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BACKGROUND & AIMS: Fatigue is highly prevalent among
patients with inflammatory bowel disease (IBD), and only
limited treatment options are available. Based on the hypo-
thetical link between low serum tryptophan concentrations and
fatigue, we determined the effect of 5-hydroxytryptophan
supplementation on fatigue in patients with inactive IBD.
METHODS: A multicenter randomized controlled trial was
performed at 13 Belgian hospitals, including 166 patients with
IBD in remission but experiencing fatigue, defined by a fatigue
visual analog scale (fVAS) score of �5. Patients were treated in
a crossover manner with 100 mg oral 5-hydroxytryptophan or
placebo twice daily for 2 consecutive periods of 8 weeks. The
primary end point was the proportion of patients reaching a
�20% reduction in fVAS after 8 weeks of intervention. Sec-
ondary outcomes included changes in serum tryptophan me-
tabolites, Functional Assessment of Chronic Illness Therapy
Fatigue scale, and scores for depression, anxiety, and stress.

http://crossmark.crossref.org/dialog/?doi=10.1053/j.gastro.2022.07.052&domain=pdf


WHAT YOU NEED TO KNOW

BACKGROUND AND CONTEXT

Fatigue is highly prevalent in patients with inflammatory
bowel disease. Reduced serum tryptophan has been
linked to fatigue in inactive inflammatory bowel disease.
The aim was to determine the effect of 5-
hydroxytryptophan on inflammatory bowel disease–
related fatigue.

NEW FINDINGS

A significant increase in 5-hydroxytryptophan and
serotonin serum levels was observed during 5-
hydroxytryptophan treatment. There was a fatigue
reduction throughout the study; however, this was
comparable between 5-hydroxytryptophan and placebo.

LIMITATIONS

Mainly patients with Crohn’s disease were included.

IMPACT

This crossover, randomized controlled trial showed no
effectiveness of oral supplementation with 5-
hydroxytryptophan in the treatment of inflammatory
bowel disease–related fatigue.
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The effect of the intervention on the outcomes was evaluated
by linear mixed modeling. RESULTS: During 5-
hydroxytryptophan treatment, a significant increase in serum
5-hydroxytryptophan (estimated mean difference, 52.66 ng/mL;
95% confidence interval [CI], 39.34–65.98 ng/mL; P < .001) and
serotonin (3.0 ng/mL; 95 CI, 1.97–4.03 ng/mL; P < .001) levels
was observed compared with placebo. The proportion of pa-
tients reaching �20% reduction in fVAS was similar in placebo-
(37.6%) and 5-hydroxytryptophan (35.6%)-treated patients
(P ¼ .830). The fVAS reduction (�0.18; 95% CI, �0.81 to 0.46;
P ¼ .581) and Functional Assessment of Chronic Illness Therapy
Fatigue scale increase (0.68; 95% CI, �2.37 to 3.73; P ¼ .660)
were both comparable between 5-hydroxytryptophan and pla-
cebo treatment as well as changes in depression, anxiety, and
stress scores. CONCLUSIONS: Despite a significant increase in
serum 5-hydroxytryptophan and serotonin levels, oral 5-
hydroxytryptophan did not modulate IBD-related fatigue better
than placebo. (Trial Registration: Belgian Federal Agency for
Medication and Health Products, EudraCT number: 2017-
005059-10 and ClinicalTrials.gov: NCT03574948, https://
clinicaltrials.gov/ct2/show/NCT03574948.)

Keywords: Crohn’s Disease; Ulcerative Colitis; Exhaustion;
Neurobehavior.

atigue is defined as exhaustion that is dispropor-
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Ftionate to exertion and is not alleviated by rest. Its
prevalence in patients with inflammatory bowel disease
(IBD) ranges from 72% during active disease to 47% during
disease remission.2 Despite the progress in controlling in-
testinal inflammation, fatigue remains an unmet clinical
need, leading to reduced quality of life,3,4 absenteeism, and
presenteeism.5,6

The pathogenesis of fatigue is poorly understood and is
multifactorial. Factors such as inflammation, psychological
comorbidities, metabolic alterations, micronutrient de-
ficiencies, and sleep disturbances are thought to play a
role.2,3 Therapeutic options for IBD-related fatigue are
limited, with some evidence for psychotherapy,7 thiamine
treatment,8 and physical activity.9 In addition, evidence of
its relationship with depression and anxiety, which are more
prevalent among patients with IBD, remains elusive.10–12

An interesting pathway that may contribute to neuro-
behavioral problems is controlled by tryptophan (Trp)
metabolism (Supplementary Figure 1), which is significantly
modulated during IBD pathogenesis.13–15 Patients with
active IBD exhibit low serum Trp levels mainly due to
inflammation-induced upregulation of indoleamine 2,3-
dioxygenase 1 (IDO1), which is the rate-limiting enzyme
catalyzing Trp to kynurenine conversion, thus shifting Trp
metabolism to the kynurenine pathway.16 Even when pa-
tients reach disease remission, IDO1 expression has been
shown to remain high.17

Trp and kynurenine can pass the blood-brain barrier,
after which a set of enzymes expressed in astrocytes and
microglia can lead to the local formation of neuroactive
kynurenines such as quinolinic acid and kynurenic acid.15

Quinolinic acid, an agonist of N-methyl-D-aspartate re-
ceptors, can induce neurotoxic effects and is hypothesized
to play a role in the pathophysiology of psychiatric and
neurodegenerative disorders.15,18 In contrast, kynurenic
acid is considered neuroprotective, acting as an antagonist
of N-methyl-D-aspartate receptors.18 Increased quinolinic
acid and decreased levels of kynurenic acid have been re-
ported in the brain and cerebrospinal fluid of patients with
depression.15 However, data on these metabolites in pa-
tients with IBD are conflicting, with some studies reporting
higher quinolinic acid and lower kynurenic acid serum
levels19 and another study reporting a positive correlation
between kynurenic acid and the degree of intestinal
inflammation.20 Moreover, besides the overexpression of
IDO1, little is known about the activation and expression of
other enzymes of the kynurenine pathway in IBD.15

The Trp-to-serotonin pathway is another potential key
player given that dysregulation has been reported in con-
ditions with heightened fatigue perception,21 although data
are controversial.7 Intestinal Trp hydroxylase converts Trp
to 5-hydroxytryptophan (5-HTP), and both can pass the
blood-brain barrier in contrast to serotonin itself.22 Central

https://clinicaltrials.gov/ct2/show/NCT03574948
https://clinicaltrials.gov/ct2/show/NCT03574948
https://doi.org/10.1053/j.gastro.2022.07.052
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conversion to serotonin plays an important role in the
regulation of mood, behavior, and cognitive function.18,23

Finally, Trp is processed by the intestinal bacteria to in-
doles, which are ligands for the aryl hydrocarbon receptor, a
transcription factor that regulates a variety of processes,
including inflammatory responses. Anti-inflammatory ef-
fects in astrocytes mediated by dietary Trp metabolites
were reported in an experimental model of multiple scle-
rosis, whereas in IBD, some evidence shows reduced aryl
hydrocarbon receptor activity and Trp levels in feces.24–26

In rodent studies, serum Trp depletion reduced levels of
Trp in the brain, with subsequently lower serotonin syn-
thesis,27,28 leading to alterations in mood and cognition.29

The link between a biological deficiency of Trp and neuro-
behavioral abnormalities, such as fatigue, depression, and
reduced well-being, has also been reported in humans.30

Moreover, a correlation between fatigue and low serum
Trp levels was shown in patients with cancer, patients with
chronic renal insufficiency, and stroke survivors.31–33

Active IBD has been consistently associated with
reduced serum Trp levels16,19; nonetheless, data on Trp
levels during IBD in remission are more conflicting. In the
study of Gupta et al,16 Trp levels in patients with Crohn’s
disease (CD) in remission were comparable to the controls;
however, only 4 patients were included. In the cohort of
Nikolaus et al,19 inactive CD was associated with lower Trp
levels compared with the controls. Recently, Borren et al34

showed reduced serum Trp levels relative to fatigue in
quiescent IBD.

Treatment with 5-HTP has been extensively studied for
depression, but mainly in smaller studies with heterogenous
design, with different doses of 5-HTP, and differences in
study duration.35 There is currently less evidence for a
positive effect of 5-HTP on fatigue; however, 1 randomized
controlled trial (RCT) as well as a 90-day open-label study
demonstrated significantly reduced fatigue, pain, and anxi-
ety in patients with fibromyalgia.36,37 The hypothesis of the
current trial was that oral delivery of 5-HTP would modu-
late fatigue in patients with quiescent IBD. Treatment with
5-HTP was used instead of Trp to bypass a possible
intestinal-specific Trp uptake disorder in patients with
IBD17,19 and to reinforce the serotonin pathway. Only pa-
tients with quiescent IBD were included to avoid the well-
known influence of disease activity on IBD-related fatigue,
for which the first step is optimizing IBD treatment.38,39
Materials and Methods
Trial Design

This double-blind, crossover RCT evaluated the effect of
oral 5-HTP supplementation on fatigue in patients with IBD in
remission. Enrollment occurred between December 2018 and
November 2020 at 13 sites across Belgium (Supplementary
Methods). Approval was obtained from the Ghent University
Hospital Central Ethical Review Board (EC2018-0813, date:
September 17, 2018) as well as from the Ethics Committees of
all participating centers. A written informed consent form was
acquired from each participant. All authors had access to the
study data and reviewed and approved the final manuscript.
The study was approved by the Belgian Federal Agency for
Medication and Health Products, EudraCT number: 2017-
005059-10.

Study Participants
The study population consisted of adult (aged �18 years)

patients with CD or ulcerative colitis (UC) and experiencing
fatigue. Fatigue was assessed using the fatigue visual analog
scale (fVAS), which ranges from 0 to 10.40 Patients could be
considered for inclusion if they had a fVAS score of �5; this
cutoff was selected based on previous studies.41–43 Patients
were eligible if they were treated with biologicals or immu-
nosuppressants, or both, for �6 months with a stable dose over
the last 3 months. All patients had to be in clinical remission
over the last 3 months, and clinical remission was confirmed at
enrollment based on the Simple Clinical Colitis Activity Index
score of �2 for UC and the Harvey Bradshaw Index score of �4
for CD. At screening, patients had to have confirmed biochem-
ical remission, defined by a C-reactive protein level of <10 mg/
L and a fecal calprotectin level of <250 mg/kg.

Exclusion criteria were depression or other psychiatric
comorbidities, use of antidepressant or neuroleptic agents,
concomitant comorbidities (including cardiovascular disease,
obstructive lung pathology, or neoplasia), a history of drug or
alcohol abuse within 1 year before inclusion, documented ane-
mia (hemoglobin <12 g/dL for women and <13 g/dL for men),
deficiencies in iron (saturation index <20%), vitamin B12 (<148
pmol/L), or folic acid (<6 nmol/L), hypothyroidism (thyroid-
stimulating hormone >4.20 mU/L), recent infection, oral corti-
costeroid use (in the last 8 weeks), pregnancy, breastfeeding, or
surgery in the 12 weeks before the screening visit.

Study Treatment and Randomization
For the present trial, treatment with 5-HTP (Levotonine;

Panpharma, Luitré, France) 100 mg, twice daily, was selected,
based on previous studies performed with 5-HTP. In studies on
depression, different doses of 5-HTP have been assessed,
varying from 50 to 3000 mg/d.35 In a more recent controlled
trial, an antidepressant effect of 5-HTP was already seen at
doses of 150 mg/d, whereas 300 mg of 5-HTP daily was effi-
cient in reducing fatigue associated with fibromyalgia.36 To
minimize adverse events (AEs; possible increase in visceral
hypersensitivity44) a dose of 200 mg/d was selected for the
current trial. The study consisted of an 8-week treatment
period with oral 5-HTP (100 mg) or placebo twice daily, fol-
lowed by a crossover to the other treatment arm for an addi-
tional 8 weeks, without intermediate washout (Supplementary
Figure 2). Patients were randomized to group A (5-HTP, fol-
lowed by placebo) or group B (placebo, followed by 5-HTP) on
a 1:1 ratio.

All medications were double-blinded. Randomization was per-
formed by the University Hospital Ghent Clinical Trial Unit using
www.randomization.com. The placebo and 5-HTP were packaged
in identical plastic bottles by the Clinical Trial Unit. The containers
were sequentially numbered and together with anonymized ran-
domizations lists distributed to the participating hospitals.

Outcome Measures and Definitions
The study flowchart is shown in Supplementary Figure 2.

The primary end point was an improvement of fatigue, defined

http://www.randomization.com
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as an fVAS reduction of �20%.43 The fVAS reduction was the
difference in fVAS determined at week 8 and at enrollment for
the first study period and between week 16 and week 8 for the
second study period. Additionally, fatigue was evaluated by the
Functional Assessment of Chronic Illness Therapy Fatigue scale
(FACIT-F), with scores ranging from 0 to 52 (inversely pro-
portional to fatigue).45

Key secondary outcomes included depression, anxiety, and
stress, which were evaluated by the Depression Anxiety and
Stress Scale–21 items (DASS-21).46 The DASS-21 subscales
range from 0 to 42, and cutoff values of �10, �14, and �19
were used for the identification of anxiety (DASS-A), moderate
to severe depression (DASS-D), and stress (DASS-S), respec-
tively. Therapy adherence was assessed by counting returned
capsules.

Adverse Events
AEs were assessed at each study visit and were defined as

serious if they resulted in death (or were life-threatening),
required hospitalization, or resulted in significant disability.

Serum Tryptophan Metabolites
At enrollment, week 8, and week 16, a blood sample was

collected and immediately sent to Ghent University Hospital.
The samples were centrifuged, and serum was stored at �80�C
in the Bioresource Center Ghent (ID: BE 71067049). Trp me-
tabolites (5-HTP, L-kynurenine, and serotonin) were deter-
mined at different time points using a targeted approach.

Analyses were performed at the University of Leuven
Metabolomics Expertise Center. Internal standards were avail-
able for 5-HTP and kynurenine; thus, absolute concentrations
could be reported. For serotonin, no internal standard was
available, and approximate concentrations were reported.
Samples were prepared by adding 545 mL methanol 100% and
5mL of standards mix to 50 mL of each serum sample. The so-
lutions were kept at �80�C overnight, followed by centrifuga-
tion. The samples were dried and resuspended in 50 mL of 0.1%
formic acid and transferred to mass spectrometry vials. Anal-
ysis was performed with a Vanquish UHPLC (Thermo Fisher
Scientific, Bremen, Germany) equipped with a C-18 column
(Acquity UPCL BEH 1.7 mm, 2.1 mm � 150 mm) coupled to a Q
Exactive Orbitrap–Focus mass spectrometer (Thermo Fisher
Scientific) operating in positive ion mode. The samples were
analyzed in sequential order (per patient), and a standard mix
was analyzed every 20 samples. Data collection was performed
using Xcalibur software (Thermo Fisher Scientific). Outlier se-
lection and removal was performed by Hotelling’s T2 test,
embedded in the SIMCA 14.0 software (Sartorius, Goettingen,
Germany).

Statistical Analyses
SPSS 27.0 (IBM Armonk, NY) and GraphPad Prism (Graph-

Pad Software Inc, San Diego, CA) software packages were used
for statistical analysis and graphical representations of data.
Data with a normal distribution and nonnormal distribution are
presented with the mean and standard deviation or the median
and interquartile range (IQR), respectively. To assess the pri-
mary end point, McNemar’s test was used. The effect of the
intervention on the outcomes was evaluated by linear mixed
modeling (LMM), with the intervention, period, and their
interaction (intervention � period) as fixed effects and study
participant as a random effect. Differences were considered
statistically significant when the P value was <.05. Intention to
treat (ITT) and per-protocol (PP) principle were both applied
for statistical analyses. In the ITT analysis, all patients meeting
the above inclusion and exclusion criteria were included. A PP
analysis was also performed, for which the following additional
exclusion criteria were used: active disease (clinically and
biochemically) at week 8, noncompliance (defined as an intake
of <70% of pills), and study visits out of range. For the ques-
tionnaires, up to 3 days out of the window was accepted; for
the samples, this was up to 7 days.
Results
Characteristics of the Study Population

The study screened 238 patients, of whom 175 were
randomized (Figure 1). However, after review by the central
study coordinator, 5 patients were not fatigued enough at
enrollment, 3 patients had active disease, and 1 patient
refused informed consent. These patients were excluded
from the ITT and PP analyses, resulting in 166 analyzed
patients. In total, 18 patients (10.8%) prematurely left the
study, permitting to stop inclusion at 166 patients.

Baseline characteristics were comparable between both
study groups (Table 1). The median percentage of capsules
taken was 96.4% (IQR, 91.1%–99.1%) during placebo
treatment and 96.4% (IQR, 90.2%–100%) during 5-HTP
treatment. The compliance was comparable between both
treatments (P ¼ .707).

Evolution of Fatigue Scores
Intention-to-treat analysis. Both study groups had

comparable baseline fVAS and FACIT-F (Table 2). The per-
centage of patients reaching �20% reduction in fVAS after
5-HTP (35.6% [53 of 149]) was similar to placebo (37.6%
[56 of 149]; difference, 2.0%; 95% confidence interval
[CI], �10.2% to 14.2%; P ¼ .830). Furthermore, 5-HTP
treatment was not associated with a significant reduction
in fVAS (estimated mean difference, �0.18; 95% CI, �0.81
to 0.46; P ¼ .581) or in FACIT-F (0.68; 95% CI, �2.37 to
3.73; P ¼ .660) over placebo (Figure 2 and Table 2). Of note,
a significant decrease in fVAS was found in both the placebo
(–0.81, P < .001) and 5-HTP arms (–1.01, P ¼ .003)
throughout the study (Figure 3).

Per-protocol analysis. In the PP analysis, 118 pa-
tients could be evaluated at week 8 (group A, n ¼ 57; group
B, n ¼ 61) and 108 patients at week 16 (group A, n ¼ 53;
group B, n ¼ 55). Treatment with placebo and 5-HTP led to
an estimated mean reduction in fVAS of �0.94 (95%
CI, �1.36 to �0.53) and �0.97 (95 CI, �1.39 to �0.56),
respectively. As in the ITT analysis, McNemar’s test was
applied for the assessment of the primary end point. For this
pairwise analysis, 85 patients could be included. After 5-
HTP treatment, 31 of 85 patients (36.5%) had a VAS
reduction of �20%; after placebo treatment, this was the
case in 39 of 85 patients (45.9%). The difference between
both treatments was 9.4% (95% CI, �6.9% to 25.2%; P ¼
.322); thus, in the PP analysis, the primary end point was



Figure 1. Consolidated Standards of Reporting Trials diagram.
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also not met. Next, LMM reaffirmed that no differential ef-
fect of treatment on fVAS reduction (estimated mean
difference, �0.03; 95% CI, �0.73 to 0.67; P ¼ .934) or on
FACIT-F (estimated mean difference, 0.84; 95% CI, �2.51 to
4.20; P ¼ .620) could be noted.

Evolution of Other Patient-Reported Outcomes
Intention-to-treat analysis. At baseline, 44.5% of

patients showed moderate to severe depressive symptoms
(DASS-D �14) despite the exclusion of patients with clinical
depression. Likewise, moderate to severe stress and anxiety
symptoms were reported in 41.5% and 43.2% of patients
based on DASS-S and DASS-A, respectively. An improvement
of depression, stress, and anxiety scores was seen
throughout the study; however, this was again comparable
between placebo and 5-HTP treatment (Figure 3 and
Table 2).

Per-protocol analysis. Treatment with 5-HTP and
placebo led to a comparable estimated mean reduction in
DASS-A (placebo: �1.54 [95% CI, �2.57 to �0.52], 5-
HTP: �1.03 [95% CI, �2.06 to �0.01]), DASS-D
(placebo: �1.69 [95% CI, �3.16 to �0.23], 5-HTP: �1.81
[�3.29 to �0.34]), and DASS-S (placebo: �2.63 [05%
CI, �4.23 to �1.04], 5-HTP: �1.85 [95% CI, �3.45
to �0.24]). When the effect of treatment in an LMM was
assessed, 5-HTP was not significantly associated with a
reduction in DASS-A (0.51; 95% CI, �1.19 to 2.21; P ¼ .552),
DASS-S (0.79; 95% CI, �1.94 to 3.51; P ¼ .570) or DASS-D
(�0.12; 95% CI, �2.65 to 2.41; P ¼ .927).
Assessment of Serum Tryptophan Metabolites
Baseline Trp metabolites were comparable between

both study groups (Table 1). At baseline, there was no
correlation between 5-HTP or serotonin levels and the
severity of fatigue. Treatment with 5-HTP had no signifi-
cant impact on serum kynurenine levels (Table 3). How-
ever, serum 5-HTP and serotonin levels significantly
increased after 5-HTP treatment (P < .001 and P < .001,
respectively). The evolution of serum 5-HTP and serotonin
levels was similar in patients who reached a �20%
reduction in fVAS compared with patients who did not
(Figure 4).
Evolution Disease Activity and Adverse Events
Disease activity was monitored during each study visit

by clinical activity indices and fecal calprotectin. Disease
flare-ups were reported in 6 patients; all occurred during



Table 1.Baseline Patient Characteristics

Variables

Group A
(5-HTP then placebo)

Group B
(Placebo then 5-HTP) Total

(n ¼ 82) (n ¼ 84) (N ¼ 166)

Female sex 45 (54.9) 49 (58.3) 94 (56.6)

Age, y 38.5 (29.8–45.0) 39.0 (29.3–48.0) 39.0 (29.8–46.0)

Disease duration, y 8.0 (5.0–13.0) 9.0 (5.0–17.0) 9.0 (5.0–15.0)

UC 22 (26.8) 24 (28.6) 46 (27.7)
SCCAI 1.0 (1.0–2.0) 1.0 (1.0–2.0) 1.0 (1.0–2.0)
Disease locationa

E1 7 (31.8) 4 (16.7) 11 (23.9)
E2 7 (31.8) 9 (37.5) 16 (34.8)
E3 8 (36.4) 11 (45.8) 19 (41.3)

CD 60 (73.2) 60 (71.4) 120 (72.3)
Harvey Bradshaw Index 2.0 (1.0–2.8) 2.0 (1.0–3.0) 2.0 (1.0–3.0)
Disease locationa

L1 13 (21.7) 20 (33.3) 33 (27.5)
L1þL4 1 (1.7) 1 (1.7) 2 (1.7)
L2 16 (26.7) 10 (16.7) 26 (21.7)
L3 28 (46.7) 28 (46.7) 56 (46.7)
L3þL4 2 (3.3) 1 (1.7) 3 (2.5)

C-reactive protein, mg/L 1.1 (0.9–3.1) 1.3 (0.7–3.9) 1.2 (0.8–3.3)

Fecal calprotectin, mg/kg 22.5 (10.8–68.5) 30.0 (13.0–72.8) 27.5 (12–70.5)

Current treatment
Immunosuppressant (IS) 9 (11) 8 (9.5) 17 (10.2)
Adalimumab (þ/� IS) 21 (25.6) 20 (23.8) 41 (24.7)
Infliximab (þ/� IS) 29 (35.4) 30 (35.7) 59 (35.5)
Vedolizumab (þ/� IS) 13 (15.9) 19 (22.6) 32 (19.3)
Ustekinumab (þ/� IS) 9 (11) 7 (8.3) 16 (9.6)
Tofacitinib 1 (1.2) 0 1 (0.6)

Previous biologicals, No.
0 53 (64.6) 47 (56.0) 100 (60.2)
�1 29 (35.4) 37 (44.0) 66 (39.8)

Baseline patient-reported outcomes
fVAS 6.7 ± 1.0 6.7 ± 1.1 6.7 ± 1.0
FACIT-F 24.3 ± 7.2 24.5 ± 7.8 24.4 ± 7.5
DASS-A 9.1 ± 6.0 8.5 ± 7.2 8.8 ± 6.6
DASS-S 17.8 ± 11.2 17.2 ± 9.9 17.5 ± 10.5
DASS-D 11.4 ± 7.6 12.1 ± 8.5 11.8 ± 8.0

Baseline metabolites (n ¼ 79) (n ¼ 83) (n ¼ 162)
Kynurenine, mmol/L 3.0 (2.3–3.6) 2.9 (2.3–3.5) 2.9 (2.3–3.5)
5-HTP, ng/mL 66.5 (57.3–74.7) 66.1 (57.3–74.9) 66.4 (57.3–74.7)
Serotonin, ng/mL 7.0 (5.0–9.5) 7.1 (4.6–10.1) 7.1 (4.8–9.9)

NOTE. Values are mean ± standard deviation, median (IQR), or n (%).
SCCAI, Simple Clinical Colitis Activity Index.
aDisease location: Montreal classification.
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the second study period (4 in group A, 2 in group B). The
rate of other AEs was comparable between 5-HTP and
placebo treatment (Supplementary Table 1). Serious AEs
were identified in 3 patients. All 3 patients were hospital-
ized: 1 due to an elective knee replacement (during pla-
cebo), 1 due to insomnia (during 5-HTP), and 1 for severe
gastroenteritis (during 5-HTP). All 3 patients recovered
without sequelae.
Discussion
The current RCT in patients with IBD in clinical and

biological remission demonstrated a clear reduction in fa-
tigue measured throughout the study but independent of
oral 5-HTP treatment. A similar result was found when
assessing depression, anxiety, and stress.

Low serum Trp levels have been linked with IBD-related
fatigue, which indicated a potential benefit of Trp



Table 2.Evolution of Patient-Reported Scores After Treatment

Variable

Treatment LMM analysis: 5-HTP vs placebo

Placebo (n ¼ 153) 5-HTP (n ¼ 152) Estimated mean difference (95% CI) P value

fVAS 5.22 ± 2.08 5.12 ± 2.12
Differencea in fVAS �0.82 (�1.18 to �0.46) �1.00 (�1.36 to �0.64) �0.18 (�0.81 to 0.46) .581
Week 8 vs week 0 �1.13 (�1.57 to �0.69) �1.30 (�1.74 to �0.85) �0.17 (�0.79 to 0.46) .598
Week 16 vs week 8 �0.52 (�1.09 to 0.05) �0.71 (�1.28 to �0.13) �0.19 (�1.00 to 0.62) .645

FACIT-F 30.53 ± 10.88 30.96 ± 9.85
Differencea in FACIT-F 3.63 (1.93 to 5.32) 4.31 (2.60 to 6.01) 0.68 (�2.37 to 3.73) .660
Week 8 vs week 0 4.62 (2.63 to 6.60) 5.01 (3.02 to 7.00) 0.40 (�2.41 to 3.20) .781
Week 16 vs week 8 2.64 (�0.12 to 5.39) 3.61 (0.83 to 6.38) 0.97 (�2.94 to 4.88) .626

DASS-A 6.64 ± 6.37 7.23 ± 6.21
Differencea in DASS-A �1.59 (�2.48 to �0.71) �1.05 (�1.94 to �0.16) 0.54 (�0.99 to 2.07) .484
Week 8 vs week 0 �0.83 (�1.96 to 0.31) �1.09 (�2.23 to 0.05) �0.27 (�1.87 to 1.34) .745
Week 16 vs week 8 �2.36 (�3.73 to �0.99) �1.01 (�2.38 to 0.36) 1.35 (�0.59 to 3.29) .170

DASS-S 14.08 ± 9.98 13.64 ± 10.12
Differencea in DASS-S �1.82 (�3.16 to �0.49) �2.02 (�3.36 to �0.69) �0.20 (�2.53 to 2.12) .865
Week 8 vs week 0 �2.59 (�4.47 to �0.71) �2.86 (�4.74 to �0.98) �0.27 (�2.92 to 2.39) .844
Week 16 vs week 8 �1.06 (�2.98 to 0.86) �1.19 (�3.11 to 0.73) �0.14 (�2.85 to 2.58) .921

DASS-D 8.63 ± 8.32 8.26 ± 8.56
Differencea in DASS-D �1.58 (�2.78 to �0.38) �1.85 (�3.06 to �0.65) �0.28 (�2.41 to 1.86) .800
Week 8 vs week 0 �2.81 (�4.41 to �1.21) �2.94 (�4.54 to �1.34) �0.13 (�2.39 to 2.13) .910
Week 16 vs week 8 �0.35 (�2.16 to 1.46) �0.77 (�2.59 to 1.05) �0.42 (�2.99 to 2.14) .746

NOTE. Values are mean ± standard deviation or mean (95% CI).
aDifferences in questionnaires: estimated means for both study periods combined: week 8 vs enrollment and week 16 vs
week 8.
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supplementation in the treatment of fatigue.34 In light of the
dysregulated Trp metabolism in IBD with a shift toward the
kynurenine arm, the direct precursor of serotonin, 5-HTP,
was used for the current trial.14,16 This treatment indeed led
to an increase in serum 5-HTP and serotonin levels, whereas
kynurenine levels remained unchanged. Nevertheless, the
Figure 2. Reduction in fVAS score after 5-HTP treatment. Reduc
study periods. Box-and-whisker plot: The horizontal line in the m
borders of the box mark the 75th and 25th percentiles, respectiv
and the circles indicate outliers.
increase in 5-HTP levels did not modulate the IBD-related
fatigue.

The lack of understanding of the multifactorial etiology
of fatigue hampers the development of adequate treatment
strategies. Limited treatment options are currently avail-
able, which mainly include psychological interventions.47,48
tion of fVAS at (A) weeks 8 and 16 and (B) combined for both
iddle of each box indicates the median; the top and bottom
ely, the whiskers mark the minimum and the maximum value,



Figure 3. Evolution of the different patient-reported outcomes in both study groups. A comparable decrease in (A) fVAS, (B)
FACIT-F, (C) DASS-A, (D) DASS-D, and (E) DASS-S was seen in both study groups. Group A, 5-HTP then placebo. Group B,
placebo then 5-HTP. The mean and standard deviation are plotted.
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This is further supported by the current trial that showed a
high placebo effect in alleviating fatigue, potentially due to
additional clinical support.

Despite the baseline exclusion of patients with depres-
sion, up to 45% of patients reported moderate to severe
depressive symptoms (DASS-D �14) at enrollment, which is
Table 3.Evolution of Tryptophan Metabolites After Treatment

Variable

Treatment

Placebo (n ¼ 144) 5

Kynurenine, mmol/L 2.91 (2.47–3.62)
Differencea in kynurenine 0.04 [�0.12 to 0.19] 0.0
Week 8 vs week 0 0.03 [�0.18 to 0.23] 0.1
Week 16 vs week 8 0.05 [�0.19 to 0.29] 0.0

5-HTP, ng/mL 66.95 (57.10–76.86) 85
Difference a in 5-HTP �16.36 [�24.16 to �8.56] 36
Week 8 vs week 0 0.25 [�7.52 to 8.02] 36
Week 16 vs week 8 �32.97 [�46.55 to �19.40] 36

Serotonin, ng/mL 7.42 (5.27–10.06) 8
Difference a in serotonin �0.72 [�1.28 to �0.15]
Week 8 vs week 0 0.18 [�0.61 to 0.96]
Week 16 vs week 8 �1.61 [�2.43 to �0.79]

NOTE. Values are median (IQR) or mean [95% CI].
aDifferences in metabolites: estimated mean for both study peri
Missing values for differences in metabolites: placebo, n ¼ 1; 5
higher than the prevalence of 25.2% identified in a recent
meta-analysis.49 Moreover, symptoms of moderate to severe
anxiety were found in 43.2% of patients, which also exceeds
the prevalence of 32.1% reported in the aforementioned
meta-analysis.49 The same was observed for the baseline
stress rate, which was higher compared with a recent
LMM analysis: 5-HTP vs placebo

-HTP (n ¼ 147)
Estimated mean

difference [95% CI] P value

3.01 (2.50–3.62)
8 [�0.08 to 0.24] 0.04 [�0.23 to 0.31] .752
0 [�0.10 to 0.30] 0.08 [�0.21 to 0.36] .601
6 [�0.18 to 0.30] 0.01 [�0.33 to 0.34] .955

.45 (66.73–127.29)
.30 [28.51–44.09] 52.66 [39.34–65.98] <.001
.30 [28.57–44.03] 36.05 [25.09–47.01] <.001
.30 [22.27–49.87] 69.27 [50.08–88.47] <.001

.76 (6.63–11.88)
2.28 [1.72–2.85] 3.0 [1.97–4.03] <.001
2.56 [1.77–3.34] 2.38 [1.27–3.49] <.001
2.01 [1.19–2.83] 3.62 [2.46–4.78] <.001

ods combined: week 8 vs enrollment and week 16 vs week 8.
-HTP, n ¼ 3.



Figure 4. Evolution of serum (A) 5-HTP and (B) serotonin levels in patients who achieved <20% and �20% reduction in fVAS.
Box-and-whisker plot: The horizontal line in the middle of each box indicates the median; the top and bottom borders of the
box mark the 75th and 25th percentiles, respectively, the whiskers mark the minimum and the maximum value, and the circles
indicate outliers.
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survey assessing the prevalence of stress in patients with
IBD during the COVID-19 pandemic (29.7%) but lower
compared with the 56.6% rate of stress in the studies of
Cheema et al50 and Mules et al.51 Because the trial specif-
ically included patients with fatigue at baseline, this can
explain the higher levels of stress, anxiety, and depression
compared with a general IBD population. Nevertheless, this
trial further supports the importance of screening for psy-
chological comorbidities in IBD, especially in patients with
fatigue.52 Patients with IBD in remission and with psycho-
logical comorbidities have been shown to have a higher
chance of future adverse outcomes such as flare-ups and
IBD-related hospitalization.53 Therefore, psychological sup-
port and a multidisciplinary approach are warranted in
patients with coinciding anxiety or depression.54

The current study is a large RCT that assessed the effect
of an intervention on fatigue in patients with IBD in clinical
and biological remission and emphasizes the very important
placebo effect. This study has several other strengths,
including the inclusion of a well-defined fatigued population
with IBD in remission and the minimal dropout rate in
combination with high compliance. Moreover, the multi-
centered design, incorporating both academic and nonaca-
demic hospitals, ensured a broad representation of the IBD
population.

The current study had some limitations. A clear CD
preponderance was seen, probably due to the inclusion
criterion of treatment with immunomodulators or bi-
ologicals, or both, because patients with CD are more
frequently treated with biologicals compared with patients
with UC.55 Remission was defined based on clinical and
biochemical indices; however, ongoing subclinical inflam-
mation, which can be related to fatigue,56 was not assessed.
Sleep quality was not assessed; thus, it is impossible to
relate the fatigue burden to the quality of sleep in this study
cohort.

Some factors could have influenced the results of this
trial. First, an optimal dose for 5-HTP has not yet been
defined, and varying doses were previously tested for the
treatment of depression.35 In the study of Jangid et al57 a
dose of 150 mg was already efficient for depression; how-
ever, with increased dosage up to 400 mg and longer
duration of treatment, an increase in effectiveness was seen.
Therefore, it is possible a greater effectiveness could have
been seen with higher doses of 5-HTP or longer duration of
treatment, or both. However, in the study of Caruso et al36

an effect of 5-HTP on fatigue in fibromyalgia patients was
already noted after 30 days of treatment, and in the study of
Bager et al,8 thiamine showed effectiveness for IBD-related
fatigue after 4 weeks of treatment.

Secondly, a favorable evolution of fatigue scores was
seen after both placebo and 5-HTP treatment, likely the
consequence of inclusion in a clinical trial. The role of a
supportive patient-clinical relationship, such as in a clinical
study, has been demonstrated in patients with IBS58 and in
the study of Bruera et al,59 where a daily telephone call was
thought to influence the high placebo effect on cancer-
related fatigue.

Finally, the crossover design of this study did not include
a washout period, which might have led to a carryover effect
biasing the results. Nevertheless, the clear absence of an
effect of 5-HTP was already obvious at week 8, before the
crossover. Moreover, because 5-HTP has a very short half-
life, no carryover effects should be expected 8 weeks later,
which was also indicated by the reduction in serum 5-HTP
levels after placebo.60
Conclusion
Even though treatment with 5-HTP led to a significant

increase in serum 5-HTP and serotonin levels, no evidence
was found on the efficacy of oral 5-HTP in alleviating fatigue
among patients with IBD in remission.
Supplementary Material
Note: To access the supplementary material accompanying
this article, visit the online version of Gastroenterology at
www.gastrojournal.org, and at https://dx.doi.org/10.1053/
j.gastro.2022.07.052
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Supplementary Methods

Study Design
In total, 13 Belgian centers participated in patient

recruitment: University Hospital Ghent, Ghent; University
Hospitals Leuven, Leuven; AZ Imelda Bonheiden, Bonhei-
den;, Maria Middelares, Ghent; Université libre de Bruxelles
(ULB) Erasme, Brussels; AZ Sint Lucas, Ghent; AZ Damiaan,
Ostend; Centre Hospitalier Universitaire (CHU) Liège, Liège;
Université catholique de Louvain (UCL) Namur, Yvoir; UCL
Saint Luc, Brussels; CHU Saint-Pierre, Brussels; AZ Nikolaas,
Sint-Niklaas; and University Hospital Brussels, Brussels.

Sample Size Calculation
The required sample size was determined based on the

study of Dass et al,1 using a 20% improvement in fVAS as
the primary outcome and criteria obtained from an open-
label pilot trial. In this preliminary study, 34 patients
were included, all in clinical remission and under treatment
with immunosuppressants or biologicals.

Initially, treatment with 1.5 g of Trp (17 patients) and 3
g of Trp (17 patients) was tested. After 8 weeks of treat-
ment, a significant reduction of fVAS was observed in pa-
tients under treatment with 1.5 g/d, but not in patients who
received 3 g/d. Globally, a reduction of 20% in fVAS was
seen in 40% of the patients, with a dropout of 22%. Inter-
estingly, supplementation with Trp led to an increase in
serum serotonin and kynurenine levels.

These data were used for the power analysis, but 5-HTP
was selected for the current study because high dosages of

Trp are associated with increased conversion of Trp to
kynurenine,2 patients with IBD already have an upregula
tion of ID01,3 and increased kynurenine levels could have a
potential deleterious effect (as precursors of quinolinic
acid). Moreover, 5-HTP has shown increased effectiveness
over Trp,4 and 5-HTP is already commercially available
(Levotonine), which were additional arguments to choose 5-
HTP over Trp.

Calculating the sample size for a reduction of �20% in
fVAS (dichotomic response: yes/no), with an expected
response in 50% of the treated patients and 30% of the
placebo group, assuming a dropout of 22%, the required
sample size was 180 patients (90 patients in each treatment
arm
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Supplementary Figure 1. Tryptophan metabolism in physiological conditions.

Supplementary Figure 2. Study flowchart. After successful screening, patients were randomized on a 1:1 basis to group A (5-
HTP, followed by placebo) or group B (placebo, followed by 5-HTP). An evaluation was performed at baseline (week 0), after
the first (week 8), and after the second (week 16) study period. C, crossover. R, randomization.
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Supplementary Table 1.Adverse Events During Treatment

Variable

Placebo 5-HTP

P value(n ¼ 161) (n ¼ 161)

Any adverse event 47 (29.2) 56 (34.8) .282

Potentially 5-HTP related 22 (13.7) 26 (16.1) .531

Gastrointestinala 6 (3.7) 13 (8.1) .098

Neurologic/psychologicalb 8 (5) 10 (6.2) .628

Headache 8 (5) 7 (4.3) .791

Skin eruptions, myalgia or arthralgia 4 (2.5) 2 (1.2) .685

Difficulty breathing, rhinitis 2 (1.2) 1 (0.6) 1.000

Sweating 2 (1.2) 1 (0.6) 1.000

Any serious adverse event 1 (0.6) 2 (1.2) 1.000

IBD flare-upc 4 (2.5) 2 (1.2) .685

NOTE. Data are presented as n (%).
aGastrointestinal adverse events: nausea, vomiting, loss of
appetite, diarrhea, abdominal pain.
bNeurologic/psychological adverse events: loss of concen-
tration, stress/nervousness, irritability, insomnia, dizziness/
vertigo, general malaise, possible serotonergic syndrome.
cIBD flare-up: physician’s global assessment.
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