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ABSTRACT

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-a) and interleukin (IL)-
10 levels were determined using enzyme-linked immunosorbent assay (ELISA). /L-2 and IL-4
expression was evaluated using quantitative real-time polymerase chain reaction (qQPCR).

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
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(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-a 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.
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Highlights
e 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.

e 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.

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-Wtodarczyk 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-a), 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-a 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).
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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-a, 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 03, with a total score ranging from
0to 21. A cumulative score of >6 indicates poor sleep quality
(Buysse et al, 1989; Farrahi Moghaddam et al., 2012).

May & June 2025, Vol 16, No. 3

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 pL of the clear supernatant into a GL Sci-
ences column with dimensions of 250%3.0 mm and a
particle size of 3 um. 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 1500xg
for 10 minutes. Subsequently, serum was collected and
stored at -80 °C for further biochemical analysis. The
concentrations of human TNF-a 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 /-2, [L-4, and beta-
2-microglobulin (B2M), a housekeeping gene, were
designed using Gene Runner software (version 3.05).
The primer sequences were as follows: /L-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-*4“method
(ACt=ACt target -ACt 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.

Basic and Clinical

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-a and IL-10 in poor and good
sleepers

Serum TNF-a 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-a 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).

Asti, etal. (2025). Tryptophan and Sleep in Celiac Disease. BCN, 16(3), 677-690.
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Table 1. Demographic and clinical data of studied participants (n=76)

Variables

Mean1SD/No. (%)

Age (y)

Age groups

Gender

Duration of CD (y)

GFD adherence duration (m)

Smoking

Marital status

Level of education

Clinical symptoms

40.29+11.62
18-30 13(17.10)
31-60 59(77.63)
>61 4(5.27)
Males 17(22.4)
Females 59(77.6)
8.13+9.58
<6 3(3.94)
6-12 3(3.94)
>12 70(92.12)
Yes 7(9.21)
No 69(90.79)
Single 29(38.15)
Married 47(61.85)
<Diploma 43(56.57)
BS 25(32.89)
MS 4(5.27)
PhD 4(5.27)
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.

The expression levels of IL-2 and IL-4 mRNA in
poor and good sleepers

We examined the relative expression of /L-2 and [L-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 /L-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, /L-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

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



http://bcn.iums.ac.ir/

Basic and Clinical

May & June 2025, Vol 16, No. 3

Table 2. Global sleep quality and seven PSQI subscales in the total sample of CD patients, in Tehran Province, Iran, 2022 (n=76)

No. (%)
Psal
Total Sample
Females 21(75)
Good 28(36.8)
Male 7(25)
General sleep quality
Females 38(79.16)
Poor 48(63.2)
Males 10(20.83)

Very good 10(13.2)
Subjective Fairly good 45(59.2)
iz Gueliy Fairly bad 15(19.7)

Very bad 6(7.9)

PSQl sub-scale
<15 14(18.4)
Sleep latency a2ty 2l
(m) 31-60 22(28.9)
>60 17(22.4)
>7 18(23.7)
6-7 31(40.8)
Sleep duration (h)

5-6 19(25)

<5 8(10.5)
>85 55(72.4)
75-84 14(18.4)

Habitual sleep efficiency (%)

65-74 4(5.3)

<65 3(3.9)

Not during past month 6(7.9)
Less than once a week 47(61.8)

Sleep problems

Once or twice a week 22(28.9)

Three or more times a week 1(1.3)
Not during past month 60(78.9)

Less than once a week 4(5.3)

Use of sleeping medications

Once or twice a week 3(3.9)

Three or more times a week 9(11.9)
No problem at all 29(38.2)
Only a very slight problem 22(28.9)

Daytime dysfunction

Somewhat of a problem 16(21.1)

A very big problem 9(11.8)

PSQI: Pittsburgh sleep quality index.

Asti, etal. (2025). Tryptophan and Sleep in Celiac Disease. BCN, 16(3), 677-690.



http://bcn.iums.ac.ir/

Basic and Clinical

May & June 2025, Vol 16, No. 3

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

Use of
Gen- Subjec- Slee Slee Habitual . . .
. . ubl P P tu Sleep Dis- Sleeping Daytime
Variables eral Sleep tive Sleep La- Dura- Sleep Ef- . .
. . X . . turbance Medica- Dysfunction
Quality Quality tency tion ficiency .
tions
P 0.291 0.052 0.962 0.062 0.95 0.009" 0.094 0.08
Age C lati
orre‘ation 0.12 0.22 -0.005 021 0.007 0.37 0.19 0.2
coefficient
P 0.831 0.267 0.343 0.573 0.292 0.107 0.84 0.821
T e
orrefation 0.02 0.13 0.11 0.06 0.12 0.12 0.2 -0.02
coefficient
P 0.351 0.991 0.372 0.105 0.968 0.198 0.187 0.447
CD dura-
tion  Correlation 1, 0.001 0.11 0.2 0.005 0.42 0.16 -0.09
coefficient
GFD P 0.972 0.801 0.85 0.607 0.602 -0.096 0.208 0.636
duration  Correlation 5, -0.03 002 006 021 -0.09 0.14 0.05
coefficient
P 0.122 0.703 0.932 0.610 0.573 0.76 0.298 0.666
Smoking Correlati
orrefation 0.17 -0.04 0009  -0.05 0.06 0.03 0.12 0.05
coefficient
. P 0.091 0.44 0.248 0.968 0.052 0.444 0.766 0.082
Marital
SElE g 0.09 013 0.006 0.22 0.08 0.03 -0.19
coefficient
P 0.483 0.938 0.540 0.99 0.517 0.135 0.349 0.167
TRP level C lati
orrelation - .24 0.02 0.17 0.004 0.2 041 0.22 0.57
coefficient
P 0.395 0.322 0.04" 0.63 0.59 0.092 0.262 0.031"
IL-2 level C lati
orrelation - .26 -0.31 -0.57 -0.16 0.17 0.76 -0.34 -0.6
coefficient
Abbreviations: GFD: Gluten-free diet; TRP: Ryptophan; IL-2: Interleukin-2.
“Statistically significant.
(P=0.03, =-0.6). No significant correlations were found 4. Discussion
between the other variables and different aspects of sleep
quality (Table 3). This study was conducted to investigate the quality of
sleep in Iranian patients with CD. This study explores
Primary awareness sources of CD patients 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

This study examined the primary sources of informa-
tion regarding CD, dietary considerations, and follow-up

for participants. Attendance at medical congresses was poor sleep quality.

identified as a substantial source of information, repre-

senting 52.6% of the sample. This result underscores the Consistent with these results, a previous study by Zin-
crucial role of professional gatherings in disseminating gone et al. (2010) also noted high PSQI scores among
knowledge within the medical community. patients with CD, indicating poor sleep quality charac-

_ _ o ) _ terized by prolonged sleep latency and short sleep dura-
Consultat10n§ _Wlth phys101t<1ns were crucial, with  ion Ballou et al. (2018) similarly observed poor sleep
67.1% of participants depending on this source. Most ity in 61% of patients with CD, aligning closely with

of the participants were observed and followed up by 4yr results. Furthermore, our study identified a signifi-
gastroenterologists. Table 4 presents the distribution of

cant positive correlation between the age of patients with
awareness from other sources.

CD and sleep problems, underscoring the importance of

Asri., et al. (2025). Tryptophan and Sleep in Celiac Disease. BCN, 16(3), 677-690.
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Table 4. Database sources of patient’s awareness about their disease, diet, and follow-up

Sources of Awareness No. (%)
Physician 38(50)
Social media 34(44.7)
Broadcast media 7(9.2)
(6]
Surfing the net 24(31.6)
Congress 40(52.6)
Books 17(22.4)
Physician 51(67.1)
Social media 15(19.7)
GFD
Books 7(9.2)
Surfing the net 23(30.3)
General practitioner 2(2.6)
Internist 4(5.3)
Follow-up
Gastroenterologist 73(96.1)
Traditional medicine 4(5.3)

integrating sleep evaluations into routine follow-up pro-
tocols as patients age. In alignment with this, a study by
Matrild 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-a, 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-a 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-a in the
subsequent days (Kaushal et al., 2012). Elevated TNF-a
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-a 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 1L-1
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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.

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

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

Note: Values are presented as Mean+SD.
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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.

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-
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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.
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