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Causal relationship between

the gut microbiota and insomnia:
a two-sample Mendelian
randomization study

Qianfei Wang*?, Tianci Gao'?, Weichao Zhang'?, Dong Liu*?,
Xin Li*?, Fengiao Chen® and Jiangiang Mei**

The Graduate School, Hebei University of Chinese Medicine, Shijiazhuang, China, 2The First Affiliated
Hospital, Hebei University of Chinese Medicine, Shijiazhuang, China

Background: Changes in the gut microbiota are closely related to insomnia, but
the causal relationship between them is not yet clear.

Objective: To clarify the relationship between the gut microbiota and insomnia
and provide genetic evidence for them, we conducted a two-sample Mendelian
randomization study.

Methods: We used a Mendelian randomized two-way validation method to
discuss the causal relationship. First, we downloaded the data of 462,341
participants relating to insomnia, and the data of 18,340 participants relating to
the gut microbiota from a genome-wide association study (GWAS). Then, we
used two regression models, inverse-variance weighted (IVW) and MR-Egger
regression, to evaluate the relationship between exposure factors and outcomes.
Finally, we took a reverse MR analysis to assess the possibility of reverse causality.

Results: The combined results show 19 gut microbiotas to have a causal
relationship with insomnia (odds ratio (OR): 1.03; 95% confidence interval (Cl):
1.01, 1.05; p=0.000 for class. Negativicutes; OR: 1.03; 95% CI: 1.01, 1.05; p=0.000
for order.Selenomonadales; OR: 1.01; 95% CI: 1.00, 1.02; p=0.003 for
genus.RikenellaceaeRC9gutgroup). The results were consistent with sensitivity
analyses for these bacterial traits. In reverse MR analysis, we found no statistical
difference between insomnia and these gut microbiotas.

Conclusion: This study can provide a new direction for the causal relationship
between the gut microbiota (class.Negativicutes, order.Selenomonadales,
genus.Lactococcus) and insomnia and the treatment or prevention strategies
of insomnia.
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1 Introduction

Insomnia refers to a sleep disorder characterized by frequent
and persistent difficulty falling asleep or maintaining sleep despite
appropriate sleep opportunities and sleep environments (Sutton,
2021; Cunnington et al., 2013). The disease is mainly
characterized by difficulty in falling asleep, dreaminess, easy
awakening, and early awakening and is often accompanied by
physical symptoms (pain, nervous, and numbness) and mental
disorders (depression, anxiety, and irritability). According to the
statistics, more than 30% of the worldwide population experiences
one or more symptoms of insomnia (Madari et al., 2021), seriously
affecting the lives and work of patients. The pathogenesis of
insomnia is very complicated. The occurrence and development
of insomnia are closely related to individual factors and various
environmental factors. Susceptible factors, inducing factors, and
maintaining factors play a very important role (Proserpio
et al., 2020).

Recently, increasing evidence shows that changes in the gut
microbiota are closely related to host health (Agus et al., 2018;
Morrison and Preston, 2016). The microbiota—gut-brain axis has
been confirmed to be related to multi-system diseases, such as the
nervous system, and participates in the pathogenesis of many
mental diseases (Forslund et al., 2017; Cox and Weiner, 2018; Loo
et al., 2020). The gut microbiota is called the “second genome” of
the human body (Preethy et al., 2022). The ratio of bacteria to
human cells is now considered to be closer to 1:1, and the genes it
contains are 100 times that of human coding genes. The gut
microbiota has been shown to regulate body health and brain
function by participating in food digestion and decomposition
(Burokas et al., 2017), regulating bile acid metabolism (Burokas
et al., 2017), resisting pathogen invasion (Cheng et al., 2019), and
participating in immune response (Yang and Cong, 2021). At
present, there have been reports about insomnia and the gut
microbiota. Thaiss et al. (2016) found that, on the one hand,
changing the sleep pattern of mice can change the structure and
diversity of their gut microbiota, and on the other hand, changes
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in the gut microbiota can affect the diurnal fluctuations of host
physiology and disease susceptibility. Hua et al. (2020) found that
the abundance of some bacteria in autistic children with sleep
disorders decreased, which further affected the changes in levels of
various neurotransmitters, and which, in turn, may aggravate
sleep problems and autism spectrum disorder in children.
However, the specific mechanism has not been reported.
Therefore, exploring the causal relationship between the gut
microbiota and insomnia is particularly important for
explaining the incidence, treatment, and prevention of insomnia.

Mendelian randomization study (MR) is a method used in
epidemiology to evaluate the relationship between disease
exposure factors and disease risk (Sekula et al., 2016; Chen
et al, 2021). The genetic variation is used as an instrumental
variable to control the bias of causality estimation between disease
and exposure factors and eliminate the influence of unmeasured
confounders so as to draw strong causal inference. It has been used
in the study of many diseases, such as those investigating the
relationship between coffee consumption and kidney function
(Kennedy et al., 2020), smoking and stroke (Larsson et al.,
2019), and rheumatoid arthritis and osteoporosis (Liu et al,
2021). This study is based on pooled data from the Genome-Wide
Association Study (GWAS) and explores the causal relationship
between the gut microbiota and insomnia using a two-sample
MR method.

2 Materials and methods
2.1 Study design process

The exposure data and outcome data in this article are derived
from public databases, so this study does not require ethical
approval, an informed consent form, or other relevant materials.
We used the MR method to analyze the causal relationship between
gut microbiota and insomnia using genetic instrumental variables
(IVs). The study flow chart is shown in Figure 1.
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FIGURE 1

The study design of the associations between gut microbiota and insomnia.
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2.2 Source of exposure factors

We downloaded the gut microbiota data from https://
mibiogen.gcc.rug.nl/, the largest, multi-ethnic genome-wide meta-
analysis of gut microbes to date. The data is a collection of 16S
rRNA gene sequencing profiles and genotyping data from 18,340
subjects from 11 countries in Asia and Europe by the MiBioGen
Consortium. It maps the microbiome signature gene to identify
genetic loci that influence the relative abundance or presence of
microbial taxa, all of which are in the GWAS database. We diluted
all datasets to 10,000 reads per sample to account for differences in
sequencing depth and to classify them. The correlation analysis of
age, sex, technical covariates, and genetic principal components was
carried out. Finally, after eliminating unknown gut microbiotas, all
available GWAS summary statistics of 196 bacterial taxa (including
9 Phylums, 16 Classes, 20 Orders, 32 Families, and 119 Genera)
were eventually included in the MR analysis.

2.3 Source of outcome factors

We obtained online insomnia data through GWAS (https://
gwas.mrcieu.ac.uk/), Dataset: ukb-b-3957, POPULATION:
European, sex: male and female, samples size: 462,341, number of
SNPs: 9,851,867.

2.4 Selection of Vs

We screened for the statistically significant single-nucleotide
polymorphisms (SNPs) as IVs for subsequent studies. After
extracting the relevant information, we used the formula
[R*=2xMAFx (1-MAF) xPB% F= R* (n-k-1)/k (1-R?), MAF: minor
allele frequency of SNPs, n: the sample size, k: the number of IVs
employed] to calculate the proportion of variation explained (R*) and
F-statistics. We defined the condition of IVs, which is p < 1 x 107,
the linkage disequilibrium (LD) threshold at R?<0.001, and clumping
distance = 10,000 kb to ensure IVs were independent of each other
(Ning et al., 2022; Johnson et al., 2008). The SNPs with the lowest p-
value associated traits were retained and 196 bacterial traits were
clustered. Then, with the help of the screened SNPs, the relationship
between the gut microbiota and insomnia was identified using
different algorithms including the inverse-variance weighted (IVW)
method, weighted median method, MR-Egger regression, and the
MR pleiotropy residual sum and outlier (MR-PRESSO) test. Finally,
IVs were set to (p<1><1078) in reverse MR analysis.

2.5 Main analysis

We analyzed the relationship between the gut microbiota and
insomnia using the IVW method, which provides the most accurate
effect estimation for this study. Therefore, the IVW method was
used as the main analysis method in this paper. When there is no
pleiotropy in IV, the IVW method has high power and accuracy and
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can obtain the effect estimate with the minimum bias. In this paper,
we obtained the IVW mean of SNP ratio estimates by regression of
SNP-gut microbiota and SNP-insomnia association (Burgess
et al,, 2013).

2.6 Pleiotropy test

The IV pleiotropy increases the probability of type I errors in MR
analysis, and if it is eliminated directly, it may lead to a weak IV
(Burgess and Thompson, 2013). Therefore, we used MR-Egger
regression to test for potential horizontal pleiotropy, and if P <0.05,
horizontal pleiotropy was present. The MR-Egger regression method
tests for potential horizontal pleiotropy, which is a supplementary
method in this paper. MR-Egger regression, which weighted linear
regression of SNP-gut microbiota and SNP-insomnia effect estimates,
provided a valid causal effect estimate even when all SNPs were null
instruments. When the direction of the two results is consistent, it is
considered a relatively stable causal association.

2.7 Sensitivity analysis

Since the results of the IVW method are susceptible to valid
instrumentation and potential pleiotropic effects, we performed
sensitivity analyses to assess the robustness of the association, and
when the results were consistent, it was indicated that the causal
effect was significantly robust. This study also used the weighted
median method for sensitivity analysis and comparison with the
results obtained from the main analysis. Finally, we performed the
MR-PRESSO test, conducting a global test of heterogeneity to
identify whether SNPs were present with possible outliers, and we
obtained corrected association results after the test.

2.8 Reverse MR analysis

Reverse MR analysis was performed only if all MR methods
supported an association between the gut microbiota and
insomnia. That is, the causal relationship between insomnia as
exposure and the gut microbiota as outcome was assessed. The
study sample, method principle, and analysis steps of the reverse
MR analysis were the same as those of the forward MR analysis.
The direction of the causal effect was further confirmed when the
forward MR analysis was statistically significant and the reverse
MR analysis was not.

2.9 Statistical analysis

The above analysis was completed using R 4.3.0 and RStudio
software, and we conducted relevant research based on the
“TwoSampleMR” and “ggplot2” package environments. The
evaluation indexes were odds ratio (OR) and 95% confidence
interval (95% CI), and P <0.05 was statistically significant.
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3 Results

3.1 Main results of the 196 bacterial traits
with the risk of insomnia

We analyzed and identified 19 gut microbiotas that were
significantly associated with insomnia using the IVW
method (Figure 2).

We found that the three gut microbiotas (class.Negativicutes,
order.Selenomonadales, genus.RikenellaceaeRC9gutgroup) were
significantly positively correlated with insomnia using the IVW
method and the weighted-median method, whereas the MR-
PRESSO test did not detect outliers (P<0.05), and MR-Egger
regression showed no pleiotropy (P>0.05). One gut microbiota
(genus.Lactococcus) was significantly negatively correlated with
insomnia using the IVW method and the weighted-median
method, whereas the MR-PRESSO test did not detect outliers (P
<0.05), and MR-Egger regression showed no pleiotropy (P>0.05)
(Table 1, Figure 3).

We found that the other 15 gut microbiotas were significantly
associated with insomnia using the IVM method, (OR: 0.98; 95% CI:
0.97, 0.99; p=0.039, for class.Verrucomicrobiae; OR: 0.98; 95% CI:
0.97, 0.99; p=0.039, for family.Verrucomicrobiaceae; OR: 1.01; 95%
CI: 1.00, 1.02; p=0.017, for genus.Clostridiuminnocuumgroup; OR:
1.01; 95% CI: 1.00, 1.02; p=0.037, for genus.Adlercreutzia; OR: 0.98;
95% CI: 0.97, 0.99; p=0.039, for genus.Akkermansia; OR: 1.01; 95% CI:
1.00, 1.03; p=0.031, for genus.Dorea; OR: 1.01; 95% CI: 1.00, 1.03;
p=0.045, for genus.FamilyXIITAD3011group; OR: 1.02; 95% CI: 1.00,
1.04; p=0.012, for genus.Lachnoclostridium; OR: 1.01; 95% CI: 1.00,
1.03; p=0.020, for genus.Marvinbryantia; OR: 0.98; 95% CI: 0.97, 0.99;
p=0.024, for genus.Oscillibacter; OR: 1.02; 95% CI: 1.00, 1.04; p=0.031,

Outcome
Dataset: ukb-b-3957

Exposure
196 gut microbiota

U

Analysis methods:
IVW. MR-Egger regression.
weighted median. MR-PRESSO

Ul

Forward MR Analysis Reverse MR Analysis

Il

Causal Relationship Between Gut
Microbiota and Insomnia

FIGURE 2
Forest plot of the associations between 19 genetically determined
bacterial traits with the risk of insomnia.
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for genus.Parabacteroides; OR: 1.01; 95% CI: 1.00, 1.02; p=0.031, for
genus.Paraprevotella; OR: 1.00; 95% CI: 1.00, 1.01; p=0.024,
for genus.Prevotella7; OR: 0.98; 95% CI: 0.97, 0.99; p=0.038, for
phylum.Cyanobacteria; OR: 0.98; 95% CI: 0.97, 0.99; p=0.021,
for phylum.Verrucomicrobia); however, this causal relationship was
not supported (P>0.05) in the weighted median method results.

3.2 The result of reverse MR analysis

We performed reverse MR analysis of the four gut microbiotas.
The results showed that we did not find a statistically significant
association between Insomnia and any of the three gut microbiotas
(class.Negativicutes, order.Selenomonadales, genus.Lactococcus)
(Table 2). However, we found a statistically significant association
between Insomnia and genus.Rikenellaceae RC9 gut group.

4 Discussion

Insomnia is a sleep disorder characterized by frequent and
persistent difficulty falling asleep or maintaining sleep, resulting in
inadequate sleep satisfaction. The pathogenesis of insomnia is
complex, and it has been previously considered to be related to
the abnormality of the GABAergic neuron system (Abad and
Guilleminault, 2018), the dysfunction of the hypothalamic-
pituitary-adrenal axis (HPA axis) (Dong et al., 2021), the
dysfunction of melatonin and its receptor (Cardinali et al., 2012),
and the imbalance of central neurotransmitter secretion. The gut
microbiota plays an important role in digestion and metabolism
and is a hot research topic. It can regulate the central nervous
system through multiple neural pathways to affect the sleep and
mental state of the host and participate in the occurrence of a
variety of neuropsychiatric diseases. At present, many scholars have
proposed that the gut microbiota is closely related to nervous
system diseases. The gut microbiota can affect host behavior
through the immune, neuroendocrine, and vagus pathways of the
gut-brain axis, thus regulating the central nervous system
bidirectionally (Socala et al., 2021; Goralczyk-Binkowska et al,
20225 Agirman et al, 2021). Insomnia is an important nervous
system disease. Many studies have reported that drug intervention
can improve the metabolic abnormalities of enterobacter,
enterococcus, brucella, and other bacteria and correct the
phenomenon of intestinal flora disorder (Feng et al, 2023; Song
et al,, 2021; Wang et al,, 2022). However, most of the previous
studies involved the quantitative detection of intestinal flora, but no
conclusion of causality between them was made.

To analyze the causal relationship between insomnia and the gut
microbiota, we subsequently took a two-sample MR analysis using
data from the GWAS database. The results showed that we identified
19 gut microbiotas associated with insomnia, for example,
class.Verrucomicrobiae, family.Verrucomicrobiaceae,
genus.Clostridiuminnocuumgroup. Among them, three gut
microbiotas (class.Negativicutes, order.Selenomonadales,
genus.Lactococcus) were analyzed by forward and reverse MR and
various data analysis methods, indicating that there is strong evidence
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TABLE 1 Effect estimates of the associations of Insomnia with four gut microbiotas in the MR analysis.

Gut microbiome Methods 95% ClI p-value Intercept
p-value

class.Negativicutes Inverse-variance weighted 13 1.03 1.01-1.05 0.000
Weighted median 13 1.04 1.02-1.07 0.000
MR-PRESSO test 13 1.03 1.02-1.05 0.001

MR-Egger 13 0.105
order.Selenomonadales Inverse-variance weighted 13 1.03 1.01-1.05 0.000
Weighted median 13 1.04 1.02-1.07 0.000
MR-PRESSO test 13 1.03 1.02-1.05 0.001

MR-Egger 13 0.105
genus.Lactococcus Inverse-variance weighted 11 0.99 0.98-0.99 0.034
Weighted median 11 0.98 0.97-0.99 0.045
MR-PRESSO test 11 0.99 0.98-0.99 0.033

MR-Egger 11 0.879
genus.RikenellaceaeRC9gutgroup Inverse-variance weighted 13 1.01 1.00-1.02 0.003
Weighted median 13 1.01 1.00-1.02 0.001
MR-PRESSO test 13 1.01 1.00-1.01 0.001

MR-Egger 13 0.714

of a causal relationship between insomnia and that the three gut
microbiotas are closely related to the risk of insomnia. However,
genus.Rikenellaceae RC9 gut group and insomnia are mutually causal.

Class.Negativicutes is a gram-negative bacteria characterized
by two cell membranes and is a common strictly anaerobic double-
walled bacteria. Its potential to produce specific metabolites has
not been fully studied. At present, class.Negativicutes is closely
related to diseases such as COVID-19 (Song et al, 2023), low
birthweight infants (Warner et al., 2016), and obesity (Hu et al,
2022). In this study, it was found that there was a significant causal
relationship between class.Negativicutes and insomnia. Although
there was no report on this exposure factor and outcome index in
relevant studies and reports, we believed that it may play an
important role in the occurrence and development of insomnia.

In the future, we will focus on observing the changes of this flora in
insomnia, so as to provide positive or negative proof for the
causal relationship.

Order.Selenomonadales has also been identified as a risk factor
for insomnia. Existing studies have shown that the bacteria play a
role in Alzheimer’s disease (Zhuang et al, 2018), Idiopathic
Nephrotic Syndrome (He et al, 2021), and autism spectrum
disorder (Sun et al., 2019). Xia et al. showed that melatonin could
effectively improve the changes of intestinal flora in the host, in
which Selenomonadales was significantly reduced (Xia et al., 2022).
We hypothesize that this order.Selenomonadales may play a crucial
role in the progression of insomnia.

Genus.Lactococcus is a gram-positive bacterium of the family
streptococcaceae of lactobacillus and is the only negatively

id pval OR (95% CI)
class.Negativicutes <0.001 - 1.0304 (1.0142 — 1.0469)
class.Verrucomicrobiae 0.0399 -. 0.9863 (0.9733 — 0.9994)
family.Verrucomicrobiaceae 0.0399 - 0.9863 (0.9733 — 0.9994)
genus..Clostridiuminnocuumgroup 0.0178 - 1.0155 (1.0027 — 1.0285)
genus.Adlercreutzia 0.0373 - 1.0126 (1.0007 — 1.0245)
genus.Akkermansia 0.0399 - 0.9863 (0.9734 — 0.9994)
genus.Dorea 0.0315 - 1.0177 (1.0016 — 1.0342)
genus.FamilyXIIIAD3011group 0.0454 - 1.0159 (1.0003 — 1.0318)
genus.Lachnoclostridium 0.0128 - 1.0261 (1.0055 — 1.0471)
genus.Lactococcus 0.0335 - 0.9910 (0.9828 — 0.9993)
genus.Marvinbryantia 0.0202 -, 1.0168 (1.0026 — 1.0313)
genus.Oscillibacter 0.0242 - 0.9858 (0.9736 — 0.9981)
genus.Parabacteroides 0.0313 - 1.0216 (1.0019 — 1.0416)
genus.Paraprevotella 0.0314 '_ 1.0108 (1.0010 — 1.0208)
genus.Prevotella7 0.0249 .- 1.0089 (1.0011 — 1.0167)
genus.RikenellaceaeRC9gutgroup 0.0028 — 1.0110 (1.0038 — 1.0184)
order.Selenomonadales <0.001 .- 1.0304 (1.0142 — 1.0469)
phylum.Cyanobacteria 0.0387 - 0.9884 (0.9776 — 0.9994)
phylum.Verrucomicrobia 0.0219 -' 0.9846 (0.9716 — 0.9978)

a2 6.4 ois o8 1 12

FIGURE 3

Scatter plot of the associations of genetic variants with four bacterial traits and the risk of Insomnia.
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TABLE 2 Effect estimates of the associations of Insomnia with four gut microbiotas in the reverse MR analyses.

Gut microbiome Methods OR 95% ClI p-value Intercept
p-value

class.Negativicutes Inverse-variance weighted 32 1.37 0.94-1.99 0.099
Weighted median 32 1.42 0.84-2.38 0.189

MR-Egger 32 0.964
genus.Lactococcus Inverse-variance weighted 31 0.63 0.26-1.54 0.313
Weighted median 31 0.70 0.22-2.29 0.558

MR-Egger 31 0.604
genus.RikenellaceaeRC9gutgroup Inverse-variance weighted 30 0.39 0.15-0.99 0.046
Weighted median 30 0.30 0.08-1.18 0.085

MR-Egger 30 0.357
order.Selenomonadales Inverse-variance weighted 32 1.37 0.94-1.99 0.099
Weighted median 32 1.42 0.85-2.34 0.182

MR-Egger 32 0.964

correlated gut microbiota. In clinical microbiology laboratory
specimens, it can be isolated from blood, urine, eye cultures, and
more commonly from blood cultures of patients with endocarditis.
A study has shown that the genus Lactococcus is closely related to
insomnia in children (Nebbia et al., 2020).

This study has some advantages. Firstly, this study is based on
the GWAS data with the largest sample size in the world, without
animal and clinical trials, and is the most relevant study on the
relationship between insomnia and the gut microbiota. Secondly,
our identification of three gut microbiotas by MR analysis could
provide evidence for subsequent studies and help provide new
approaches to the targeted treatment of insomnia. Thirdly, the
use of MR analysis to explore the association between insomnia and
the gut microbiota can avoid the bias caused by reverse causality
and unknown confounding, and the different MR methods give
consistent causal effects, indicating the robustness of the results.

This study also has some limitations. Firstly, the population
included in this study was European, and the lack of data on other
ethnicities may have an impact on our causal relationship. Secondly,
bacterial classification is only analyzed at the genus level, lacking
more professional analysis such as species and strains. Thirdly, MR
analysis of the two samples failed to group the two sexes and to
understand whether there was a difference in virulence between
the sexes.

5 Conclusion

The causal relationship between insomnia and the gut
microbiota was evaluated by MR analysis.

Three gut microbiotas (class Verrucomicrobiae, family
Verrucomicrobiaceae, genus Clostridium innocuum) play a key
role in the progress of insomnia, which provides a new research
direction for the pathogenesis and treatment of insomnia.
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