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Background: Primary liver cancer (PLC) is a fatal malignancy, sleep quality and gut microbiota were shown to be associated with
PLC. However, the mechanism of how sleep quality affects PLC is unclear. This study aims to investigate the mediation/moderation
effects of gut microbiota on sleep quality and the occurrence of PLC.

Methods: The causality of sleep quality and the occurrence of PLC was detected through the Mendelian randomization (MR) analysis
based on the data including 305,359 individuals (Finland Database) and 456,348 participants (UK Biobank). The primary method used
for MR analysis was inverse-variance weighted analysis. Gut microbiota’ mediation/moderation effects were uncovered in the case—
control study including 254 patients with PLC and 193 people with benign liver diseases through the mediation/moderation effect
analyses. People’s sleep quality was evaluated through the Pittsburgh sleep quality index (PSQI).

Results: Poor sleep quality could lead to PLC through the MR analysis (P = 0.026). The case—control study uncovered that
Actinobacteria had mediation effects on the relationship between PSQI score, self-sleep quality, and the occurrence of PLC (P =
0.048, P = 0.046). Actinobacteria and Bifidobacterium could inhibit the development of PLC caused by short night sleep duration (P =
0.021, P = 0.022). Erysipelotrichales could weaken the influence of daytime dysfunction on PLC (P = 0.033). Roseburia modulated
the contribution of nocturnal insomnia and poor sleep quality to PLC (P = 0.009, P = 0.017).

Conclusion: Poor sleep quality was associated with PLC. Gut microbiota’ mediation/moderation effects on poor sleep quality and the
occurrence of PLC prompted an insightful idea for the prevention of PLC.
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Introduction

Primary liver cancer (PLC) is one of the most common malignancies, which ranks globally sixth in incidence rate (4.7%)
and third in fatality rate (8.3%)." PLC is closely bound up with human being’s life. The processes and variables
influencing the incidence of PLC are complicated. Previous studies have shown that sleep disturbances have
a significant impact on PLC.?> The International Agency for Research on Cancer (IARC) evaluates the experimental
and epidemiological evidence of the link between shift work and various cancers, concluding that circadian rhythm
abnormalities can accelerate the occurrence and development of tumors.®> These researches uncover sleep quality is
closely related to the occurrence of PLC, but the specific relationship between them remains unclear.
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Gut microbiota, a new “organ”, is regarded as closely related to human health.* Strong evidence suggests that an
imbalance of intestinal microorganisms can promote the development of PLC and pancreatic carcinoma through the gut—
liver axis.” Coincidentally, the microbial gut-brain axis is a critical regulatory factor in gut-brain activity.® These findings
suggest that the gut-brain axis and associated microbes may be the crucial regulatory routes for brain neurodegeneration.’
Similarly, people’s sleep conditions can influence intestinal bacteria via the gut-brain axis directly or indirectly.® While
the effects of sleep quality and gut microbiota on the occurrence of PLC are increasingly realized, a comprehensive
understanding of the relationship between sleep quality, gut microbiota and PLC is lacking.

The mediation/moderation effect analyses are regarded as the effective methods for uncovering the relationship between
risk factors and the occurrence of diseases.”'® These methods can detected the roles of the third party factors in the causal
pathway from exposures to outcomes. Accordingly, mediation/moderation effect analyses were further performed to reveal the
effects of gut microbiota on sleep quality and the occurrence of PLC. Meantime, Mendelian randomization (MR), an effective
strategy for overcoming confounding variables and reverse causality in classical observational research, measures the causal
link between exposure and outcome using an indicator of genetic variation.!' MR analysis uses single nucleotide polymorph-
isms (SNPs) as instrumental variables (IVs) because they are not affected by potential environmental confounders or disease
status, thus MR analysis is considered as a form of natural randomized controlled trial.'> The extended nature of PLC
progression challenges traditional research methodologies in effectively exploring the relationship between sleep quality and
PLC development. MR analysis emerges as a powerful method, addressing confounding variables and uncovering the causal
links between these factors. Additionally, there exists a significant research gap regarding the interplay between sleep quality,
gut microbiota, and PLC. This underscores the critical importance of employing mediation/moderation analyses and MR
analysis to facilitate pertinent studies, thereby revealing the complex interactions within these relationships. In this study, we
first engaged MR analysis to reveal the causal relationship between sleep quality and PLC. Then, a case—control study was
undertaken to uncover the causal mediation/moderation effects of gut microbiota on the relationship between sleep quality and

the occurrence of PLC.

Materials and Methods

Mendelian Randomization Analysis

Study Design

A two-sample MR design was used to evaluate the causal effect of sleep quality on PLC. It was based on the following three
core assumptions: (i) genetic Instruments Variables (IVs) must be strongly correlated with sleep quality evaluation index;
(ii) the IVs selected must be irrelevant to the confounding factors; (iii) IVs can only affect PLC through the exposure.'

Data Sources for Exposure and Outcome
First, we used the summary-level GWAS data correlated with the disorder of the sleep-wake schedule from the Finland
Database (https://r9.finngen.fi/), a Finnish cohort database (410 cases and 371,145 controls) containing very compre-

hensive genetic information, as the exposure to evaluate the people’s sleep quality. Meanwhile, we drew summary
statistics of GWAS associated with PLC, which was strictly defined by the International Classification of Diseases Tenth
Revision (ICD-10) codes from UK Biobank (a large cohort of approximately 500,000 individuals aimed at collecting the
genotype and various phenotypic data).'"* The outcome data includes 128 cases and 456,220 controls,'” and
Supplementary Table S1 displays the information of datasets utilized in this study.

Instrumental Variables Selection

To explore the causal relationship between the disorder of the sleep quality and PLC better, SNPs were used as IVs. Vs
were selected via the following criteria: (i) a GWAS-correlated P-value of 1 x 10—5 and (ii) a linkage disequilibrium r2
of <0.001, and <10,000 KB from the index variant'® To guarantee a high connection between IVs and exposure variables,
the F-statistic of each SNP was utilized to avoid bias induced by weak IVs.!” When the F value exceeded 10, it was
assumed that there was no weak instrumental variable bias. Furthermore, IVs selected for participation in this study were
scanned on the PhenoScanner website (http://www.phenoscanner.medschl.cam.ac.uk/) for pleiotropic effects; if any SNP
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was connected with the outcomes and confounding factors, they should be removed. Then, MR Pleiotropy RESidual Sum
and Outlier (MR-PRESSO) was applied to avoid outliers. Supplementary Figure S1 shows the MR analysis process.

Two-Sample Mendelian Randomization Analysis

Four distinct approaches of MR (inverse-variance weighted (IVW), MR-Egger, MR robust adjusted profile score (MR-
RAPS) and weighted median) were performed to make the results based on the summary-level GWAS data correlated
with the disorder of the sleep-wake schedule and PLC more robust. IVW was used as the major method, and MR-RAPS
was also utilized for further avoidance of bias due to weak IVs. To detect heterogeneity, the Cochran’s Q test was also
performed.

Case—Control Study

Patients

Patients with PLC and normal control group were recruited from January 2020 to May 2022 at the First Affiliated
Hospital of Wenzhou Medical University. PLC was clinically or pathologically diagnosed according to the National
Comprehensive Cancer Network (NCCN) standards.'® Patients’ inclusion criteria were as follows: (i) >18 years old; (ii)
no medication history that could modify the microbiome (like antibiotics, probiotics, lactulose, rifaximin, proton pump
inhibitors, etc.) in the last eight weeks; (iii) no history of hepatic encephalopathy and other malignant tumours; (iv)
signing the informed consent form. Fecal samples were collected before treatment. All clinical indicators such as age,
gender, body mass index (BMI), eating habits, smoking history, drinking history, hepatitis B infection, cirrhosis, and
serum markers were collected.

Eating habits were categorized into three levels: meat, vegetarian and balanced. Meat eaters were people who ate a lot
of meat and fish (three meals a day, every meal) and very little vegetarian food (less than one meal a day); vegetarians
included people that did not eat meat and fish (less than one meal a day) and lots of vegetarian food (three meals a day,
every meal); and balanced eaters for those who ate a balanced and reasonable amount of meat, fish, and vegetarian food
(three meals a day, every meal).'”*' According to the 11th Revision of the International Classification of Diseases (ICD-
11), the history of smoking and alcohol consumption was classified as never had, currently have, and quit.”* Never
smokers were those who had never smoked; smokers were those who had smoked for six months or more in their lifetime
and were currently smoking at the time of the survey; quitters included those who had smoked in the past but did not
smoke anymore at the moment of the survey. Meanwhile, never drinkers were those who had never consumed alcohol;
drinkers included those who have consumed alcohol at least once a week or more, continuously or cumulatively for more
than one year; and abstainers were individuals who had previously consumed alcohol but had not consumed alcohol for
one year at the time of the study. The flowchart of the case—control study is shown in Figure 1.

This study was conducted in accordance with the ethical standards laid down in the 1964 Declaration of Helsinki and its
later amendments. All human participants provided informed consent prior to inclusion in the study. This study was approved
by the Ethics Committee in Clinical Research of the First Affiliated Hospital of Wenzhou Medical University, Zhejiang,
China (Ref KY2022-101). Written informed consent from the patient was required for each patient before the research.

Sleeping Quality Evaluation

Patients’ previous sleep quality in recent three years was estimated by the Pittsburgh sleep quality index (PSQI)
schedule.”® The total PSQI score consisted of seven parts: self-sleep quality evaluation, the time required to enter
sleep at night, night sleep time, sleep efficiency, night sleep disorders, hypnotic drug use, and daytime dysfunction (often
feel sleepy or have no energy to complete the work during the day). The sleep quality was regarded as unpleasant when
the PSQI score was more than five; otherwise, sleep quality was regarded as excellent.

Fecal Sample Collection, 16S rRNA Sequencing and Analysis

Fecal samples were collected before treatment, which could reflect the changes in gut microbiota over a six-month period.
Each fecal sample’s genomic DNA was extracted using the EZNA Stool DNA Kit (D4015, Omega, Inc., USA). The V3-V4
region of 16S rRNA was amplified by PCR using two primers, 341F (5’-CCTACGGGNGGCWGCAG-3’) and 805R (5°-
GACTACHVGGGTATCTAATCC-3").** Divisive Amplicon Denoising Algorithm 2 in Quantitative Insights Into Microbial
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Figure | Flow chart of the case—control study. *By Figdraw.

Ecology 2 was hired to identify and rectify the original readings. The distribution differences between the two groups of
different flora were detected through principal coordinate analysis (PCoA) and non-metric multidimensional scaling (NMDS).
Linear discriminant analysis effect size (LEfSe) was utilized to filter the discriminating taxa across groups with the LDA >3.%

Propensity Score Matching Method

This study employed the propensity score matching (PSM) approach to eliminate confounding factors such as age,
gender, BMI, diet, smoking history, drinking history, and the prevalence of Hepatitis B and cirrhosis. The nearest
neighbor matching method (NNM) was utilized for 1:1 matching with the caliper value was 0.12.

Mediation/Moderation Effect Analyses

The mediation/moderation effect analyses were employed to explore the effects of gut microbiota on sleep quality and
the occurrence of PLC. We used the occurrence of PLC as the dependent variable, intestinal microorganisms as the
intermediate/regulatory variables, and indicators with different sleep statuses between both were taken as the independent
variables for analysis. The intermediate impact was verified using the Bootstrap approach. The Johnson-Neyman (JN)
method verified the regulation effects’ simple slopes and the range of moderation variables.

Statistical Analyses

All statistical analyses were performed with R software (V4.2.0). Continuous data were analyzed by #-test or Mann—Whitney
U-test, shown as mean + standard deviation (SD) or medians (interquartile range) according to the distribution. All MR-related
analyses were based on “TwoSampleMR”, “MR-PRESSO”, and “mr.raps” R packages. PSM was performed with the
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“Matchlt” R package. The mediating/moderating effect analyses were accomplished with the “mediation” and “interactions”
R packages. P-values <0.05 was deemed statistically significant.

Results

Mendelian Randomization Analysis

In total, 11 index SNPs were selected to genetically predict people’s sleep quality, which was measured by the disorder of
the sleep-wake schedule. The results of the F statistics for these genetic instruments were all larger than 10, which indicated
strong instruments (Supplementary Table S2). There were no SNPs identified to be linked with the outcome or confounding

variables through the Phenoscanner website (Supplementary Table S3). The MR-PRESSO, leave-one-out plot, as well as

scatter plot showed that there was no outlier (Supplementary Table S4 and Supplementary Figure S2). The IVW results
revealed that disorder of the sleep-wake schedule could lead to PLC (OR = 1.30, 95% CI: 1.03—1.63, P =0.026). There also
existed this causal relationship through the MR-RAPS (OR = 1.31, 95% CI: 1.03—1.68, P = 0.030). The MR results are
displayed in Supplementary Figure S3. And the P-value of Cochran’s Q test was >0.05 demonstrating that there was no

heterogeneity (Supplementary Table S4).

Case—Control Study

Baseline Characteristics

First, 254 individuals with PLC and 193 normal people were registered, among which 145 normal individuals and 173 with PLC
were involved according to the inclusion criteria. Then, 102 pairs of patients with PLC and normal people were eventually
selected for analysis after PSM with no difference in baseline characteristics (age, gender, BMI, diet, smoking history, and
alcohol drinking) (Supplementary Table S5). Clinical characteristics are shown in Figure 2 and Supplementary Table S6.

Sleep Quality Comparison
The results of PSQI scale showed that there were significant distinctions in sleep quality between the control and case
groups, mainly in these aspects: Self sleep quality assessment (P =0.001), Time required to go to sleep at night (P =0.001),
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Figure 2 Clinicopathological features of individuals with and without Primary Liver Cancer. *P < 0.05; **P < 0.01; ***P < 0.001.
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Sleep time at night (P = 0.002), Nocturnal sleep disorder (P < 0.001), Daytime dysfunction (P < 0.001), PSQI Score (P <
0.001) (Supplementary Table S7). Supplementary Figure S4 displays the distribution and differences in overall PSQI

SCOres.

Gut Microbiota Diver Differences

Based on the observed species index, Chaol index, and goods Coverage index, we found that alpha diversity in patients
with PLC was different from those without PLC (Figure 3A—C). Simpson index showed no statistical difference
(Figure 3D). PCoA and NMDS illustrated the beta diversity of intestinal flora (Figure 3E and F). The differences in
intestinal flora between the two groups were found through the Spearman correlation analysis (Supplementary Figure S5).
The LEfSe identified specific microbiota biomarkers, which was used as mediating/moderating variables (Figure 4A).
Biomarkers exhibiting statistical differences between the two groups were discovered from phylum to species (Figure 4B).

Mediation Effect Analysis

There was a connection between the PSQI Score, self-sleep quality assessment and PLC (Table 1). Actinobacteria was
employed as an intermediary factor between PSQI score, self-sleep quality assessment and PLC (95% CI: 0.00003-0.01,
P =0.048; 95% CI: 0.00044—-0.05, P = 0.046). Likewise, the direct and total impacts were significant, showing partial
intermediary effects existed (6.09%, 10.88%).

Moderation Effect Analysis

Table 2 represents the moderation effects of the intestinal flora between the two groups. Firstly, the Actinobacteria’s
regulatory effect was found between the score of night sleep time and PLC (P = 0.021). The regression coefficient of the
main effect implied that less night sleep time might increase the probability of PLC. However, the negative regression
coefficient of the regulatory effect indicated that Actinobacteria had a negative regulatory function. Then, we found that
Actinobacteria’s negative regulation existed when its relative abundance was less than 12.42% (Table 2 and
Supplementary Figure S6A). Secondly, the moderating effect also existed when Erysipelotrichales was applied as the
regulatory variable, while the independent variable was the daytime dysfunction score (P = 0.033). Moreover, the
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Figure 3 Analysis and description of differences in alpha diversity and beta diversity of gut microbiota between the individuals with and without Primary Liver Cancer. (A)
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Figure 4 Differences of gut microbiota between the individuals with and without Primary Liver Cancer. (A) Predominant taxa distribution in two group were showed in
a phylogenetic tree with clad-ogram; (B) Differential flora between two group were showed with the bar plot.

positive main effect revealed that severer daytime dysfunction (higher daytime dysfunction score) was positively related

to PLC. The positive regression coefficient of the regulatory impact demonstrated that Erysipelotrichales performed

a beneficial regulatory function. Regulation occurred when the relative abundance of Erysipelotrichales was over 0.97%

(Table 2 and Supplementary Figure S6B).

Table | The Mediation Effects of Various Levels of Gut Microbiota on
the Relationship Between Sleep Quality and Primary Liver Cancer

Gut microbiota Actinobacteria
Sleep status PSQI Score | Self-sleep quality assessment
Mediation effect 0.003 0.018
95% CI Lower 0.00003 0.00044
95% Cl Upper 0.01 0.05
P-value 0.048* 0.046*
Direct effect 0.05 0.15
95% CI Lower 0.03 0.05
95% CI Upper 0.06 0.24
P-value <0.00 | *¥* <0.00 | *#*
(Continued)
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Table | (Continued).

Level Class

Total effect 0.05 0.17
95% Cl Lower 0.04 0.07
95% Cl Upper 0.06 0.26
P-value <0.00 | ##* <0.00 |

Proportion of Mediation effect 6.09% 10.88%

Notes: *P-value < 0.05; **P-value < 0.01; ***P-value < 0.00l. P-values below 0.05 are
highlighted in bold typeface.

Abbreviations: PSQI Score, Pittsburgh Sleep Quality Index Score; 95% Cl, 95% confidence
interval.

Table 2 The Moderation Effects of Various Levels of Gut Microbiota on the Relationship Between Sleep Quality and Primary Liver
Cancer

Level | Gut Microbiota | Sleep Status Effect Estimate | SE [95% CI] P-value
Class | Actinobacteria Sleep time at night Main effect 0.597 0.230 | [0.146, 1.047] 0.009**
Moderation effect | —0.050 0.021 | [-0.092, —0.007] | 0.021*
Order | Erysipelotrichales Daytime dysfunction Main effect 0.640 0.172 | [0.304, 0.976] <0.00 | ##*
Moderation effect | 0.156 0.073 | [0.012, 0.299] 0.033*
Genus | Roseburia PSQIScore Main effect 0.357 0.075 | [0.210, 0.505] <0.00 | ##*
Moderation effect | 0.168 0.070 | [0.031, 0.306] 0.017*
Time required to go to sleep at night | Main effect 0.574 0.159 | [0.262, 0.886] <0.00 | ##*
Moderation effect | 0.369 0.141 | [0.093, 0.645] 0.009**
Bifidobacterium Sleep time at night Main effect 0617 0.228 | [0.171, 1.064] 0.007%**
Moderation effect | —0.048 0.021 | [-0.088, —0.007] | 0.022*

Notes: *P-value < 0.05; **P-value < 0.01; ***P-value < 0.001. P-values below 0.05 are highlighted in bold typeface.
Abbreviations: PSQI Score, Pittsburgh Sleep Quality Index Score; 95% Cl, 95% confidence interval.

We also discovered a significant relationship between the overall PSQI score and PLC via Roseburia (P = 0.017).
Meanwhile, Roseburia s moderation effect of the duration necessary to enter sleep at night and PLC existed (P = 0.009).
A higher PSQI score or a long time to go to sleep was taken as a higher risk of PLC. Uniformly, Roseburia’s active
regulatory impact was equally demonstrated in this research. The JN test revealed Roseburia’s regulatory effect on the
overall PSQI score and PLC when it was present (Table 2 and Supplementary Figure S6C). Besides, we found that when

the relative abundance of Roseburia was more prominent than 0.34%, its regulatory effect of the time required to enter
sleep at night and PLC existed (Table 2 and Supplementary Figure S6D). We also uncovered that Bifidobacterium could

be used as a regulatory variable of night sleep duration score and PLC (P = 0.022). Meanwhile, the central effect
regression coefficient indicated that less sleep time at night was associated with PLC. Nonetheless, Bifidobacterium
performing a passive regulatory function was proclaimed by the negative regulatory impact regression coefficient, while
the Bifidobacterium's relative abundance was less than 12.35% (Table 2 and Supplementary Figure S6E).

Association Between Specific Sleep Disorders, Gut Microbiota, and PLC

Moreover, we executed 1000 mediation and moderation analyses (5 specific sleep characteristics X 100 different gut
microbiota X 2 mediation/moderation analyses) to delve into the roles of gut microbiota as mediators and moderators.
These analyses covered 100 species, distributed evenly across every taxonomic level from phylum to genus, each
exhibiting significant disparities between PLC patients and healthy controls, as detailed in Supplementary Figure S5. Our

investigation focused on the intricate relationships between five specific sleep characteristics (each markedly different
between PLC patients and healthy controls including self-sleep quality assessment, time required to go to sleep at night,
sleep time at night, nocturnal sleep disorder, and daytime dysfunction as detailed in Supplementary Table S7) and PLC.
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Utilately, we found the mediation effect of Micrococcales and Micrococcaceae in relationship between sleep time at
night, daytime dysfunction, and PLC (Table 3). Meantime, we also discovered the mediation effect of Elusimicrobia and
Enterococcaceae (Table 3). Furthermore, some specific gut microbiota’s moderation effects were dected (Table 4). The
results of 1000 mediation and moderation analyses were detailed in Supplementary Tables S8—S12.

Discussion
This study used a two-sample MR method to explore the causal relationship between sleep quality and the occurrence of

PLC. The MR results showed that this causal connection existed. Furthermore, we revealed the relationship between

Table 3 The Mediation Effects of Various Levels of Gut Microbiota on the Relationship Between Specific Sleep
Disorder and Primary Liver Cancer

Specific Sleep Disorder Level Gut Microbiota OR [95% CI] P-value Proportion of
Mediation Effect

Sleep time at night Phylum Elusimicrobia 1.052 [1.024, 1.096] 0.012* 34.23%

Order Micrococcales 1.030 [1.002, 1.055] 0.022* 34.48%

Family Micrococcaceae 1.033 [1.002, 1.055] 0.023* 35.97%
Daytime dysfunction Order Micrococcales 1.033 [1.010, 1.058] 0.010* 41.56%

Family Enterococcaceae 1.024 [1.013, 1.060] 0.038* 23.33%

Family Micrococcaceae 1.022 [1.009, 1.058] 0.011* 28.57%

Notes: *P-value < 0.05. P-values below 0.05 are highlighted in bold typeface.
Abbreviations: OR, odds ratio; 95% Cl, 95% confidence interval.

Table 4 The Moderation Effects of Various Levels of Gut Microbiota on the Relationship Between
Specific Sleep Disorder and Primary Liver Cancer

Specific Sleep Disorder Level | Gut Microbiota OR [95% CI] P-value
Self sleep quality assessment Phylum | Epsilonbacteraeota 0.388 | [0.072, 0.773] | 0.037*
Time required to go to sleep at night | Class Coriobacteriia 1.126 | [1.008, 1.260] | 0.036*
Order | Coriobacteriales I.115 | [1.006, 1.262] | 0.023*
Family | Coriobacteriaceae 1.149 | [1.015, 1.301] | 0.028%*
Genus | Collinsella 1.148 | [1.015, 1.300] | 0.028*
Genus | Roseburia 1.446 | [1.097, 1.906] | 0.009**
Sleep time at night Phylum | Chloroflexi 0.065 | [0.005, 0.287] | 0.041%*
Class Actinobacteria 0.951 | [0.912,0.993] | 0.021%*
Class Alphaproteobacteria 0.027 | [0.001, 0.252] | 0.018%
Order | Bifidobacteriales 0.953 | [0.916, 0.993] | 0.022%
Order | Pseudomonadales 0.311 | [0.069,0.514] | 0.012%
Family | Bifidobacteriaceae 0.965 | [0.925, 0.993] | 0.016*
Family | Acidaminococcaceae 2.782 | [I.181, 6.554] | 0.019*
Genus | Bifidobacterium 1.196 | [1.007, 1.346] | 0.012%
Daytime dysfunction Phylum | Epsilonbacteraeota 0.233 | [0.134, 0.407] | 0.011%*
Class Erysipelotrichia 1.143 | [1.021, 1.579] | 0.033*
Class Bacteroidetes_unclassified | 0.029 | [0.002, 0.190] | 0.00 I%**
Class Campylobacteria 0.213 | [0.049, 0.412] | 0.011%*
Order | Erysipelotrichales 1.169 | [1.012, 1.349] | 0.033*
Family | Erysipelotrichaceae 1.159 | [1.008, 1.432] | 0.031%*
Family | Prevotellaceae 0911 | [0.834, 0.995] | 0.039*
Genus | Dialister 1.252 | [1.007, 1.556] | 0.043*

Notes: *P-value < 0.05; **P-value < 0.01. P-values below 0.05 are highlighted in bold typeface.
Abbreviations: OR, odds ratio; 95% Cl, 95% confidence interval.
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sleep quality and PLC via the gut microbiota through a case—control study. Encouragingly, we found that some gut
microbiota could mediate/moderate this relationship.

However, gut microbiota were pivotal in the onset and progression of PLC. Significant alterations had occurred in the
intestinal tracts of individuals with chronic liver diseases and cirrhosis, as evidenced by correlational researches.?*” Relevant
research had demonstrated that people’s sleep quality could impact their gut microbiota via the gut-brain axis.”® The gut
microbiota also plays a significant role in determining the quality of sleep in humans.® Sleep deprivation had also been found
in studies that could produce intestinal issues, inflammatory responses, and cognitive impairment among humans. Therefore,
we used intestinal microorganisms as third-party variables to detect the relationship between sleep quality and PLC.

We found that when Erysipelotrichales’s relative abundance was more significant than 0.97%, it could regulate the
development of daytime dysfunction in PLC. Relevant studies had shown that when its relative abundance increased in the
human body, and it could lead to non-alcoholic steatohepatitis (NASH), Alzheimer’s disease (AD), and sleep diseases.”’ ! These
studies provided a strong theoretical basis for our findings that daytime dysfunction could promote the occurrence of PLC
through Erysipelotrichales. Roseburia also played a positive moderating function between poor sleep quality and PLC when its
relative abundance was more significant than 0.34%. Relevant study elaborated that faecal microbiota composition in patients
with ulcerative colitis and rapid-eye-movement sleep behavior disorder differed considerably from that in healthy persons;
Roseburia hominis, a butyrate-producing species, was distinctly decreased, resulting in an ecological imbalance.****> However,
when patients who require this probiotic medication have agrypnia or sleep difficulties, this treatment may not be all that
straightforward. Although probiotic therapy, such as replenishing Roseburia, holds a bright future, it is not applicable all the time
and needs to be closely linked to the patient’s specific situation for precise treatment, according to our research findings.

In addition, we uncovered that Actinobacteria s partial mediating effects of PSQI score, self-reported sleep quality and
PLC (6.09%, 10.88%). When the relative abundance of Actinobacteria was less than 12.42%, it could adversely control the
pro-liver cancer impact of shorter night sleep duration. Jia et al and Nishida et al had disclosed that the abundance of
Actinobacteria was substantially greater in individuals with intrahepatic cholangiocarcinoma and sleep disturbance than in
healthy people.®**> This is consistent with the observations, indicating the vital function of Actinobacteria in the human body.
Likewise, we identified that if its abundance was too low or too high, the negative regulation of sleep quality and the
development of PLC might be employed as a new study avenue. Bifidobacterium, another well prophylactic, could inhibit the
advancement of PLC resulting from a lack of nocturnal sleep duration. In addition, passive legislation arose whenever its
relative abundance was less than 12.35%. A similar result was also obtained that oral administration of Bifidobacterium breve
(B. breve) w01 could inhibit tumour growth and promote tumour cell apoptosis.*® Concurrently, an animal study has shown
that administering probiotics such as Bifidobacterium can mitigate insulin resistance induced by chronic sleep deprivation in
rhesus monkeys.*” Based on the results of our study, supplementing these probiotic microorganisms may weaken the effect of
lack of sleep time at night on PLC.

Conversely, although having satisfactory internal consistency, reliability and validity, the PSQI scale falls short of
further defining people’s sleep quality.>> Consequently, it should be adopted with appropriate wearable devices to obtain
more detailed data on multiple sleep quality indices. Numerous confounding factors existed since this was a single-center
cross-sectional study. Therefore, a large multi-center cohort study is further needed. Moreover, although we have
identified the mediation/moderation effects of the gut microbiota on the relationship between sleep quality and PLC,
the precise mechanisms upstream and downstream remain uncharted. Thus, there is a compelling need for further
prospective clinical and foundational experiments to elucidate these pathways.

In conclusion, this research uncovered the relationship between sleep quality and PLC. Moreover, we utilized gut
microbiota as the mediate/moderate variables to detect the association between sleep quality and PLC. Several particular
gut microbiota could alter the impact of sleep quality on PLC, providing an alternative approach to probiotic therapy.

Abbreviations

PLC, primary liver cancer; MR, Mendelian randomization; GWASs, genome-wide association studies; [IVW, Inverse-variance
weighted; MR-RAPS, MR robust adjusted profile score; I'Vs, Instruments Variables; PSQI, Pittsburgh sleep quality index;
PSM, Propensity score matching method; NCCN, National Comprehensive Cancer Network; ICD-10, the International
Classification of Diseases Tenth Revision; ICD-11, the 11th Revision of the International Classification of Diseases; JN
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method, Johnson Neyman method; BMI, Body Mass Index; HBV, Hepatitis B virus; AFP, Alpha Fetoprotein; CEA,
Carcinoembryonic Antigen; CA199, Carbohydrate Antigen199; TBIL, Total Bilirubin; ALB, Albumin; ALT, Alanine
aminotransferase; AST, Aspartate Transaminase; PT, Prothrombin Time; PcoA, principal coordinates analysis; NMDS, non-
metric multidimensional scaling.
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