Ye et al. BMC Gastroenterology ~ (2025) 25:600 BMC Gastroente ro|ogy
https://doi.org/10.1186/s12876-025-04180-8

Check for
updates

Association between gastrointestinal
disorders and sleep-related problems: the
mediating effect of depression

Shicheng Ye'?, Lili Sui®, Xuan Zeng', Zhiwei Dong? Zhongaqin Liao' and Chongzheng Qu'*"

Abstract

Background The relationship between gastrointestinal(Gl) diseases and sleep-related problems—such as sleep
trouble and sleep disorders—remains insufficiently understood.

Methods Data were derived from the 2005-2014 U.S. National Health and Nutrition Examination Survey (NHANES).
Multicollinearity was evaluated using variance inflation factors. Multivariable logistic regression and subgroup
analyses were conducted to assess the association between Gl diseases and sleep trouble. Mediation analyses
explored whether depression mediated the relationships between Gl diseases and sleep outcomes, including sleep
trouble, sleep disorders, and sleep duration. Sensitivity analyses were performed to evaluate the robustness of the
results.

Results In the context of fully adjusted models, individuals afflicted with gastrointestinal diseases exhibited an
elevated propensity for experiencing sleep disturbances in comparison with those not affected by such conditions.
(adjusted OR=1.70,95% Cl: 1.41-2.05, P< .001). They also showed increased odds of sleep disorders (adjusted
OR=1.80,95% Cl: 1.34-2.41, P< .001) and a reduction in sleep duration (adjusted 3=-0.15, 95% Cl: -0.29 to -0.01,
P=0.038). These associations remained consistent across subgroups, including individuals without hypertension
(adjusted OR=1.69), without diabetes (adjusted OR=1.72), with no smoking history (adjusted OR=1.73), those with
coronary artery disease (adjusted OR=1.76), and those with higher DI-GM scores (adjusted OR=1.81) (all P-values <
.05). Mediation analysis indicated that depression partially mediated the associations between Gl diseases and sleep
trouble (Effect=0.023, 95% Cl: 0.022-0.035, P< .01), sleep disorders (Effect=0.010, 95% CI: 0.008-0.014, P< .01),

and sleep duration (Effect=-0.126, 95% Cl: —0.248 to —0.050, P=0.040). These mediation effects remained stable in
sensitivity analyses.

Conclusions Gl diseases are significantly associated with sleep disturbances, with depression serving as a partial
mediator. These findings highlight the importance of addressing both gastrointestinal and psychological health
in clinical efforts to improve sleep quality. Further research is needed to guide targeted interventions for this
interconnected set of conditions.
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Introduction

Sleep disorders and gastrointestinal (GI) diseases are
major public health concerns, affecting millions world-
wide and placing substantial burdens on healthcare sys-
tems. Common sleep disorders—including insomnia,
obstructive sleep apnea, and circadian rhythm disrup-
tions—are highly prevalent. Insomnia affects 10%—-30% of
adults, with higher rates among women (17.6%) than men
(10.1%). Sleep-disordered breathing impacts up to 50% of
older adults, particularly males [1]. These conditions are
associated with reduced productivity, increased the pos-
sibility of accidents, and higher rates of chronic diseases
such as cardizovascular disease, diabetes, and psychiatric
disorders [2]. Economically, sleep deprivation contributes
to substantial losses due to increased healthcare utiliza-
tion and diminished workforce performance [3].

GI diseases, including both functional(e.g., irritable
bowel syndrome [IBS]) and organic conditions(e.g., gas-
troesophageal reflux disease [GERD] and inflammatory
bowel disease [IBD]), are similarly widespread, affecting
over 40% of the global population [4]. These conditions
often present with symptoms such as abdominal pain,
bloating, diarrhea, and constipation, significantly impair-
ing quality of life and frequently requiring medical treat-
ment [5]. Their complex etiology involves factors such
as dietary patterns(e.g., low fiber intake), psychological
stress, infections, autoimmune mechanisms, and medi-
cation use(e.g., NSAIDs) [6]. Given their chronic nature
and high prevalence, GI diseases warrant strong atten-
tion in both clinical practice and public health planning.

Emerging evidence suggests a bidirectional relation-
ship between GI diseases and sleep disorders, whereby
dysfunction in one domain may exacerbate the other [7,
8]. Sleep deprivation has been shown to aggravate GI
symptoms, while nighttime GI issues—such as acid reflux
in GERD—can disrupt sleep patterns [9, 10]. Notably,
around 40% of individuals with IBS experience comor-
bid sleep disturbances, which are associated with more
severe GI symptoms and lower quality of life [11]. This
interaction may be driven by shared biological pathways,
including elevated pro-inflammatory cytokines(e.g.,
TNEF-q, IL-1, IL-6) and changes in gut microbiota that
affect the central nervous system via the gut—brain axis
[12, 13]. Depression, which frequently co-occurs with
both GI diseases and sleep disorders, has been identi-
fied as a potential mediator. Studies report higher rates
of depression and poorer sleep quality among individu-
als with IBS and IBD [14, 15]. The gut-brain axis—a bidi-
rectional communication network linking the central
and enteric nervous systems through neural, hormonal,
immune, and metabolic pathways—may underlie these
associations [13]. Despite its importance, the mediating
role of depression in the GI-sleep relationship remains
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underexplored, particularly in large population-based
studies.

Although the literature increasingly acknowledges
the links between sleep disturbance, GI disorders, and
depression, substantial knowledge gaps remain. Many
existing studies rely on small clinical samples, limiting
external validity. Additionally, while the role of the gut—
brain axis, systemic inflammation, and microbiota are
well documented, few studies have empirically tested
whether depression serves as a mediator using nation-
ally representative data [16]. This study seeks to address
these gaps by utilizing data from the National Health and
Nutrition Examination Survey (NHANES) to explore the
relationship between GI diseases and sleep disturbances,
focusing specifically on the mediating role of depression.
The use of NHANES enhances the generalizability of the
findings and their relevance to public health.

The primary objective of this study was to evaluate the
association between GI diseases and sleep outcomes,
while clarifying the potential mediating role of depres-
sion. By using a large, nationally representative sample,
this research aims to provide insights into the complex
interactions among gastrointestinal health, mental
health, and sleep, ultimately informing the development
of integrated interventions to improve sleep quality.

Materials and methods

Study population

The NHANES, administered by the National Center for
Health Statistics (NCHS), is a nationally representative
program designed to assess the health and nutritional
status of the non-institutionalized civilian U.S. popu-
lation. This study analyzed data from the 2005-2014
NHANES cycles, encompassing 50,965 participants.
Exclusion criteria were applied to remove 40,339 indi-
viduals for the following reasons: missing data on sleep
(n=18,869), gastrointestinal (GI) disease (n=4,033),
depression (1=1,959), or key covariates including edu-
cation, income-to-poverty ratio, BMI, hypertension,
smoking, alcohol use, and diabetes (n=4,010). Partici-
pants with a cancer diagnosis (n=2,305) or missing data
on coronary heart disease, heart failure, stroke, physi-
cal activity, HEI-2015, or DI-GM (n=9,163) were also
excluded. The final analytical sample consisted of 10,626
participants (Fig. 1).

Assessment of gastrointestinal disease

GI disease status was determined based on responses
from the “Current Health Status”section of the question-
naire. Participants were classified as having a GI disease
if they answered “yes”to the question: “During the past
30 days, have you had a stomach or intestinal illness with
vomiting or diarrhea?”
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Fig. 1 Flow chart

Assessment of sleep-related factors

Sleep duration was assessed via the question: “On aver-
age, how many hours of sleep do you usually get on week-
days or workdays?”Trouble sleeping and sleep disorders
were identified through affirmative responses to the
questions: “Have you ever been told by a doctor that you
had trouble sleeping?” and“Have you ever been told by a
doctor that you have a sleep disorder?” [17].

Assessment of depression

Depression was evaluated using the Patient Health Ques-
tionnaire-9 (PHQ-9), a validated instrument for assessing
depressive symptom severity [18]. The PHQ-9 consists of
nine items rated on a 4-point Likert scale (0="“not at all”
to 3="nearly every day”), yielding a total score from 0 to
27. A score of > 10 was used to indicate depression [19].

Covariates

Covariates included demographic and clinical vari-
ables: age, sex, race/ethnicity (Mexican American, Other
Hispanic, Non-Hispanic White, Non-Hispanic Black,
Other), education (< 9th grade, 9—11th grade, high school
diploma/GED, some college/associate degree,= college
graduate), income-to-poverty ratio, BMI, drinking status,
smoking status, hypertension, diabetes, physical activity,
HEI-2015, DI-GM, caffeine intake, coronary heart dis-
ease, heart failure, and stroke. Hypertension was defined
as self-reported high blood pressure with current use of
antihypertensive medications [20]. Diabetes was defined
as physician-diagnosed, fasting glucose>7.0 mmol/L, or
2-h plasma glucose (OGTT)=11.1 mmol/L. Prediabetes
was defined as fasting glucose 6.1-6.9 mmol/L or OGTT
7.8-11.1 mmol/L, or physician diagnosis [20]. Smoking
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status was classified as never smokers (never smoked or
quit over a year ago) and current smokers (smoked within
the past 30 days or resumed smoking>2 cigarettes per
day) [21]. Drinking status was categorized as never drink-
ers (<12 drinks in a lifetime) or current drinkers (>12
drinks per year or=6 occasions in the past 12 months)
[20]. Participants were considered positive for specific
cardiovascular conditions if they reported a diagnosis of
congestive heart failure, coronary heart disease, angina,
myocardial infarction, or stroke [21]. Physical activity
was assessed using the Global Physical Activity Ques-
tionnaire [18]. Total physical activity was calculated using
metabolic equivalent of task (MET) values based on
reported frequency and duration. Participants were clas-
sified as inactive (<600 MET-min/week) or active (=600
MET-min/week) [18]. BMI was calculated as weight in
kilograms divided by height in meters squared (kg/m?).

Statistical analyses

All statistical analyses followed NHANES analytic guide-
lines. Survey weights were adjusted for the five com-
bined cycles (2005-2014) by dividing the 2-year weight
variable (WTMEC2YR) by five. Primary sampling units
(SDMVPSU) and strata (SDMVSTRA) were applied to
account for the complex sampling design. After weight-
ing, each participant represented 7,826 individuals in the
U.S. population. Continuous variables were summarized
using means and standard deviations (SD), while categor-
ical variables were expressed as frequencies and weighted
percentages. Group comparisons were performed using
Student’s t-tests for continuous variables and chi-square
tests for categorical variables. Variance inflation factors
(VIFs) were used to assess multicollinearity. Multivari-
able logistic regression models were used to examine the
association between gastrointestinal disease and trouble
sleeping. Model 1 was unadjusted. Model 2 adjusted for
sex, age, race/ethnicity, education, and family income-
to-poverty ratio. Model 3 additionally adjusted for BMI,
drinking status, smoking status, hypertension, and dia-
betes. Model 4 further included physical activity, HEI-
2015, DI-GM, caffeine intake, coronary heart disease,
heart failure, and stroke. Subgroup analyses and inter-
action terms were included to assess effect modification
by demographic and health-related variables. Mediation
analysis was conducted using the R package mediation
to test whether depression mediated the relationship
between GI disease and sleep trouble. Direct, indirect,
and total effects were estimated using 5,000 bootstrap
iterations. Statistical significance was defined by a 95%
confidence interval excluding zero. To address missing
data, multiple imputation was performed using the R
package mice, preserving statistical power and minimiz-
ing bias. All analyses were conducted using IBM SPSS
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Statistics (version 24.0) and R (version 4.3.0). A two-sided
P-value <0.05 was considered statistically significant.

Sensitivity analyses

To evaluate the robustness of the results, additional
multivariable linear and logistic regression analyses
were conducted to examine the associations between
GI disease and both sleep duration and sleep disorder.
Unweighted analyses were also performed to assess the
consistency of the association between GI disease and
trouble sleeping.

Results

Participant characteristics by gastrointestinal disease
status

Table 1 summarizes the baseline characteristics of par-
ticipants with and without gastrointestinal (GI) diseases,
including gastric and intestinal disorders, from the 2005—
2014 NHANES cycles (n=10,626). The mean age of
participants was 45.56 years (SD =16.23), with a sex dis-
tribution of 50.78% women (n=5,377) and 49.22% men
(n=5,249). Among them, 6,444,797 participants were
identified as having GI diseases, with a similar mean age
of 45.60 years (SD=15.13).

Compared to those without GI diseases, participants
with GI conditions had significantly higher body mass
index(BMI: 29.89 vs. 29.00, P=0.007) and a greater prev-
alence of hypertension (39.26% vs. 29.60%, P<0.001),
diabetes(12.58% vs. 9.36%, P=0.013), heart failure(4.08%
vs. 1.90%, P<0.001), stroke(4.09% vs. 2.34%, P=0.010),
and depression(20.08% vs. 7.44%, P<0.001). In addi-
tion, they were less likely to engage in regular physical
activity(49.62% vs. 58.02%, P<0.001) and more likely to
report a history of smoking(27.15% vs. 21.37%, P=0.002).
Regarding sleep-related outcomes, individuals with GI
diseases reported shorter average sleep duration(6.69 vs.
6.85 h, P=0.047), a higher prevalence of trouble sleep-
ing(37.99% vs. 24.21%, P<0.001), and a greater frequency
of diagnosed sleep disorders(14.99% vs. 8.08%, P<0.001).

Association between gastrointestinal disease and sleep
trouble

As shown in Fig. 2, VIFs for all variables were below 3,
indicating no evidence of multicollinearity. Table 2 pres-
ents the results of logistic regression models assessing
the association between GI diseases and sleep trouble.
In the unadjusted model, GI disease was significantly
associated with sleep trouble (OR=1.92, 95% CI: 1.62—
2.27, P<0.001). After adjusting for potential confound-
ers—including sex, age, race/ethnicity, education, family
income-to-poverty ratio, BMI, drinking status, smok-
ing status, hypertension, diabetes, physical activity,
HEI-2015, DI-GM, caffeine intake, coronary heart dis-
ease, heart failure, and stroke, the association remained
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Table 1 Baseline characteristics of participants

Characteristic N Overall N=83,167 No Gastrointestinal Gastrointestinal disor-  p-value
disorders N=76,723 ders N=6,444
Sleep time?, Mean +SD 10,626 6.84+1.35 6.85+1.34 6.69+1.50 0.047
Sleep trouble °, n(%) 10,626 <0.001
No 8,036 (74.72%) 7,506 (75.79%) 530 (62.01%)
Yes 2,590 (25.28%) 2,276 (24.21%) 314 (37.99%)
Sleep disorder®, n(%) 10,626 <0.001
No 9,744 (91.38%) 9,020 (91.92%) 724 (85.01%)
Yes 882 (8.62%) 762 (8.08%) 120 (14.99%)
Demographics
Sex?, n(%) 10,626 <0001
FeMale 5,377 (50.78%) 4,863 (49.97%) 514 (60.39%)
Male 5,249 (49.22%) 4,919 (50.03%) 330 (39.61%)
Age(year)?, Mean +SD 10,626 4556+16.23 4556+16.32 4560+15.13 0.641
Race/ethnicity®, n(%) 10,626 0.346
Mexican 1,808 (8.81%) 1,646 (8.68%) 162 (10.32%)
Other Hispanic 1,093 (5.19%) 1,003 (5.17%) 90 (5.45%)
Non-Hispanic White 4,880 (68.36%) 4,505 (68.53%) 375 (66.36%)
Non-Hispanic Black 2,178 (11.36%) 2,011 (11.28%) 167 (12.23%)
Other Race 667 (6.28%) 617 (6.33%) 50 (5.65%)
Education®, n(%) 10,626 0631
<9th grade 1,130 (5.54%) 1,047 (5.58%) 83 (5.09%)
9-11th grade 1,731 (12.68%) 1,583 (12.60%) 148 (13.66%)
High school diploma/GED 2,547 (23.71%) 2,341 (23.61%) 206 (24.92%)
Some College/AA degree 3,101 (31.87%) 2,849 (31.82%) 252 (32.36%)
> College graduate 2,117 (26.21%) 1,962 (26.39%) 155 (23.98%)
Family income to poverty ratio?, Mean+ 10,626 296+1.65 298+1.65 277+1.69 0.005
BMI?, Mean+SD 10,626 29.07+6.93 29.00+6.88 29.89+7.46 0.007
Lifestyle
Smoking status®, n(%) 10,626 0.002
No 8,217 (78.19%) 7,622 (78.63%) 595 (72.85%)
Yes 2,409 (21.81%) 2,160 (21.37%) 249 (27.15%)
Drinking status®, n(%) 10,626 0.299
No 1,460 (10.91%) 1,358 (11.01%) 102 (9.73%)
Yes 9,166 (89.09%) 8,424 (88.99%) 742 (90.27%)
HEI-2015% Mean +SD 10,626 52.78+13.13 5295+13.18 50.76£12.35 0.002
DI-GM?, Mean +SD 10,626 514x£1.74 516+1.74 4.89+1.75 0.001
Caffeine®, Mean+SD 10,626 183.32+227.10 184.98+229.73 163.54+192.11 0.055
Physical activity®, n(%) 10,626 <0001
No 5,004 (42.63%) 4,558 (41.98%) 446 (50.38%)
Yes 5,622 (57.37%) 5,224 (58.02%) 398 (49.62%)
Comorbidities
Diabetes®, n(%) 10,626 0013
No 7,867 (78.60%) 7,283 (79.02%) 584 (73.64%)
Yes 1,378 (9.61%) 1,245 (9.36%) 133 (12.58%)
Borderline 1,381 (11.79%) 1,254 (11.62%) 127 (13.78%)
Hypertension®, n(%) 10,626 <0001
No 6,963 (69.65%) 6,477 (70.40%) 486 (60.74%)
Yes 3,663 (30.35%) 3,305 (29.60%) 358 (39.26%)
Coronary heart disease®, n(%) 10,626 0.130
No 9,924 (94.70%) 9,148 (94.83%) 776 (93.21%)
Yes 702 (5.30%) 634 (5.17%) 68 (6.79%)
Heart Failure®, n(%) 10,626 <0.001

No 10,319 (97.93%) 9,513 (98.10%) 806 (95.92%)
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Table 1 (continued)
Characteristic N Overall N=83,167 No Gastrointestinal Gastrointestinal disor-  p-value
disorders N=76,723 ders N=6,444
Yes 307 (2.07%) 269 (1.90%) 38 (4.08%)
Stroke®, n(%) 10,626 0010
No 10,284 (97.53%) 9,477 (97.66%) 807 (95.91%)
Yes 342 (2.47%) 305 (2.34%) 37 (4.09%)
Depressionb, n(%) 10,626 <0.001
No 9,573 (91.58%) 8,929 (92.56%) 644 (79.92%)
Yes 1,053 (8.42%) 853 (7.44%) 200 (20.08%)
SD Standard deviation
aStudent t-test
bChi-square test
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Fig. 2 Variance inflation factor graph
Table 2 Association between gastrointestinal diseases and risk of sleep trouble
Variables Model 1 Model 2 Model 3 Model 4
OR (95%Cl) P OR (95%Cl) P OR (95%Cl) P OR (95%Cl) P
Gastrointestinal diseases
No 1.00 (Reference) 1.00 (Reference) 1.00 (Reference) 1.00 (Reference)
Yes 1.92 (1.62~2.27) <.007%** 1.88 (1.59~2.24) <.007%** 1.73(1.44~2.08) <.007%** 1.70 (1.41~2.05) <.007%**
Model 1: Crude

Model 2: Adjust: Sex, Age, Race/ethnicity, Education, Family income to poverty ratio
Model 3: Adjust: Sex, Age, Race/ethnicity, Education, Family income to poverty ratio, BMI, Drinking status, Smoking status, Hypertension, Diabetes

Model 4: Adjust: Sex, Age, Race/ethnicity, Education, Family income to poverty ratio, BMI, Drinking status, Smoking status, Hypertension, Diabetes, Physical activity,
HEI-2015, DI-GM, Caffeine, Coronary heart disease, Heart failure, Stroke

OR Odds Ratio, CI Confidence Interval

***P <.001,significant difference compared with no Gl diseases
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significant (adjusted OR=1.70, 95% CI: 1.41-2.05,
P<0.001), indicating a 70% increased possibility of sleep
trouble among individuals with GI diseases.

Subgroup analyses

Subgroup analyses evaluated the consistency of the GI
disease—sleep trouble association across various popu-
lation strata (Fig. 3). The association remained signifi-
cant among participants without hypertension (adjusted
OR=1.69, 95% CIL 1.39-2.05, P<0.001), without dia-
betes (adjusted OR=1.72, 95% CI: 1.42-2.09, P<0.001),
and without a history of smoking (adjusted OR=1.73,
95% CI: 1.39-2.14, P<0.001). It also persisted among
those with coronary heart disease (adjusted OR=1.76,
95% CI: 1.13-2.75, P=0.016) and individuals with higher
DI-GM scores (adjusted OR=1.81, 95% CI: 1.29-2.55,
P=0.001). Interaction tests indicated no significant effect
modification by sex, age or chronic disease status (P for
interaction >0.05).

Mediation analysis

Multicollinearity diagnostics again confirmed acceptable
VIFs (<3) across models (Fig. 2), ensuring robust model
performance. Figure 4 shows the mediation results. A
significant total effect of GI disease on sleep trouble was
observed (Effect=0.108, 95% CI: 0.069-0.140, P<0.01).
After adjusting for depression, the direct effect remained
significant (Effect=0.085, 95% CI: 0.043-0.105, P<0.01),
while the indirect effect mediated by depression was also
significant (Effect =0.023, 95% CI: 0.022-0.035, P<0.01).
Depression accounted for 21.29% of the total effect.
Bootstrap validation confirmed the robustness of these
mediation estimates (Fig. 4A).

Sensitivity analyses

Sensitivity analyses using unweighted data (Supplemen-
tary Table 1) corroborated the primary findings. In the
fully adjusted model, GI disease was associated with a
1.71-fold increased possibility of sleep trouble (adjusted
OR=1.71, 95% CI: 1.47-2.00, P<0.001). Analysis using
NHANES-recommended weighted data showed consis-
tent results, with GI disease significantly associated with
sleep disorder (adjusted OR=1.80, 95% CI: 1.34-2.41,
P<0.001) (Supplementary Table 2) and reduced sleep
duration (adjusted p= -0.15, 95% CI. —0.29 to -0.01,
P=0.038) (Supplementary Table 3). Further mediation
analyses demonstrated that depression mediated both
the GI disease—sleep disorder and GI disease—sleep dura-
tion associations. Specifically, depression accounted for
19.23% of the effect on sleep disorder and 26.68% of the
effect on sleep duration (Figs. 4B—C).
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Discussion

The present study discovered that, among U.S. adults
aged>20 years, there was a significant relationship
between GI diseases and a heightened probability of
experiencing sleep disturbances (adjusted OR=1.70,
95% CI: 1.41-2.05, P<0.001), sleep disorder (adjusted
OR=1.71, 95% CI: 1.47-2.00, P<0.001), and reduced
sleep duration (adjusted p= -0.15, 95% CI: -0.29 to
—0.01, P=0.038). These findings suggest that individu-
als with GI conditions are more likely to experience dis-
rupted sleep patterns and shorter sleep times. Depression
was identified as a partial mediator in these relationships.

These results align with growing evidence supporting
a bidirectional relationship between GI diseases, sleep
disturbances, and depression, potentially mediated by
the microbiota—gut—brain axis. Recent studies have high-
lighted the role of gut microbiota in influencing sleep and
mood via neuroendocrine, immune, and metabolic path-
ways. For instance, a 2024 systematic review by Galie et
al. identified shared microbial biomarkers in both sleep
disorders and metabolic syndrome, suggesting that gut
dysbiosis associated with GI disease may disrupt sleep
through altered microbial metabolites [22]. Likewise,
Negi al. demonstrated that dietary components—such
as fiber and polyphenols—enhance the production of
sleep-regulating compounds like serotonin and melato-
nin, reinforcing the concept of chrononutrition in sleep
regulation [23].

The neuro—immune-endocrine axis is also critical.
Systemic inflammation, common in many GI diseases,
is characterized by elevated levels of pro-inflammatory
cytokines such as tumor necrosis factor(TNF), interleu-
kin-1(IL-1), and interleukin-6(IL-6), which have been
linked to sleep disturbances [24]. Khanijow et al. docu-
mented increased cytokine levels in patients with GERD
and IBD, providing a plausible biological explanation for
the observed sleep impairments [7]. Additionally, evi-
dence from chrononutrition research suggests that GI-
related circadian misalignment—caused by disrupted gut
function or irregular meal timing—may further exacer-
bate sleep issues [25].

Depression was selected as a mediator due to its high
comorbidity with both gastrointestinal (GI) diseases
and sleep disorders. Biologically, depression can influ-
ence GI function via the gut-brain axis, particularly
through the vagus nerve and the hypothalamic—pitu-
itary—adrenal(HPA) axis, both of which regulate stress
responses and gastrointestinal motility [13]. Psychologi-
cally, chronic GI symptoms—such as abdominal pain
and bloating—may lead to emotional distress, exacerbate
depressive symptoms, and subsequently disrupt sleep
[10]. Serotonin, a key neurotransmitter predominantly
synthesized in the gut, has been implicated in both
depression and sleep regulation [26]. In our mediation
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Variables
Age

<=50

>50

Sex
FeMale
Male
Hypertension
No

Yes
Diabetes
No

Yes
Borderline
Smoke
No

Yes

Drink

No

Yes

Physical activity

No

Yes

BMI
Underweight
Normal
Overweight
Obesity
Stroke

No

Yes

Heart failure
No

Yes

Coronary heart disease

No

Yes
Caffeine
<=101.0
>101.0
HEI-2015
<=52.23
>52.23
DI-GM
<=5

>5

Fig. 3 Sylvan chart
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4919 (93.8%)
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7622 (92.8%)
2160 (90.4%)

1358 (93.1%)
8424 (92.1%)
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5224 (93.3%)
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269 (84.7%)

9148 (92.4%)
634 (90.1%)

4968 (91.8%)
4814 (92.6%)

4857 (91.4%)
4925 (93.2%)

6132 (91.7%)
3650 (93.0%)

Yes n (%)

497 (7.9%)
347 (7.5%)

514 (9.2%)
330 (6.2%)

486 (6.8%)
358 (10.0%)

584 (7.3%)
133 (10.1%)
127 (9.1%)

595 (7.2%)
249 (9.6%)

102 (6.9%)
742 (7.9%)

446 (9.2%)
398 (6.7%)

14 (7.6%)
208 (6.6%)
244 (7.5%)
378 (8.8%)

807 (7.6%)
37 (12.8%)

806 (7.6%)
38 (15.3%)

776 (7.6%)
68 (9.9%)

429 (8.2%)
415 (7.4%)

458 (8.6%)
386 (6.8%)

541 (8.3%)
303 (7.0%)

OR (95%Cl)

1.68 (1.32 ~ 2.14)
1.74 (1.21 ~ 2.48)

1.58 (1.24 ~ 2.02)
1.84 (1.39 ~ 2.43)

1.69 (1.39 ~ 2.05)
1.99 (0.69 ~ 5.78)

1.72 (1.42 ~ 2.09)
1.20 (0.49 ~ 2.93)
1.40 (0.85 ~ 2.30)

1.73 (1.39 ~ 2.14)
1.31 (0.59 ~ 2.92)

2.16 (1.70 ~ 2.74)
1.40 (1.04 ~ 1.89)

1.73 (1.42 ~2.11)
1.84 (1.48 ~ 2.29)

1.51 (1.17 ~ 1.95)
1.97 (1.53 ~ 2.54)
2.04 (1.55 ~ 2.68)
1.27 (0.94 ~ 1.73)

1.87 (1.39 ~ 2.51)
1.53 (1.18 ~ 1.97)

1.46 (1.08 ~ 1.97)
1.99 (1.50 ~ 2.64)

1.41 (0.82 ~ 2.42)
1.76 (1.13 ~ 2.75)

1.93 (1.47 ~ 2.52)
1.72 (1.32 ~ 2.23)

1.43 (1.07 ~ 1.93)
0.45 (int ~ int)

1.16 (0.74 ~ 1.80)
1.81 (1.29 ~ 2.55)

LR NIRRT R (R

2
OR(95% CI)
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P

<.001***
0.003**

<.001***
<.001***

<.001***
0.192

<.001***
0.684
0.178

<.001***
0.492

<.001***
0.029*

<.001***
<.001***

0.002**
<.001***
<.001***

0.122

<.001***
0.002**

0.016*
<.001***

0.211
0.016*

<.001***
<.001***

0.018*
0.999

0.509
0.001**
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Fig.4 Intermediary graph

analysis, depression accounted for approximately 30% of
the observed association between GI disease and sleep
disturbance, suggesting it plays a significant but not
exclusive mediating role.

Beyond depression, other mechanisms may contribute
to the GI-sleep association, including systemic inflam-
mation, visceral hypersensitivity, and metabolic dys-
regulation. Inflammation is a well-established pathway,
evidence suggests that sleep deprivation increases pro-
inflammatory cytokine levels, creating a feedback loop
that sustains both sleep and GI disturbances [24]. Vis-
ceral hypersensitivity—frequently observed in functional
GI disorders such as IBS—can amplify pain perception
and impair sleep quality [27]. Metabolic impairments,
such as altered nutrient absorption in GI diseases, may
also disrupt the synthesis of sleep-regulating hormones
like melatonin [28]. Together, these biological pathways
underscore the complex interplay underlying the GI-
sleep relationship.

Although our findings are broadly consistent with
existing literature, discrepancies remain regarding the
strength and directionality of associations between
GI disorders and sleep outcomes. For example, Bal-
lou et al. found variable associations between constipa-
tion and depression severity, suggesting that different

(A)B (0.022~0.035)***

Mediation Proportion
21.29% (25.0%~31.88%), P <.001
- 0.085 (O 043~0.105)***

-0.126 (-0.248~-0.050)**
Total effect
Depression
AOM (-0.072~-0.040)***

Mediation Proportion
26.68% (20.23%~94.0%), P =0.004

- -0.093 (-0.189~-0.010)*
C

GI symptoms may have distinct effects on psychologi-
cal health and sleep quality [10]. Such inconsistencies
may stem from differences in study populations, meth-
odological approaches or the specific GI conditions
examined. Additionally, some studies adjusting for socio-
economic and lifestyle factors have reported attenuated
associations, indicating that contextual variables may
modulate these relationships [29, 30]. Further sources
of variability include unmeasured confounders, incon-
sistent definitions of sleep disorders, and the inherent
limitations of cross-sectional designs in establishing
causality. Although our use of the nationally representa-
tive NHANES dataset enhances generalizability, further
research is needed to resolve these inconsistencies.

The persistent association between GI diseases and
sleep disturbances among individuals with CHD and
higher DI-GM scores suggests that comorbid conditions
and gut-related factors may modulate this relationship.
CHD is characterized by chronic systemic inflamma-
tion, including elevated levels of C-reactive protein and
IL-6, which may amplify the inflammatory effects of GI
diseases on sleep physiology [31, 32]. Patients with CHD
frequently have other comorbidities such as obesity and
diabetes, both independently associated with GI dysfunc-
tion and sleep disruption, potentially creating synergistic
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adverse effects [7] This cumulative inflammatory and
disease burden likely contributes to the stronger associa-
tions observed in this subgroup.

Interestingly, higher DI-GM scores—typically indica-
tive of a healthier gut microbiome—did not mitigate the
association between GI disease and sleep disturbances.
This suggests that even with favorable microbiota com-
position, pathological processes such as visceral hyper-
sensitivity or chronic low-grade inflammation may
override the potential benefits [33]. Normally, a healthy
gut microbiome supports the synthesis of sleep-modu-
lating compounds, such as short-chain fatty acids and
serotonin [23]. However, the presence of GI disease, with
its associated pain, dysmotility, and psychological stress,
may negate these benefits, resulting in persistent sleep
problems [27]. These findings highlight the multifacto-
rial and bidirectional nature of the gut-—sleep axis and
support the need for integrated interventions addressing
both microbiome health and GI pathology.

Limitations
This study has several limitations. First, although the
sample size was sufficient for conventional regression
analyses, it may have been underpowered for machine
learning models, potentially limiting their ability to
detect complex, non-linear relationship. Second, the
reliance on self-reported data for GI diseases, sleep out-
comes, and CHD may introduce misclassification bias
and residual confounding, which could affect the preci-
sion of our findings [34]. Third, the cross-sectional design
precludes causal inference, making it unclear whether GI
disease leads to sleep disturbances or vice versa. Fourth,
reverse causality is plausible, as disrupted sleep may
worsen GI symptoms, creating a bidirectional feedback
loop [35]. Fifth, in the assessment of GI diseases and
sleep disorder, due to data limitations, functional and
organic gastrointestinal diseases could not be combined
and sleep apnea could not be assessed separately.Sixth,
due to missing or inconsistent data in NHANES, factors
such as obstructive sleep apnea, chronic pain, and hyp-
notic drug use cannot be adjusted.Finally, recall bias and
underreporting—particularly for conditions like CHD—
could have influenced the accuracy of subgroup analyses.
Despite these limitations, our findings offer valuable
insights. The strong associations observed in a large,
nationally representative sample emphasize the need for
integrated clinical strategies that address both gastroin-
testinal and psychological health to improve sleep quality.
Future longitudinal studies are necessary to determine
causal pathways and to investigate additional mediators,
including inflammatory and metabolic factors. Interven-
tions targeting the gut microbiome, chrononutrition,
and systemic inflammation may offer promising avenues
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to alleviate sleep disturbances in individuals with GI
disorders.

Conclusions

This study identifies a significant association between
gastrointestinal diseases and sleep disturbances, with
depression partially mediating this relationship. These
findings underscore the importance of addressing both
psychological and gastrointestinal factors in clinical
practice to improve sleep health. Continued research is
needed to clarify causal mechanisms and to develop tar-
geted, multidimensional interventions for this intercon-
nected triad of health concerns.
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