that some suggest IBS
can be considered a risk factor for bladder pain syndrome
(interstitial cystitis) (49). This overlap makes sense when
considering the common sensory signaling pathways shared
between the urological and GI systems as a hypothesized
mechanism underlying this connection (50). An individual
with this comorbidity may then be more likely to experience
urological symptoms driving insomnia.

Medication

Several classes of medication can affect physiological arousal
and its influence on the Sleep/GI relationship. Classes
of medications commonly used to treat various medical
disorders are worth consideration:

Corticosteroids

Many acute inflammatory processes in various disease
presentations, including IBDs, are treated with
corticosteroid medications (e.g., prednisone). In a very
general sense, these medications influence signaling of
inflammatory pathways, leading to overall suppression
of activated inflammatory response. However, these
glucocorticoid-based medications are also known to affect
the body’s neuroendocrine processes in the stress response,
which relies on the fundamental role of naturally produced
glucocorticoids in the body (51). The end result is the
now well-documented correlation between corticosteroid
treatment and autonomic arousal. Indeed, changes in mood,
increase in perceived anxiety symptoms, and insomnia have
been associated with any duration of corticosteroid use (52).

Stimulants

Stimulant medications are often prescribed for certain
psychiatric disorders, among other conditions. Such
medications include methylphenidate, amphetamine, and
dextroamphetamine. Some studies indicate that use of these
medications is associated with acute cortisol increase and
concurrent increase in autonomic response (increased heart
rate, arterial pressure). Others show overall no sustained
change in cortisol levels over time (6+ months) in individuals
regularly taking stimulant medications (53). Therefore, it
may be reasonable to conclude that initiation of stimulant
use may have near-term effects on arousal-mediated
sleep and GI function but these effects may not persist
with regular use long term. Stimulant use may also occur
through non-prescribed mechanisms. For example, caffeine
is known to cause state increase in arousal via common
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neuroendocrine pathways (e.g., centrally and peripherally
acting cortisol, adrenaline, and noradrenaline) (54).
Not surprisingly, caffeine’s effect of increased arousal and
sleep disturbance has been well described (55,56). As such,
medications containing caffeine can affect arousal and the
associated sleep/GI relationship.

Other medications to keep in mind

Oral contraceptives in females have been hypothesized to
affect resting autonomic functioning and autonomic reflex
based on modulating effect of gonadal hormones. Some
studies have found increase in indicators of autonomic
arousal with oral contraceptive treatment (57) while others
have not (58). A recent systematic review reflects mixed
findings based on heterogeneity of study methodology (59).
Likewise, the effects of contraceptives on sleep are mixed,
and may depend on hormone basis of the oral contraceptive
and/or the route of administration [e.g., local intrauterine
contraceptive device (IUD) vs. oral] (60). There is some
evidence to suggest that individuals treated with thyroid
replacement medications experience an increase in anxiety
compared to controls (61). Finally certain antihistamines,
although commonly associated with sedation or drowsiness,
have been reported to cause paradoxical sympathetic
excitation in a subset of individuals with certain genetic

profiles (62).

Inflammation, sensitization, and pain

A comprehensive review of the interacting neuroimmune
and neuroendocrine systems in the human body is outside
the scope of this paper. However, it is by now widely
understood that inflammatory processes are intimately
intertwined with the stress response, such that sympathetic
activation can promote an inflammatory response and
prolonged stress response can lead to sympathetic
sensitization, dysregulation in inflammatory processes,
and in turn further potentiated stress response. And
both visceral pain perception and insomnia promote the
body’s stress response resulting in downstream endocrine
and inflammatory changes. Illustrating these common
physiological processes, research indicates that both
chronic sleep disturbance, and chronic GI conditions are
associated with increased pro-inflammatory signaling.
Reduced sleep duration is associated with increased plasma
tumor necrosis factor alpha (TNF-a) (63), which is as also
elevated in patients with IBS compared to healthy control
(HCs) (64-66). Likewise, circulating interleukin-6 (IL-6),
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another inflammatory cytokine, is relatively higher in those
with poor sleep, and as well individuals diagnosed with
IBDs. Thus far, research suggests that behavioral insomnia
treatment can improve insomnia and IBS symptoms (67,68),
though one study found no significant change in IL-6 and
C-reactive protein (CRP) with in individuals with insomnia
and comorbid IBS (68).

Visceral pain and visceral sensitization are common
symptoms of many digestive disorders across the GI
spectrum and can be a result of acute inflammatory response
to several factors including tissue injury or infection.
Chronic GI pain is an endogenous source of physiological
and psychological distress in digestive disease and a pain
flare recruits the sympathetic stress response in the same
way an external stressor might. Chronic GI pain, and
more broadly visceral distress, can eventuate increased
visceral interoceptive sensitivity wherein sensations of
pain, pressure, or even heat are more readily detected,
and therefore more easily stimulate a stress response (69).
Many of the same physiological processes perpetuating
chronic pain are as well involved in the sleep regulation
and, unsurprisingly, the mutually influential relationship
between chronic pain, interoception, and sleep disturbance
has been well established (70,71). Implicated overlapping
neurobiological mechanisms are numerous, including the
serotonergic and noradrenergic systems at both central
and peripheral locations (72). Noradrenaline, for example,
is produced centrally in the locus coeruleus of the brain,
projecting to other brain areas but as well via adrenal glands
where it is released in the bloodstream playing a key role in
the sympathetic stress response. This adrenergic receptor-
mediated physiological state change has the effect of, among
others, changes in motility. Furthermore, sleep quality
appears to be a reliable predictor of somatic pain perception
and sleep deficiency has been associated with increased
perceived bowel urgency and dysmotility in individuals
with functional constipation (71,73). Considering
common inflammatory and endocrine pathways along
with documented clinical interrelationships, we can start
to draw a reasonably clear line connecting arousal, sleep
disturbance, and GI functioning where both GI distress and
sleep disturbance are simultaneously affected by stress, and
are stressors themselves.

Daily living factors

Direct and indirect daily living factors may interact with one
another to regulate when arousal or activity levels are high

© Translational Gastroenterology and Hepatology. All rights reserved.

Translational Gastroenterology and Hepatology, 2024

or low, or whether they match the demand characteristics
of a situation. Some daily living factors may be modifiable
(e.g., exercise, caffeine intake) whereas others may require
intervention or major changes in lifestyle to address (e.g.,
circadian rhythms).

Circadian rhythms

While the body’s central circadian clock in the
suprachiasmatic nucleus is regulated by the light/dark
cycle, other systems in the body have their own clocks,
coordinated by, but semi-independent from, the central
pacemaker and entrainable to other processes. In the GI
tract, the hepato-intestinal clock is regulated by food/
eating timing (74,75). In healthy individuals, the central
and hepatointestinal clocks are aligned; when desynchrony
between these clocks occurs, individuals can experience
both metabolic and GI changes (74). Thus, in the
relationship between sleep and GI conditions, both light
and food exposure are critical timekeepers (or zeitgebers) for
regulating internal processes.

Further supporting the relationship between GI
symptoms and circadian rhythms, research suggests that
shift work is associated with an increased risk for a variety of
GI conditions and diseases, including GERD (76), erosive
esophagitis (77), and IBS (78). Researchers investigating
shiftwork and IBS also demonstrated that increased risk
generally persists above and beyond the impact of poor
sleep quality and may be particularly pronounced in
people with rotating shift schedules. The importance of
understanding circadian rhythms also applies to IBD, where
research has identified a relationship between IBD and
dysregulation of clock genes (79). Research in IBD has also
demonstrated an association between evening chronotype
(i.e., night owls) and greater fatigue (80), more self-reported
Crohn’s symptoms (8), and reduced IBD-related quality of
life (81). Finally, emerging experimental research suggests
that nausea while eating is more likely to occur in one’s
biological night (82).

Examples of environmental or behavioral processes to
consider in the sleep/GI relationship are as follows:

Sleep timing

Broadly, individuals with evening chronotypes may be
more likely to report symptoms of insomnia (83). This
phenomenon may be explained by behavioral/social
factors: people may attempt to go to sleep earlier than their
natural bedtime to prepare for morning social obligations,
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resulting in excess time spent in bed awake. Over time, this
persistent time spent awake in bed and resulting arousal
may contribute to the development of insomnia (84).

Social (e.g., school, work) schedules

When social schedules require people to wake up or
go to sleep at times that are inconsistent with their
natural circadian rhythms, they may experience circadian
misalignment. Evening chronotype in particular may
result in social jet lag—a regular discrepancy between one’s
endogenous and actual sleep phase that often manifests as
insufficient sleep during the week and sleeping in on the
weekends (85). In Crohn’s disease, social jet leg has been
associated with more aggressive disease course, including
greater likelihood of both fistulizing/stricturing phenotypes
and Crohn’s related surgery (81).

Meal timing

As food intake is the primary zeitgeber for the hepato-
intestinal clock, meal patterns have the potential to
significantly impact circadian rhythms and GI function.
Eating at different times from one day to the next or
regularly skipping meals have the potential to result in
circadian misalignment. In IBD, eating breakfast or dinner
at inconsistent times was associated with reduced IBD-
related quality of life (81). Research also suggests that
people with IBS are more likely to follow an irregular meal
pattern than healthy controls (86). The timing of particular
foods may be important as well. For example, as described
above, caffeine has been shown to reduce total sleep time,
decrease the percentage of time spent in deep sleep, and
increase arousal (55,56).

Light exposure

Light increases both subjective and objective alertness/
arousal, which if experienced at night can suppress
melatonin, reduce sleepiness, and increase the time it takes
to fall asleep (87). Blue light/short wavelength in particular
may increase alertness at night more than other colors
(88,89). Thus, poorly timed light exposure could result in
sleep disturbance, therefore worsening or perpetuating
symptoms of various GI conditions.

Stress

While the central clock appears to be resilient in the face of
acute and chronic stressors (90), stress may cause cognitive
and behavioral changes to sleep or meal timing (e.g., those
described above), resulting in circadian misalignment.

© Translational Gastroenterology and Hepatology. All rights reserved.

Page 7 of 14

Physical activity

Broadly, meta-analytic evidence suggests that engagement
in physical activity may reduce anxiety, depression, and
stress reactivity (91-93). While intense physical activity
within an hour of bedtime may be disruptive to sleep (94),
overall exercise has a small positive impact on time to fall
asleep, sleep efficiency (time spent asleep compared to time
in bed), total sleep time, and sleep quality both broadly
(i.e., on average over time) and immediately (i.e., sleep is
improved that night) (95). Additionally, researchers have
demonstrated that regular engagement in physical activity
may improve GI symptoms in people with IBS and quality
of life and disease specific anxiety in people with IBD
(96,97). In one very large longitudinal study, researchers
demonstrated that sedentary behavior and both insufficient
and excessive sleep were associated with increased risk for
developing IBS (98), highlighting the importance of regular
activity in disease management. The relationship between
sleep and physical activity is also likely bidirectional; in one
study in people with IBD, time spent awake during the night
was associated with reduced physical activity the next day (99).

Importantly, despite the health promotion benefits of
regular activity, it may be difficult for patients to prioritize
exercise during times of stress. Research broadly suggests
that both acute stress (e.g., major life events) and chronic
stress (e.g., caregivers) are associated with decreased overall
activity (100). Thus, as is described above, it is possible that
decreases in exercise contribute to the impact of stress on
GI conditions.

Natural environment exposure

Green space and blue space (e.g., lakes, rivers, oceans)
exposure is hypothesized to improve health in a number
of ways, including through promotion of physical activity,
reduction of stress, and increased microbiome diversity.
Indeed, a recent meta-analysis of randomized controlled trials
demonstrated that exposure to the natural environment may
lead to reductions in both self-reported stress and objectively
measured physiological arousal (101). Research also suggests
that exposure to natural environments may be protective
against the development of both IBD and insomnia (102-104).
Additionally, as research suggests that virtual exposure
to natural environments may also reduce stress (105),
there may be a connection to the emerging literature on
virtual reality treatments for DGBIs (106). Specifically,
preliminary research has demonstrated that brief, daily
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exposure to immersive, nature-oriented, virtual reality scenes
improved symptoms of FD above and beyond watching nature
videos (107). Future research on the role of both real life and
immersive reality greenspace exposure is clearly warranted.
Broadly, a number of these daily living factors are
consistent with sleep hygiene guidelines (108-110).
However, while sleep hygiene is important for maintaining
a healthy sleep schedule and relationship with one’s bed/
bedroom, it is not a sufficient treatment once a sleep
problem has progressed to the level of chronic insomnia (i.e.,
occurring at least 3x/week for at least 3 months) (111,112).

Sociocultural factors

Factors such as race, socioeconomic status, perceived
microaggressions, and stigma can play a role in the sleep/GI
relationship through their impact on access to healthcare,
healthcare utilization, and disease outcomes. For example,
one large multicenter retrospective study using healthcare
utilization as a lens to dissect racial disparities found that
racial minority patients were less likely to be referred
to specialty GI care than White controls and instead
received higher number of primary care visits for their IBS
related issues. The study also found that minority patients
were more likely to undergo GI procedures compared
to White controls. The authors propose problems with
communication as an explanatory mechanism for increased
procedures (113). Another review that examined the role
of race and socioeconomic status in IBD, concluded that
disparities based on socioeconomic status and race existed
in healthcare delivery and effectiveness among minority
patients (114).

Similarly, perception of discrimination could contribute
to disease maintenance both across GI diseases as well as in
sleep disorders (115,116). Discrimination as a contributory
factor for the dysregulation of the brain-gut microbiome
system was examined in a recent study. Not surprisingly,
discrimination was associated with anxiety, depressive
symptoms and visceral sensitivity. Structural and functional
changes in the gut microbiome were also associated with
feelings of perceived discrimination (115). Discrimination
was also seen to be consistently associated with poor
sleep in a large review study (117). Again, arousal and
hypervigilance for threat may play a role in the experience
of discrimination impacting sleep quality (118).

Finally, the experience of stigma can heavily impact
care utilization, treatment seeking and adherence, and
can contribute to decreased self-esteem and self-efficacy.
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Although stigma is considered a global health burden,
very few studies exist examining its effect on GI diseases.
Shame related to their GI symptoms, including having
to use the bathroom several times in public, fear about
accidents in public, and bowel sounds can lead to social
isolation and concealment of disease condition. Similarly,
miscommunication and perceived invalidation coming from
the medical care provider about their GI experiences may
play a role in reduced treatment seeking and adherence in
patients with IBD (119). Moreover, the emotional experience
associated with shame, embarrassment, and invalidation could
potentally perpetuate the psychophysiological comorbidities
associated with GI and insomnia.

Conclusions

Understanding arousal as a confluence of direct and
indirect factors converging to play a role in sleep and GI
disturbance provides guidance for clinical assessment and
treatment. In a more direct sense, treating GI symptoms
with medication and/or behavioral therapies can improve
sleep symptoms, and vice versa (68). More broadly, assessing
for the factors outlined in this review and how they may
play a role in presenting clinical symptoms based on the
underlying arousal pathway can inform treatment decision-
making in the biomedical and psychosocial domains. For
example, changing from a stimulant to a non-stimulant
medication, addressing symptoms of generalized anxiety,
targeting motivational enhancement to increase physical
and recreational activity, or considering comprehensive
treatment for chronic pain may improve insomnia and GI
symptoms. In another instance, connecting community
support resources for an individual who acknowledges
chronic stress related to living circumstances or finances
may help reduce environmentally driven chronic stress,
improve baseline arousal magnitude and thus in turn reduce
chronic insomnia and GI symptom severity. This model
fits well with a multidisciplinary approach to care where
multiple specialists can collaboratively address these various
areas. For example, alongside the care of the treating
gastroenterologist, a GI psychologist can address psychologic
comorbidities and help improve sleep behaviors, a clinical
pharmacist can review for possible medication interactions,
and social work support may help with resource accrual to
address environmental barriers. Each of these can help reduce
sources of chronic arousal perpetuating GI and insomnia
symptoms. Fortunately, this model of care is becoming more
available in medical centers (120), although it is far from
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ubiquitous.

Research into the mechanistic and contributory elements
of central nervous system arousal as they pertain to digestive
and sleep disorders continues to emerge, allowing further
precision in characterizing these issues. For instance,
the role of gut microbial composition is a by now well-
established player in digestive disease, but it may play a
key role in the presence of insomnia, and other arousal-
based syndromes (121,122). As we look to the future of
comprehensive clinical care for GI disorders and Insomnia,
assessing and addressing these various factors with a
multidisciplinary plan will likely be essential.
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