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Abstract
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Background
Antidepressants have been empirically used in the treatment of functional dyspepsia (FD).
However, results from recent clinical trials investigating their efficacy are conflicting. The
aim of this study is to evaluate the efficacy of antidepressants in the management of FD in
adults.
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Methods
Databases of MEDLINE, EMBASE, the Cochrane Central Register of Controlled Trials and
BIOSIS Previews were searched for all randomized controlled trials (RCT) investigating efficacy of antidepressants in the management of FD in adult patients. Data of overall symptom
unimproved and adverse events were compared between the antidepressants and placebo
group.
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The search strategy identified 432 citations. Of those, eight RCTs met the inclusion criteria
and were included in the meta-analysis. The pooled relative risk (RR) of symptom unimproved with tricyclic antidepressants (TCAs) versus placebo was 0.76 (95% CI: 0.62 to
0.94, P = 0.01; I2 = 0%, P = 0.39). By contrast, selective serotonin reuptake inhibitors
(SSRIs) did not show a benefit over placebo (RR = 1.00, 95% CI: 0.86 to 1.17, P = 0.95; I2 =
0%, P = 0.82). Adverse events were significantly more frequent among patients receiving
antidepressants than those receiving placebos (RR = 1.64, 95% CI: 1.14 to 2.35, P =
0.007).
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Conclusion
TCAs but not SSRIs, are effective in the treatment of FD, but antidepressants were also
associated with more adverse events compared with placebo.

PLOS ONE | DOI:10.1371/journal.pone.0157798 June 16, 2016

1 / 12

Antidepressants in Functional Dyspepsia

Introduction
Functional dyspepsia (FD) is a gastrointestinal disorder defined as the experience of postprandial fullness, early satiation, epigastric pain or burning originating in the gastroduodenal in the
absence of any organic disease that could explain the symptoms [1]. FD accounts for a large
percentage of gastroenterology clinical visits, and its prevalence can reach up to 15.7% in the
general population [2–5]. Despite its favorable prognosis, FD can impair suffers’ quality of life,
and the condition places a strain on health resources because patients with FD tend to seek
excessive medical care [4, 6–8]. Proton pump inhibitors (PPIs) and prokinetic agents are currently recommended as first-line treatment for FD [9]. However, the efficacy of these medicines was limited. According to one meta-analysis, symptom relief occurs for only 40.3% of FD
patients receiving PPIs, compared with 32.7% receiving placebo [10]. The treatment efficacy of
prokinetic agents is similar with that of PPIs [11].
Antidepressants are empirically used in the treatment of FD and show promising efficacy.
They may alleviate symptoms of FD through treatment of comorbid psychological diseases,
enhancing gastric accommodation and manipulating pain perception. Psychosocial and psychiatric factors may play an important role in the pathogenesis of FD. Population-based studies
have demonstrated that, compared with healthy controls, FD patients may have higher levels
of depression before diagnosis, are more likely to suffer from co-morbid anxiety and are more
depressed over longer-term follow-up periods [2, 3]. Psychological abuse is associated with
pain symptoms in FD [12]. Besides, impairment of gastric accommodation is present in about
40% of FD cases and is well correlated with certain symptoms [13]. Some antidepressants can
enhance meal-induced gastric relaxation and alleviate related symptoms [14–16]. Additionally,
epigastric pain is one of the main symptoms of FD, and visceral hypersensitivity to acid and
distension may contribute to its development. Antidepressants show beneficial effects in the
treatment of such pain disorder as functional chest pain and chronic back pain [17, 18]. Previous studies have found that antidepressants are effective in treating patients with irritable
bowel syndrome (IBS, another subset of functional gastrointestinal disorders) [19, 20] Since
these two diseases share much in common, it is possible that antidepressants are effective for
both diseases.
Despite their frequent use in clinical practice, the efficacy of antidepressants in the treatment of FD remains controversial. Three previous meta-analyses have been conducted on this
issue [21–23], but all the three have methodological limitations. These studies also failed to
investigate the efficacy of antidepressants in FD in a separated analysis or to include the
recently published randomized controlled trials (RCTs). Therefore, we offer an updated metaanalysis considering treatment efficacy and tolerability of antidepressants in adult patients with
FD.

Methods
Search strategy and inclusion criteria
The meta-analysis was conducted according to the Preferred Reporting Items for Systematic
Reviews and Meta-analysis (PRISMA) statement [24]. The databases of MEDLINE (from
1946), EMBASE (from 1974), the Cochrane Central Register of Controlled Trials and BIOSIS
Previews (from 2001 to 2012) were searched to December 2015 for all studies that examine the
efficacy of antidepressants in the treatment of FD in adult patients. The search terms were as
follows: functional dyspepsia, epigastric pain syndrome, postprandial distress syndrome, antidepressive agent , antidepressant , imipramine, clomipramine, trimipramine, lofepramine,
desipramine, fluvoxamine, amoxapine, amitriptyline, nortriptyline, maprotiline, protriptyline,
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sertraline, mianserin, setiptiline, fluoxetine, paroxetine, milnacipran, trazodone, venlafaxine,
mirtazapine, bupropion, citalopram, escitalopram, doxepin, isocarboxazid, nefazodone, phenelzine, tranylcypromine, zimelidine, dothiepin, dosulepin and flupentixol. References from
reviews and eligible studies were also retrieved in order to identify additional potentially relevant studies. The search was repeated on February 22, 2016 and no new trail was identified.
Two reviewers independently screened the original search results for eligible studies. Inclusion criteria were as follows: i) RCTs that compared the efficacy of antidepressants with placebos among adult FD patients; and ii) studies reported data of symptom unimprovemd or
adverse events with an abstract or full text present. There was no language restriction for the
studies. Crossover studies of high-quality were also included. In the case of eligible studies with
incomplete data, we attempted to contact the corresponding authors to obtain further
information.

Data extraction
Two of the authors independently extracted data, which included the first author, study design,
publication year, inclusion criteria, sample size, types and doses of antidepressants, treatment
and follow-up duration, total numbers of patients with overall symptom unimproved and
adverse events rates. Discrepancies were resolved through discussion. Data were extracted
from an intention-to-treat (ITT) analysis when possible, with a per-protocol analysis used as
the alternative. The quality of each eligible study was also assessed using the Jadad scale, which
is widely employed to assess the quality of RCTs [25]. Studies with Jadad score of at least 3 are
considered of moderate to high quality.

Data synthesis and statistical analysis
We conducted the meta-analysis using Review Manager v5.0 (Cochrane Collaboration, Oxford,
UK). Data on overall symptom unimprovemed and adverse events were compared between the
antidepressant and placebo groups. A subgroup analysis concerning treatment efficacy of each
class of antidepressants separately was also conducted to determine whether different classes of
antidepressants had different effects. The pooled statistics were reported as relative risks (RRs)
with 95% confidence intervals (95% CIs). The number needed to treat (NNT) and number
needed to harm (NNH) were also calculated when there were significant differences between
patients taking antidepressants and the placebo group. The data was pooled using a random
effect model in order to obtain a conservative estimate of treatment efficacy. Cochrane Q test,
the result of which was presented as I2, was also performed to assess the heterogeneity between
the studies. When the Cochrane Q test showed obvious heterogeneity between studies (I2 
50%), a sensitivity analysis was conducted to explore the possible origin of the heterogeneity.
Funnel plot was used to test publication bias. The statistical methods of this study were
reviewed by Professor Guangyun Mao from Center on Clinical & Epidemiological Research,
Affiliated Eye Hospital of Wenzhou Medical University.

Results
Characteristics of studies included in the meta-analysis
The search strategy generated 432 citations, including eighteen RCTs that investigated the
treatment efficacy of antidepressants in FD [26–43]. Ten of these eighteen trials compared antidepressants with placebos, seven compared antidepressants + “conventional treatment” with
“conventional treatment” and one compared antidepressants with no treatment. Another two
potentially eligible studies were excluded from the meta-analysis for failure to reporting
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Fig 1. Identification of eligible studies.
doi:10.1371/journal.pone.0157798.g001

relevant data. Therefore, eight clinical trials [26–33], including six RCTs and two cross-over
studies, were ultimately included. All of the included trails were written in English. A flow
chart of the selection process is shown in Fig 1.
Among the included studies, six were published in full text and two were in abstract form
only [27, 29]. The antidepressants investigated in the eight studies included were sertraline,
imipramine, amitriptyline, venlafaxine, nortriptyline and melitracen + flupenthixol (M + F).
All studies but one reported ITT analysis results [28]; for that study, we used per-protocol analysis results. All eight articles were of moderate to high quality with Jadad scores of at leat 3.
Detailed information is shown in Table 1. The corresponding authors of three studies were
contacted by e-mail in an effort to obtain unpublished data needed for the present study, but
no responses were received [28, 30, 31].

Treatment efficacy
Seven of the eight RCTs reported the overall symptom improvement rates in response to treatment. Of these, three studies reported the exact symptom scores in each group, and three studies reported on quality-of-life improvements. In total, 252 of 463 patients reported that
symptoms were unimproved in the antidepressant group, compared with 139 of 370 patients
in the placebo group, with no significant difference between the two groups (RR = 0.85, 95%
CI: 0.69 to 1.03, P = 0.10). The Cochran Q test showed a moderate level of heterogeneity
between the studies (I2 = 55%, P = 0.04; Fig 2A). In the sensitivity analysis according to the
study design, no heterogeneity was found when the crossover studies were removed from the
analysis, and still, administration of antidpressants did not show a benefit compared with placebo (RR = 0.94, 95% CI, 0.83 to 1.06; Fig 2A). In subgroup analysis, administration of tricyclic
antidepressants significantly associated with reduced number of patients with symptom
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Table 1. Characteristics of clinical trials examining antidepressants in functional dyspepsia.
Reference

Study
design

Jadad
score

Inclusion criteria

Sample
size

Treatment; length of
follow-up

Response to
treatment

Adverse effect

Antidepressant
vs. Control

Antidepressant
vs. Control

Talley NJ 2015 [26]

RCT

4

Met the Rome II
criteria; PPI
treatment failed;
without depression;
ages 18–75 y.

292

Amitriptyline 50 mg or
escitalopram 10 mg
or placebo qd for 12
w; 9 m

45.6%* vs. 40%

29.2%# vs. 21%

Kaosombatwattana
U 2015 [27]

RCT

3

FD patients; PPI and/or
prokinetics
treatment failed

61

Nortriptyline 10 mg or
placebo qd for 8 w.;
NR

53.6% vs,54.5%

NR

Tan VP 2012 [28]

RCT

5

Met the Rome II
criteria; Hp-; ages
17–71 y

193

Sertraline 50 mg or
placebo qd for 8 w;
8w

28.4% vs.27.6%

NR

Wu JC 2011 [29]

RCT

3

Met the Rome II
criteria; PPI
treatment failed;
ages > 18 y

107

Imipramine 50 mg or
placebo qd for 12
w; 12 w

63.6% vs.44.2%

NR

Braak B 2011 [30]

RCT

5

Met the Rome III
criteria; PPI
treatment failed;
without depression;
ages 18–65 y

38

Amitriptyline 25 mg or
placebo qd for 8 w;
8w

No differences
between the two
groups;

72% vs.35%

Van Kerkhoven LA
2008 [31]

RCT

3

Clinical judgement;
ages > 18 y

160

Venlafaxine (75 mg qd
2 w—150 mg qd 4
w—75 mg qd 2 w)
or placebo for 8 w;
20 w

37% vs. 39%

NR

Hashash JG 2008
[32]

Crossover
study

4

Met the Rome III
criteria; PPI
treatment failed; Hp
eradication; without
depression; ages
18–65 y

25

M + F or placebo 1
tablet bid for 4 w; 2
weeks for wash-out;
6w

70.8% vs.24%

20% vs. 8%

Mertz H 1998 [33]

Crossover
study

3

FD with sleep disorder;
Hp-; wihtout
depression; ages
20–65 y

7

Amitriptyline 50 mg qn
or placebo for 8 w;
3 w for wash-out; 11
w

71% vs. 28%

NR

RCT: randomized controlled trial. NR: not reported. IBS: irritable bowel syndrome. FD: functional dyspepsia. PPI: proton pump inhibitor. qd: once per day.
qn: once every night. M + F: melitracen+ﬂupenthixol
*53% in the amitriptyline group vs 38% in the escitalopram group.
#

30% in the amitriptyline group vs 29% in the escitalopram group.

doi:10.1371/journal.pone.0157798.t001

unimproved compared with placebo (RR = 0.76, 95% CI: 0.62 to 0.94; I2 = 0%, P = 0.39;) (Fig
2B) with an NNT of 7 (95% CI: 4, 26). However, no significantly differences were found
between selective serotonin reuptake inhibitors (SSRIs) group and placebo group (RR = 1.00,
95% CI: 0.86 to 1.17; I2 = 0%, P = 0.82; Fig 2C).

Adverse effects
Three of the eight studies, which included 379 patients, reported the exact number of adverse
events. A total of 75 (31.6%) patients in the antidepressant group compared with 29 (20.4%) in
the placebo group were reported to have experienced adverse events. A significant association
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Fig 2. Forest plot showing efficacy of antidepressants versus placebo. (A) Treatment efficacy of all
antidepressants investigated. (B) Treatment efficacy of tricyclic antidepressants (TCAs). TCAs significantly
reduce risk of symptom unimproved. (C) Treatment efficacy of selective serotonin reuptake inhibitors
(SSRIs). SSRIs do not show a benefit over placebo.
doi:10.1371/journal.pone.0157798.g002

was found between the use of antidepressants and an increase in adverse events (RR = 1.64,
95% CI: 1.14 to 2.35, P = 0.007) with an NNH of 9 (95% CI: 5, 44) and no heterogeneity was
found among the included studies (I2 = 0%, P = 0.54) (Fig 3). No serious adverse event was
reported in any study.
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Fig 3. Forest plot showing adverse effects of antidepressants versus placebo. Antidepressants
significantly increase adverse events compared with placebo.
doi:10.1371/journal.pone.0157798.g003

Publication bias
The funnel plot regarding the treatment efficcacy of all included trials showed asymmetry (Fig
4A). However, the funnel plot of RCTs included seems asymmetrical which means publication
bias is unlikely among these studies (Fig 4B).

Antidepressants plus “conventional treatment” compared with
“conventional treatment” alone
The quality of studies comparing efficacy of antidepressants + “conventional treatment” with
“convention treatment” alone was poor. Six of the seven studies investigated treatment efficacy
of M + F (deanxit). Detailed information is shown in S1 Table. Results from these studies were
also pooled. The RR for symptom unimproved with antidepressants + “conventional treatment” versus “conventional treatment” alone was 0.3 (95% CI: 0.22 to 0.42; I2 = 0%, P = 0.92)
(S1 Fig) with an NNT of 4 (95% CI: 3 to 5). Adverse events rates were equivalent among
patients allocated to either of the two groups (RR = 1.72, 95%CI: 0.69 to 4.32; I2 = 35%,
P = 0.19) (S2 Fig).

Fig 4. Funnel plot of clinical trials of antidepressants versus placebo. (A) Funnel plot of all included
trials. (B) Funnel plot of randomized controlled trials with no obvious publication bias found.
doi:10.1371/journal.pone.0157798.g004
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Discussion
A meta-analysis of RCTs that assessed the efficacy of antidepressants in managing adult FD
was conducted. TCAs, but not SSRIs, are effective in the treatment of adult FD. Patients allocated to the antidepressants group reported more adverse events than those allocated to placebo group, with an NNH of 9. Antidepressants used in combination with “conventional
treatment” also showed increased symptom improvement rates compared with “conventional
treatment” alone. However, studies investigating this issue are of low quality.
The main findings of this meta-analysis appear to be inconsistent with previous studies. We
identified 3 meta-analyses on this topic, all of which concluded that antidepressants are effective in relieving FD symptoms. However, all of these studies were methodologically different
from ours. One study included both IBS and FD patients but did not analyse them separately
[23]. The other two studies included patients who were treated with levosulpiride [21, 22].
Levosulpiride is a dopamine D2 receptor antagonist and a mild 5-HT4 receptor agonist, which
make it both a prokinetic agent and an antidepressant [44, 45]. the inclusion of levosulpiride
may have introduced bias because previous studies have found that prokinetic agents are effective in treating FD [46]. In addition, one of the reports pooled the results of studies that examine antidepressants compared with placebos, “conventional treatment” or no treatment into a
single analysis [21]. Moreover, this same study assessed the therapeutic effect by comparing
means of indices evaluating FD symptoms before and after treatment with antidepressants. As
is known, a placebo response is common among FD patients, [47] for which reason it cannot
be concluded that antidepressants are effective in the treatment of FD. Finally, none of these
meta-analyses assessed the quality of the included studies.
In the present study, several methods were used to overcome these limitations. First of all,
we included recently published RCTs which were not included in previous meta-analyses.
Quality assessments were also conducted, and only moderate-to-high-quality, placebo-controlled studies were included in our meta-analysis. Owing to the small number of RCTs identified, we also included crossover studies. A sensitivity study was conducted when heterogeneity
was present, and a subgroup analysis was conducted to evaluate the efficacy of different classes
of medication. Data from an ITT analysis were used whenever possible, further ensuring that
the treatment effect was not overestimated. The adverse effects of antidepressants were also
pooled and assessed, steps that were not taken in previous studies.
There are limitations to the present meta-analysis, most of which are due to the characteristics of the included studies. First, only 6 RCTs were included, which is a relatively small number.
In the subgroup analyses, only two and three studies were included in the assessment of the efficacy of SSRIs and the tolerability of antidepressants, respectively. However, according to the
present results, the ineffectiveness of SSRIs is almost unlikely due to the small sample size. To
include as many eligible studies as possible, we also contacted the corresponding authors of
three RCTs in an effort to obtain unpublished data. Second, moderate heterogeneity was found
when the crossover studies were included. This heterogeneity may have resulted from the study
design, type of medicine used or treatment duration, among other factors. It is notable that a
crossover study conducted by Hashash et al. has found a very large effect favouring the use of
M + F [32]. Melitracen is a TCA, while flupenthixol is a typical antipsychotic agent. The combination of the two has both anxiolytic and antidepressant properties. However, no RCT that
compares the efficacy of M + F with placebos in FD has been published to date. When the crossover studies are excluded from the analysis, both heterogeneity and publication bias disappeared. Third, although all of the included RCTs were of high to moderate quality, two articles
were meeting abstracts that did not contain the full texts with additional information [27, 29].
Fourth, the diverse inclusion criteria used in each included article may have introduced bias.
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The present study finds improvement in patients taking TCAs but not in those taking
SSRIs. This difference may be due to the superior pain relieving function of TCAs. One metaanalysis found that TCAs, but not SSRIs, can significantly reduce functional chest pain [17].
An RCT by Talley et al. has found that patients with ulcer-like FD who take amitriptyline, a
TCA, are more likely to report symptom improvement than patients with dysmotility-like FD
[26], but improvement was not observed in patients taking escitalopram, a SSRI. It is possible
that antidepressants are more effective in managing certain subtypes of FD, and this avenue
should be explored in the future. In addition, the frequently reported adverse effects of antidepressants may limit their efficacy. In the present analysis, adverse events occurred significantly
more frequently in the antidepressant group than in the placebo group with an NNH being 9.
Fortunately, however, no serious adverse events were reported. Due to the small number of
studies included, we did not analyse the tolerability of TCAs and SSRIs separately.

Conclusions
In conclusion, the current data support the use of TCAs but not SSRIs in the management of
FD in adults. However, the present data also indicate an increased risk of adverse events for
antidepressants. Further well-designed, high-quality studies are needed, in particular to investigate the treatment efficacy of TCAs for subtypes of FD.
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(DOC)

Acknowledgments
The authors wish to thank Dr. Gungyun Mao from from Center on Clinical & Epidemiological
Research, Affiliated Eye Hospital of Wenzhou Medical University for his helpful comments.

Author Contributions
Conceived and designed the experiments: YL CT. Performed the experiments: YL MC ZH.
Analyzed the data: YL MC ZH. Wrote the paper: YL CT.

References
1.

Tack J, Talley NJ, Camilleri M, Holtmann G, Hu P, Malagelada JR, et al. Functional gastroduodenal disorders. Gastroenterology. 2006; 130:1466–1479. doi: 10.1053/j.gastro.2005.11.059 PMID: 16678560

2.

Aro P, Talley NJ, Ronkainen J, Storskrubb T, Vieth M, Johansson SE, et al. Anxiety is associated with
uninvestigated and functional dyspepsia (Rome III criteria) in a Swedish population-based study.
Gastroenterology. 2009; 137:94–100. doi: 10.1053/j.gastro.2009.03.039 PMID: 19328797

PLOS ONE | DOI:10.1371/journal.pone.0157798 June 16, 2016

9 / 12

Antidepressants in Functional Dyspepsia

3.

Koloski NA, Jones M, Kalantar J, Weltman M, Zaguirre J, Talley NJ. The brain—gut pathway in functional gastrointestinal disorders is bidirectional: a 12-year prospective population-based study. Gut.
2012; 61:1284–1290. doi: 10.1136/gutjnl-2011-300474 PMID: 22234979

4.

Lu CL, Lang HC, Chang FY, Chen CY, Luo JC, Wang SS, et al. Prevalence and health/social impacts
of functional dyspepsia in Taiwan: A study based on the Rome Criteria Questionnaire Survey assisted
by endoscopic exclusion among a physical check-up population. Scand J Gastroenterol. 2005;
40:402–411. doi: 10.1080/00365520510012190 PMID: 16028434

5.

Shaib Y, El-Serag HB. The prevalence and risk factors of functional dyspepsia in a multiethnic population in the United States. Am J Gastroenterol. 2004; 99:2210–2216. doi: 10.1111/j.1572-0241.2004.
40052.x PMID: 15555004

6.

Yamawaki H, Futagami S, Shimpuku M, Sato H, Wakabayashi T, Maruki Y, et al. Impact of sleep disorders, quality of life and gastric emptying in distinct subtypes of functional dyspepsia in Japan. J Neurogastroenterol Motil. 2014; 20:104–112. doi: 10.5056/jnm.2014.20.1.104 PMID: 24466451

7.

Halder SLS, Locke GR, Talley NJ, Fett SL, Zinsmeister AR, Melton LJ. Impact of functional gastrointestinal disorders on health-related quality of life: a population-based case-control study. Aliment Pharmacol Ther. 2004; 19:233–242. doi: 10.1111/j.0269-2813.2004.01807.x PMID: 14723614

8.

Koloski NA, Talley TN, Boyce PM. The Impact of functional gastrointestinal disorders on quality of life.
Am J Gstroenterol. 2000; 95:67–71.

9.

Miwa H, Ghoshal UC, Fock KM, Gonlachanvit S, Gwee KA, Ang TL, et al. Asian consensus report on
functional dyspepsia. J Gastroenterol Hepatol. 2012; 27:626–641. doi: 10.1111/j.1440-1746.2011.
07037.x PMID: 22142407

10.

Wang WH, Huang JQ, Zheng GF, Xia HH, Wong WM, Liu XG, et al. Effects of proton-pump inhibitors
on functional dyspepsia: a meta-analysis of randomized placebo-controlled trials. Clin Gastroenterol
Hepatol. 2007; 5:178–185. doi: 10.1016/j.cgh.2006.09.012 PMID: 17174612

11.

Hsu YC, Liou JM, Yang TH, Hsu WL, Lin HJ, Wu HT, et al. Proton pump inhibitor versus prokinetic therapy in patients with functional dyspepsia: is therapeutic response predicted by Rome III subgroups? J
Gastroenterol. 2010; 46:183–190. doi: 10.1007/s00535-010-0334-1 PMID: 20957498

12.

Fischler B, Tack J, De Gucht V, Shkedy ZI, Persoons P, Broekaert D, et al. Heterogeneity of symptom
pattern, psychosocial factors, and pathophysiological mechanisms in severe functional dyspepsia.
Gastroenterology. 2003; 124:903–910. doi: 10.1053/gast.2003.50155 PMID: 12671886

13.

Tack J, Piessevaux H, Coulie B, Caenepeel P, Janssens J. Role of impaired gastric accommodation to
a meal in functional dyspepsia. Gastroenterology. 1998; 115:1346–52. PMID: 9834261

14.

Bouras EP, Talley NJ, Camilleri M, Burton DD, Heckman MG, Crook JE, et al. Effects of amitriptyline on
gastric sensorimotor function and postprandial symptoms in healthy individuals: a randomized, doubleblind, placebo-controlled trial. Am J Gastroenterol. 2008; 103:2043–2050. PMID: 18803000

15.

Tack J, Broekaert D, Coulie B, Fischler B, Janssens J. Influence of the selective serotonin re-uptake
inhibitor, paroxetine, on gastric sensorimotor function in humans. Aliment Pharmacol Ther. 2003;
17:603–608. PMID: 12622770

16.

Chial HJ, Camilleri M, Burton D, Thomforde G, Olden KW, Stephens D. Selective effects of serotonergic
psychoactive agents on gastrointestinal functions in health. Am J Physiol Gastrointest Liver Physiol.
2003; 284:G130–G137. doi: 10.1152/ajpgi.00266.2002 PMID: 12488239

17.

Wang W, Sun YH, Wang YY, Wang YT, Wang W, Li YQ, et al. Treatment of functional chest pain with
antidepressants: a meta-analysis. Pain Physician. 2012; 15:E131–E142. PMID: 22430659

18.

Salerno SM, Browning R, Jackson JL. The effect of antidepressant treatment on chronic back pain: a
meta-analysis. Arch Intern Med. 2002; 162:19–24. PMID: 11784215

19.

Ford AC, Talley NJ, Schoenfeld PS, Quigley EM, Moayyedi P. Efficacy of antidepressants and psychological therapies in irritable bowel syndrome: systematic review and meta-analysis. Gut. 2009; 58:367–
378. doi: 10.1136/gut.2008.163162 PMID: 19001059

20.

Rahimi R, Nikfar S, Rezaie A, Abdollahi M. Efficacy of tricyclic antidepressants in irritable bowel syndrome: A meta-analysis. World J Gastroenterol. 2009; 15:1548–1553. doi: 10.3748/wjg.15.1548 PMID:
19340896

21.

Passos Mdo C, Duro D, Fregni F. CNS or classic drugs for the treatment of pain in functional dyspepsia? A systematic review and meta-analysis of the literature. Pain Physician. 2008; 11:597–609. PMID:
18850025

22.

Hojo M, Miwa H, Yokoyama T, Ohkusa T, Nagahara A, Kawabe M, et al. Treatment of functional dyspepsia with antianxiety or antidepressive agents: systematic review. J Gastroenterol. 2005; 40:1036–
1042. doi: 10.1007/s00535-005-1687-8 PMID: 16322947

PLOS ONE | DOI:10.1371/journal.pone.0157798 June 16, 2016

10 / 12

Antidepressants in Functional Dyspepsia

23.

Jackson JL, O'Malley MP, Tomkins G, Balden E, Santoro J, Kroenke K. Treatment of functional gastrointestinal disorders with antidepressant medications: A meta-analysis. Am J Med. 2000; 108:65–72.
PMID: 11059442

24.

Moher D, Liberati A, Tetzlaff J, Altman DG. Preferred reporting items for systematic reviews and metaanalyses: the PRISMA statement. PLoS Med. 2009; 6:e1000097. doi: 10.1371/journal.pmed.1000097
PMID: 19621072

25.

Jadad AR, Moore RA, Carroll D, Jenkinson C, Reynolds DJ, Gavaghan DJ. Assessing the quality of
reports of randomized clinical trials: Is blinding necessary? Control Clin Trials. 1996; 17:1–12. PMID:
8721797

26.

Talley NJ, Locke GR, Saito YA, Almazar AE, Bouras EP, Howden CW, et al. Effect of amitriptyline and
escitalopram on functional dyspepsia: A multicenter, randomized controlled study. Gastroenterology.
2015; 149:340–349. doi: 10.1053/j.gastro.2015.04.020 PMID: 25921377

27.

Kaosombatwattana U, Pongprasobchai S, Limsrivilai J, Leelakusolvong S, Tanwandee T. Efficacy and
safety of nortriptyline in functional dyspepsia in asians: A randomized double-blind placebo-controlled
trial. Gastroenterology. 2015; 148:S822.

28.

Tan VP, Cheung TK, Wong WM, Pang R, Wong BC. Treatment of functional dyspepsia with sertraline:
a double-blind randomized placebo-controlled pilot study. World J Gastroenterol. 2012; 18:6127–33.
doi: 10.3748/wjg.v18.i42.6127 PMID: 23155342

29.

Wu JC, Cheong PK, Chan Y, Lai LH, Ching J, Chan A. A randomized, double-Blind, placebo-controlled
trial of low dose imipramine for treatment of refractory functional dyspepsia (FD). Gastroenterology.
2011; AGA Abstract:S-50.

30.

Braak B, Klooker TK, Wouters MM, Lei A, van den Wijngaard RM, Boeckxstaens GE. Randomised clinical trial: the effects of amitriptyline on drinking capacity and symptoms in patients with functional dyspepsia, a double-blind placebo-controlled study. Aliment Pharmacol Ther. 2011; 34:638–648. doi: 10.
1111/j.1365-2036.2011.04775.x PMID: 21767283

31.

van Kerkhoven LA, Laheij RJ, Aparicio N, De Boer WA, Van den Hazel S, Tan AC, et al. Effect of the
antidepressant venlafaxine in functional dyspepsia: a randomized, double-blind, placebo-controlled
trial. Clin Gastroenterol Hepatol. 2008; 6:746–752. doi: 10.1016/j.cgh.2008.02.051 PMID: 18424191

32.

Hashash JG, Abdul-Baki H, Azar C, Elhajj I, El Zahabi L, Chaar HF, et al. Clinical trial: a randomized
controlled cross-over study of flupenthixol + melitracen in functional dyspepsia. Aliment Pharmacol
Ther. 2008; 27:1148–1155. doi: 10.1111/j.1365-2036.2008.03677.x PMID: 18331614

33.

Mertz H, Fass R, Kodner A, Yan-Go F, Fullerton S, Mayer EA. Effect of amitryptiline on symptoms,
sleep, visceral perception in patients with functional dyspepsia. Am J Gstroenterol. 1998; 93:160–165.

34.

Zhao W, Zhang L, Yu Q, Wang B. Efficacy of deanxit on the treatment of patients with epigastric pain
syndrome. J Gastroenterol Hepatol. 2013; 28:302. 0021-972X/00/$03.00/0.

35.

Qiu Z, Wang C. Flupentixol and melitracen in the treatment of functional dyspepsia curative effect
research. J Gastroenterol Hepatol. 2013; 28:760–761.

36.

Song JM, Hao Q, Li Y, Li H, Peng M. Efficacy assessment of mirtazapine in the treatment of severe
functional dyspepsia: An analysis of 22 cases. World Chinese Journal of Digestology. 2011; 19:2895–
2899.

37.

Giao Ly H, Carbone F, Holvoet L, Bisschops R, Caenepeel P, Arts J, et al. Mirtazapine improves early
satiation, nutrient intake, weight recovery and quality of life in functional dyspepsia with weight loss: A
double-blind, randomized, placebo-ontrolled pilot study. Gastroenterology. 2013; 144:S337.

38.

Otaka M, Jin M, Odashima M, Matsuhashi T, Wada I, Horikawa Y, et al. New strategy of therapy for
functional dyspepsia using famotidine, mosapride and amitriptyline. Aliment Pharmacol Ther. 2005;
21:42–46. PMID: 15943846

39.

Tanum L, Malt U. A new pharmacologic treatment of functional gastrointestinal disorder A double-blind
placebo-control. Scand J of gastroenterol. 1996; 31:318–25.

40.

Li Z, Gao Z, Lin HW, Yang BH. Relationship between functional dyspepsia and psychological factor
and the efficacy of anti-depression drug in adjuvant treatment. Chinese Journal of Clinical Rehabilitation. 2004; 8:4953–4955.

41.

Gao FY. Itopride combined with flupentixol and melitracen in functional dyspepsia. Zhongguo Xinyao
yu Linchuang Zazhi. 2011; 27:293–295.

42.

Chen Y, Wang C, Zhuang Z, Lu D, Ding J. Low-dose flupentixol and melitracen improves symptoms of
functional dyspepsia. Chinese Journal of Gastroenterology. 2014; 19:340–344.

43.

Guo QX. Deanxit improves anxiety and depression in patients with functional dyspepsia. World Chinese Journal of Digestology. 2015; 23:324. doi: 10.11569/wcjd.v23.i2.324

PLOS ONE | DOI:10.1371/journal.pone.0157798 June 16, 2016

11 / 12

Antidepressants in Functional Dyspepsia

44.

Tonini M, De Giorgio R, Spelta V, Bassotti G, Di Nucci A, Anselmi L, et al. 5-HT4 Receptors contribute
to the motor stimulating effect of levosulpiride in the guinea-pig gastrointestinal tract. Dig Liver Dis.
2003; 35:244–250. PMID: 12801035

45.

Rossi F, Forqione A. Pharmacotoxicological aspects of levosulpiride. Pharmacol Res. 1995; 31:81–93.
PMID: 7596959

46.

Hiyama T, Yoshihara M, Matsuo K, Kusunoki H, Kamada T, Ito M, et al. Meta-analysis of the effects of
prokinetic agents in patients with functional dyspepsia. J Gastroenterol Hepatol. 2007; 22:304–310.
doi: 10.1111/j.1440-1746.2006.04493.x PMID: 17295758

47.

Talley NJ, Locke GR, Lahr BD, Zinsmeister AR, Cohard-Radice M, D'Elia TV, et al. Predictors of the
placebo response in functional dyspepsia. Aliment Pharmacol Ther. 2006; 23:923–936. doi: 10.1111/j.
1365-2036.2006.02845.x PMID: 16573795.

PLOS ONE | DOI:10.1371/journal.pone.0157798 June 16, 2016

12 / 12

