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Abstract

Purpose of review Functional dyspepsia (FD) is a highly prevalent condition affecting up to
12% of the US population. We reviewed the recent medical literature regarding therapeutic
interventions and aimed to identify guidance for the most appropriate/effective treatment
in patients presenting with FD.
Recent findings There are a variety of therapeutic interventions that have recently dem-
onstrated clinical efficacy in placebo-controlled trials and subsequent systematic reviews
and meta-analysis. Pharmacologic interventions include acid inhibition, prokinetics,
antimicrobial interventions, and central nervous system acting drugs (with emphasis on
tricyclic antidepressant). In addition, available data support the use of specific herbal
preparations. However, while treatments may substantially improve symptoms in individ-
ual patients, for all effective (pharmacologic and non-pharmacologic) interventions, the
gain over placebo is only small consistent with the concept that FD actually is caused by a
variety of underlying mechanisms and the occurrence of spontaneous fluctuation of
disease activity that may amplify ‘placebo responses’.
Summary FD is a condition with a most likely multifaceted pathophysiology. Thus, it is
unlikely that a single pharmacologic intervention will provide cure or even symptom relief
for a large proportion of patients. While the symptom-based categorisation of FD (post-
prandial distress syndrome and epigastric pain syndrome) is intuitive, it remains to be
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established that the proposed categorisation translates into improved patient outcomes.
The main problem is the considerable overlap of various symptom-based disease catego-
ries in severely affected patients. Considering the multifaceted pathophysiology of FD, it is
likely that for patients with FD manifestations severely affecting quality of life,
multiprofessional treatment approaches involving medical, mental health, and other allied
health professionals are required.

Introduction

Chronic, unexplained gastrointestinal symptoms (also
referred to as functional gastrointestinal disorders
(FGID)) are highly prevalent in the population and are
amongst the most frequent causes for consultation in
primary care and care provided by specialist gastroenter-
ologists [1]. Patients with ‘unexplained’ symptoms and
concomitant alterations of pain associated with bowel
habits are labelled as irritable bowel syndrome (IBS).
Similarly, patients with upper gastrointestinal/epigastric
symptoms that may or may not increase in intensity
after a meal are labelled functional dyspepsia (FD) [2].
Patients with FD can be subdivided into patients with
epigastric pain syndrome (EPS) or postprandial distress
syndrome (PDS) [3]. While the prevalence of symptoms
is slightly different in various geographic regions and
according to different diagnostic criteria, 12% of the
US population report symptoms consistent with func-
tional dyspepsia [4•]. Due to the high prevalence in the
population and the subsequent health care utilisation
[5, 6, 7••], costs of FGID to patients and society are
substantial [8–10].

In recent years, progress has been made to delineate
and appreciate the multifaceted disease mechanisms of
FGID including FD [11, 12]. Visceral hypersensitivity
[13, 14] and abnormal gastric motility [15, 16] are
thought to be the physiological abnormalities that di-
rectly cause FD symptoms. This has allowed to specify
approaches that potentially can improve symptoms.
Unfortunately, there is thus far no cure for patients with
FD or other FGID. As a consequence, excess health care
utilisation continues and this is explained by the poor
response to existing treatments [17,18] and the subse-
quent dissatisfaction of FGID patients with their care
[19]. The guiding principles for the management of
patients with FD are summarised in Table 1.

Most clinical guidelines [20] recommend treatment
with acid inhibitory drugs such as proton pump inhib-
itors and H. pylori eradication therapy if H. pylori is

present. However, there is limited evidence that acid
secretion is increased in FD patients [21], and while
antimicrobial therapy initiated to eradicate H. pylori re-
sults in some studies in small improvements of symp-
toms [22•], it still remains questionable if the H. pylori
prevalence is increased in patients with FD [23]. Many
pathophysiologic studies now point towards the role of
the duodenum for the control and coordination of gas-
troduodenal function [11, 24]. Disturbed duodenal mu-
cosal integrity or low-grade mucosal inflammation
[25••] have been associated with altered neuronal sig-
nalling [26] and systemic immune activation [27], and
these alterations may be causally linked to alterations of
gastric motor function [27] and ultimately to dyspeptic
symptoms. The role of various luminal factors including
bile acid [28], or specific dietary antigens [29•] in in-
creasing the duodenal barrier defects [30] are implicated
although causal relationships remain to be proven. On
the other hand, the density of microbial colonisation of
the duodenum is linked to the severity of meal-related
symptoms [31••].

One of the potentially game-changing observa-
tions for our current concept of FGID is the link
between symptoms and increased duodenal eosin-
ophils and mast cells [32]. This has triggered spec-
ulations about potential pharmacologic treatments
targeting eosinophils [33]. However, until results
from appropriately designed clinical trials are avail-
able, the link between mucosal inflammation and
symptoms simply might be an association and not
necessarily causal.

While there is a strong focus on treatments that target
GI function, it is important to acknowledge the relation-
ship between FGIDs and psychological morbidity and
the fact that this relationship is bidirectional, where in
some patients, symptoms are driven by psychological
issues (brain-gut), while in others, psychological health
is affected byGI symptoms (gut-brain) [34, 35]. The role

Treatment Options for Patients With FD Holtmann et al. 435



of brain-gut and gut-brain interactions should be exam-
ined whether patient subtyping based upon

psychological comorbidities can predict response to
treatments targeting brain-gut vs. gut-brain disease.

Recent findings
Targeting diet

Worldwide the market for gluten-free products is growing rapidly and
producers market these products with the claim that gluten-free products
are helpful in managing digestive disorders. A recent systematic review
and meta-analysis [29•] revealed that wheat-containing foods were im-
plicated in the induction of FD symptoms in six studies. On the other
hand, recent studies exploring gluten-free diets and gluten exposure in
patients reporting intolerance to gluten in the absence of celiac disease
revealed inconclusive results [36]. There was no clear association be-
tween symptoms and the dose of gluten, with higher doses of gluten
appeared to be better tolerated as compared to the small doses of gluten
[36]. This may suggest that gluten is not the (sole) culprit for digestive
symptoms after consumption of wheat or similar grains. Indeed, a
systematic review [37••] revealed that the prevalence of non-celiac glu-
ten sensitivity (NCGS) after gluten re-challenge is low, and the percent-
age of relapse after a gluten- or a placebo-challenge is similar. While this
argues against the use of gluten-free or gluten-restricted diets for the
treatment of FD, this may not rule out that other ingredients of wheat
or similar grains such as Amylase-Trypsin-Inhibitors that can be targeted
may cause symptoms in FD and other FGID [38•]. Furthermore, other
foods reported as inducing symptoms were high in either natural food
chemicals or high in fermentable carbohydrates. The consumption of
caffeine was associated with FD in four studies, while the association
with alcohol was not inconclusive [29•].

Table 1. Management principles in functional dyspepsia

1. Determine the expectations and communicate realistic goals to the patient
2. Ensure that the diagnosis is established and address any diagnostic ambiguity. Confirm or establish, a positive clinical diagnosis
based on the history and physical examination. Communicate this clearly to the patient.

3. Avoid repetitive, low value testing without clinical indication.

4. Empower patient to manage their symptoms by life-style interventions.

5. Explore dietary modification (small meals, low-fat diet, small meals, split ingestion of solids and liquids, identify and avoid
foods that precipitate symptoms).

6.Explore specific diets (e.g. FODMAP, gluten-free diet)

7.Prescribe medications targeting the main symptoms. Define when medication can be discontinued (avoid permanent medical
therapy) and treat on demand.

8.Consider cognitive behavioural therapy for severe cases.

9.Develop follow-up plan.
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Targeting gastrointestinal motility
Abnormal gastric accommodation and alterations of gastric emptying are con-
sidered by many to play a key role for the manifestation of symptoms in FD
patients. Thus, prokinetics are widely used in many countries for the treatment
of FD. Interestingly the most recent systematic review and meta-analysis [39]
concluded that due to low, or very low, quality of evidence, it was impossible to
determine whether prokinetics are effective in the treatment of functional
dyspepsia. This might be more a reflection of the constantly changing disease
definitions and refinements of trial requirements rather than lack of clinical
evidence.

While delayed gastric emptying might be the cause of symptoms in some
patients, others may experience symptoms due to accelerated gastric emptying.
In a recent elegant study by Brandler et al, the naturally occurring hormone
secretin delayed gastric emptying of solids without affecting gastric accommo-
dation, satiation, or other upper gastrointestinal hormones, or postprandial
symptoms [40]. Based upon this, it is speculated that in FD patients with rapid
gastric emptying (an estimated 20% of FD patients), stimulation of the secretin
receptor could be of benefit.

Peppermint oil is a calcium channel blocker and thus may modulate
smooth muscle contraction of the gastrointestinal tract. A recently pub-
lished randomised controlled trial observed in FD patients a significant
gain over placebo for a combination of peppermint oil and caraway
[41•]. Similarly, a recent systematic review demonstrated that pepper-
mint oil is also beneficial in IBS patients [42••]. These data are now
complemented by a systematic review of peppermint oil in combination
with caraway as a treatment for patients with FD [43]. While it might be
speculated that effects of peppermint oil are mediated by effects on the
smooth muscles (e.g. causing fundic relaxation and delaying gastric
emptying), there are now data suggesting that peppermint (Mentha
piperita) — an essential oil with high levels of menthol/menthone and
characteristic in vitro cholinergic inhibitory, calcium regulatory, and
GABAA/nicotinic receptor binding properties — modulated performance
in cognitive tasks [44•]. Thus, it might be speculated that peppermint
oil also has central nervous system (CNS) effects that contribute to the
clinical effects.

Targeting gastric acid secretion
For many years, acid inhibition primarily with proton pump inhibitors
(PPI) has been considered as one of the pillars of FD therapy. Indeed, the
most recent systematic review and meta-analysis [45] provide further evi-
dence that ‘…PPIs are effective for the treatment of FD, independent of the
dose and duration of treatment as compared to placebo..’. PPIs may be
slightly more effective than prokinetics for the treatment of FD; however,
the evidence is scarce. However, it remains open if PPI are superior to
prokinetics since trials directly comparing PPIs and prokinetics are difficult
to interpret as they are potentially at risk of bias. In addition, there is
emerging evidence that therapy with PPI may alter the microbial coloni-
sation in the small intestine and increases the risk of small intestinal
bacterial overgrowth [46•] and may result in IBS-type symptoms.
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Targeting mucosal inflammation
Micro-inflammation in the form of local immune cell infiltration, particularly
eosinophils and mast cells, has been observed in patients with FD [47] and
might be linked to the manifestation of the gastrointestinal symptoms. While it
is speculated that this inflammation is a reflection of an auto-immune process
and treatments that specifically target this immune process might be beneficial
have been speculated [33], a recent study was not able to identify a link between
eosinophils and FD but duodenal eosinophils were associated with H. pylori
[48].

Targeting the gastrointestinal microbiome
For many years, antibiotic therapy has been used in patients with FD for the
eradication of gastric H. pylori infections. While this antimicrobial approach is
widely used in patients with FDwith concomitantH. pylori infection, systematic
reviews and meta-analysis reveal only a small (but statistically significant)
benefit [22•]. While epidemiologic studies have questioned the role of
H. pylori for the manifestation of symptoms in otherwise health subjects (e.g.
blood donors) [23], the effect of antimicrobial therapy also could occur unre-
lated toH. pylori. Indeed, antimicrobial therapy in FD patients withoutH. pylori
utilising the non-absorbable antibiotic rifaximin improves symptoms in pa-
tients with fFD [49••].

While recent data suggest that the density of bacterial colonisation in the
small intestine is linked to meal-related symptoms and the response to a
standardised nutrient challenge [31••, 50•], the effect of antimicrobial therapy
utilising the non-absorbable antibiotic rifaximin might be mediated by a re-
duction of the bacterial load of the duodenum/small intestine. However, thus
far, the effect of antimicrobial therapy on visceral sensory functions has not
been studied.

Targeting the gastrointestinal microbiome cannot only be achieved by anti-
biotic therapy, but prebiotics or probiotics may also alter the gastrointestinal
microbiome. A recent systematic review and meta-analysis examined the avail-
able data on the efficacy of prebiotics and probiotics for FD [51•]. Five RCTs
were suitable for inclusion and the relative risk of FD symptoms improvingwith
probiotics or probiotics vs placebo was 1.15 (95% CI 1.01–1.30). Thus, the
authors concluded that probiotics and prebiotics appeared effective treatments
for FD while no firm conclusion in relation to individual species and strains
could be drawn.

Acupuncture as treatment for functional dyspepsia
Acupuncture or electroacupuncture (EA) is used for the treatment of
patients with FD. Analysing eight studies that explored effects of acu-
puncture and EA on gastric motility, gastric accommodation, mental
status, gastrointestinal hormones, central and autonomic functions,
symptoms, and quality of life, the authors concluded that the data
support the potential use of acupuncture and EA. However, the authors
of the systematic review and meta-analysis [52] acknowledged that high-
quality studies with well-planned designs are lacking and thus more
credible evidence is required before acupuncture can be accepted as a
routine treatment for FD.
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Herbal therapies
Herbal therapies are frequently used in some regions of the world while the
efficacy of herbal medicines for FGID including IBS and FD is still controversial
and there considerable differences in regulatory approaches taken in different
jurisdictions to ensure safety and efficiency of herbal preparations used for the
treatment of patient with FD and other FGID [53]. Regarding efficacy, a recent
systematic review with meta-analysis [54] explored the efficacy of a variety of
herbal therapies in a variety of FGIDs and identified 49 trials. Subgroup analysis
found that herbal therapies were better than placebo in alleviating symptoms
for FD (RR = 1.50, 95% CI 1.32–1.69).

Targeting the CNS
In systematic reviews and meta-analyses, tricyclic antidepressant (TCA) but not
serotonin reuptake inhibitors (SSRI) are effective for the treatment of FD [55],
but antidepressants were also associated with more adverse events compared
with placebo. While TCA improve dyspeptic symptoms, a recent publication
reveals that the symptom response to a standardised nutrient challenge is
improved while gastric emptying remains unchanged [56••]. Interestingly, the
beneficial effects of low-dose TCA occur even in patients not responding to PPI
or prokinetics [57].

Summary

While in recent years progress has been made to delineate and appreciate the
multifaceted disease mechanisms of FD [11, 12], there is as yet no cure for
patients with these conditions. As a consequence, treatment is applied in a trial-
and-error fashion and excess health care utilisation continues to be high as a
consequence of poor response to existing treatments [17,18], resulting in dis-
satisfaction of FD patients with their care [19]. Patients with FD are categorised
into patients with EPS and PDS. However, there is very little evidence that this
categorisation has translated in improved patient outcomes. The main reason
for this might be that patients with severe manifestations of FD present with an
overlap of FD and IBS [58•] and an overlap of PDS and EPS. Moreover,
subtyping FD patients by brain-gut and gut-brain order of incidence may also
offer better treatment responses.

To meet patient’s needs, systematic approaches are required to translate the
knowledge of the multifaceted pathophysiology into targeted interventions to
control symptoms and ultimately cure patients affected by FD and similar
FGID. To achieve real progress, it is most likely insufficient to simply assess
the effect of a specific treatment on symptoms or quality of life. It is rather
required to simultaneously study whenever possible the influence of a specific
treatment on relevant disease mechanisms that cause symptoms and the symp-
tom response. Thus, if we acknowledge that visceral sensory functionmay play a
role for themanifestation of symptoms, visceral sensory function testing should
be routinely incorporated into clinical studies that explore treatment effects.

As FD is a condition with a multifaceted pathophysiology, it is extremely
unlikely that a single treatment will be the solution for large cohorts of patients.
Instead it is to be expected that integrated research and clinical care approaches
driven by multiprofessional teams involving medical, mental health, and other
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allied health specialists are required to address the thus far unmet patient needs
and initial results of these treatment approaches are promising [59, 60].
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