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Objective: The study aims to investigate the causal relationship between depression, sleep disorders, and constipation using
multivariable Mendelian randomization (MR) and mediation MR analysis. Additionally, the potential mediating effects of sleep
disorders in the association between depression and constipation were evaluated.

Methods: Genome-wide association study (GWAS) data were utilized to identify genetic variants associated with depression, sleep
disorders, and constipation as instrumental variables (IVs). The inverse-variance weighted (IVW) method was applied as the primary
analytical approach. The mediating role of sleep disorders was assessed through multivariable MR and mediation MR analysis, and
sensitivity analyses were conducted to assess the robustness of the findings.

Results: Depression was associated with a significantly increased risk of constipation (OR 1.26, 95% CI 1.11-1.44, P = 0.00034,
IVW). Reverse MR analysis did not demonstrate a significant effect of constipation on depression (P = 0.086). According to mediation
MR analysis, sleep disorders significantly mediated the causal association between depression and constipation, with a mediation rate
of 13%. Sensitivity analyses supported the consistency and robustness of the findings.

Conclusion: Findings from this study provide evidence of a causal relationship between depression and constipation, with sleep
disorders serving as a partial mediator. These findings offer novel insights into the mechanisms of depression-related constipation,
highlighting the potential role of sleep disturbances as a therapeutic target.
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Introduction

Depression ranks among the most prevalent mental health disorders, with an estimated annual prevalence of approxi-
mately 7.2%, and continues to contribute significantly to global disease burden and mortality.'* Projections by the World
Health Organization indicate that by 2030, depression will become the leading cause of global disease burden.’ The
effects of depression extend beyond mental health, contributing to various physical health conditions, including sleep
disorders and gastrointestinal disturbances such as constipation.

A strong association between depression and sleep disorders has been well-documented, with individuals experien-
cing depression frequently reporting sleep disturbances.* Additionally, a link between depression and constipation has
been observed.” However, the causal pathways underlying the relationship between depression, sleep disorders, and
constipation are not yet fully understood. While previous studies have investigated these associations, their findings have
been limited by potential biases, including reverse causality and residual confounding. Furthermore, few studies have
specifically examined the causal relationships among these three factors.
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Mendelian randomization (MR) is an epidemiological approach that utilizes genetic variants as instrumental variables
(IVs) to investigate causal relationships between clinical characteristics and disease phenotypes. This method assesses the
effects of exposure factors on health outcomes by leveraging genetic variations. Since genetic variants are randomly
classified during gametogenesis and are largely independent of environmental or lifestyle factors, MR is less susceptible
to biases related to reverse causality and confounding. This characteristic provides a distinct advantage in controlling for
confounding variables and mitigating reverse causation, thereby enhancing the reliability of research findings.® Due to
these methodological strengths, MR studies are often referred to as “nature’s randomized, double-blind trials” and serve
as an important complement to randomized controlled trials (RCTs).

Given these advantages, the aim of the present study was to comprehensively examine the relationships among
depression, sleep disorders, and constipation using MR analysis. Additionally, it was imperative in this study to elucidate
potential causal pathways and assess whether sleep disorders mediate the effect of depression on constipation.

Materials and Methods

Research Design
A two-sample bidirectional MR analysis was conducted using publicly available summary datasets from genome-wide
association studies (GWAS) of individuals of European ancestry to infer the causal relationship between depression and
constipation. The research design is illustrated in Figure 1. Additionally, multivariable MR was performed to examine
interaction effects among different variables, and mediation MR analysis was utilized to further investigate the mechan-
istic pathway linking depression and constipation.

All original studies included in the analysis had received approval from their respective ethics standards committees.
Therefore, no additional ethical approval or informed consent was required for this study. The analysis process adhered to
the STROBE-MR guidelines.’

Data Sources
GWAS summary data were obtained from publicly available datasets provided by the Integrated Epidemiology Unit
(https://gwas.mrcieu.ac.uk/). Genetic instruments for depression were derived from a study of 500,199 individuals of

European ancestry, including 170,756 cases and 329,443 controls, conducted by the Psychiatric Genomics Consortium
(PGC). Data on sleep disorders were sourced from a genome-wide summary analysis conducted in Finland, which

Mediation

Assumption2
.. Assumption1 Exposures MR analysis
Genetic instruments R Depression S

wulre sleep behavior disorder

Assumption3 X

Figure | Study design.
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recruited 216,700 participants (19,155 cases and 197,545 controls). GWAS data for constipation were also obtained from
a Finland cohort, comprising 218,792 individuals (17,246 cases and 201,546 controls), with a total of 16,380,466 single
nucleotide polymorphisms (SNPs). Additional details regarding data sources are provided in Supplementary Table 1.

Selection of Genetic Instrumental Variables
SNPs were utilized as IVs for MR analysis, adhering to the three fundamental assumptions of MR analysis:® (1) The
selected genetic variants must be strongly associated with the exposure factor (depression). To minimize bias, a threshold
of p < 5x107® was applied for IV selection, and the F-statistic for each IV was required to exceed 10. (2) The
instrumental variables should not be associated with any confounding factors that influence the relationship between
the exposure and outcome. To address this, the study population was restricted to individuals of European ancestry. (3)
The instrumental variables must influence the outcome solely through their association with the exposure, without
horizontal pleiotropy.

Applying the p < 5x10°® threshold and removing linkage disequilibrium (r* = 0.001, 10,000 kb), a total of 49 SNPs

associated with depression were selected, as detailed in Supplementary Table 2. The F-statistic for all selected SNPs
9,10

exceeded 10, and the calculation method for the F-statistic followed previously established approaches.

Data Analysis

All statistical analyses were performed using R software (version 4.2.1), with TwoSampleMR (version 0.5.7) and
MRPRESSO (version 1.0) packages applied for MR analysis. When p value was < 0.05, it was considered statistically
significant.

Two-sample MR analysis was initially conducted to investigate the causal effect of depression on constipation. The
inverse-variance weighted (IVW) method served as the primary analytical approach for estimating the association
between depression and constipation.'' To assess the robustness of the findings, sensitivity analyses were conducted
using alternative MR methods, including the weighted median method,'? MR-Egger regression,'*> and MR-PRESSO."
The presence of horizontal pleiotropy was evaluated using MR-Egger regression, where a statistically significant
intercept term indicated potential pleiotropic effects. Cochran’s Q test was performed to determine heterogeneity
among SNPs, with a statistically significant result suggesting substantial heterogeneity in the analysis. A leave-one-out
analysis was conducted to assess whether any single SNP disproportionately influenced the results.

The association between depression and constipation was expressed as an odds ratio (OR) with a 95% confidence
interval (CI). A value of p < 0.05 was interpreted as evidence supporting a potential causal relationship. Scatter plots,
funnel plots, and forest plots were generated to visualize the results.

Given that causal estimates from univariable MR analysis reflect the overall impact of exposure on outcomes,
multivariable MR analysis was performed to estimate the direct causal effect, considering potential mediating factors.
The difference between causal estimates obtained from univariable MR (total effect) and multivariable MR analysis
(direct causal effect) suggested that the causal pathway was at least partially mediated by an intermediate factor.'*'®
Specifically, multivariable MR mediation analysis was employed to estimate the proportion of mediation by sleep
disorders in the relationship between depression and constipation.'’

Results

Causal Relationship Between Depression and Constipation

The causal relationship between depression and constipation was assessed using MR analysis, with depression as the
exposure and constipation as the outcome. A total of 49 SNPs associated with depression were selected (Supplementary
Table 2), with all IVs demonstrating F-statistic values greater than 10 (ranging from 30.3 to 78.4), indicating that weak

instrument bias was unlikely. These variables were subsequently used to estimate the causal relationship between
depression and constipation.

The results indicated that individuals with depression had a 1.26-fold higher risk of constipation compared to those
without depression (inverse-variance weighted [[IVW] method: OR 1.26, 95% CI 1.11-1.44, p = 0.00034), as shown in
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Figure 2. Sensitivity analyses were performed using the weighted median and MR-PRESSO methods, both of which
supported the primary findings. MR-PRESSO further confirmed an increased risk of constipation among individuals with
depression (OR 1.27, 95% CI 1.12-1.43, p = 0.00044). The p-value of 0.667 derived from the MR-Egger intercept
indicated no evidence of pleiotropy. Additionally, both MR-PRESSO and leave-one-out plots detected no outliers, and
neither heterogeneity nor pleiotropy test statistics reached statistical significance, as shown in Figure 3. Reverse MR did
not demonstrate a significant relationship between constipation and depression (p = 0.086), as detailed in Supplementary
Table 3.

To further minimize the influence of confounding factors and horizontal pleiotropy, multivariable MR analysis was
performed (Supplementary Table 4). After adjusting for the influence of sleep disorders, the association between
depression and constipation remained statistically significant IVW: OR 1.23, 95% CI 1.08-1.40, p = 0.0021).
However, after adjusting for depression, the direct causal relationship between sleep disorders and constipation was
not statistically significant IVW: OR 1.13, 95% CI 0.98-1.30, p = 0.0813), as shown in Figure 4.

Additionally, mediation analysis was conducted to determine whether sleep disorders mediated the causal relationship

between the exposure variable (depression) and the outcome (constipation). The results indicated that the total effect of
depression on constipation was 0.23 (p = 0.000349, Supplementary Table 3), while the direct effect of multivariable MR
analysis (beta direct) was 0.20 (p = 0.002089, Supplementary Table 4). Mediation analysis further demonstrated that
sleep disorders significantly mediated the causal association between depression and constipation, with a mediation rate

of 13%, as shown in Figure 5.
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Figure 2 Causal relationship between depression, sleep behavior disorder, and constipation. A p < 0.05 was considered statistically significant.
Abbreviations: DEP, Depression; CST, Constipation; SBD, Sleep behavior disorder; Cl, Confidence Interval; OR, Odds Ratio.
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Figure 3 Visualization of Mendelian randomization (MR) analysis for depression and constipation. (A) Pleiotropy analysis. (B) Funnel plot. (C) Stability analysis using the
leave-one-out method. (D) Forest plot displaying MR effect sizes obtained from MR-Egger and IVW methods.
Abbreviation: MR, Mendelian randomization.

Discussion
The findings demonstrated a significant association between depression and constipation, with evidence suggesting
a causal relationship, thereby supporting the research hypothesis. Mediation analysis further indicated that sleep disorders
functioned as a key mediating variable in the causal pathway linking depression to constipation. This study was the first
to employ mediation MR analysis to evaluate the potential mediating role of sleep disorders in the relationship between
depression and constipation.

The findings of this study have significant implications for understanding the comprehensive impact of depression.
A significant association between depression and constipation was observed, consistent with previous research,
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Depression :
Univariable Estimate 47 L 1.26(1.11 to 1.44) 3e-04
Conditioned on sleep behavior disorder 47 I— 1.23(1.08 to 1.40) 0.0021
Sleep Behavior Disorder :
Univariable Estimate 3 P 1.20(1.01 to 1.42) 0.0336
Conditioned on depression 3 b 1.13(0.98 to 1.30) 0.0813
T I I
051 2 3

Decreased risk  Increased risk

Figure 4 Multivariate Mendelian randomization analysis using the inverse variance-weighted method to investigate the relationships among depression, sleep behavior
disorder; and constipation. A p < 0.05 was considered statistically significant.
Abbreviations: Cl, Confidence Interval; OR, Odds Ratio.
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Figure 5 Mediation effect of sleep disorders in the causal relationship between depression and constipation.

supporting the hypothesis of a correlation between these conditions.” Clinically, constipation in individuals with
depression is often attributed to the use of antidepressant medications. A meta-analysis reported a significantly higher
incidence of constipation among individuals receiving antidepressants compared to those receiving a placebo; however,
medication use represents only one contributing factor.'®

Individuals with depression frequently exhibit somatic symptoms, such as delayed colonic transit, which may result in
defecation disorders. A complex neural network exists between the brain and the gastrointestinal system, and depression
has been proposed to influence this brain-gut axis through the release of specific factors, such as adrenaline and cortisol,
which regulate gastrointestinal motility and increase susceptibility to gastrointestinal disorders.'® For instance, cortico-
tropin-releasing factor has been identified as a key mediating factor between emotional regulation and digestive tract
motor function, acting directly on the autonomic nervous system and playing a role in bowel habits and gastrointestinal
motility.° Furthermore, individuals with depression often experience reduced appetite and altered dietary habits, leading
to inadequate intake of dietary fiber and fluids, thereby increasing the risk of constipation.”'

Conversely, individuals with constipation have demonstrated a higher prevalence of depression, anxiety, and other
psychiatric disorders. Recent research suggests that gut microbiota play a crucial role in the development of depression
among individuals with functional constipation.”* The gut microbiome influences brain function through various path-
ways, such as endocrine (cortisol), immune (cytokines), and neural mechanisms (vagus nerve, enteric nervous system,

spinal nerves), contributing to the regulation of the microbiota-gut-brain axis.”> Additionally, individuals with
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constipation have been reported to exhibit a lower abundance of short-chain fatty acid-producing bacteria, such as
Clostridium and Lactobacillus species. Short-chain fatty acids play a role in modulating serotonin (5-hydroxytryptamine)
synthesis and secretion in the intestine, influencing neuronal development, and regulating emotions through neural
signaling pathways.***

In summary, the relationship between depression and constipation is complex and may involve bidirectional
influences. Constipation in patients with depression is often attributed to the use of antidepressant medications.
However, medication use is only one factor, as patients with depression frequently exhibit somatic symptoms.
A deficiency of serotonin (5-HT) in the central nervous system of patients with depression may lead to reduced gut
motility, resulting in constipation. Depression can activate the hypothalamic-pituitary-adrenal axis (HPA axis), releasing
stress hormones such as cortisol, which inhibit intestinal motility and cause dysbiosis of the gut microbiota. Conversely,
patients with constipation have a higher prevalence of depression, anxiety, and other psychiatric disorders. The gut
microbiota plays a significant role in this context. The gut microbiota exerts a central influence on neuroendocrine,
immune, and metabolic functions through the brain-gut axis. Short-chain fatty acids (SCFAs) and neurotransmitters (such
as serotonin, 5-HT) produced by the microbiota can affect brain function via the vagus nerve or the bloodstream. Patients
with depression often have dysbiosis of the gut microbiota, characterized by an increase in pro-inflammatory bacteria
(such as Bacteroides) and a decrease in anti-inflammatory bacteria (such as butyrate-producing Faecalibacterium and
Coprococcus). This imbalance may exacerbate neuroinflammation and depressive symptoms by triggering inflammatory
responses (such as cytokine release) or by disrupting the intestinal barrier. Probiotics, prebiotics, or fecal microbiota
transplantation may alleviate depressive symptoms by restoring microbial balance, enhancing 5-HT signaling pathways,
or reducing inflammation. For example, L. paracasei NCU-04 may improve depressive behavior in constipated mice by
promoting 5-HT synthesis in the colon. Through MR, there is evidence in this study supporting the causal impact of
depression on constipation, and offering a novel perspective on the interplay between these interconnected conditions.

Depression and sleep disorders are closely interconnected conditions, with research evidence indicating that both are
associated with an increased risk of chronic constipation. However, there have been limited studies that have examined
the role of sleep disorders in the relationship between depression and constipation. The importance of sleep disorders in
modulating the causal influence of depression on constipation through mediation analysis is highlighted in this study.
These findings are consistent with those of Abbasi et al, who reported that depression is a major determinant of sleep
disorders.?® Despite this, the gut microbiota, medications, neurodegenerative changes, and psychosocial factors also
constitute a multifactorial explanation, the consistency of which can be partly elucidated by common neuroendocrine and
immune mechanisms. The HPA axis dysregulation associated with depression not only leads to constipation but is also
closely related to sleep disorders. Both depression and sleep disorders can alter the gut microbiota (eg, a reduction in
Lactobacillus), inhibit colonic 5-HT synthesis, and thereby exacerbate constipation. The low-grade intestinal inflamma-
tion associated with depression may simultaneously affect sleep rhythms and gut motility through cytokine release.
Therefore, the 5-HT system may be a key link between emotional disorders and gastrointestinal function.

Existing literature has established a strong correlation between sleep quality and constipation, with mechanisms
believed to be similar to those underlying irritable bowel syndrome, including alterations in gut microbiota.”” Sleep
disorders may interfere with circadian rhythms, leading to abnormal basal motility patterns in the colon, reducing the
frequency and intensity of intestinal peristalsis, and thereby increasing the risk of constipation. Sleep disorders may also
alter the composition or activity of the gut microbiota, affecting the signaling of the enteric nervous system and further
inhibiting gut motility. Complement C4, as an immune regulatory factor, plays an important role in the association
between sleep disorders and constipation. Studies have found that low levels of complement C4 are associated with an
increased risk of sleep disorders, while patients with habitual constipation often have abnormalities in inflammatory
factors such as complement C4, suggesting that the immune system may influence sleep and gut function through the gut
microbiota—immune-brain axis. Additionally, psychological stress, anxiety, or depression may exacerbate both sleep
disorders and constipation simultaneously. In summary, the association between sleep disorders and constipation is
characterized by multifactorial and bidirectional regulation, involving the interplay of physiological rhythms, the brain-
gut axis, immune inflammation, and psychological factors. Sleep disturbances have also been linked to abnormal
gastrointestinal transit, which may result from immune-mediated responses to alpha-synuclein in submucosal colon
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nerve fibers or ganglia of the colon, as well as dysregulated abnormal expression and function of a2A adrenergic
receptors in the distal ileum.?®

However, caution should be exercised when considering pharmacological interventions for sleep disorders. From
a cross-sectional study, a significant association between hypnotic drug use and constipation was established (OR, 2.33;
95% CI, 1.30-4.16; p = 0.004), potentially due to the adverse effects of these medications on gastrointestinal tract
movement.”’ Given the complexities of pharmacological treatment, biological therapies may offer a more favorable
approach for managing sleep disorders while reducing the risk of constipation in individuals with depression.

A key strength of this study was the establishment of a causal relationship between depression and constipation using
the MR method, while also identifying sleep disorders as a key mediating variable in this pathway. These findings may
provide insights for the development of novel treatment strategies, highlighting the importance of addressing sleep
disturbances in the management of constipation, particularly in individuals with depression.

Additionally, this study offers a foundation for further investigation into the biological mechanisms linking depres-
sion, sleep disorders, and constipation. Future research should focus on exploring the underlying neurobiological and
immunological pathways involved in these associations, as well as assessing the effectiveness of various treatment
strategies aimed at improving sleep quality, alleviating depression, and managing constipation.

The findings of this study have significant implications for enhancing public health awareness and formulating
relevant policies. Depression and constipation are prevalent health concerns that substantially affect individuals’ quality
of life and occupational functioning. A comprehensive investigation into their associations and underlying mechanisms
may provide clinicians with valuable insights for improving diagnostic and therapeutic strategies, ultimately contributing
to better patient outcomes.

Furthermore, government agencies and public health institutions should prioritize education and awareness campaigns
regarding depression and constipation, promoting early recognition and the adoption of preventive measures.

However, certain limitations should be acknowledged. The MR analysis was restricted to individuals of European
ancestry, and the generalizability of these findings to other populations requires further validation.

Conclusion

Multivariable MR and mediation analysis were utilized in this study to demonstrate that depression increases the risk of
constipation through the mediating effect of sleep disorders. These findings carry important implications for clinical
practice and public health for understanding the underlying mechanisms linking depression and constipation, improving
diagnostic and therapeutic strategies, and enhancing patient quality of life. Future research should further investigate the
biological mechanisms underlying the association between depression and constipation and conduct additional interven-
tional studies to develop more effective treatment approaches.
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