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Background: Anorexia nervosa (AN) and bulimia nervosa (BN) poses a significant 
challenge to global public health. Despite extensive research, conclusive 
evidence regarding the association between gut microbes and the risk of AN and 
BN remains elusive. Mendelian randomization (MR) methods offer a promising 
avenue for elucidating potential causal relationships.

Materials and methods: Genome-wide association studies (GWAS) datasets 
of AN and BN were retrieved from the OpenGWAS database for analysis. 
Independent single nucleotide polymorphisms closely associated with 196 gut 
bacterial taxa from the MiBioGen consortium were identified as instrumental 
variables. MR analysis was conducted utilizing R software, with outlier exclusion 
performed using the MR-PRESSO method. Causal effect estimation was 
undertaken employing four methods, including Inverse variance weighted. 
Sensitivity analysis, heterogeneity analysis, horizontal multivariate analysis, and 
assessment of causal directionality were carried out to assess the robustness of 
the findings.

Results: A total of 196 bacterial taxa spanning six taxonomic levels were 
subjected to analysis. Nine taxa demonstrating potential causal relationships with 
AN were identified. Among these, five taxa, including Peptostreptococcaceae, 
were implicated as exerting a causal effect on AN risk, while four taxa, including 
Gammaproteobacteria, were associated with a reduced risk of AN. Similarly, nine 
taxa exhibiting potential causal relationships with BN were identified. Of these, 
six taxa, including Clostridiales, were identified as risk factors for increased BN 
risk, while three taxa, including Oxalobacteraceae, were deemed protective 
factors. Lachnospiraceae emerged as a common influence on both AN and 
BN, albeit with opposing effects. No evidence of heterogeneity or horizontal 
pleiotropy was detected for significant estimates.

Conclusion: Through MR analysis, we revealed the potential causal role of 18 
intestinal bacterial taxa in AN and BN, including Lachnospiraceae. It provides new 
insights into the mechanistic basis and intervention targets of gut microbiota-
mediated AN and BN.
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1 Introduction

Recent epidemiological studies indicate that 16% of global 
mortality can be  attributed to mental disorders, rendering them 
among the leading causes of disability and premature death worldwide 
(Murray et al., 2020; Arias et al., 2022). Eating disorders are one of the 
common types of mental disorders, exhibiting an age-standardized 
prevalence of 174.0 per 100,000 population. The prevalence of eating 
disorders in high-income countries is about three times the global 
average (GBD 2019 Mental Disorders Collaborators, 2022). Anorexia 
nervosa (AN) and bulimia nervosa (BN) represent the most prevalent 
types of eating disorders and are uniquely identified as psychiatric 
conditions with elevated mortality risk in the Global Burden of 
Disease Study 2019 (GBD 2019 Demographics Collaborators, 2020). 
A common feature of patients with both disorders is an excessive focus 
on weight and body shape and attempts to control weight. Patients 
with AN often adopt excessive behaviors to avoid weight gain, while 
patients with BN experience multiple overeating followed by 
inappropriate weight-compensating behaviors (Timko et al., 2019). 
Studies have suggested that AN and BN may share the same 
psychopathological features and have reciprocal transformations, 
manifesting as similar behaviors, such as impulsivity and compulsion 
(Howard et al., 2020).

Cognitive behavioral therapy is the first-line treatment for adults 
with AN and BN (Treasure et al., 2020). Nevertheless, a meta-analysis 
found that over 60% of patients failed to fully abstain from core 
symptoms even after receiving the best available treatments (Slade 
et al., 2018). Maudsley model and focal psychodynamic psychotherapy 
are also first-line treatments for adults with AN. For adults with BN, 
third-wave behavioral therapies are feasible attempts, such as 
dialectical behavior therapy, acceptance and commitment therapy. 
However, previous evaluations have shown little difference in efficacy 
between these therapies and cognitive behavioral therapy (Byrne et al., 
2017; Linardon et al., 2017). For adolescents with AN and BN, family-
based interventions are recommended as first-line treatments by 
international evidence-based guidelines (Hilbert et  al., 2017). 
However, a Cochrane review suggests that the evidence favoring 
family-based interventions over standard treatment or other 
psychological approaches is not very solid (Fisher et  al., 2019). 
Therefore, new treatments for AN and BN, such as the novel ghrelin 
receptor agonist, and transcranial direct-current stimulation are still 
worthy of in-depth research and exploration (van Passel et al., 2020; 
Solmi et al., 2021).

The gut microbiota intricately participates in various physiological 
processes crucial for human well-being, including metabolic 
regulation and immune homeostasis (Fujisaka et al., 2018; Chen et al., 
2022). Emerging evidence suggests that the microbiota and the central 
nervous system communicate bidirectionally via the microbiota-gut-
brain axis, thereby influencing the pathophysiology of psychiatric 
disorders (Agirman et al., 2021; Cryan and Mazmanian, 2022; Fan 
et al., 2023). A recent study found that, multiple bacterial taxa, such 
as Clostridium, were altered in AN and correlated with estimates of 
eating behavior and mental health (Fan et al., 2023). A systematic 
review provided a clearer picture of the gut microbiota characteristics 
of AN patients. Preserved alpha-diversity and decreased beta-diversity 
were found in the qualitative synthesis. Three gut microbes (Alistipes, 
Parabacterioides and Roseburia), are able to effectively differentiate 
patients from controls (Di Lodovico et  al., 2021). Analogously, 

investigations into BN have corroborated a potential association 
between gut microbiota and BN development. Different pathological 
behaviors may be associated with a reduction in microbial diversity 
and typical microbiota-derived metabolites (Castellini et al., 2023). 
These findings underscore the intertwined relationship between gut 
microbiota and the progression of AN and BN. However, the causal 
link between specific bacterial taxa and AN and BN necessitates 
further elucidation.

Conventionally, randomized controlled trials represent the gold 
standard for establishing causality. However, ethical dilemmas, 
compliance issues and difficulties in family coordination add 
additional challenges to the study of AN and BN, especially for 
adolescents (Frostad and Bentz, 2022; Tsiandoulas et  al., 2023). 
Mendelian randomization (MR) offers a pragmatic alternative 
approach for assessing causality by utilizing single nucleotide 
polymorphisms (SNPs) as genetic instrumental variables (IVs) to 
statistically infer the causal impact of exposures on outcomes 
(Kurilshikov et al., 2021). This method emulates the random allocation 
process, thereby mitigating the influence of confounding variables 
(Emdin et al., 2017). Moreover, since the microbiome does not induce 
alterations in an individual’s DNA sequence, analyzing the causal 
relationship between gut microbiota and AN and BN through MR 
studies holds practical clinical relevance (Thomas, 2019). In this 
investigation, we employed two-sample MR analysis to scrutinize the 
potential causal role of gut microbiota in AN and BN, delineated 
specific pathogenic bacterial taxa, and elucidated their similarities, 
disparities, and associated mechanisms.

2 Materials and methods

2.1 Study overview

According to the law of independent assortment, genetic variants 
will be randomly assorted to gametes during meiosis. MR analysis 
uses this law as a principle to simulate randomized controlled trials 
using SNPs as genetic IVs. Because of this, MR study is seen as an 
appropriate method for analyzing the causal effects of exposure on 
clinical outcomes.

In this study, each bacterial taxon contained in the gut microbiota 
was categorized as a separate exposure. Of all, 196 gut microbiota taxa 
were selected as exposures (Kurilshikov et al., 2021), AN and BN were 
defined as the outcome variable (Wade et al., 2013; Duncan et al., 
2017). Two-sample MR analysis was conducted using summary 
statistics from genome-wide association studies (GWAS) to discern 
which bacterial taxa were causally associated with AN and BN, 
respectively. The overall design of the study is shown in Figure 1.

The analysis adhered to three pivotal assumptions inherent to MR 
studies (Emdin et  al., 2017; Skrivankova et  al., 2021): (1) genetic 
variation in exposed populations correlates with the exposure of 
interest, (2) genetic variation remains independent of confounding 
variables, and (3) genetic variation influences outcomes solely through 
the exposure of interest. The causal relationship between exposure 
factors and outcome factors was confirmed by testing 3 hypotheses 
that confirmed an indirect relationship between IV and outcome 
variables and was achieved only by exposure factors. A detailed 
information chart is provided in Supplementary material (Skrivankova 
et al., 2021).
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2.2 Genetic association data screening for 
AN and BN

All SNP data related to AN and BN were sourced from the MRC 
IEU OpenGWAS data infrastructure (Lyon et al., 2021), developed by 
the MRC Integrated Epidemiology Unit at the University of Bristol. 
This repository aggregates genetic associations from 50,037 GWAS 
datasets, totaling 346,312,366,530 genetic associations. Considering 
sample size, sequencing depth, ethnicity, and data recency, GWAS 
datasets for AN and BN authored by Duncan et al. (2017) and Wade 
et al. (2013), respectively, were selected. These studies encompassed 
13 study cohorts with a combined sample size of 16,919 individuals, 
drawn from diverse pedigrees to mitigate bias 
(Supplementary Tables S1, S2).

2.3 The selection of IVs

The genetic IVs of each bacterial taxon were obtained from the 
MiBioGen consortium, which comprised 18,340 individuals from 24 
cohorts. The consortium utilized standardized analytical pipelines for 
both microbiota phenotype and genotype, ensuring uniform data 
processing methods. This approach was employed to mitigate 

potential variations introduced by technical differences in generating 
microbiota data (Kurilshikov et  al., 2021). This study used three 
different regions (V4: 10,413 samples, 13 cohorts, V3–V4: 4,211 
samples, 6 cohorts and V1–V2: 3,716 samples, 5 cohorts) (V: 
hypervariable region sequencing for identifying bacterial taxa) of the 
16S rRNA gene to analysis the composition of gut microbiota and 
identified genetic variants that influent the relative abundance of 
microbial taxa by use of microbiota Quantitative Trait loci mapping 
(Kurilshikov et  al., 2021). Following the removal of 15 unknown 
bacterial taxa, the final dataset encompassed 196 taxa 
(Supplementary Table S3).

SNP screening entailed the following criteria (Sanna et al., 2019): 
(1) genome-wide SNPs with significance (p < 1 × 10−5), (2) exclusion 
of weak IVs with an F-statistic <10, (3) linkage disequilibrium (LD) 
testing to ensure independence of selected IVs (r2 < 0.1 within a 500 kb 
range), and (4) removal of SNPs with incompatible or palindromic 
allele frequencies.

2.4 MR analysis and sensitivity assessment

MR analysis was conducted using R software (version 4.3.2) to 
evaluate the potential causal effect of gut microbes on AN and BN risk. 

FIGURE 1

Flow chart of the study. GWAS, genome wide association study; SNPs, single nucleotide polymorphisms; MR, Mendelian randomization; LD, linkage 
disequilibrium; IVW, inverse variance weighted.
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MR estimates for each SNP were derived using the Wald ratio method, 
with meta-analysis performed using four methods: Inverse variance 
weighted (IVW), MR Egger, weighted median, and weighted mode 
(Hartwig et al., 2017). The IVW method, recognized for its superior 
accuracy under practical conditions (Bowden et al., 2016), served as 
the primary analytical approach, supplemented by the other three 
methods. Bonferroni correction was applied at each taxonomic level 
(phylum, class, order, family, and genus) to account for multiple 
comparisons. MR estimates with p < 0.05 were considered statistically 
significant, while false discovery rate (FDR) p-values <0.05 denoted 
unequivocal significance. All estimates were expressed as odds ratio 
(OR) with a 95% confidence interval (CI) per standard deviation 
increase in the corresponding exposure.

The MR-PRESSO test was employed to identify outliers and 
address heterogeneity. In instances of detected heterogeneity among 
genetic IVs, outliers were eliminated, and MR analysis was 
re-executed. Sensitivity analyses were conducted via the leave-one-out 
method, Cochran’s Q statistic was utilized to assess potential 
heterogeneity, and the MR Egger intercept test was employed to 
estimate horizontal pleiotropy. Finally, the Steiger method facilitated 
causal directionality analysis to mitigate potential effects of 
reverse causation.

3 Results

3.1 Overview of genetic IVs

Multiple SNPs were considered for each of the 196 bacterial taxa, 
following stringent screening based on genome-wide significance 
thresholds, LD testing, and validation of the F statistic. Any SNPs 
identified as outliers by MR-PRESSO (global test: p < 0.05) were 
excluded. All retained SNPs exhibited F-statistics exceeding 10, 
indicating a robust correlation between the genetic IVs and the 
corresponding bacterial taxa. The final roster of retained SNPs and 
pertinent statistics are detailed in Supplementary Tables S4, S5.

3.2 Relationship of intestinal bacterial taxa 
to AN and BN

Among the 196 taxon phenotypes examined, stringent Bonferroni 
correction did not reveal any unequivocal and significant causal 
relationships between gut microbiome and the risk of AN or BN (FDR 
p < 0.05). Nevertheless, based on analyses employing the IVW method 
and three additional methods, we  ascertained potential causal 
relationships between certain intestinal taxa and the risk of AN or BN 
(p < 0.05).

As shown in Table 1, we identified nine taxa with potential causal 
relationships with AN. Among these nine taxa, Peptostreptococcaceae 
(IVW OR = 1.341, 95% CI 1.039–1.733, p = 0.024), Coprococcus3 (IVW 
OR = 1.563, 95% CI 1.084–2.252, p = 0.017), Escherichia Shigella (IVW 
OR = 1.490, 95% CI 1.109–2.003, p = 0.008), Lachnospiraceae NC2004 
group (IVW OR = 1.287, 95% CI 1.019–1.626, p = 0.034), 
Lachnospiraceae UCG010 (IVW OR = 1.363, 95% CI 1.018–1.825, 
p = 0.038) were determined to have a causal effect on AN risk. And 
Cyanobacteria (IVW OR = 0.724, 95% CI 0.563–0.930, p = 0.012), 
Gammaproteobacteria (IVW OR = 0.619, 95% CI 0.406–0.943, 

p = 0.026), Mollicutes RF9 (IVW OR = 0.740, 95% CI 0.584–0.939, 
p = 0.013), and Eubacterium brachy group (IVW OR = 0.778, 95% CI 
0.643–0.942, p = 0.010) trended toward a lower risk of AN. Among the 
other three MR analysis methods (MR Egger, weighted median, 
weighted mode), only the weighted median method for the 
Coprococcus3 and Lachnospiraceae NC2004 group and the MR Egger 
calculations for Escherichia Shigella were statistically significant. It is 
noteworthy that all these results are in agreement with the IVW 
calculation method for this group, which to some extent reflects the 
stability of the results.

The scatter plot (Figure  2) visualized the causal relationship 
between gut bacterial taxa and AN. Each point in the graph represents 
a SNP, and the short lines of the cross at each point reflect its 95% 
CI. The abscissa is the effect of the SNP on the exposure (gut microbe), 
and the ordinate is the effect of the SNP on the outcome (AN). The 
slash lines of different colors represent the MR fitting results of 
different calculation methods. A slope greater than 0 indicates that the 
exposure factor (gut microbe) is a disadvantage of AN. For the fitting 
results of different methods, the results of IVW are generally the main 
ones. As shown in Figure  2, except for Cyanobacteria and 
Lachnospiraceae NC2004 group, the results of the other MR analysis 
methods for the remaining seven taxa were in agreement with their 
respective IVW results. However, despite the inconsistencies between 
the MR Egger method results of these two gut microbes and the IVW 
method, the results of the IVW method remained robust due to their 
wide CIs and loss of statistical significance.

As shown in Table 2, we identified nine taxa with potential causal 
relationships with BN. Among these nine taxa, Clostridiales (IVW 
OR = 1.128, 95% CI 1.016–1.252, p  = 0.024), Bilophila (IVW 
OR = 1.114, 95% CI 1.021–1.214, p  = 0.015), Coprobacter (IVW 
OR = 1.085, 95% CI 1.005–1.171, p  = 0.037), Holdemania (IVW 
OR = 1.096, 95% CI 1.016–1.182, p  = 0.018), Ruminococcaceae 
UCG009 (IVW OR = 1.082, 95% CI 1.004–1.166, p  = 0.038), and 
Slackia (IVW OR = 1.101, 95% CI 1.004–1.208, p  = 0.041) were 
determined to be the increased risk of BN. While Rhodospirillales 
(IVW OR = 0.921, 95% CI 0.851–0.996, p = 0.038), Oxalobacteraceae 
(IVW OR = 0.937, 95% CI 0.890–0.985, p = 0.011), Lachnospiraceae 
UCG008 (IVW OR = 0.927, 95% CI 0.871–0.987, p  = 0.018) were 
identified as protective factors. Of the other three MR analysis 
methods, only the weighted median method for the Rhodospirillales, 
Oxalobacteraceae, Bilophila, and Holdemania were statistically 
significant. All of these results are consistent with the IVW calculations 
for this group, reflecting the stability of the study results. As shown in 
Figure 3, except for Rhodospirillales, Ruminococcaceae UCG009, and 
Slackia, the results of other MR analysis methods for the remaining 
six taxa were in agreement with their respective IVW results. However, 
the results of the IVW method remained robust due to the wide CIs 
and loss of statistical significance of the MR Egger method. It is worth 
noting that due to the relative shortage of SNPs in Slackia, the MR 
Egger method calculates too wide CIs, which to some extent reflects 
the disadvantage of the method being overly conservative.

3.3 Sensitivity analysis of MR results

Prior to conducting MR analysis, MR-PRESSO analysis was 
performed to exclude potential abnormal SNPs. Subsequent tests were 
undertaken to ensure the sensitivity of the findings and mitigate 
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potential biases. The list of SNPs retained after the exclusion of 
aberrant SNPs by the MR-PRESSO method, along with relevant 
statistics, are presented in Supplementary Tables S4, S5. Further 
MR-PRESSO global test analysis revealed no outliers among IVs with 
significant causal relationships with AN or BN, as detailed in Table 3.

However, there might be  heterogeneity in IVs from different 
analysis platforms, experiments, and populations, which can affect 
the results of MR analysis (Cui et  al., 2023). To assess potential 
heterogeneity, Cochran’s Q statistic was computed, with all p-values 

exceeding 0.05, indicating the absence of heterogeneity in the study. 
This finding was corroborated by the results of funnel plot analyses 
(Supplementary Figures S1, S3). When IVs affect outcomes through 
factors other than exposure factors, they indicate that IVs are pleioty. 
Pleiotropy leads to the failure of the independence and exclusivity 
assumptions (Bowden et al., 2015; Verbanck et al., 2018). MR Egger 
intercept test results yielded p-values greater than 0.05, signifying the 
absence of pleiotropy in the study. Similarly, Steiger method analyses 
affirmed that all significant findings implicated gut microbiota in AN 

TABLE 1 Significant MR results of potential causal effect of gut microbiota on AN.

Level Exposure N SNPs Method OR 95% CI p-value

Phylum Cyanobacteria 8

IVW 0.724 0.563–0.930 0.012*

MR Egger 1.142 0.479–2.719 0.775

Weighted median 0.767 0.541–1.088 0.137

Weighted mode 0.545 0.299–0.994 0.088

Class Gammaproteobacteria 6

IVW 0.619 0.406–0.943 0.026*

MR Egger 0.533 0.141–2.011 0.406

Weighted median 0.645 0.376–1.108 0.113

Weighted mode 0.626 0.310–1.265 0.249

Order Mollicutes RF9 13

IVW 0.740 0.584–0.939 0.013*

MR Egger 0.776 0.381–1.580 0.498

Weighted median 0.760 0.549–1.053 0.099

Weighted mode 0.773 0.481–1.242 0.308

Family Peptostreptococcaceae 14

IVW 1.341 1.039–1.733 0.024*

MR Egger 1.436 0.805–2.561 0.244

Weighted median 1.288 0.914–1.814 0.148

Weighted mode 1.212 0.730–2.011 0.47

Genus

Coprococcus3 9

IVW 1.563 1.084–2.252 0.017*

MR Egger 3.927 1.072–14.381 0.078

Weighted median 1.704 1.036–2.804 0.036*

Weighted mode 1.902 0.868–4.168 0.147

Escherichia Shigella 10

IVW 1.490 1.109–2.003 0.008*

MR Egger 2.772 1.184–6.491 0.047*

Weighted median 1.384 0.924–2.072 0.115

Weighted mode 1.158 0.559–2.401 0.702

Eubacterium brachy group 9

IVW 0.778 0.643–0.942 0.010*

MR Egger 0.829 0.346–1.985 0.686

Weighted median 0.827 0.642–1.065 0.141

Weighted mode 0.861 0.599–1.239 0.444

Lachnospiraceae NC2004 group 9

IVW 1.287 1.019–1.626 0.034*

MR Egger 0.956 0.359–2.547 0.931

Weighted median 1.461 1.057–2.019 0.022*

Weighted mode 1.598 0.965–2.644 0.106

Lachnospiraceae UCG010 10

IVW 1.363 1.018–1.825 0.038*

MR Egger 1.879 0.881–4.005 0.141

Weighted median 1.256 0.858–1.839 0.240

Weighted mode 1.180 0.697–1.996 0.553

*Represents that p meets the significance threshold. N SNPs represents the number of SNPs being used as IVs; OR, odds ratio; CI, confidence interval; IVW, inverse variance weighted, MR, 
Mendelian randomization.
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or BN, with no evidence of reverse causality interference. Finally, 
sensitivity analysis employing the leave-one-out method 
demonstrated that the exclusion of any individual SNP did not 
substantially alter the results (Supplementary Figures S2, S4). These 
comprehensive analyses bolster the sensitivity and validity of the MR 
findings regarding the causal relationship between intestinal bacterial 
taxa and AN or BN.

4 Discussion

The escalating health and social burden attributed to eating 
disorders underscores the urgent need for effective treatments 

(Murray et al., 2020; Arias et al., 2022). It has been well-documented 
that eating disorders such as AN and BN interact with a range of 
mental and organic disorders (AlHadi et  al., 2022). Blocking the 
progression of AN and BN by modulating the gut microbiota and its 
metabolites has received widespread attention from clinical 
researchers (Jiao et  al., 2023; Himmerich and Treasure, 2024). 
However, the ethical dilemma and compliance problems in adolescent 
treatment add additional challenges to clinical research (Frostad and 
Bentz, 2022; Tsiandoulas et al., 2023). By leveraging genetic IVs, MR 
analysis facilitates a deeper understanding of the intricate interplay 
between gut microbiota and eating disorders, thereby offering 
promising avenues for targeted therapeutic interventions 
(Thomas, 2019).

FIGURE 2

Scatter plots of MR analysis of potential causal effect of 9 gut microbiota on AN. (A) Cyanobacteria, (B) Gammaproteobacteria, (C) Mollicutes RF9, 
(D) Peptostreptococcaceae, (E) Coprococcus3, (F) Escherichia Shigella, (G) Eubacterium brachy group, (H) Lachnospiraceae NC2004 group, 
(I) Lachnospiraceae UCG010. IVW, inverse variance weighted; AN, anorexia nervosa; MR, Mendelian randomization; SNP, single nucleotide 
polymorphism.
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Employing a two-sample MR analysis framework with GWAS 
datasets, we  identified nine bacterial taxa with potential causal 
associations with AN and nine bacterial taxa with potential causal 
associations with BN. A previous study found that core microbiota 
depletion signs were observed in patients with AN. Overrepresented 
taxa in patients taxonomically belonged to Alistipes, Clostridiales, 
Christensenellaceae, and Ruminococcaceae. And underrepresented 
taxa were Faecalibacterium, Agathobacter, Bacteroides, Blautia, and 

Lachnospira (Prochazkova et al., 2021). Similar studies have found that 
gut microbiota-associated metabolites, such as trimethylamine 
N-oxide (Wagner-Skacel et al., 2022), choline (Doose et al., 2023), 
serotonin (Hata et al., 2019), and p-cresyl sulfate (Miyata et al., 2021), 
in the onset and progression of AN and BN.

In this investigation, we identified five bacterial taxa, including 
Peptostreptococcaceae, Coprococcus3, Escherichia Shigella, 
Lachnospiraceae NC2004 group, and Lachnospiraceae UCG010, as 

TABLE 2 Significant MR results of potential causal effect of gut microbiota on BN.

Level Exposure N SNPs Method OR 95% CI p-value

Order

Clostridiales 10

IVW 1.128 1.016–1.252 0.024*

MR Egger 1.003 0.784–1.282 0.984

Weighted median 1.089 0.941–1.259 0.252

Weighted mode 1.077 0.900–1.288 0.438

Rhodospirillales 9

IVW 0.921 0.851–0.996 0.038*

MR Egger 1.055 0.687–1.620 0.813

Weighted median 0.908 0.825–1.000 0.049*

Weighted mode 0.906 0.806–1.019 0.137

Family Oxalobacteraceae 12

IVW 0.937 0.890–0.985 0.011*

MR Egger 0.970 0.757–1.244 0.817

Weighted median 0.906 0.844–0.972 0.006*

Weighted mode 0.891 0.788–1.007 0.092

Genus

Bilophila 10

IVW 1.114 1.021–1.214 0.015*

MR Egger 1.341 0.735–2.447 0.367

Weighted median 1.131 1.005–1.272 0.041*

Weighted mode 1.178 0.989–1.403 0.100

Coprobacter 7

IVW 1.085 1.005–1.171 0.037*

MR Egger 1.514 0.891–2.573 0.185

Weighted median 1.119 1.017–1.233 0.022*

Weighted mode 1.123 0.986–1.279 0.130

Holdemania 9

IVW 1.096 1.016–1.182 0.018*

MR Egger 1.094 0.699–1.712 0.705

Weighted median 1.103 1.002–1.215 0.045*

Weighted mode 1.104 0.986–1.236 0.125

Lachnospiraceae UCG008 9

IVW 0.927 0.871–0.987 0.018*

MR Egger 0.738 0.491–1.108 0.186

Weighted median 0.949 0.874–1.032 0.220

Weighted mode 0.957 0.845–1.083 0.505

Ruminococcaceae UCG009 9

IVW 1.082 1.004–1.166 0.038*

MR Egger 0.960 0.602–1.531 0.867

Weighted median 1.062 0.962–1.172 0.232

Weighted mode 1.043 0.925–1.175 0.513

Slackia 4

IVW 1.101 1.004–1.208 0.041*

MR Egger 0.451 0.001–163.645 0.816

Weighted median 1.094 0.973–1.231 0.135

Weighted mode 1.079 0.942–1.234 0.353

*Represents that p meets the significance threshold. N SNPs represents the number of SNPs being used as IVs; OR, odds ratio; CI, confidence interval; IVW, inverse variance weighted, MR, 
Mendelian randomization.
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potential causes for the increased risk of AN. The findings concerning 
Coprococcus and Escherichia Shigella align with those reported in a 
previous meta-analysis study (Zang et al., 2023). Hanachi et al. (2019) 
reported a decrease in the richness and diversity of gut microbiota in 
severely malnourished AN patients who received enteral nutrition. 
This study further identified a negative correlation between the 
severity of functional intestinal disorders in AN patients and 
Peptostreptococcaceae by 16S rRNA analysis. This seems to contradict 
our conclusion that Peptostreptococcaceae is a potential cause of 
AN. However, the abundance of Peptostreptococcaceae is influenced by 
a variety of factors. The abundance of Peptostreptococcaceae is 
increased in stool samples from patients with ulcerative colitis and 
colorectal cancer (Cheng et al., 2020). And it tends to decrease after 

probiotic consumption, suggesting that the abundance of 
Peptostreptococcaceae is easily influenced by food intake and probiotics 
(Hibberd et al., 2017; Zaccaria et al., 2023). This appears to explain the 
decrease in the abundance of Peptostreptococcaceae in patients with 
functional intestinal disorders of AN after receiving enteral nutrition, 
which is not related to the onset of AN. This finding underscores the 
intricate role of the intestinal microbiota in the interplay between AN 
pathogenesis and its accompanying symptoms.

Our investigation also revealed that four bacterial taxa, namely 
Cyanobacteria, Gammaproteobacteria, Mollicutes RF9, and 
Eubacterium brachy group, exhibited the potential to reduce the risk 
of AN. Previous 16S rRNA investigations have highlighted correlations 
between Eubacterium and AN (Hanachi et al., 2019; Yuan et al., 2022), 

FIGURE 3

Scatter plots of MR analysis of potential causal effect of 9 gut microbiota on BN. (A) Clostridiales, (B) Rhodospirillales, (C) Oxalobacteraceae, 
(D) Bilophila, (E) Coprobacter, (F) Holdemania, (G) Lachnospiraceae UCG008, (H) Ruminococcaceae UCG009, (I) Slackia. IVW, inverse variance 
weighted; BN, bulimia nervosa; MR, Mendelian randomization; SNP, single nucleotide polymorphism.
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but directional causality remains elusive, a view that is confirmed by 
our findings. These microbes are one of the major producers of 
butyrate and play an important role in immunomodulatory processes 
at the intestinal mucosal level, which may be  one reason for the 
reduced risk in AN patients (Yuan et al., 2022). Cyanobacteria are 
single-celled prokaryotes capable of oxygen-producing photosynthesis, 
which are mainly used in fields such as fertilizers and fuels (Arias 
et al., 2021). Recent studies have found that Cyanobacteria contains a 
variety of bioactive components that can induce autophagy and 
apoptosis, regulate epigenetic modifications, and exert antitumor 
effects (Bouyahya et  al., 2024). Xu et  al. (2019) found that 
Cyanobacteria were associated with neuropsychological behavior 
induced by long-term alcohol exposure, and the mechanism may 
be  related to the secretion of brain-derived neurotrophic factor. 
Depression-like behavior induced by a high-fat diet in mice is also 
associated with increased abundance of Cyanobacteria (Hassan et al., 
2019). Similarly, Gammaproteobacteria have been shown to 
be abundant in young adults with major depressive disorder, regardless 
of psychotropic medication (Liu et al., 2020). Mice exposed to chronic 
social defeat stress showed mild depressive-like behavior and an 
increase in the abundance of Mollicutes (Kosuge et al., 2021). And a 
study on anti-anxiety drugs found that (R)-ketamine might work by 
downregulating Mollicutes (Yang et al., 2017). Based on the available 
evidence, these gut microbes (Cyanobacteria, Gammaproteobacteria, 
Mollicutes) are all positively associated with depression, and their 
potential role in reducing AN risk remains to be confirmed by clinical 
studies. These three types of gut microbes seem to help distinguish 
between AN and depression, which have similar clinical manifestations.

In a previously published MR analysis, Actinobacteria, Bilophila, 
Holdemania, Lactobacillus, Ruminococcaceae UCG009, and two 

unknown gut microbes were identified as risk factors for the 
development of AN, which is very different from our conclusions (Xia 
et al., 2023). Interestingly, the results are highly similar to those of our 
BN study. Reviewing the original published GWAS datasets, we found 
that the main reason for this was because the earlier GWAS datasets 
could not be distinguished from the two disease subtypes at a technical 
level due to the crossover of AN and BN diagnoses (Boraska et al., 
2014). At the same time, the limitations of detection techniques have 
resulted in relatively small numbers of SNPs captured from earlier 
datasets, limiting the exploration of more critical causal associations 
(Duncan et al., 2017). Therefore, our study can be regarded as an 
update of this study, which provides cross-validation of the findings 
of BN in this study.

In our results, six taxa, including Clostridiales, Bilophila, 
Coprobacter, Holdemania, Ruminococcaceae UCG009, and Slackia, are 
potential contributors to the increased risk of BN. Ruminococcaceae 
are positively associated with autism, depression, and are abundant in 
patients with AN (Prochazkova et al., 2021). Similar studies showed 
that the abundance of Clostridiales in feces of activity-based anorexia 
mice with food restriction increased significantly (Breton et al., 2019). 
Given the crossover nature and common pathological basis of AN and 
BN diagnoses, their potential risks to BN are promising. Bilophila is 
an opportunistic pathogen, and the close association of increased 
abundance with intestinal inflammation has been confirmed 
(Alexander et al., 2023; Zahavi et al., 2023). Recent studies have found 
that a ketogenic diet can exacerbate cognitive impairment caused by 
intermittent hypoxia, the mechanism of which is associated with 
impairment of hippocampal function due to the enrichment of gut 
microbes such as Bilophila (Olson et al., 2021). Changes in Bilophila 
abundance have been observed in patients with mental disorders such 

TABLE 3 Significance levels of different tests for MR results.

Outcome Expose Egger Q Steiger
MR-PRESSO 
global test

AN Cyanobacteria 0.324 0.445 0.000 0.452

AN Gammaproteobacteria 0.829 0.765 0.000 0.875

AN Mollicutes RF9 0.894 0.959 0.000 0.980

AN Peptostreptococcaceae 0.802 0.694 0.000 0.778

AN Coprococcus3 0.190 0.764 0.000 0.651

AN Escherichia Shigella 0.166 0.791 0.000 0.666

AN Eubacterium brachy group 0.889 0.809 0.000 0.883

AN Lachnospiraceae NC2004 group 0.559 0.541 0.000 0.629

AN Lachnospiraceae UCG010 0.394 0.914 0.000 0.917

BN Clostridiales 0.330 0.682 0.000 0.698

BN Rhodospirillales 0.546 0.997 0.000 0.924

BN Oxalobacteraceae 0.780 0.292 0.000 0.395

BN Bilophila 0.558 0.655 0.000 0.088

BN Coprobacter 0.268 0.805 0.000 0.745

BN Holdemania 0.996 0.938 0.000 0.981

BN Lachnospiraceae UCG008 0.301 0.434 0.000 0.473

BN Ruminococcaceae UCG009 0.625 0.892 0.000 0.916

BN Slackia 0.794 0.220 0.000 0.322

AN, anorexia nervosa; BN, bulimia nervosa; MR, Mendelian randomization.
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as autism spectrum disorders. As for Coprobacter, its abundance is 
currently thought to be  associated with chronic insomnia and 
cognitive function (Feng et al., 2021). Similarly, Holdemania exhibits 
a high abundance in patients with depression (Barandouzi et al., 2020) 
and is closely associated with anxiety and Parkinson’s disease (Jang 
et al., 2020). Slackia stands out as a typical causative agent, however, 
recent studies suggest that it may be involved in the development of 
Alzheimer’s disease (Nagpal et al., 2019). Therefore, although there are 
no reports about Coprobacter, Holdemania and Slackia in patients with 
AN or BN, their research is still worthy of attention.

Our study identified three taxa—Rhodospirillales, 
Oxalobacteraceae, and Lachnospiraceae UCG008—as protective factors 
for BN. Rhodospirillales is mainly used in water purification and new 
energy sources (Chun et al., 2018). Zhang et al. (2023) found that sleep 
deprivation led to a significant increase in the abundance of 
Rhodospirillales and enhanced pro-inflammatory cytokine responses 
as well as learning and memory impairments in mice. Another study 
found a significant increase in the abundance of Rhodospirillales in 
socially isolated mice (Siddi et al., 2024). Studies of Oxalobacteraceae 
have found that it reduces the risk of delirium, attention deficit 
hyperactivity disorder (Wang et al., 2023; Yu et al., 2023). Therefore, 
these gut microbes may have a close relationship with mental 
disorders, and further clinical research on AN and BN is 
worth exploring.

It is notable that AN and BN share similar clinical mechanisms, 
yet previous studies have not consistently identified a specific group 
of gut microorganisms commonly associated with both disorders. In 
our current investigation, we observed that while the Lachnospiraceae 
NC2004 group and Lachnospiraceae UCG010 were identified as risk 
factors for AN, Lachnospiraceae UCG008 emerged as a protective 
factor for BN. Previous studies have found that Lachnospiraceae 
NC2004 group was able to reduce the risk of gastroduodenal ulcers, 
and was able to reduce circulating inflammatory cytokine levels (Xue 
et  al., 2023). Lachnospiraceae UCG010 may reduce the risk of 
cholelithiasis and narcolepsy (Liu et al., 2023; Sheng et al., 2024). In 
contrast, Lachnospiraceae UCG008 has been shown to be associated 
with a higher risk of periodontitis (Ye et al., 2023), and is a potential 
risk factor for hemorrhagic stroke (Shen et al., 2023). Based on current 
evidence, we cannot definitively explain the contradiction between the 
different genera of Lachnospiraceae, but it appears to be related to 
inflammation and immunity (Sun et  al., 2021; Zeng et  al., 2023). 
However, despite belonging to distinct strains, Lachnospiraceae 
appears to be  a common influencing factor for both AN and 
BN. Previous research has linked reductions in Lachnospiraceae to an 
increased risk of developing depression (Liu et al., 2022), autism (Li 
et al., 2023), and Alzheimer’s disease (Hung et al., 2022). The elevated 
risk of AN observed in our study further underscores the widespread 
association of Lachnospiraceae with mental disorders (Wang et al., 
2023). Notably, although Lachnospiraceae have exhibited favorable 
organismal protective effects across a spectrum of diseases (McCulloch 
et al., 2022; Yan et al., 2023), their contrasting effects on AN and BN 
suggest a complex relationship between gut microbiota and disease 
that warrants further elucidation. The exact mechanism underlying 
these observations remains to be clarified through additional clinical 
intervention studies.

The therapeutic feasibility of microbial supplements for the 
treatment of psychiatric disorders has gained considerable recognition 
(Sanada et  al., 2020; Góralczyk-Bińkowska et  al., 2022). Liu et  al. 
confirmed that probiotic supplementation mitigated intestinal damage 

induced by dietary restriction in AN patients (Liu et  al., 2021). 
Subsequent clinical investigations substantiated that administering a 
probiotic complex reduces inflammation levels and gastrointestinal 
distress symptoms in AN patients (Gröbner et al., 2022). There is a 
potential causal relationship between the gut microbiota and AN and 
BN identified in this study, and the regulation of these microbiota by 
probiotics may be a promising therapeutic target for AN and BN.

In this study, we have, for the first time, elucidated the causal 
relationship of certain intestinal taxa with AN and BN, offering novel 
perspectives for subsequent mechanistic exploration and drug 
research. Leveraging causal inference through MR design effectively 
circumvented the influences of confounding bias and reverse 
causation. Furthermore, we conducted rigorous tests to ensure the 
sensitivity of our findings. However, this study does entail some 
limitations. Firstly, the sample size and the number of relevant loci in 
the current gut microbiota GWAS data are constrained. To mitigate 
the risk of inadequate IVs at the genus and species levels, potentially 
leading to imprecise bacterial characterization, we  conducted 
summary analyses of bacterial features at higher taxonomic levels. It 
is anticipated that with advancements in microbiome GWAS and the 
accumulation of larger sample sizes, more specific bacterial features 
will be discerned and complemented. Secondly, to enhance statistical 
power, the gut microbiota and disease GWAS datasets analyzed in this 
study were amalgamated from multi-source samples. While this 
approach facilitates broader extrapolation of conclusions, it may 
introduce some heterogeneity in the results. Therefore, despite 
employing a meticulous methodology to exclude heterogeneous data, 
the results should be interpreted cautiously.

5 Conclusion

In summary, our study identified the potential causal involvement 
of 18 intestinal bacterial taxa, notably including Lachnospiraceae, in 
the pathogenesis of AN and BN through MR analysis. These 
potentially valuable gut microbiota may indicate the risk of disease 
development and provide feasible targets for the pathogenesis of AN 
and BN and probiotic therapy. Further clinical intervention and 
intestinal microbial testing have broad prospects for the research and 
treatment of AN and BN.

Data availability statement

The original contributions presented in the study are included in 
the article/Supplementary material, further inquiries can be directed 
to the corresponding author.

Author contributions

ZYu: Conceptualization, Data curation, Formal analysis, 
Investigation, Methodology, Writing – original draft. MG: Data 
curation, Formal analysis, Investigation, Writing – original draft. BY: 
Data curation, Formal analysis, Investigation, Writing – original draft. 
YW: Data curation, Investigation, Writing – original draft. ZYa: 
Investigation, Software, Writing – original draft. RG: Funding 
acquisition, Project administration, Resources, Supervision, Writing 
– review & editing.

https://doi.org/10.3389/fmicb.2024.1396932
https://www.frontiersin.org/journals/microbiology
https://www.frontiersin.org


Yu et al. 10.3389/fmicb.2024.1396932

Frontiers in Microbiology 11 frontiersin.org

Funding

The author(s) declare that financial support was received for the 
research, authorship, and/or publication of this article. The study was 
financially supported by the National Key R&D Program of China 
(2019YFC1709300) and Science and Technology Innovation Project 
of China Academy of Chinese Medical Sciences (CI2021A04701).

Conflict of interest

MG was employed by Yabao Pharmaceutical Group Co., Ltd.
The remaining authors declare that the research was conducted in 

the absence of any commercial or financial relationships that could 
be construed as a potential conflict of interest.

Publisher's note

All claims expressed in this article are solely those of the authors 
and do not necessarily represent those of their affiliated 
organizations, or those of the publisher, the editors and the 
reviewers. Any product that may be evaluated in this article, or claim 
that may be made by its manufacturer, is not guaranteed or endorsed 
by the publisher.

Supplementary material

The Supplementary material for this article can be found online 
at: https://www.frontiersin.org/articles/10.3389/fmicb.2024.1396932/
full#supplementary-material

References
Agirman, G., Yu, K. B., and Hsiao, E. Y. (2021). Signaling inflammation across the 

gut-brain axis. Science 374, 1087–1092. doi: 10.1126/science.abi6087

Alexander, J. L., Mullish, B. H., Danckert, N. P., Liu, Z., Olbei, M. L., Saifuddin, A., 
et al. (2023). The gut microbiota and metabolome are associated with diminished 
Covid-19 vaccine-induced antibody responses in immunosuppressed inflammatory 
bowel disease patients. EBioMedicine 88:104430. doi: 10.1016/j.ebiom.2022.104430

AlHadi, A. N., Almeharish, A., Bilal, L., Al-Habeeb, A., Al-Subaie, A., Naseem, M. T., 
et al. (2022). The prevalence and correlates of bulimia nervosa, binge-eating disorder, 
and anorexia nervosa: the Saudi National Mental Health Survey. Int. J. Eat. Disord. 55, 
1541–1552. doi: 10.1002/eat.23790

Arias, D. M., Ortíz-Sánchez, E., Okoye, P. U., Rodríguez-Rangel, H., Balbuena 
Ortega, A., Longoria, A., et al. (2021). A review on cyanobacteria cultivation for 
carbohydrate-based biofuels: cultivation aspects, polysaccharides accumulation 
strategies, and biofuels production scenarios. Sci. Total Environ. 794:148636. doi: 
10.1016/j.scitotenv.2021.148636

Arias, D., Saxena, S., and Verguet, S. (2022). Quantifying the global burden of mental 
disorders and their economic value. EClinicalMedicine 54:101675. doi: 10.1016/j.
eclinm.2022.101675

Barandouzi, Z. A., Starkweather, A. R., Henderson, W. A., Gyamfi, A., and Cong, X. S. 
(2020). Altered composition of gut microbiota in depression: a systematic review. Front 
Psychiatry 11:541. doi: 10.3389/fpsyt.2020.00541

Boraska, V., Franklin, C. S., Floyd, J. A., Thornton, L. M., Huckins, L. M., Southam, L., 
et al. (2014). A genome-wide association study of anorexia nervosa. Mol. Psychiatry 19, 
1085–1094. doi: 10.1038/mp.2013.187

Bouyahya, A., Bakrim, S., Chamkhi, I., Taha, D., El Omari, N., El Mneyiy, N., et al. 
(2024). Bioactive substances of cyanobacteria and microalgae: sources, metabolism, and 
anticancer mechanism insights. Biomed. Pharmacother. 170:115989. doi: 10.1016/j.
biopha.2023.115989

Bowden, J., Davey Smith, G., and Burgess, S. (2015). Mendelian randomization with 
invalid instruments: effect estimation and bias detection through egger regression. Int. 
J. Epidemiol. 44, 512–525. doi: 10.1093/ije/dyv080

Bowden, J., Davey Smith, G., Haycock, P. C., and Burgess, S. (2016). Consistent 
estimation in Mendelian randomization with some invalid instruments using a weighted 
median estimator. Genet. Epidemiol. 40, 304–314. doi: 10.1002/gepi.21965

Breton, J., Legrand, R., Achamrah, N., Chan, P., Do Rego, J. L., Do Rego, J. C., et al. 
(2019). Proteome modifications of gut microbiota in mice with activity-based anorexia 
and starvation: role in ATP production. Nutrition 67-68:110557. doi: 10.1016/j.
nut.2019.110557

Byrne, S., Wade, T., Hay, P., Touyz, S., Fairburn, C. G., Treasure, J., et al. (2017). A 
randomised controlled trial of three psychological treatments for anorexia nervosa. 
Psychol. Med. 47, 2823–2833. doi: 10.1017/s0033291717001349

Castellini, G., Cassioli, E., Vitali, F., Rossi, E., Dani, C., Melani, G., et al. (2023). Gut 
microbiota metabolites mediate the interplay between childhood maltreatment and 
psychopathology in patients with eating disorders. Sci. Rep. 13:11753. doi: 10.1038/
s41598-023-38665-x

Chen, L., Zhernakova, D. V., Kurilshikov, A., Andreu-Sánchez, S., Wang, D., 
Augustijn, H. E., et al. (2022). Influence of the microbiome, diet and genetics on inter-
individual variation in the human plasma metabolome. Nat. Med. 28, 2333–2343. doi: 
10.1038/s41591-022-02014-8

Cheng, Y., Ling, Z., and Li, L. (2020). The intestinal microbiota and colorectal cancer. 
Front. Immunol. 11:615056. doi: 10.3389/fimmu.2020.615056

Chun, S. J., Cui, Y., Ahn, C. Y., and Oh, H. M. (2018). Improving water quality using 
settleable microalga Ettlia sp. and the bacterial community in freshwater recirculating 
aquaculture system of Danio rerio. Water Res. 135, 112–121. doi: 10.1016/j.
watres.2018.02.007

Cryan, J. F., and Mazmanian, S. K. (2022). Microbiota-brain axis: context and causality. 
Science 376, 938–939. doi: 10.1126/science.abo4442

Cui, G., Li, S., Ye, H., Yang, Y., Jia, X., Lin, M., et al. (2023). Gut microbiome and 
frailty: insight from genetic correlation and Mendelian randomization. Gut Microbes 
15:2282795. doi: 10.1080/19490976.2023.2282795

Di Lodovico, L., Mondot, S., Doré, J., Mack, I., Hanachi, M., and Gorwood, P. (2021). 
Anorexia nervosa and gut microbiota: a systematic review and quantitative synthesis of 
pooled microbiological data. Prog. Neuro-Psychopharmacol. Biol. Psychiatry 106:110114. 
doi: 10.1016/j.pnpbp.2020.110114

Doose, A., Tam, F. I., Hellerhoff, I., King, J. A., Boehm, I., Gottloeber, K., et al. (2023). 
Triangulating brain alterations in anorexia nervosa: a multimodal investigation of 
magnetic resonance spectroscopy, morphometry and blood-based biomarkers. Transl. 
Psychiatry 13:277. doi: 10.1038/s41398-023-02580-6

Duncan, L., Yilmaz, Z., Gaspar, H., Walters, R., Goldstein, J., Anttila, V., et al. (2017). 
Significant locus and metabolic genetic correlations revealed in genome-wide 
association study of anorexia nervosa. Am. J. Psychiatry 174, 850–858. doi: 10.1176/appi.
ajp.2017.16121402

Emdin, C. A., Khera, A. V., and Kathiresan, S. (2017). Mendelian randomization. 
JAMA 318, 1925–1926. doi: 10.1001/jama.2017.17219

Fan, S., Guo, W., Xiao, D., Guan, M., Liao, T., Peng, S., et al. (2023). Microbiota-gut-
brain axis drives overeating disorders. Cell Metab. 35, 2011–2027.e7. doi: 10.1016/j.
cmet.2023.09.005

Fan, Y., Støving, R. K., Berreira Ibraim, S., Hyötyläinen, T., Thirion, F., Arora, T., et al. 
(2023). The gut microbiota contributes to the pathogenesis of anorexia nervosa in 
humans and mice. Nat. Microbiol. 8, 787–802. doi: 10.1038/s41564-023-01355-5

Feng, Y., Fu, S., Li, C., Ma, X., Wu, Y., Chen, F., et al. (2021). Interaction of gut 
microbiota and brain function in patients with chronic insomnia: a regional 
homogeneity study. Front. Neurosci. 15:804843. doi: 10.3389/fnins.2021.804843

Fisher, C. A., Skocic, S., Rutherford, K. A., and Hetrick, S. E. (2019). Family therapy 
approaches for anorexia nervosa. Cochrane Database Syst. Rev. 2019:Cd004780. doi: 
10.1002/14651858.CD004780.pub4

Frostad, S., and Bentz, M. (2022). Anorexia nervosa: outpatient treatment and medical 
management. World J. Psychiatry 12, 558–579. doi: 10.5498/wjp.v12.i4.558

Fujisaka, S., Avila-Pacheco, J., Soto, M., Kostic, A., Dreyfuss, J. M., Pan, H., et al. 
(2018). Diet, genetics, and the gut microbiome drive dynamic changes in plasma 
metabolites. Cell Rep. 22, 3072–3086. doi: 10.1016/j.celrep.2018.02.060

GBD 2019 Demographics Collaborators (2020). Global age-sex-specific fertility, 
mortality, healthy life expectancy (hale), and population estimates in 204 countries and 
territories, 1950–2019: a comprehensive demographic analysis for the global burden of 
disease study 2019. Lancet 396, 1160–1203. doi: 10.1016/s0140-6736(20)30977-6

GBD 2019 Mental Disorders Collaborators (2022). Global, regional, and national 
burden of 12 mental disorders in 204 countries and territories, 1990–2019: a systematic 
analysis for the global burden of disease study 2019. Lancet Psychiatry 9, 137–150. doi: 
10.1016/s2215-0366(21)00395-3

Góralczyk-Bińkowska, A., Szmajda-Krygier, D., and Kozłowska, E. (2022). The 
microbiota-gut-brain axis in psychiatric disorders. Int. J. Mol. Sci. 23:11245. doi: 
10.3390/ijms231911245

https://doi.org/10.3389/fmicb.2024.1396932
https://www.frontiersin.org/journals/microbiology
https://www.frontiersin.org
https://www.frontiersin.org/articles/10.3389/fmicb.2024.1396932/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fmicb.2024.1396932/full#supplementary-material
https://doi.org/10.1126/science.abi6087
https://doi.org/10.1016/j.ebiom.2022.104430
https://doi.org/10.1002/eat.23790
https://doi.org/10.1016/j.scitotenv.2021.148636
https://doi.org/10.1016/j.eclinm.2022.101675
https://doi.org/10.1016/j.eclinm.2022.101675
https://doi.org/10.3389/fpsyt.2020.00541
https://doi.org/10.1038/mp.2013.187
https://doi.org/10.1016/j.biopha.2023.115989
https://doi.org/10.1016/j.biopha.2023.115989
https://doi.org/10.1093/ije/dyv080
https://doi.org/10.1002/gepi.21965
https://doi.org/10.1016/j.nut.2019.110557
https://doi.org/10.1016/j.nut.2019.110557
https://doi.org/10.1017/s0033291717001349
https://doi.org/10.1038/s41598-023-38665-x
https://doi.org/10.1038/s41598-023-38665-x
https://doi.org/10.1038/s41591-022-02014-8
https://doi.org/10.3389/fimmu.2020.615056
https://doi.org/10.1016/j.watres.2018.02.007
https://doi.org/10.1016/j.watres.2018.02.007
https://doi.org/10.1126/science.abo4442
https://doi.org/10.1080/19490976.2023.2282795
https://doi.org/10.1016/j.pnpbp.2020.110114
https://doi.org/10.1038/s41398-023-02580-6
https://doi.org/10.1176/appi.ajp.2017.16121402
https://doi.org/10.1176/appi.ajp.2017.16121402
https://doi.org/10.1001/jama.2017.17219
https://doi.org/10.1016/j.cmet.2023.09.005
https://doi.org/10.1016/j.cmet.2023.09.005
https://doi.org/10.1038/s41564-023-01355-5
https://doi.org/10.3389/fnins.2021.804843
https://doi.org/10.1002/14651858.CD004780.pub4
https://doi.org/10.5498/wjp.v12.i4.558
https://doi.org/10.1016/j.celrep.2018.02.060
https://doi.org/10.1016/s0140-6736(20)30977-6
https://doi.org/10.1016/s2215-0366(21)00395-3
https://doi.org/10.3390/ijms231911245


Yu et al. 10.3389/fmicb.2024.1396932

Frontiers in Microbiology 12 frontiersin.org

Gröbner, E. M., Zeiler, M., Fischmeister, F. P. S., Kollndorfer, K., Schmelz, S., 
Schneider, A., et al. (2022). The effects of probiotics administration on the gut 
microbiome in adolescents with anorexia nervosa-a study protocol for a longitudinal, 
double-blind, randomized, placebo-controlled trial. Eur. Eat. Disord. Rev. 30, 61–74. doi: 
10.1002/erv.2876

Hanachi, M., Manichanh, C., Schoenenberger, A., Pascal, V., Levenez, F., Cournède, N., 
et al. (2019). Altered host-gut microbes symbiosis in severely malnourished anorexia 
nervosa (AN) patients undergoing enteral nutrition: an explicative factor of functional 
intestinal disorders? Clin. Nutr. 38, 2304–2310. doi: 10.1016/j.clnu.2018.10.004

Hartwig, F. P., Davey Smith, G., and Bowden, J. (2017). Robust inference in summary 
data Mendelian randomization via the zero modal pleiotropy assumption. Int. J. 
Epidemiol. 46, 1985–1998. doi: 10.1093/ije/dyx102

Hassan, A. M., Mancano, G., Kashofer, K., Fröhlich, E. E., Matak, A., Mayerhofer, R., 
et al. (2019). High-fat diet induces depression-like behaviour in mice associated with 
changes in microbiome, neuropeptide y, and brain metabolome. Nutr. Neurosci. 22, 
877–893. doi: 10.1080/1028415x.2018.1465713

Hata, T., Miyata, N., Takakura, S., Yoshihara, K., Asano, Y., Kimura-Todani, T., et al. 
(2019). The gut microbiome derived from anorexia nervosa patients impairs weight gain 
and behavioral performance in female mice. Endocrinology 160, 2441–2452. doi: 
10.1210/en.2019-00408

Hibberd, A. A., Lyra, A., Ouwehand, A. C., Rolny, P., Lindegren, H., Cedgård, L., et al. 
(2017). Intestinal microbiota is altered in patients with colon cancer and modified by 
probiotic intervention. BMJ Open Gastroenterol. 4:e000145. doi: 10.1136/
bmjgast-2017-000145

Hilbert, A., Hoek, H. W., and Schmidt, R. (2017). Evidence-based clinical guidelines 
for eating disorders: international comparison. Curr. Opin. Psychiatry 30, 423–437. doi: 
10.1097/yco.0000000000000360

Himmerich, H., and Treasure, J. (2024). Anorexia nervosa: diagnostic, therapeutic, 
and risk biomarkers in clinical practice. Trends Mol. Med. 30, 350–360. doi: 10.1016/j.
molmed.2024.01.002

Howard, M., Gregertsen, E. C., Hindocha, C., and Serpell, L. (2020). Impulsivity and 
compulsivity in anorexia and bulimia nervosa: a systematic review. Psychiatry Res. 
293:113354. doi: 10.1016/j.psychres.2020.113354

Hung, C. C., Chang, C. C., Huang, C. W., Nouchi, R., and Cheng, C. H. (2022). Gut 
microbiota in patients with Alzheimer’s disease spectrum: a systematic review and meta-
analysis. Aging 14, 477–496. doi: 10.18632/aging.203826

Jang, J. H., Yeom, M. J., Ahn, S., Oh, J. Y., Ji, S., Kim, T. H., et al. (2020). Acupuncture 
inhibits neuroinflammation and gut microbial dysbiosis in a mouse model of Parkinson’s 
disease. Brain Behav. Immun. 89, 641–655. doi: 10.1016/j.bbi.2020.08.015

Jiao, W., Sang, Y., Wang, X., and Wang, S. (2023). Metabonomics and the gut 
microbiome analysis of the effect of 6-shogaol on improving obesity. Food Chem. 
404:134734. doi: 10.1016/j.foodchem.2022.134734

Kosuge, A., Kunisawa, K., Arai, S., Sugawara, Y., Shinohara, K., Iida, T., et al. (2021). 
Heat-sterilized Bifidobacterium breve prevents depression-like behavior and 
interleukin-1β expression in mice exposed to chronic social defeat stress. Brain Behav. 
Immun. 96, 200–211. doi: 10.1016/j.bbi.2021.05.028

Kurilshikov, A., Medina-Gomez, C., Bacigalupe, R., Radjabzadeh, D., Wang, J., 
Demirkan, A., et al. (2021). Large-scale association analyses identify host factors 
influencing human gut microbiome composition. Nat. Genet. 53, 156–165. doi: 10.1038/
s41588-020-00763-1

Li, H., Liu, C., Huang, S., Wang, X., Cao, M., Gu, T., et al. (2023). Multi-omics analyses 
demonstrate the modulating role of gut microbiota on the associations of unbalanced 
dietary intake with gastrointestinal symptoms in children with autism spectrum 
disorder. Gut Microbes 15:2281350. doi: 10.1080/19490976.2023.2281350

Linardon, J., Fairburn, C. G., Fitzsimmons-Craft, E. E., Wilfley, D. E., and Brennan, L. 
(2017). The empirical status of the third-wave behaviour therapies for the treatment of 
eating disorders: a systematic review. Clin. Psychol. Rev. 58, 125–140. doi: 10.1016/j.
cpr.2017.10.005

Liu, X., Li, X., Teng, T., Jiang, Y., Xiang, Y., Fan, L., et al. (2022). Comparative analysis 
of gut microbiota and fecal metabolome features among multiple depressive animal 
models. J. Affect. Disord. 314, 103–111. doi: 10.1016/j.jad.2022.06.088

Liu, L., Poveda, C., Jenkins, P. E., and Walton, G. E. (2021). An in vitro approach to 
studying the microbial community and impact of pre and probiotics under anorexia 
nervosa related dietary restrictions. Nutrients 13:4447. doi: 10.3390/nu13124447

Liu, X., Qi, X., Han, R., Mao, T., and Tian, Z. (2023). Gut microbiota causally affects 
cholelithiasis: a two-sample Mendelian randomization study. Front. Cell. Infect. 
Microbiol. 13:1253447. doi: 10.3389/fcimb.2023.1253447

Liu, R. T., Rowan-Nash, A. D., Sheehan, A. E., Walsh, R. F. L., Sanzari, C. M., 
Korry, B. J., et al. (2020). Reductions in anti-inflammatory gut bacteria are associated 
with depression in a sample of young adults. Brain Behav. Immun. 88, 308–324. doi: 
10.1016/j.bbi.2020.03.026

Lyon, M. S., Andrews, S. J., Elsworth, B., Gaunt, T. R., Hemani, G., and Marcora, E. 
(2021). The variant call format provides efficient and robust storage of GWAS summary 
statistics. Genome Biol. 22:32. doi: 10.1186/s13059-020-02248-0

McCulloch, J. A., Davar, D., Rodrigues, R. R., Badger, J. H., Fang, J. R., Cole, A. M., 
et al. (2022). Intestinal microbiota signatures of clinical response and immune-related 

adverse events in melanoma patients treated with anti-PD-1. Nat. Med. 28, 545–556. doi: 
10.1038/s41591-022-01698-2

Miyata, N., Hata, T., Takakura, S., Yoshihara, K., Morita, C., Mikami, K., et al. (2021). 
Metabolomics profile of Japanese female patients with restricting-type anorexia nervosa. 
Physiol. Behav. 228:113204. doi: 10.1016/j.physbeh.2020.113204

Murray, C. J., Aravkin, A. Y., Zheng, P., Abbafati, C., Abbas, K. M., 
Abbasi-Kangevari, M., et al. (2020). Global burden of 87 risk factors in 204 countries 
and territories, 1990–2019: a systematic analysis for the global burden of disease study 
2019. Lancet 396, 1223–1249. doi: 10.1016/s0140-6736(20)30752-2

Nagpal, R., Neth, B. J., Wang, S., Craft, S., and Yadav, H. (2019). Modified 
mediterranean-ketogenic diet modulates gut microbiome and short-chain fatty acids in 
association with Alzheimer’s disease markers in subjects with mild cognitive 
impairment. EBioMedicine 47, 529–542. doi: 10.1016/j.ebiom.2019.08.032

Olson, C. A., Iñiguez, A. J., Yang, G. E., Fang, P., Pronovost, G. N., Jameson, K. G., 
et al. (2021). Alterations in the gut microbiota contribute to cognitive impairment 
induced by the ketogenic diet and hypoxia. Cell Host Microbe 29, 1378–1392.e6. doi: 
10.1016/j.chom.2021.07.004

Prochazkova, P., Roubalova, R., Dvorak, J., Kreisinger, J., Hill, M., 
Tlaskalova-Hogenova, H., et al. (2021). The intestinal microbiota and metabolites in 
patients with anorexia nervosa. Gut Microbes 13, 1–25. doi: 
10.1080/19490976.2021.1902771

Sanada, K., Nakajima, S., Kurokawa, S., Barceló-Soler, A., Ikuse, D., Hirata, A., et al. 
(2020). Gut microbiota and major depressive disorder: a systematic review and meta-
analysis. J. Affect. Disord. 266, 1–13. doi: 10.1016/j.jad.2020.01.102

Sanna, S., van Zuydam, N. R., Mahajan, A., Kurilshikov, A., Vich Vila, A., Võsa, U., 
et al. (2019). Causal relationships among the gut microbiome, short-chain fatty acids 
and metabolic diseases. Nat. Genet. 51, 600–605. doi: 10.1038/s41588-019-0350-x

Shen, Y., Liu, H., Meng, X., Gao, A., Liu, Y., Ma, W., et al. (2023). The causal effects 
between gut microbiota and hemorrhagic stroke: a bidirectional two-sample Mendelian 
randomization study. Front. Microbiol. 14:1290909. doi: 10.3389/fmicb.2023.1290909

Sheng, D., Li, P., Xiao, Z., Li, X., Liu, J., Xiao, B., et al. (2024). Identification of 
bidirectional causal links between gut microbiota and narcolepsy type 1 using Mendelian 
randomization. Sleep 47:zsae004. doi: 10.1093/sleep/zsae004

Siddi, C., Cosentino, S., Tamburini, E., Concas, L., Pisano, M. B., Ardu, R., et al. 
(2024). Parental social isolation during adolescence alters gut microbiome in rat male 
offspring. Biomol. Ther. 14:172. doi: 10.3390/biom14020172

Skrivankova, V. W., Richmond, R. C., Woolf, B. A. R., Yarmolinsky, J., Davies, N. M., 
Swanson, S. A., et al. (2021). Strengthening the reporting of observational studies in 
epidemiology using Mendelian randomization: the STROBE-MR statement. JAMA 326, 
1614–1621. doi: 10.1001/jama.2021.18236

Slade, E., Keeney, E., Mavranezouli, I., Dias, S., Fou, L., Stockton, S., et al. (2018). 
Treatments for bulimia nervosa: a network meta-analysis. Psychol. Med. 48, 2629–2636. 
doi: 10.1017/s0033291718001071

Solmi, M., Wade, T. D., Byrne, S., Del Giovane, C., Fairburn, C. G., Ostinelli, E. G., 
et al. (2021). Comparative efficacy and acceptability of psychological interventions for 
the treatment of adult outpatients with anorexia nervosa: a systematic review and 
network meta-analysis. Lancet Psychiatry 8, 215–224. doi: 10.1016/
s2215-0366(20)30566-6

Sun, D., Bai, R., Zhou, W., Yao, Z., Liu, Y., Tang, S., et al. (2021). Angiogenin maintains 
gut microbe homeostasis by balancing α-Proteobacteria and Lachnospiraceae. Gut 70, 
666–676. doi: 10.1136/gutjnl-2019-320135

Thomas, H. (2019). Mendelian randomization reveals causal effects of the gut 
microbiota. Nat. Rev. Gastroenterol. Hepatol. 16, 198–199. doi: 10.1038/
s41575-019-0133-y

Timko, C. A., DeFilipp, L., and Dakanalis, A. (2019). Sex differences in adolescent 
anorexia and bulimia nervosa: beyond the signs and symptoms. Curr. Psychiatry Rep. 
21:1. doi: 10.1007/s11920-019-0988-1

Treasure, J., Duarte, T. A., and Schmidt, U. (2020). Eating disorders. Lancet 395, 
899–911. doi: 10.1016/s0140-6736(20)30059-3

Tsiandoulas, K., McSheffrey, G., Fleming, L., Rawal, V., Fadel, M. P., Katzman, D. K., 
et al. (2023). Ethical tensions in the treatment of youth with severe anorexia nervosa. 
Lancet Child Adolesc. Health 7, 69–76. doi: 10.1016/s2352-4642(22)00236-x

van Passel, B., Danner, U. N., Dingemans, A. E., Aarts, E., Sternheim, L. C., 
Becker, E. S., et al. (2020). Cognitive remediation therapy does not enhance treatment 
effect in obsessive-compulsive disorder and anorexia nervosa: a randomized controlled 
trial. Psychother. Psychosom. 89, 228–241. doi: 10.1159/000505733

Verbanck, M., Chen, C. Y., Neale, B., and Do, R. (2018). Detection of widespread 
horizontal pleiotropy in causal relationships inferred from Mendelian randomization 
between complex traits and diseases. Nat. Genet. 50, 693–698. doi: 10.1038/
s41588-018-0099-7

Wade, T. D., Gordon, S., Medland, S., Bulik, C. M., Heath, A. C., Montgomery, G. W., 
et al. (2013). Genetic variants associated with disordered eating. Int. J. Eat. Disord. 46, 
594–608. doi: 10.1002/eat.22133

Wagner-Skacel, J., Haidacher, F., Wiener, M., Pahsini, K., Marinschek, S., Lahousen, T., 
et al. (2022). Oxidative status in adult anorexia nervosa patients and healthy controls-

https://doi.org/10.3389/fmicb.2024.1396932
https://www.frontiersin.org/journals/microbiology
https://www.frontiersin.org
https://doi.org/10.1002/erv.2876
https://doi.org/10.1016/j.clnu.2018.10.004
https://doi.org/10.1093/ije/dyx102
https://doi.org/10.1080/1028415x.2018.1465713
https://doi.org/10.1210/en.2019-00408
https://doi.org/10.1136/bmjgast-2017-000145
https://doi.org/10.1136/bmjgast-2017-000145
https://doi.org/10.1097/yco.0000000000000360
https://doi.org/10.1016/j.molmed.2024.01.002
https://doi.org/10.1016/j.molmed.2024.01.002
https://doi.org/10.1016/j.psychres.2020.113354
https://doi.org/10.18632/aging.203826
https://doi.org/10.1016/j.bbi.2020.08.015
https://doi.org/10.1016/j.foodchem.2022.134734
https://doi.org/10.1016/j.bbi.2021.05.028
https://doi.org/10.1038/s41588-020-00763-1
https://doi.org/10.1038/s41588-020-00763-1
https://doi.org/10.1080/19490976.2023.2281350
https://doi.org/10.1016/j.cpr.2017.10.005
https://doi.org/10.1016/j.cpr.2017.10.005
https://doi.org/10.1016/j.jad.2022.06.088
https://doi.org/10.3390/nu13124447
https://doi.org/10.3389/fcimb.2023.1253447
https://doi.org/10.1016/j.bbi.2020.03.026
https://doi.org/10.1186/s13059-020-02248-0
https://doi.org/10.1038/s41591-022-01698-2
https://doi.org/10.1016/j.physbeh.2020.113204
https://doi.org/10.1016/s0140-6736(20)30752-2
https://doi.org/10.1016/j.ebiom.2019.08.032
https://doi.org/10.1016/j.chom.2021.07.004
https://doi.org/10.1080/19490976.2021.1902771
https://doi.org/10.1016/j.jad.2020.01.102
https://doi.org/10.1038/s41588-019-0350-x
https://doi.org/10.3389/fmicb.2023.1290909
https://doi.org/10.1093/sleep/zsae004
https://doi.org/10.3390/biom14020172
https://doi.org/10.1001/jama.2021.18236
https://doi.org/10.1017/s0033291718001071
https://doi.org/10.1016/s2215-0366(20)30566-6
https://doi.org/10.1016/s2215-0366(20)30566-6
https://doi.org/10.1136/gutjnl-2019-320135
https://doi.org/10.1038/s41575-019-0133-y
https://doi.org/10.1038/s41575-019-0133-y
https://doi.org/10.1007/s11920-019-0988-1
https://doi.org/10.1016/s0140-6736(20)30059-3
https://doi.org/10.1016/s2352-4642(22)00236-x
https://doi.org/10.1159/000505733
https://doi.org/10.1038/s41588-018-0099-7
https://doi.org/10.1038/s41588-018-0099-7
https://doi.org/10.1002/eat.22133


Yu et al. 10.3389/fmicb.2024.1396932

Frontiers in Microbiology 13 frontiersin.org

results from a cross-sectional pilot study. Antioxidants 11:842. doi: 10.3390/
antiox11050842

Wang, X., Wang, Z., Cao, J., Dong, Y., and Chen, Y. (2023). Gut microbiota-derived 
metabolites mediate the neuroprotective effect of melatonin in cognitive impairment 
induced by sleep deprivation. Microbiome 11:17. doi: 10.1186/s40168-022-01452-3

Wang, L., Xie, Z., Li, G., Li, G., and Liang, J. (2023). Two-sample Mendelian 
randomization analysis investigates causal associations between gut microbiota and 
attention deficit hyperactivity disorder. Front. Microbiol. 14:1144851. doi: 10.3389/
fmicb.2023.1144851

Xia, X., He, S. Y., Zhang, X. L., Wang, D., He, Q., Xiao, Q. A., et al. (2023). The causality 
between gut microbiome and anorexia nervosa: a Mendelian randomization analysis. 
Front. Microbiol. 14:1290246. doi: 10.3389/fmicb.2023.1290246

Xu, Z., Wang, C., Dong, X., Hu, T., Wang, L., Zhao, W., et al. (2019). Chronic alcohol 
exposure induced gut microbiota dysbiosis and its correlations with neuropsychic 
behaviors and brain BDNF/Gabra1 changes in mice. Biofactors 45, 187–199. doi: 
10.1002/biof.1469

Xue, F., He, Z., Zhuang, D. Z., and Lin, F. (2023). The influence of gut microbiota on 
circulating inflammatory cytokines and host: a Mendelian randomization study with 
meta-analysis. Life Sci. 332:122105. doi: 10.1016/j.lfs.2023.122105

Yan, C., Huang, S. H., Ding, H. F., Kwek, E., Liu, J. H., Chen, Z. X., et al. (2023). 
Adverse effect of oxidized cholesterol exposure on colitis is mediated by modulation of 
gut microbiota. J. Hazard. Mater. 459:132057. doi: 10.1016/j.jhazmat.2023.132057

Yang, C., Qu, Y., Fujita, Y., Ren, Q., Ma, M., Dong, C., et al. (2017). Possible role of the 
gut microbiota-brain axis in the antidepressant effects of (R)-ketamine in a social defeat 
stress model. Transl. Psychiatry 7:1294. doi: 10.1038/s41398-017-0031-4

Ye, X., Liu, B., Bai, Y., Cao, Y., Lin, S., Lyu, L., et al. (2023). Genetic evidence 
strengthens the bidirectional connection between gut microbiota and periodontitis: 

insights from a two-sample Mendelian randomization study. J. Transl. Med. 21:674. doi: 
10.1186/s12967-023-04559-9

Yu, H., Wan, X., Yang, M., Xie, J., Xu, K., Wang, J., et al. (2023). A large-scale causal 
analysis of gut microbiota and delirium: a Mendelian randomization study. J. Affect. 
Disord. 329, 64–71. doi: 10.1016/j.jad.2023.02.078

Yuan, R., Yang, L., Yao, G., Geng, S., Ge, Q., Bo, S., et al. (2022). Features of gut 
microbiota in patients with anorexia nervosa. Chin. Med. J. 135, 1993–2002. doi: 
10.1097/cm9.0000000000002362

Zaccaria, E., Klaassen, T., Alleleyn, A. M. E., Boekhorst, J., Smokvina, T., 
Kleerebezem, M., et al. (2023). Endogenous small intestinal microbiome determinants 
of transient colonisation efficiency by bacteria from fermented dairy products: a 
randomised controlled trial. Microbiome 11:43. doi: 10.1186/s40168-023- 
01491-4

Zahavi, L., Lavon, A., Reicher, L., Shoer, S., Godneva, A., Leviatan, S., et al. (2023). 
Bacterial SNPs in the human gut microbiome associate with host BMI. Nat. Med. 29, 
2785–2792. doi: 10.1038/s41591-023-02599-8

Zang, Y., Lai, X., Li, C., Ding, D., Wang, Y., and Zhu, Y. (2023). The role of gut 
microbiota in various neurological and psychiatric disorders-an evidence mapping 
based on quantified evidence. Mediat. Inflamm. 2023:5127157. doi: 
10.1155/2023/5127157

Zeng, X., Li, X., Li, X., Wei, C., Shi, C., Hu, K., et al. (2023). Fecal microbiota 
transplantation from young mice rejuvenates aged hematopoietic stem cells by 
suppressing inflammation. Blood 141, 1691–1707. doi: 10.1182/blood.2022017514

Zhang, M., Zhang, M., Kou, G., and Li, Y. (2023). The relationship between gut 
microbiota and inflammatory response, learning and memory in mice by sleep 
deprivation. Front. Cell. Infect. Microbiol. 13:1159771. doi: 10.3389/fcimb.2023. 
1159771

https://doi.org/10.3389/fmicb.2024.1396932
https://www.frontiersin.org/journals/microbiology
https://www.frontiersin.org
https://doi.org/10.3390/antiox11050842
https://doi.org/10.3390/antiox11050842
https://doi.org/10.1186/s40168-022-01452-3
https://doi.org/10.3389/fmicb.2023.1144851
https://doi.org/10.3389/fmicb.2023.1144851
https://doi.org/10.3389/fmicb.2023.1290246
https://doi.org/10.1002/biof.1469
https://doi.org/10.1016/j.lfs.2023.122105
https://doi.org/10.1016/j.jhazmat.2023.132057
https://doi.org/10.1038/s41398-017-0031-4
https://doi.org/10.1186/s12967-023-04559-9
https://doi.org/10.1016/j.jad.2023.02.078
https://doi.org/10.1097/cm9.0000000000002362
https://doi.org/10.1186/s40168-023-01491-4
https://doi.org/10.1186/s40168-023-01491-4
https://doi.org/10.1038/s41591-023-02599-8
https://doi.org/10.1155/2023/5127157
https://doi.org/10.1182/blood.2022017514
https://doi.org/10.3389/fcimb.2023.1159771
https://doi.org/10.3389/fcimb.2023.1159771

	Anorexia nervosa and bulimia nervosa: a Mendelian randomization study of gut microbiota
	1 Introduction
	2 Materials and methods
	2.1 Study overview
	2.2 Genetic association data screening for AN and BN
	2.3 The selection of IVs
	2.4 MR analysis and sensitivity assessment

	3 Results
	3.1 Overview of genetic IVs
	3.2 Relationship of intestinal bacterial taxa to AN and BN
	3.3 Sensitivity analysis of MR results

	4 Discussion
	5 Conclusion
	Data availability statement
	Author contributions

	References

