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ABSTRACT

Functional gastrointestinal disorders (FGIDs), or disorders of brain-gut axis, is a common
digestive problem, affecting about 20%-40% of the population. The high prevalence and
unclear pathogenesis bring great difficulty to diagnosis and treatment, and cause
significant influence and burden to patients and society. Antidepressants are typically
used for FGIDs in clinical practice, which draw great attention, with satisfactory effect
and safety. This article summaries the application of antidepressants in the treatment of

FGIDs and the possible underlying mechanisms.
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INTRODUCTION

Functional gastrointestinal disorders (FGIDs) are the result of disorders of gut—brain
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interaction. An FGID is a syndrome based on clinical symptoms that cluster together and
diagnosed according to Rome criteria.!'! In a worldwide epidemiological survey involving
73,076 adults, 40.3% of Internet respondents and 20.7% of household interviewees
reported suffering from symptoms of FGIDs.[?! Besides, those who met the Roman IV
criteria seek for medical consult with intestinal problems twice as often as those without
FGIDs.?! FGIDs not only affect the patients’ quality of life and their normal work, but
also create huge social and economic burden.

FGIDs are related to complex combination of dysregulation in central nervous system
(CNS) processing and gut function via the brain—gut axis, including turbulent motility,
visceral hypersensitivity and mucosal, immune and gut microbiota alterations.l?! In
addition, an FGID is related to psychosocial factors.’l. Genetic, sociocultural and
environmental factors can influence a person's psychosocial development at an early life
stage, including personality traits, susceptibility to life stresses, psychological states, and
cognitive and coping skills. These factors affect the susceptibility to gut dysfunction,
directly or indirectly via the brain—gut axis.!*!

The most commonly studied psychological treatments for FGIDs are cognitive-behavior
therapy (CBT), psychodynamic psychotherapy, and hypnosis. In terms of
pharmacological treatment, gastrointestinal modifiers, anticholinergic agents, probiotics,
anti-diarrheal agents, and intestinal secretagogues are effective to relieve the symptoms.
Considering the presence of gut-brain interaction disorders, emerging evidence from
clinical experience and accumulated effectiveness in other functional somatic syndromes
make antidepressants considerable choice for FGIDs patients who fail to respond to first-
line therapy. This article summaries the application of antidepressants in the treatment of

FGIDs and the possible underlying mechanisms so as to explore a better treatment plan



GUT-BRAIN AXIS DYSREGULATION

Understanding the tight connection between the brain and the gut could help explain the
reason why antidepressants are useful in some FGIDs. The gastrointestinal tract is
controlled by a separate enteric nervous system (ENS), and linked to the CNS with
bidirectional communication.>) The gut contacts with the brain in two neuro-anatomical
ways.[®l One is information exchange between the gut and brain directly through the
autonomic nervous system (ANS) and vagus nerve (VN) in the spinal cord. The other is
the mutual communication between the ENS in the gut and ANS and VN in the spinal
cord.®! The emotional-arousal brain circuit controls the output of the efferent ANS
(positive/parasympathetic balance) and the stress hormone system (hypothalamic-
pituitary-adrenal (HPA) axis), both of which alter gastrointestinal motility, immune or
barrier function, thereby affecting visceral afferent signals.’! In addition,
neurotransmitters and neuro-effector drugs work in both the brain and gut.®! Serotonin(5-
HT), one of the most important neurotransmitters, plays a key role in the pathogenesis of
irritable bowel syndrome (IBS), the most common FGIDs."”) Reduction of brain 5-HT
levels increases visceral perception and negative emotional bias in patients with IBS 0]
Gut microbiota plays a key part in stabilizing the intestine hemeostasis. The maturation
of neuroendocrinology and the development of the gut immune system also depend on
the gut microbiome, which influence the neural circuits and behaviors associated with
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stress response as well as immune function.!!'"'*] The smooth colonization of intestinal

microorganisms is significant to the normal development of the HPA axis.!!’!

Correspondingly, stress and the HPA axis affect the composition of gut microbes.['®!

Besides, gut bacteria are involved in the synthesis of neurotransmitters and



neuromodulators, such as 5-HT, butyric acid, and dopamine, which can be exchanged
between microbial cells.l!”') Diverse symptoms are related to an imbalance of microbes
and dysregulation of inflammatory response in the gut.”®! Components of the bacteria
themselves, like lipopolysaccharides (LPS), may also be released and have inflammatory
activation effects on the host?'1, which could sensitize the visceral afferent nerve and be
related to dyskinesia.l*?! In a study on gut microbiota and quality of life and depression,
butyrate-producing Faecalibacterium and Coprococcus were consistently associated with

higher quality of life indicators.!'8]

POSSIBLE MECHANISMS OF ANTIDEPRESSANTS IN THE FGIDS

Depression is a common comorbidity of mental illness in FGIDs. A meta-analysis
estimated that the prevalence of depressive symptoms and disorders in IBS patients were
28.8% and 23.3%, respectively.?*! And depressive symptoms are reported notably more
severe and more frequent in IBS patients compared with healthy controls.!*¥
Antidepressants are typically given to patients with moderate to severe disease severity,
seriously impaired quality of life and other situation where regular treatment is not
sufficient.’! In North America antidepressants are reported in 30% to 55% of patients
with FGIDs.*> 261 Antidepressants are thought to treat gastrointestinal symptoms by
modulating neurotransmitters such as 5-HT, norepinephrine and corticotropin-releasing
factor, which help with the movement and sensation of the gut.?’”! They also play an
analgesic role by blocking receptors for serotonin, norepinephrine and several other
neurotransmitters.!*8! In addition, they reduce incoming visceral signals and may down-

regulate incoming visceral signals by affecting anterior cingulate cortex function.% 3"



Studies have demonstrated structural changes in the brains of FGIDs.!! Theories about
neurogenesis suggest that antidepressants can restore lost neurons, as levels of brain-
derived neurotrophic factor that predate neurogenesis have been found to rise with
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antidepressant treatment. I Increased grey matter in the hypothalamus in patients with

IBS may be associated with an association between IBS, stress, and the HPA axis.?4!

The choice of medication is influenced by diverse factors, including the main symptoms
of consultants, severity of illness, presence of anxiety or depression comorbidities, prior
use of similar medications, and preferences of the patient and doctor.[*! Low-dose tricyclic
antidepressants (TCAs) can be used to treat chronic pain, with modes of action involving
serotonin and norepinephrine, as well as such as blocking voltage-gated ion channels,
opioid receptor activation and possible neuroimmune anti-inflammatory effects.> 3!
Serotonin is able to activate over 15 receptor/receptor subtypes in the brain and gut. 5-
HT3 receptor antagonists are used to treat functional diarrhea and 5-HT4 receptor
agonists are used for functional constipation.*”! Selective serotonin reuptake inhibitors
are not commonly used as monotherapies because of their poor efficacy in treating pain'®/.
5-HT3 antagonists could inhibit 5-HT3 receptors on endogenous and exogenous afferent
fibers of mucosa and stimulate 5-HT3 receptors on inter neuronal and motor neurons, thus
promoting fast formation of excitatory postsynaptic potential. This may be the mechanism
by which the 5-HT3 antagonists reduce local progression and secretion of intestinal tract
and alleviate diarrhea.’”! The visceral analgesic effect of 5-HT3 antagonist may be related
to the role of 5-HT3 receptor in the activation of intestinal pain signal, and may also
connected with the central mechanism of action.!*®! Meanwhile, all cells of the intestinal

mucosa virtually express the 5-HT4 receptor.**) The 5-HT4 receptor antagonist can

inhibit the secretion of 5-HT from chromaffin cells, mucus from goblet cells and chloride



ion from intestinal cells, thus alleviating diarrhea.*”] Selective serotonin reuptake
inhibitors are a useful enhancer when used in combination with other drugs such as
serotonin-norepinephrine reuptake inhibitors (SNRIs) or TCAs, or when patients have a
high level of anxiety that directly contributes to their clinical presentation.*! Considering
the central role of serotonin and norepinephrine in down-regulating neural pathways,
SNRIs may be an ideal class of drugs for regulating pain sensation.

A growing body of evidence support the role of antidepressants in the treatment of FGIDs,
but there is still a gap in clear and definite mechanism, which requires further studies on

the pathogenesis and treatment mechanisms of FGIDs.

EFFICACY AND SAFETY OF ANTIDEPRESSANTS IN THE TREATMENT OF

FGIDS

Antidepressants included in existing clinical trials are TCAs, selective serotonin
reuptake inhibitors (SSRIs), serotonin noradrenalin reuptake inhibitors (SNRIs) and
tetracyclic antidepressants (TeCAs).[“%l In 2018, the Rome Foundation working team
(RFWT) report pointed out that low to modest doses of TCAs have sufficient evidence
in the treatment of chronic gastrointestinal pain in FGIDs. SNRIs may have the same
effect as TCAs but still need to be adequately tested. SSRIs can be considered if anxiety
is the dominant clinical feature in addition to abdominal pain. As for tetracyclic
antidepressants, no specific evaluation and recommendation has not been given due to

limited studies.[*!

Here, we summarize the progress of clinical trials of antidepressants in FGIDs since

2018 to critically evaluate their application and efficacy.



TCAs

Among neuromodulators, low to moderate doses of TCAs are most recommended for
the treatment of chronic gastrointestinal pain. In most studies, the dose range of TCA
was 25-75 mg/d. There is insufficient evidence of analgesic effect at doses less than 25
mg. In addition, the TCA class of agents is the first-line treatment in central
neuromodulater for treating IBS, particularly in IBS-D (irritable bowel syndrome with
diarrhea). TCAs can be used in conjunction with proton pump inhibitor (PPI) in patients
whose dyspeptic symptoms are consistent with epigastric pain syndrome (EPS).[*l In a
single - center, double - blind, randomized controlled trial (RCT) in patients with
functional dyspepsia (FD), 12-weeks treatment with imipramine 50mg per day relieved
the global dyspepsia symptoms compared with placebo. But 18% patients in the
imipramine group discontinued the study due to side effects such as dry mouth,
constipation, drowsiness, insomnia, palpitations and blurred vision.[*?l A multicenter,
prospective RCT confirmed amitriptyline (50mg) can relieve FD symptoms and
improve gastric accommodation.[*¥ In a post analysis of data from the clinical trial
mentioned above, the reason for amitriptyline's effectiveness may be a modest
improvement in patients' sleep.”*! A randomized double-blind placebo-controlled trial
conducted by Kaosombatwattana et al reported that daily 10mg-nortriptyline treatment
did not improve the life quality of patients diagnosed with FD.*! In a recently
published study, TCAs combined with diaphragmatic breathing/relaxation achieved a

90.9% improvement in clinical symptoms in patients with rumination syndrome. !

The above studies provided supporting evidence for RFWT's recommendation of TCAS’

clinical application in FGIDs. A meta-analysis of drugs for functional dyspepsia



demonstrated that TCAs were ranked first when only high-quality studies were

included.[*"]

SSRIs

The RFWT report put forward a conclusion that SSRIs have no significant effect on
visceral sensitivity in patients with FGIDs. However, SSRIs can still be considered in

IBS if anxiety is present while the stomachache and diarrhea are not main symptoms.[4l

According to a retrospective study, combination of mosapride and fluoxetine can benefit
patients with anxiety related to functional dyspepsia. The anxiety state, frequency of
abdominal distention and defecation, and serum level of cholecystokinin in the
combined treatment group were significantly lower than those in the mosapride alone
group.® In a double-blind cross-over study, the citalopram administration was
associated with higher upper esophageal sphincter post-swallow mean and maximum
pressure values in healthy volunteers compared with placebo.[*®! This study discovered

the potential of citalopram as an anti-reflux treatment for FGIDs.

SNRIs

Duloxetine may be more practical in clinical use because of its lower median effective
dose compared to venlafaxine, according to RFWT. Meanwhile, milnacipran is
recommended to be considered if the patients can’t tolerate the other SNRIs’ adverse

effects.l41]

Duloxetine is useful to treat the pain component in those diagnosed with central

mediated abdominal pain syndrome (CAPS) related FGIDs based on findings from a



recently published RCT.B% In this study, after 8 weeks of treatment, the proportion of
patients in the duloxetine group who experienced a decrease in average pain scores of
more than 50% was significantly higher than in the placebo group. However, there are

currently no high-quality clinical trials of milnacipran for FGIDs

TeCAs

The tetracyclic antidepressants are recommended in the treatment of early satiety,
nausea/vomiting, weight loss and disturbed sleep in FGIDs.[*! In 2018, a case report
showed a 52-year-old woman diagnosed with IBS with predominant diarrhea,
accompanied with depression and anxiety, improved in abdominal pain and diarrhea, after
treatment of mirtazapine 30mg/day for one month.® Further clinical trials are needed

for the evaluation of tetracyclic antidepressants in FGIDs.

BARRIER OF ANTIDEPRESSANTS IN THE TREATMENT OF FGIDS

A meta-analysis identified adverse events as the main cause of frequent discontinuation
of antidepressants.®’ An investigation of American gastroenterologists about
neuromodulators in IBS mentioned that concerns about side effects was the most common
barrier of these agents’ clinical application.>*! The reported side effects of antidepressants
include drowsiness, dry mouth, constipation, sexual dysfunction, cardiovascular events,
weight changes, agitation, diarrhea, night sweats, headache, nausea, dizziness, sleep
disturbance, fatigue, and hepatotoxicity.[*!! These side effects may be associated with their
inhibition of serotonin uptake,®* anticholinergic and antihistaminic actions.l*>) More

large-scale clinical studies are expected to evaluate the adverse events and provide



evidence for clinical treatment.

CONCLUSION

With the in-depth understanding of the biological and psychosocial mechanism of
functional gastrointestinal disorders and gut-brain axis, functional gastrointestinal
disorders are better defined as disorders of gut-brain interaction. Antidepressants can help
relieve pain and regulate gastrointestinal motility and secretion by reducing visceral
sensitivity and relaxing and smoothing the viscera.’® 37! In addition, it also plays a role
in common mental illness comorbidity by improving sleep and reducing pain.l*® There is
a lack of specific guidance for the clinical use of antidepressants in FGIDs. Well-designed

and high-quality clinical researches are much needed in the future
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