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Introduction: Inflammatory responses in celiac disease (CD) may lead to immune dysregulation 
and sleep disturbance. Additionally, impaired tryptophan (Trp) metabolism in the gastrointestinal 
tract has been linked to chronic intestinal inflammation. This study aimed to investigate the 
relationship between sleep disorders, Trp levels, and cytokine profiles in patients with CD. 

Methods: A cohort study involving 76 adults with CD (mean age 40.3 years) was conducted 
from March to December 2022. Sleep quality was assessed using the Pittsburgh sleep quality 
index (PSQI) questionnaire. Plasma Trp levels were measured using high-performance liquid 
chromatography (HPLC), and serum tumor necrosis factor-alpha (TNF-α) and interleukin (IL)-
10 levels were determined using enzyme-linked immunosorbent assay (ELISA). IL-2 and IL-4 
expression was evaluated using quantitative real-time polymerase chain reaction (qPCR).

Results: A significant proportion (63.2%) of patients with CD experienced poor sleep quality. 
Additionally, increasing age was positively correlated with sleep disturbances. Importantly, patients 
with CD and poor sleep quality had lower plasma Trp levels than those with good sleep quality 
(P<0.0001). Moreover, individuals with poor sleep quality exhibited elevated IL-2 levels (P=0.03) 
compared to those with good sleep quality. Conversely, no significant difference was observed in 
IL-4, IL-10, and TNF-α levels between individuals with poor and good sleep quality. 

Conclusion: Low Trp levels may indicate the potential for Trp supplementation to alleviate sleep 
disturbances in patients with CD. However, further research is required to understand the underlying 
mechanisms and evaluate potential interventions.

Article info:
Received: 10 Aug 2024
First Revision: 10 Sep 2024
Accepted: 14 Sep 2024
Available Online: 01 May 2025

Keywords:
Celiac disease (CD), Sleep 
quality, Pittsburgh sleep quality 
index (PSQI) questionnaire, 
Tryptophan (Trp), Immune 
system

Citation Asri, N., Ahmadi, B., Taraghikhah, N., Houri, H., Jahani-Sherafat, S., & Rezaei-Tavirani, M., et al. (2025). 
Tryptophan and Sleep Disruptions in Patients With Celiac Disease. Basic and Clinical Neuroscience, 16(3), 677-690. http://
dx.doi.org/10.32598/bcn.2025.6876.1

 http://dx.doi.org/10.32598/bcn.2025.6876.1

Use your device to scan 
and read the article online

A B S T R A C T

Copyright © 2025 The Author(s); 
This is an open access article distributed under the terms of the Creative Commons Attribution License (CC-By-NC: https://creativecommons.org/licenses/by-nc/4.0/legalcode.en), 
which permits use, distribution, and reproduction in any medium, provided the original work is properly cited and is not used for commercial purposes.

http://bcn.iums.ac.ir/
https://orcid.org/0000-0002-1986-615X
https://orcid.org/0009-0006-8911-7302
https://orcid.org/0000-0002-7026-0364
https://orcid.org/0000-0002-6813-0229
https://orcid.org/0000-0003-2119-971X
https://orcid.org/0000-0002-5284-3179
https://orcid.org/0009-0003-1578-0791
https://orcid.org/0000-0003-3068-0126
https://orcid.org/0000-0003-2495-1831
mailto:m.rostamii%40gmail.com?subject=
https://bcn.iums.ac.ir/
https://www.ncbi.nlm.nih.gov/pubmed/3367241
https://crossmark.crossref.org/dialog/?doi=10.32598/bcn.2025.6876.1
http://bcn.iums.ac.ir/page/74/Open-Access-Policy
https://creativecommons.org/licenses/by-nc/4.0/legalcode.en
https://creativecommons.org/licenses/by-nc/4.0/legalcode.en


Basic and Clinical

678

May & June 2025, Vol 16, No. 3

1. Introduction

eliac disease (CD) is a chronic autoimmune 
disorder characterized by an inflammatory 
response to gluten, a protein found in wheat, 
barley, and rye (Gujral et al., 2012). The CD 
is a complex disorder with a wide range of 
symptoms, including gastrointestinal mani-
festations, such as abdominal pain and diar-

rhea, and extra-intestinal presentations, including derma-
titis herpetiformis and reproductive issues (Therrien et al., 
2020). Patients with CD also commonly report anxiety, de-
pression, and other mood disorders, which may be linked to 
poor subjective sleep quality (Rostami-Nejad et al., 2020; 
Sharifnejad et al., 2023; Zingone et al., 2010). Prolonged 
inadequate sleep is associated with unfavorable outcomes, 
including the onset of chronic systemic inflammation, 
frequently observed in individuals with CD (Palumbo & 
Wyse, 2020; Sobolewska-Włodarczyk et al., 2021). 

The intricate interplay between sleep and the immune 
system highlights how immune activation and inflam-
mation disrupt sleep patterns. Inadequate sleep can 
impact immune responses and the production of pro/
anti-inflammatory cytokines, such as tumor necrosis 
factor-alpha (TNF-α), interleukin (IL)-2, IL-4, and IL-10 
(Besedovsky et al., 2019; Gottshall et al., 2021; Hurta-

do-Alvarado et al., 2013; Irwin, 2023; Rockstrom et al., 
2018). Additionally, sleep deprivation can elevate corti-
sol levels by activating the hypothalamic-pituitary-adre-
nal axis, leading to immune activation and the release of 
inflammatory cytokines, such as TNF-α and IL-2 (Gar-
barino et al., 2021; Irwin & Opp, 2017). The relationship 
between imbalanced inflammatory cytokines and sleep 
disorders is frequently observed in individuals with CD 
(Westerholm-Ormio et al., 2002; Zingone et al., 2010). 

Tryptophan (Trp), an essential amino acid, is deficient in 
individuals with CD, as indicated by previous studies (Ad-
dolorato et al., 2004; Khalkhal et al., 2022). The primary 
breakdown of Trp occurs within the kynurenine pathway, 
mediated by the enzymes Trp 2,3-dioxygenase and indole-
amine 2,3-dioxygenase. This metabolic pathway plays a 
crucial role in regulating both sleep and immune responses 
(Fallah et al., 2024; Heimberger & Lukas, 2023). Moreover, 
Trp serves as a precursor for the production of serotonin 
and melatonin, both of which are essential for modulating 
the sleep-wake cycle (Bhat et al., 2020). Recent research 
also suggests that in addition to their involvement in sleep 
regulation, serotonin and melatonin influence immune re-
sponses by binding to specific receptors, such as the 5-hy-
droxytryptamine receptor 1A, which is present on various 
immune cells, including macrophages and T lymphocytes 
(Arioz et al., 2019; Herr et al., 2017).

Highlights 

● Among patients with CD, 63.2% reported poor sleep quality, which was linked to age. 

● Poor sleep in patients with CD correlates with lower plasma Trp levels. 

● Increased IL-2 levels were observed in individuals with poor sleep; no changes were observed in other cytokines. 

Plain Language Summary 

Celiac disease (CD) is a chronic autoimmune disorder that causes the immune system to react negatively to gluten, 
a protein found in wheat, barley, and rye. Many individuals with CD experience a range of symptoms, including 
gastrointestinal issues, fatigue, and mood disorders. This study aimed to explore the impact of CD on sleep quality 
and investigate the role of tryptophan (Trp), a crucial amino acid involved in sleep regulation and immune function. 
Conducted from March to December 2022, the study included 76 adults with CD, with an average age of 40 years. 
We used a sleep quality questionnaire and measured Trp levels and certain immune markers in participants’ blood. We 
found that 63.2% of participants reported poor sleep quality. Older age was associated with worse sleep, and individuals 
with poor sleep had significantly lower levels of Trp in their plasma compared to those with good sleep. Conversely, 
individuals with poor sleep exhibited higher levels of interleukin-2 (IL-2), which is involved in inflammation. These 
results suggest that low Trp levels may contribute to sleep problems in patients with CD, pointing to the potential 
benefits of Trp supplementation as a treatment to improve sleep quality. However, future research is required to fully 
understand how these factors interact and to explore effective treatment options. This study highlights the importance 
of regularly assessing sleep in patients with CD to improve their overall health and well-being.

C
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The relationship between CD and sleep disorders is re-
ciprocal. CD can negatively impact sleep quality, and in-
adequate sleep can worsen the symptoms of CD through 
immune and inflammatory mechanisms (Ranjbaran et 
al., 2007). This study aimed to evaluate the sleep qual-
ity of individuals with CD. To achieve this, we utilized 
the Pittsburgh sleep quality index (PSQI) questionnaire, 
a widely recognized tool for assessing subjective sleep 
quality across various populations. Through the imple-
mentation of this questionnaire, we gathered data con-
cerning participants’ sleep patterns, duration, problems, 
and overall sleep quality. Furthermore, we sought to in-
vestigate the potential connections between sleep disor-
der and inflammatory cytokines implicated in CD. Spe-
cifically, we focused on TNF-α, IL-4, IL-10, and IL-2, as 
well as the plasma levels of Trp. 

2. Materials and Methods

We conducted a prospective study involving a cohort of 
76 adults from the CD and Gluten-Related Disorders Re-
search Center at Shahid Beheshti University of Medical 
Sciences, Tehran, Iran. The study was conducted between 
March 20, 2022, and December 28, 2022. Participants 
were selected based on specific inclusion and exclu-
sion criteria to ensure the integrity of the research. The 
inclusion criteria included adults aged >18 years with a 
confirmed diagnosis of CD based on positive serological 
tests and histological biopsies of the small intestine, as per 
the modified Marsh criteria (Villanacci et al., 2020). Ad-
ditionally, participants must not have consumed any Trp 
supplements in the month preceding the study. Individu-
als were excluded from the study if they had undergone 
any medical or surgical intervention for CD in the prior 
three months, had pre-existing sleep disorders (e.g. sleep 
apnea, insomnia) unrelated to CD, were currently taking 
medications that could affect sleep patterns, or inflamma-
tory responses (such as corticosteroids), or were pregnant 
or breastfeeding. Written informed consent was obtained 
from all participants before their involvement, and each 
participant underwent the aseptic collection of 15 m/L of 
venous blood utilizing specialized vacuum tubes.

Sleep quality assessment 

This study employed the PSQI to evaluate participants’ 
sleep quality. The PSQI questionnaire comprises 19 items, 
classified into seven subscales: Sleep quality, sleep latency, 
sleep duration, habitual sleep efficiency, sleep problems, use 
of sleep medication, and daytime dysfunction. Each compo-
nent is rated on a scale of 0–3, with a total score ranging from 
0 to 21. A cumulative score of ≥6 indicates poor sleep quality 
(Buysse et al, 1989; Farrahi Moghaddam et al., 2012). 

Evaluation of Trp plasma levels

To evaluate plasma Trp levels, peripheral blood samples 
were centrifuged at 3500 revolutions per minute (rpm) 
for 15 minutes. The resulting plasma fraction was then 
stored at -80 °C until needed for analysis by high-per-
formance liquid chromatography (HPLC). The ACME 
9000 system (Younglin, Anyang, Korea), equipped with 
a fluorescence detector essential for determining Trp lev-
els, was utilized in this study. A methanol solution was 
used to remove proteins from the plasma samples. The 
deproteinization process involved vortexing the samples 
for 30 s and subsequent centrifugation at 5000 rpm for 
7 minutes. The resulting clear supernatant was then pre-
pared for further analysis. 

Chromatographic separation of Trp was achieved by 
injecting 100 µL of the clear supernatant into a GL Sci-
ences column with dimensions of 250×3.0 mm and a 
particle size of 3 µm. The mobile phase for this process 
comprised a mixture of methanol and tetrahydrofuran in 
a volumetric ratio of 4:1. Throughout the analysis, the 
fluorescence signals were monitored and recorded at 
optimal excitation and emission wavelengths of 340 nm 
and 450 nm, respectively.

Evaluation of pro-inflammatory cytokines in se-
rum 

The blood samples were allowed to clot for 30 minutes 
at room temperature before centrifugation at 1500×g 
for 10 minutes. Subsequently, serum was collected and 
stored at -80 °C for further biochemical analysis. The 
concentrations of human TNF-α and IL-10 in the serum 
were determined using a quantitative sandwich enzyme-
linked immunosorbent assay (ELISA) kit (Karmania 
Pars Gene, Iran), following the manufacturer’s instruc-
tions. Absorbance was measured at 450 nm using a mi-
croplate reader. Each determination was performed in 
triplicate by established laboratory principles. 

Expression analysis of pro-inflammatory cyto-
kines 

Total ribonucleic acid (RNA) was isolated from whole 
blood samples of all participants using the YTA Total 
RNA Purification Mini kit for Blood/Cultured Cell/Tis-
sue (Yekta Tajhiz Azma, Iran) according to the manu-
facturer’s instructions. RNA concentration and quality 
were assessed using a Nanodrop 1000 spectrophotom-
eter (Fisher Thermo, Wilmington, DE, USA). After ad-
justing the RNA concentrations, complementary DNA 
(cDNA) synthesis was performed using the 2 Step 2X 
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RTPCR Premix (Taq) kit (Biofact, South Korea), and the 
resulting complementary DNA (cDNA) was stored at 
-20 °C for quantitative real-time polymerase chain reac-
tion (qPCR).

Specific primers for amplifying IL-2, IL-4, and beta-
2-microglobulin (B2M), a housekeeping gene, were 
designed using Gene Runner software (version 3.05). 
The primer sequences were as follows: IL-2 forward: 
5’-TACATGCCCAAGAAGGCCAC-3’, IL-2 reverse: 
5’-AGCACTTCCTCCAGAGGTTTG-3’; IL-4 for-
ward: 5’-CTTTGCTGCCTCCAAGAACAC-3’, IL-4 
reverse: 5’-TTCCTGTCGAGCCGTTTCAG-3’; B2M 
forward: 5’-CCAGCGTACTCCAAAGATTC-3’, B2M 
reverse: 5’-ATGTCGGATGGATGAAACCC-3’. 

The messenger ribonucleic acid (mRNA) expression 
levels of the target genes were evaluated using SYBR 
Premix Ex Taq (Real Q Plus 2x Master Mix Green-Am-
plicon, Japan) with the Rotor-Gene® Q real-time PCR 
system (Qiagen, Germany). All qPCR reactions were 
conducted in duplicate, and the mRNA expression level 
of each gene was calculated following the 2-ΔΔCt method 
(ΔCt=ΔCt target -ΔCt endogenous).

Statistical analysis

Data were analyzed using SPSS software version 25, 
developed by IBM (Chicago, IL, USA). Graphical repre-
sentations were generated using GraphPad Prism 8.4.0, 
software (GraphPad Software, Inc.) (San Diego, CA, 
USA). Descriptive statistics were employed to summa-
rize the characteristics of the study participants, includ-
ing demographics, clinical features, and sleep quality 
parameters. An independent sample t-test compared two 
groups of continuous variables that followed a normal 
distribution. All results were reported with a 95% confi-
dence interval. Statistical significance was set at P<0.05. 
The correlations between variables were assessed using 
Pearson’s correlation tests.

3. Results

Demographic and clinical characteristics of CD 
participants

The study primarily involved adult participants, with a 
mean age of 40.29±11.62 years. Most of the samples were 
female (77.6%). Fatigue emerged as the predominant 
symptom among participants, affecting 63.15% of cases.

Comprehensive demographic and clinical data were 
collected, including information on CD duration, adher-
ence to a gluten-free diet (GFD), smoking habits, mari-
tal status, and educational attainment. Table 1 presents 
a detailed breakdown of additional symptoms, such as 
bloating, diarrhea, vomiting, and osteoporosis. 

Assessment of sleep quality in CD participants

Table 2 presents a comprehensive analysis of overall 
sleep quality and seven specific PSQI subscales among 
patients with CD. Notably, 63.2% of the participants 
displayed signs of poor sleep quality based on the to-
tal questionnaire scores (most of whom were women 
[79.16%]). Concerning subjective sleep quality, 59.2% 
of the participants reported experiencing fairly good 
quality. Analysis of sleep latency distribution revealed 
that 30.3% experienced a latency period ranging from 
16-30 minutes. Regarding sleep duration, the majority 
(40.8%) reported sleeping for 6-7 hours per night. Ha-
bitual sleep efficiency was notably high, with a majority 
(72.4%) of participants reporting an efficiency of over 
85%. Sleep problems were reported by a considerable 
percentage (61.8%), occurring less than once a week. 
Furthermore, the majority (78.9%) of the participants 
reported not using any sleep medications. Daytime dys-
function showed variability, with the highest percentage 
(38.2%) of patients reporting no difficulties.

Plasma Trp concentration in poor and good 
sleepers

We assessed the plasma Trp concentrations in individu-
als diagnosed with CD, categorizing them based on their 
reported sleep quality as either poor or good. The results, 
illustrated in Figure 1, revealed a statistically significant 
lower plasma Trp concentration among participants who 
reported poor sleep compared to those with good sleep 
quality (P<0.0001). 

Serum levels of NF-α and IL-10 in poor and good 
sleepers

Serum TNF-α and IL-10 levels were measured in pa-
tients with CD with either poor or good sleep quality. No 
statistically significant difference was observed in the se-
rum TNF-α and IL-10 levels between the group of indi-
viduals experiencing poor sleep and the group reporting 
good sleep quality (P>0.05) (Figure 2).
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The expression levels of IL-2 and IL-4 mRNA in 
poor and good sleepers

We examined the relative expression of IL-2 and IL-4 
genes in individuals diagnosed with CD who reported 
varying levels of sleep quality. As depicted in Figure 3, 
our results revealed a significant increase in IL-2 expres-
sion in the group experiencing poor sleep compared to 
those reporting good sleep (P=0.03). Conversely, the 
change in the expression level of IL-4 was not statisti-
cally significant (P>0.05).

Correlation analysis

Pearson’s correlation analysis was conducted to assess 
the relationships between various factors, including age, 
sex, duration of CD, adherence to a GFD, smoking hab-
its, marital status, IL-2 expression, plasma Trp levels, 
and different aspects of sleep quality. The results showed 
a significant positive correlation between participants’ 
age and sleep problems (P=0.009, r=0.37). Moreover, 
IL-2 mRNA levels were negatively correlated with 
sleep latency (P=0.04, r=-0.57) and daytime dysfunction 

Table 1. Demographic and clinical data of studied participants (n=76)

Variables Mean±SD/No. (%)

Age (y) 40.29±11.62

Age groups

18-30 13(17.10)

31-60 59(77.63)

>61 4(5.27)

Gender 
Males 17(22.4)

Females 59(77.6)

Duration of CD (y) 8.13±9.58

GFD adherence duration (m)

≤6 3(3.94)

6-12 3(3.94)

≥12 70(92.12)

Smoking 
Yes 7(9.21)

No 69(90.79)

Marital status
Single 29(38.15)

Married 47(61.85)

Level of education

≤Diploma 43(56.57)

BS 25(32.89)

MS 4(5.27)

PhD 4(5.27)

Clinical symptoms

Bloating 46(60.52)

Diarrhea 23(30.26)

Fatigue 48(63.15)

Vomiting 12(15.78)

Osteoporosis 43(56.57)

CD: Celiac disease; GFD: Gluten-free diet.�  
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Table 2. Global sleep quality and seven PSQI subscales in the total sample of CD patients, in Tehran Province, Iran, 2022 (n=76)

PSQI

No. (%)

Total Sample

General sleep quality

Good 28(36.8)
Females 21(75)

Male 7(25)

Poor 48(63.2)
Females 38(79.16)

Males 10(20.83)

PSQI sub-scale

Subjective 
sleep quality

Very good 10(13.2)

Fairly good 45(59.2)

Fairly bad 15(19.7)

Very bad 6(7.9)

Sleep latency 
(m)

<15 14(18.4)

16-30 23(30.3)

31-60 22(28.9)

>60 17(22.4)

Sleep duration (h)

>7 18(23.7)

6-7 31(40.8)

5-6 19(25)

<5 8(10.5)

Habitual sleep efficiency (%)

>85 55(72.4)

75-84 14(18.4)

65-74 4(5.3)

<65 3(3.9)

Sleep problems

Not during past month 6(7.9)

Less than once a week 47(61.8)

Once or twice a week 22(28.9)

Three or more times a week 1(1.3)

Use of sleeping medications

Not during past month 60(78.9)

Less than once a week 4(5.3)

Once or twice a week 3(3.9)

Three or more times a week 9(11.9)

Daytime dysfunction

No problem at all 29(38.2)

Only a very slight problem 22(28.9)

Somewhat of a problem 16(21.1)

A very big problem 9(11.8)

PSQI: Pittsburgh sleep quality index. �  
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(P=0.03, r=-0.6). No significant correlations were found 
between the other variables and different aspects of sleep 
quality (Table 3).

Primary awareness sources of CD patients

This study examined the primary sources of informa-
tion regarding CD, dietary considerations, and follow-up 
for participants. Attendance at medical congresses was 
identified as a substantial source of information, repre-
senting 52.6% of the sample. This result underscores the 
crucial role of professional gatherings in disseminating 
knowledge within the medical community.

Consultations with physicians were crucial, with 
67.1% of participants depending on this source. Most 
of the participants were observed and followed up by 
gastroenterologists. Table 4 presents the distribution of 
awareness from other sources.

4. Discussion

This study was conducted to investigate the quality of 
sleep in Iranian patients with CD. This study explores 
the relationship between CD and sleep quality, alongside 
the possible involvement of inflammatory cytokines 
and Trp in this relationship. The results revealed that a 
notable proportion (63.2%) of participants experienced 
poor sleep quality. 

Consistent with these results, a previous study by Zin-
gone et al. (2010) also noted high PSQI scores among 
patients with CD, indicating poor sleep quality charac-
terized by prolonged sleep latency and short sleep dura-
tion. Ballou et al. (2018) similarly observed poor sleep 
quality in 61% of patients with CD, aligning closely with 
our results. Furthermore, our study identified a signifi-
cant positive correlation between the age of patients with 
CD and sleep problems, underscoring the importance of 

Table 3. Correlation between sleep quality aspects and demographic and clinical status of CD patients

Variables
Gen-

eral Sleep 
Quality

Subjec-
tive Sleep 

Quality

Sleep 
La-

tency

Sleep 
Dura-
tion

Habitual 
Sleep Ef-
ficiency

Sleep Dis-
turbance

Use of 
Sleeping 
Medica-

tions

Daytime 
Dysfunction

Age
P 0.291 0.052 0.962 0.062 0.95 0.009* 0.094 0.08

Correlation 
coefficient 0.12 0.22 -0.005 0.21 0.007 0.37 0.19 -0.2

Sex
P 0.831 0.267 0.343 0.573 0.292 0.107 0.84 0.821

Correlation 
coefficient 0.02 0.13 0.11 0.06 0.12 0.12 0.2 -0.02

CD dura-
tion

P 0.351 0.991 0.372 0.105 0.968 0.198 0.187 0.447

Correlation 
coefficient 0.11 0.001 0.11 0.2 0.005 0.42 0.16 -0.09

GFD 
duration

P 0.972 0.801 0.85 0.607 0.602 -0.096 0.208 0.636

Correlation 
coefficient 0.004 -0.03 -0.02 -0.06 -0.21 -0.09 -0.14 0.05

Smoking
P 0.122 0.703 0.932 0.610 0.573 0.76 0.298 0.666

Correlation 
coefficient 0.17 -0.04 -0.009 -0.05 0.06 0.03 0.12 0.05

Marital 
status

P 0.091 0.44 0.248 0.968 0.052 0.444 0.766 0.082

Correlation 
coefficient -0.19 0.09 -0.13 0.006 -0.22 0.08 -0.03 -0.19

TRP level
P 0.483 0.938 0.540 0.99 0.517 0.135 0.349 0.167

Correlation 
coefficient -0.24 0.02 0.17 0.004 0.2 -0.41 0.22 0.57

IL-2 level
P 0.395 0.322 0.04* 0.63 0.59 0.092 0.262 0.031*

Correlation 
coefficient -0.26 -0.31 -0.57 -0.16 -0.17 0.76 -0.34 -0.6

Abbreviations: GFD: Gluten-free diet; TRP: Ryptophan; IL-2: Interleukin-2. �  

*Statistically significant.
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integrating sleep evaluations into routine follow-up pro-
tocols as patients age. In alignment with this, a study by 
Mårild et al. (2015) demonstrated that patients with CD 
are 33% more likely to use hypnotic drugs than healthy 
controls. In our study, 21.1% of patients with CD report-
ed using sleep medications. Importantly, patients with 
CD and poor sleep quality exhibited lower plasma Trp 
levels than those with good sleep quality. Since Trp plays 
a crucial role in sleep regulation through its involvement 
in the kynurenine pathway and serotonin synthesis, as-
sessing Trp levels before prescribing hypnotic drugs may 
benefit to patients with CD (Bhat et al., 2020; Heimberg-
er & Lukas, 2023). Considering Trp supplementation as 
a potential primary approach for improving sleep qual-
ity in these patients is noteworthy. A study conducted by 
Sutanto et al. (2022) demonstrated that the inclusion of 
Trp effectively reduced sleep latency. Specifically, par-
ticipants consuming >1 g Trp exhibited a significantly 
shorter time to fall asleep compared to those consum-
ing less than 1 g. However, Trp supplementation did not 
have significant effects on other aspects of sleep.

In our study, individuals with poor sleep quality dem-
onstrated higher levels of IL-2, while no changes were 
observed in TNF-α, IL-4, and IL-10 compared to those 

with good sleep quality. These cytokines play a crucial 
role in immune signaling and have been implicated in 
both CD pathogenesis and sleep regulation (Imeri & 
Opp, 2009; Redwine et al., 2000). Prior research in-
vestigating cytokine levels in individuals with sleep 
problems has had varied results. For instance, Taraz et 
al. found elevated levels of TNF-α in the serum of pa-
tients undergoing hemodialysis with poor sleep quality, 
which is consistent with our results (Taraz et al., 2013). 
Several studies have demonstrated a correlation between 
sleep deprivation and elevated levels of TNF-α in the 
subsequent days (Kaushal et al., 2012). Elevated TNF-α 
concentrations following sleep deprivation or fragmen-
tation contributes to excessive daytime sleepiness in pa-
tients with sleep apnea (Kaushal et al., 2012). Yang et al. 
demonstrated a positive correlation between poor sleep 
quality and TNF-α levels and a negative correlation with 
IL-2 levels (Yang et al., 2023). Kaartinen et al. associat-
ed good overall sleep quality with higher logarithmic cy-
tokine concentrations of IL-2, IL-4, IL-6, IL-10, IL-12, 
and IL-13 (Kaartinen et al., 2019). In our study, elevated 
levels of IL-2 were observed in participants with poor 
sleep quality, consistent with previous research indicat-
ing that sleep deprivation reduces lymphocyte blasto-
genesis, natural killer cell activity, and upregulates IL-1 

Table 4. Database sources of patient’s awareness about their disease, diet, and follow-up

Sources of Awareness No. (%)

CD

Physician 38(50)

Social media 34(44.7)

Broadcast media 7(9.2)

Surfing the net 24(31.6)

Congress 40(52.6)

Books 17(22.4)

GFD

Physician 51(67.1)

Social media 15(19.7)

Books 7(9.2)

Surfing the net 23(30.3)

Follow-up

General practitioner 2(2.6)

Internist 4(5.3)

Gastroenterologist 73(96.1)

Traditional medicine 4(5.3)

�  
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and IL-2 (Ibarra-Coronado et al., 2015). Furthermore, a 
negative correlation was observed between IL-2 mRNA 
levels and sleep latency and daytime dysfunction, em-
phasizing the importance of this gene in sleep disorders. 
Kaartinen et al. (2019) suggested that good overall sleep 
quality is associated with high logarithmic concentra-
tions of cytokines IL-4 and IL-10. Previous studies have 
also demonstrated a decrease in the production of stimu-
lated IL-10 and IL-4 during sleep in humans, indicating a 
decline in anti-inflammatory activity (Poluektov, 2021).

Given the notable female predominance in our cohort 
(77.6%), it is essential to consider how sex may influence 
sleep quality and immune responses in patients with CD. 
Research indicates that women often report poorer sleep 
quality and are more susceptible to sleep disorders than 
men, which may be attributed to hormonal fluctuations 

related to the menstrual cycle, pregnancy, or menopause 
(Nowakowski et al., 2013). Furthermore, the immune re-
sponse differs between the sexes, with females exhibiting 
stronger immune reactions, which can influence inflam-
matory markers, such as cytokines (Klein & Flanagan, 
2016). In our study, the observed elevation of IL-2 levels 
among individuals with poor sleep quality highlights a 
potential pathophysiological link that may be amplified 
in women due to their distinct immune profiles and in-
creased susceptibility to psychosocial stressors. 

Moreover, besides the observed relationships between 
sleep quality, Trp levels, and pro-inflammatory cyto-
kines in patients with CD, several confounding factors 
may also significantly influence sleep outcomes. Psy-
chological stressors, including anxiety and depression, 
are prevalent among individuals with CD and have been 

Figure 1. Plasma TRP levels in good and poor sleeper CD patients 

****P<0.0001. 

CD: Celiac disease; TRP: Tryptophan. 

Note: Values are presented as Mean±SD. 

Figure 2. Analysis of (A) TNF-α and (B) IL-10 serum cytokine levels in good and poor sleeper CD patients using ELISA 

IL-10: Interleukin-10; TNF-α: Tumor necrosis factor-alpha.

Note: Values are presented as Mean±SD. 
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shown to disrupt sleep patterns (Moawad et al., 2024; 
Staner, 2003). Furthermore, dietary adherence to a GFD 
can play a critical role; variations in adherence levels 
may influence not only inflammatory responses but 
also nutritional intake and overall well-being, thereby 
impacting sleep quality (Cotton et al., 2023). Addition-
ally, the presence of comorbid conditions, such as au-
toimmune disorders or gastrointestinal symptoms, could 
contribute to sleep disturbances through mechanisms 
involving chronic inflammation or pain (Khanijow et 
al., 2015; Zielinski et al., 2019). Hence, controlling for 
these psychological, dietary, and health-related factors in 
future research is crucial for elucidating the multifaceted 
relationship between CD, immune dysregulation, and 
sleep quality.

To further explore the intricate relationship between 
CD, sleep quality, and immune function, future research 
should focus on several key areas. Longitudinal studies 
are essential to assess how sleep quality evolves in re-
sponse to dietary changes or interventions, such as Trp 
supplementation, and to investigate the long-term effects 
on inflammatory markers and overall health. Moreover, 
specific attention should be given to the role of other di-
etary components and their interactions with sleep qual-
ity in CD patients, as dietary adherence can significantly 
impact both gut health and sleep regulation. Addition-
ally, examining potential differences in sleep quality and 
inflammatory responses across diverse populations with 
CD might provide insights into the influence of genetic, 
cultural, and environmental factors. Such studies could 

pave the way for tailored therapeutic strategies aimed at 
enhancing sleep quality and, consequently, the quality of 
life for individuals living with CD.

This study has several limitations. First, the study sam-
ple consisted of only 76 adult participants from a specific 
research center, which may have limited the generaliz-
ability of the results to a broader population. Including 
a larger and more diverse sample would offer a more 
representative understanding of the relationship between 
CD, sleep quality, and inflammatory markers. Second, 
the assessment of sleep quality relied on self-reported 
measures, specifically the PSQI questionnaire. Self-
report measures are prone to recall bias and individual 
interpretation, which can potentially impact the accu-
racy and reliability of the results. Incorporating subjec-
tive measures of sleep, such as polysomnography, would 
yield more robust and precise data on sleep quality.

5. Conclusion 

Our results revealed that a substantial proportion of 
patients with CD experienced poor sleep quality, under-
scoring the importance of incorporating sleep assess-
ments into routine care for these individuals. Patients 
with CD may experience deleterious effects on sleep, re-
sulting in disturbances that can profoundly impact their 
overall well-being. The observed correlations between 
age, sleep problems, and cytokine expression underscore 
the multi-faceted nature of sleep quality and its potential 
impact on immune and inflammatory responses in indi-

Figure 3. The Mean±SD values of (A) IL-2 and (B) IL-4 (P>0.05) relative expression levels in good and poor sleeper CD patients 
using real-time PCR assay

Abbreviations: B2M: Beta-2-microglobulin; CD: Celiac disease; IL-2: Interleukin-2; IL-4: Interleukin-4. 

*P=0.03. 

Note: Expression of transcripts was normalized to B2M. 
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viduals with CD. The observed correlation between low 
plasma Trp levels and impaired sleep quality suggests 
a potential therapeutic avenue through Trp supplemen-
tation to alleviate sleep problems in patients with CD. 
Future research should elucidate the underlying mecha-
nisms linking CD, sleep quality, and immune function. 

Ethical Considerations

Compliance with ethical guidelines

Ethical approval for the study was obtained from the 
Ethics Committee of the Research Institute for Gas-
troenterology and Liver Diseases (RIGLD), Shahid 
Beheshti University of Medical Sciences, Tehran, Iran 
(Code: IR.SBMU.MSP. REC.1397.564). Written in-
formed consent was obtained from all participants be-
fore their involvement. 

Funding

Financial support for this study was provided by the 
Student Research Committee affiliated with Shahid 
Beheshti University of Medical Sciences, Tehran, Iran 
(Grant No.: 1403/50494). 

Authors' contributions

Conceptualization: Mohammad Rostami-Nejad; Writ-
ing the original draft: Nastaran Asri, Nastaran Asri, Mo-
hadeseh Mahmoudi Ghehsareh M Nazanin Taraghikhah; 
Review and editing: Mohammad Rostami-Nejad, So-
mayeh Jahani-Sherafat, Hamidreza Houri, Mostafa 
Rezaei-Tavirani, and Ayad Bahadorimonfared. 

Conflict of interest

The authors declared no conflict of interest.

Acknowledgments

This study is related to the project No.: 1403/50494 
from the Student Research Committee, Shahid Beheshti 
University of Medical Sciences, Tehran, Iran. We ap-
preciate the support of the “Student Research Commit-
tee” and “Celiac Disease and Gluten-Related Disorders 
Research Center, Research Institute for Gastroenterol-
ogy and Liver Diseases, Shahid Beheshti University of 
Medical Sciences”.

References

Addolorato, G., De Lorenzi, G., Abenavoli, L., Leggio, L., Capris-
to, E., & Gasbarrini, G. (2004). Psychological support counsel-
ling improves gluten-free diet compliance in coeliac patients 
with affective disorders. Alimentary Pharmacology & Therapeu-
tics, 20(7), 777–782. [DOI:10.1111/j.1365-2036.2004.02193.x] 
[PMID]

Arioz, B. I., Tastan, B., Tarakcioglu, E., Tufekci, K. U., Olcum, 
M., & Ersoy, N., et al. (2019). Melatonin attenuates LPS-
induced acute depressive-like behaviors and microglial 
NLRP3 inflammasome activation through the SIRT1/Nrf2 
pathway. Frontiers in Immunology, 10, 1511. [DOI:10.3389/
fimmu.2019.01511] [PMID] 

Ballou, S., Alhassan, E., Hon, E., Lembo, C., Rangan, V., & Singh, 
P., et al. (2018). Sleep disturbances are commonly reported 
among patients presenting to a gastroenterology clinic. Di-
gestive Diseases and Sciences, 63(11), 2983–2991. [DOI:10.1007/
s10620-018-5237-7] [PMID]

Besedovsky, L., Lange, T., & Haack, M. (2019). The sleep-im-
mune crosstalk in health and disease. Physiological Reviews, 
99(3), 1325–1380. [DOI:10.1152/physrev.00010.2018] [PMID] 

Bhat, A., Pires, A. S., Tan, V., Babu Chidambaram, S., & Guil-
lemin, G. J. (2020). Effects of sleep deprivation on the trypto-
phan metabolism. International Journal of Tryptophan Research, 
13, 1178646920970902. [DOI:10.1177/1178646920970902] 
[PMID] 

Buysse, D. J., Reynolds, C. F., 3rd, Monk, T. H., Berman, S. R., & 
Kupfer, D. J. (1989). The pittsburgh sleep quality index: A new 
instrument for psychiatric practice and research. Psychiatry 
Research, 28(2), 193–213. [DOI:10.1016/0165-1781(89)90047-4] 
[PMID]

Cotton, C., Raju, S. A., Ahmed, H., Webster, G., Hallam, R., & 
Croall, I., et al. (2023). Does a gluten-free diet improve qual-
ity of life and sleep in patients with non-coeliac gluten/
wheat sensitivity?. Nutrients, 15(15), 3461. [DOI:10.3390/
nu15153461] [PMID] 

Fallah, S., Asri, N., Nikzamir, A., Ahmadipour, S., Sadeghi, A., 
& Rostami, K., et al. (2024). Investigating the impact of vita-
min a and amino acids on immune responses in celiac disease 
patients. Diseases, 12(1), 13. [DOI:10.3390/diseases12010013] 
[PMID] 

Farrahi Moghaddam, J., Nakhaee, N., Sheibani, V., Garrusi, B., 
& Amirkafi, A. (2012). Reliability and validity of the Persian 
version of the pittsburgh sleep quality index (PSQI-P). Sleep 
& Breathing, 16(1), 79–82. [DOI:10.1007/s11325-010-0478-5] 
[PMID]

Garbarino, S., Lanteri, P., Bragazzi, N. L., Magnavita, N., & 
Scoditti, E. (2021). Role of sleep deprivation in immune-relat-
ed disease risk and outcomes. Communications Biology, 4(1), 
1304. [DOI:10.1038/s42003-021-02825-4] [PMID] 

Gottshall, J. L., Guedes, V. A., Pucci, J. U., Brooks, D., Watson, 
N., & Sheth, P., et al. (2022). Poor sleep quality is linked to 
elevated extracellular vesicle-associated inflammatory cy-
tokines in warfighters with chronic mild traumatic brain 
injuries. Frontiers in Pharmacology, 12, 762077. [DOI:10.3389/
fphar.2021.762077] [PMID] 

Asri., et al. (2025). Tryptophan and Sleep in Celiac Disease. BCN, 16(3), 677-690.

http://bcn.iums.ac.ir/
https://en.sbmu.ac.ir/
https://en.sbmu.ac.ir/
https://en.sbmu.ac.ir/
https://en.sbmu.ac.ir/
https://en.sbmu.ac.ir/
https://en.sbmu.ac.ir/
https://en.sbmu.ac.ir/
https://en.sbmu.ac.ir/
https://doi.org/10.1111/j.1365-2036.2004.02193.x
https://www.ncbi.nlm.nih.gov/pubmed/15379838
https://doi.org/10.3389/fimmu.2019.01511
https://doi.org/10.3389/fimmu.2019.01511
https://www.ncbi.nlm.nih.gov/pubmed/31327964
https://doi.org/10.1007/s10620-018-5237-7
https://doi.org/10.1007/s10620-018-5237-7
https://www.ncbi.nlm.nih.gov/pubmed/30094624
https://doi.org/10.1152/physrev.00010.2018
https://www.ncbi.nlm.nih.gov/pubmed/30920354
https://doi.org/10.1177/1178646920970902
https://www.ncbi.nlm.nih.gov/pubmed/33281456
https://doi.org/10.1016/0165-1781(89)90047-4
https://www.ncbi.nlm.nih.gov/pubmed/2748771
https://doi.org/10.3390/nu15153461
https://doi.org/10.3390/nu15153461
https://www.ncbi.nlm.nih.gov/pubmed/37571398
https://doi.org/10.3390/diseases12010013
https://www.ncbi.nlm.nih.gov/pubmed/38248364
https://doi.org/10.1007/s11325-010-0478-5
https://www.ncbi.nlm.nih.gov/pubmed/21614577
https://doi.org/10.1038/s42003-021-02825-4
https://www.ncbi.nlm.nih.gov/pubmed/34795404
https://doi.org/10.3389/fphar.2021.762077
https://doi.org/10.3389/fphar.2021.762077
https://www.ncbi.nlm.nih.gov/pubmed/35153739


Basic and Clinical

688

May & June 2025, Vol 16, No. 3

Gujral, N., Freeman, H. J., & Thomson, A. B. (2012). Celiac 
disease: Prevalence, diagnosis, pathogenesis and treat-
ment. World Journal of Gastroenterology, 18(42), 6036–6059. 
[DOI:10.3748/wjg.v18.i42.6036] [PMID] 

Heimberger, A. B., & Lukas, R. V. (2023). The kynurenine path-
way implicated in patient delirium: Possible indications for 
indoleamine 2,3 dioxygenase inhibitors. The Journal of Clini-
cal Investigation, 133(2), e164577. [DOI:10.1172/JCI164577] 
[PMID] 

Herr, N., Bode, C., & Duerschmied, D. (2017). The effects of sero-
tonin in immune cells. Frontiers in Cardiovascular Medicine, 4, 
48. [DOI:10.3389/fcvm.2017.00048] [PMID] 

Hurtado-Alvarado, G., Pavón, L., Castillo-García, S. A., Hernán-
dez, M. E., Domínguez-Salazar, E., & Velázquez-Moctezuma, 
J., et al. (2013). Sleep loss as a factor to induce cellular and mo-
lecular inflammatory variations. Clinical & Developmental Im-
munology, 2013, 801341. [DOI:10.1155/2013/801341] [PMID] 

Ibarra-Coronado, E. G., Pantaleón-Martínez, A. M., Velazquéz-
Moctezuma, J., Prospéro-García, O., Méndez-Díaz, M., & 
Pérez-Tapia, M., et al. (2015). The bidirectional relationship 
between sleep and immunity against infections. Journal of Im-
munology Research, 2015, 678164. [DOI:10.1155/2015/678164] 
[PMID] 

Imeri, L., & Opp, M. R. (2009). How (and why) the immune 
system makes us sleep. Nature reviews. Neuroscience, 10(3), 
199–210. [DOI:10.1038/nrn2576] [PMID] 

Irwin M. R. (2022). Sleep disruption induces activation of in-
flammation and heightens risk for infectious disease: Role of 
impairments in thermoregulation and elevated ambient tem-
perature. Temperature, 10(2), 198–234. [DOI:10.1080/23328940
.2022.2109932] [PMID] 

Irwin, M. R., & Opp, M. R. (2017). Sleep health: Reciprocal regu-
lation of sleep and innate immunity. Neuropsychopharmacol-
ogy, 42(1), 129–155. [DOI:10.1038/npp.2016.148] [PMID] 

Kaartinen, M., Karlsson, L., Paavonen, E. J., Polo-Kantola, P., 
Pelto, J., & Nousiainen, N., et al. (2019). Maternal tiredness 
and cytokine concentrations in mid-pregnancy. Journal of 
Psychosomatic Research, 127, 109843. [DOI:10.1016/j.jpsy-
chores.2019.109843] [PMID]

Kaushal, N., Ramesh, V., & Gozal, D. (2012). TNF-α and tem-
poral changes in sleep architecture in mice exposed to sleep 
fragmentation. Plos One, 7(9), e45610. [DOI:10.1371/journal.
pone.0045610] [PMID] 

Khalkhal, E., Rezaei-Tavirani, M., Asri, N., Nobakht, F., Jahani-
Sherafat, S., & Haidari, M. H., et al. (2022). Introducing new 
potential biomarkers for celiac disease among the genes ex-
tracted from general databases. Middle East Journal of Diges-
tive Diseases, 14(2), 192–199. [DOI:10.34172/mejdd.2022.272] 
[PMID] 

Khanijow, V., Prakash, P., Emsellem, H. A., Borum, M. L., & 
Doman, D. B. (2015). Sleep dysfunction and gastrointesti-
nal diseases. Gastroenterology & Hepatology, 11(12), 817–825. 
[PMID]

Klein, S. L., & Flanagan, K. L. (2016). Sex differences in im-
mune responses. Nature Reviews. Immunology, 16(10), 626–638. 
[DOI:10.1038/nri.2016.90] [PMID]

Mårild, K., Morgenthaler, T. I., Somers, V. K., Kotagal, S., Mur-
ray, J. A., & Ludvigsson, J. F. (2015). Increased use of hyp-
notics in individuals with celiac disease: A nationwide case-
control study. BMC Gastroenterology, 15, 10. [DOI:10.1186/
s12876-015-0236-z] [PMID] 

Moawad, M. H., Serag, I., Shalaby, M. M., Aissani, M. S., Sadeq, 
M. A., & Hendi, N. I., et al. (2024). Anxiety and depression 
among adults and children with celiac disease: A meta-analy-
sis of different psychiatry scales. Psychiatric Research and Clini-
cal Practice, 6(4), 124–133. [DOI:10.1176/appi.prcp.20230076] 
[PMID] 

Nowakowski, S., Meers, J., & Heimbach, E. (2013). Sleep 
and women's health. Sleep Medicine Research, 4(1), 1–22. 
[DOI:10.17241/smr.2013.4.1.1] [PMID] 

Palumbo, C. S., & Wyse, J. (2020). Markers of systemic and gut-
specific inflammation in celiac disease. The Turkish Journal of 
Gastroenterology, 31(2), 187–189. [DOI:10.5152/tjg.2020.19081] 
[PMID] 

Poluektov M. G. (2021). Sleep and immunity. Neuroscience and 
Behavioral Physiology, 51(5), 609–615. [DOI:10.1007/s11055-
021-01113-2] [PMID] 

Ranjbaran, Z., Keefer, L., Farhadi, A., Stepanski, E., Sedghi, 
S., & Keshavarzian, A. (2007). Impact of sleep disturbances 
in inflammatory bowel disease. Journal of Gastroenterol-
ogy and Hepatology, 22(11), 1748–1753. [DOI:10.1111/j.1440-
1746.2006.04820.x] [PMID]

Redwine, L., Hauger, R. L., Gillin, J. C., & Irwin, M. (2000). Ef-
fects of sleep and sleep deprivation on interleukin-6, growth 
hormone, cortisol, and melatonin levels in humans. The Jour-
nal of Clinical Endocrinology and Metabolism, 85(10), 3597–3603. 
[DOI:10.1210/jcem.85.10.6871] [PMID]

Rockstrom, M. D., Chen, L., Taishi, P., Nguyen, J. T., Gibbons, 
C. M., & Veasey, S. C., et al. (2018). Tumor necrosis factor 
alpha in sleep regulation. Sleep Medicine Reviews, 40, 69–78.
[DOI:10.1016/j.smrv.2017.10.005] [PMID] 

Rostami-Nejad, M., Taraghikhah, N., Ciacci, C., Pourhoseing-
holi, M. A., Barzegar, F., & Rezaei-Tavirani, M., et al. (2020). 
Anxiety symptoms in adult celiac patients and the effect of 
a gluten-free diet: An Iranian nationwide study. Inflamma-
tory Intestinal Diseases, 5(1), 42–47. [DOI:10.1159/000505657] 
[PMID] 

Sharifnejad, Y., Amanpour, F., Rostami, K., Tavirani, M. R., 
Pourhoseingholi, M. A., & Rostami-Nejad, M. (2023). Rela-
tionship between anxiety and quality of life in the presence 
of other factors in adult celiac patients; a nationwide study. 
Gastroenterology and Hepatology From Bed to Bench, 16(2), 151. 
[DOI:10.22037/ghfbb.v16i2.2134] [PMID]

Sobolewska-Włodarczyk, A., Włodarczyk, M., Talar, M., 
Wiśniewska-Jarosińska, M., Gąsiorowska, A., & Fichna, J. 
(2021). The association of the quality of sleep with proinflam-
matory cytokine profile in inflammatory bowel disease pa-
tients. Pharmacological Reports, 73(6), 1660–1669. [DOI:10.1007/
s43440-021-00333-0] [PMID] 

Staner L. (2003). Sleep and anxiety disorders. Dialogues in Clinical 
Neuroscience, 5(3), 249–258. [DOI:10.31887/DCNS.2003.5.3/ls-
taner] [PMID] 

Asri., et al. (2025). Tryptophan and Sleep in Celiac Disease. BCN, 16(3), 677-690.

http://bcn.iums.ac.ir/
https://doi.org/10.3748/wjg.v18.i42.6036
https://www.ncbi.nlm.nih.gov/pubmed/23155333
https://doi.org/10.1172/JCI164577
https://www.ncbi.nlm.nih.gov/pubmed/36647830
https://doi.org/10.3389/fcvm.2017.00048
https://www.ncbi.nlm.nih.gov/pubmed/28775986
https://doi.org/10.1155/2013/801341
https://www.ncbi.nlm.nih.gov/pubmed/24367384
https://doi.org/10.1155/2015/678164
https://www.ncbi.nlm.nih.gov/pubmed/26417606
https://doi.org/10.1038/nrn2576
https://www.ncbi.nlm.nih.gov/pubmed/19209176
https://doi.org/10.1080/23328940.2022.2109932
https://doi.org/10.1080/23328940.2022.2109932
https://www.ncbi.nlm.nih.gov/pubmed/37332305
https://doi.org/10.1038/npp.2016.148
https://www.ncbi.nlm.nih.gov/pubmed/27510422
https://doi.org/10.1016/j.jpsychores.2019.109843
https://doi.org/10.1016/j.jpsychores.2019.109843
https://www.ncbi.nlm.nih.gov/pubmed/31683065
https://doi.org/10.1371/journal.pone.0045610
https://doi.org/10.1371/journal.pone.0045610
https://www.ncbi.nlm.nih.gov/pubmed/23029133
https://doi.org/10.34172/mejdd.2022.272
https://www.ncbi.nlm.nih.gov/pubmed/36619141
https://pubmed.ncbi.nlm.nih.gov/27134599/
https://doi.org/10.1038/nri.2016.90
https://www.ncbi.nlm.nih.gov/pubmed/27546235
https://doi.org/10.1186/s12876-015-0236-z
https://doi.org/10.1186/s12876-015-0236-z
https://www.ncbi.nlm.nih.gov/pubmed/25649738
https://doi.org/10.1176/appi.prcp.20230076
https://www.ncbi.nlm.nih.gov/pubmed/39669540
https://doi.org/10.17241/smr.2013.4.1.1
https://www.ncbi.nlm.nih.gov/pubmed/25688329
https://doi.org/10.5152/tjg.2020.19081
https://www.ncbi.nlm.nih.gov/pubmed/32141830
https://doi.org/10.1007/s11055-021-01113-2
https://doi.org/10.1007/s11055-021-01113-2
https://www.ncbi.nlm.nih.gov/pubmed/34176995
https://doi.org/10.1111/j.1440-1746.2006.04820.x
https://doi.org/10.1111/j.1440-1746.2006.04820.x
https://www.ncbi.nlm.nih.gov/pubmed/17914945
https://doi.org/10.1210/jcem.85.10.6871
https://www.ncbi.nlm.nih.gov/pubmed/11061508
https://doi.org/10.1016/j.smrv.2017.10.005
https://www.ncbi.nlm.nih.gov/pubmed/29153862
https://doi.org/10.1159/000505657
https://www.ncbi.nlm.nih.gov/pubmed/32232054
https://journals.sbmu.ac.ir/ghfbb/index.php/ghfbb/article/view/2134
https://pubmed.ncbi.nlm.nih.gov/37554744/
https://doi.org/10.1007/s43440-021-00333-0
https://doi.org/10.1007/s43440-021-00333-0
https://www.ncbi.nlm.nih.gov/pubmed/34694623
https://doi.org/10.31887/DCNS.2003.5.3/lstaner
https://doi.org/10.31887/DCNS.2003.5.3/lstaner
https://www.ncbi.nlm.nih.gov/pubmed/22033804


Basic and Clinical

689

May & June 2025, Vol 16, No. 3

Sutanto, C. N., Loh, W. W., & Kim, J. E. (2022). The impact of 
tryptophan supplementation on sleep quality: A systematic 
review, meta-analysis, and meta-regression. Nutrition Re-
views, 80(2), 306–316. [DOI:10.1093/nutrit/nuab027] [PMID]

Taraz, M., Khatami, M. R., Hajiseyedjavadi, M., Farrokhian, A., 
Amini, M., & Khalili, H., et al. (2013). Association between an-
tiinflammatory cytokine, IL-10, and sleep quality in patients 
on maintenance hemodialysis. Hemodialysis international. 
International Symposium on Home Hemodialysis, 17(3), 382–390. 
[DOI:10.1111/hdi.12035] [PMID]

Therrien, A., Kelly, C. P., & Silvester, J. A. (2020). Celiac disease: 
Extraintestinal manifestations and associated conditions. 
Journal of Clinical Gastroenterology, 54(1), 8–21. [DOI:10.1097/
MCG.0000000000001267] [PMID] 

Villanacci, V., Vanoli, A., Leoncini, G., Arpa, G., Salviato, T., 
Bonetti, L. R., Baronchelli, C., Saragoni, L., & Parente, P. 
(2020). Celiac disease: histology-differential diagnosis-com-
plications. A practical approach. Pathologica, 112(3), 186–196. 
[DOI: 10.32074/1591-951x-157] [PMID]

Westerholm-Ormio, M., Garioch, J., Ketola, I., & Savilahti, E. 
(2002). Inflammatory cytokines in small intestinal mucosa 
of patients with potential coeliac disease. Clinical and Ex-
perimental Immunology, 128(1), 94–101. [DOI:10.1046/j.1365-
2249.2002.01798.x] [PMID] 

Yang, Y., Gu, K., Meng, C., Li, J., Lu, Q., & Zhou, X., et al. (2023). 
Relationship between sleep and serum inflammatory fac-
tors in patients with major depressive disorder. Psychiatry 
Research, 329, 115528. [DOI:10.1016/j.psychres.2023.115528] 
[PMID]

Zielinski, M. R., Systrom, D. M., & Rose, N. R. (2019). Fatigue, 
sleep, and autoimmune and related disorders. Frontiers in Im-
munology, 10, 1827. [DOI:10.3389/fimmu.2019.01827] [PMID] 

Zingone, F., Siniscalchi, M., Capone, P., Tortora, R., Andreozzi, 
P., & Capone, E., et al. (2010). The quality of sleep in patients 
with coeliac disease. Alimentary Pharmacology & Therapeutics, 
32(8), 1031–1036. [DOI:10.1111/j.1365-2036.2010.04432.x] 
[PMID]

Asri., et al. (2025). Tryptophan and Sleep in Celiac Disease. BCN, 16(3), 677-690.

http://bcn.iums.ac.ir/
https://doi.org/10.1093/nutrit/nuab027
https://www.ncbi.nlm.nih.gov/pubmed/33942088
https://doi.org/10.1111/hdi.12035
https://www.ncbi.nlm.nih.gov/pubmed/23490309
https://doi.org/10.1097/MCG.0000000000001267
https://doi.org/10.1097/MCG.0000000000001267
https://www.ncbi.nlm.nih.gov/pubmed/31513026
DOI: 10.32074/1591-951X-157
DOI: 10.32074/1591-951X-157
https://pubmed.ncbi.nlm.nih.gov/33179621/
https://doi.org/10.1046/j.1365-2249.2002.01798.x
https://doi.org/10.1046/j.1365-2249.2002.01798.x
https://www.ncbi.nlm.nih.gov/pubmed/11982596
https://doi.org/10.1016/j.psychres.2023.115528
https://www.ncbi.nlm.nih.gov/pubmed/37837811
https://doi.org/10.3389/fimmu.2019.01827
https://www.ncbi.nlm.nih.gov/pubmed/31447842
https://doi.org/10.1111/j.1365-2036.2010.04432.x
https://www.ncbi.nlm.nih.gov/pubmed/20937049


This Page Intentionally Left Blank


