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Background: The association between acne and gut microbiota has garnered considerable attention; nevertheless, given the
substantial diversity within gut microbiota, the precise cause-and-effect relationship linking specific microbial species to acne remains
elusive. To address this gap in knowledge, our study utilized Mendelian randomization analysis to elucidate a potential causal link
between gut microbiota composition and acne development while also investigating underlying mechanisms involving microbial
factors associated with metabolic disorders.

Materials and Methods: The independent single nucleotide polymorphisms (SNPs) closely associated with 196 gut microbiota samples
(N=18340) were selected as variable tools. The relationship between gut microbiota and acne (N=212438) was analyzed using the
Twosample package in R4.3.1, employing various methods including inverse variance weighting (IVW), weighted median, MR-Egger,
Simple-mode, and Weighted-mode. To ensure the stability of the estimates, a series of sensitivity analyses were conducted, such as
Cochran’s Q-test, MR-Egger intercept analysis, leave-one-out analysis, and funnel plots. Additionally, the impact of each instrumental
variable was calculated.

Results: In the Mendelian randomization analysis, we identified twelve microbial taxa potentially associated with acne: family.
Bacteroidaceae, family.Clostridiaceael, genus.Allisonella, genus.Bacteroides, genus.Butyricimonas, genus.Clostridiumsensustrictol,
and genus.Coprococcus3. These seven bacterial groups were found to be potential risk factors for acne. Conversely, family.
Lactobacillaceae and genus.Ruminococcustorquesgroup along with genus.CandidatusSoleaferrea, genus.Fusicatenibacter, family.
Lactobacillaceae, and genus.Lactobacillus exhibited a protective effect against acne. Furthermore, our investigation revealed that
some of these microbial taxa have been implicated in metabolic diseases through previous studies. Importantly though, no causal
relationship was observed in the reverse Mendelian randomization analysis.
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Introduction

The pathogenesis of acne involves a multifactorial interplay, resulting in chronic inflammation within the sebaceous glandular
units located in hair follicles." This condition is estimated to affect 9.4% of the global population and ranks as the eighth most
prevalent disease worldwide,? imposing a significant burden on the global economy. It is prone to scarring and hyperpig-
mentation after healing, affecting 85% of young individuals and adolescents, with its social and psychological impact
surpassing its physical consequences.” > A questionnaire-based study revealed that 97.8% of patients postulated potential
causal or exacerbating factors for acne, encompassing sleep deprivation, tobacco use, alcohol consumption, and even
concurrent infections; 95% of patients held the belief that certain dietary choices and beverages contribute to the deterioration
of acne; furthermore, 85.5% of participants in this investigation associated it with the consumption of fatty/fried foods,*
indicating a widespread recognition among the general public regarding the relationship between diet and acne.® In addition to
its contribution to acne development, poor diet also plays a significant role in the pathogenesis of metabolic disorders. Our
research group acknowledges the interplay between acne and metabolic disorders, recognizing that gut microbiota underlies
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the extensive impact of diet on human health and disease.”® Accordingly, it is imperative to ascertain the causal relationship
between gut microbiota and acne, elucidate the underlying mechanisms by which gut microbiota influences the pathogenesis
of acne, investigate potential associations between acne and metabolic disorders, and develop targeted strategies for
prevention and treatment of acne.

The gut microbiota, acquired at birth, constitutes an inherent component of the human body and coevolves with the host’s
development.’ To a considerable extent, gut microbiota is regarded as the fundamental organ of the human body, '’ playing an
indispensable role in human existence. The gut microbiota constantly maintains a dynamic equilibrium and actively

112 However, dysregulation of the gut microbiota can compromise the

participates in metabolic and immune processes.
integrity of the intestinal barrier, resulting in translocation of microbial communities, systemic inflammation, and metabolic
disorders."® With the progressive advancement of scholarly research on gut microbiota and dermatological conditions, it has
been substantiated that disruptions in gut microbiota impact skin health,'* while conversely, the state of the skin also
influences gut microbiota, thereby establishing a reciprocal relationship between them.'>'® Polkowska-Pruszyska’s team
explores the correlation between alterations in gut microbiota and immune responses that lead to various skin conditions,
including acne, atopic dermatitis (AD), allergies, among others.'” Moreover, compelling evidence suggests that emotions
exert an influence on acne through their impact on gut microbiota, thereby implicating a potential link between gut microbiota
and the development of acne.'® The evidence presented herein elucidates a robust correlation between gut microbiota and
acne, thereby suggesting that dysbiosis of gut microbiota constitutes one of the etiological factors contributing to the
development of acne. To comprehensively investigate the specific causal effects linking gut microbiota and acne, including
delineating the precise impact of individual microbial species on acne pathogenesis, an extensive array of fundamental
experimental and observational studies is still warranted. However, it should be noted that such endeavors are associated with
substantial costs and inherent challenges in controlling for confounding factors.'® According to Mendel’s law of segregation
and independent assortment, genetic variations are randomly allocated to gametes, and individual genes are determined at
birth and remain unchanged by acquired habits, diet, living environment, etc. In the context of this study, Single Nucleotide
Polymorphisms (SNPs) are employed as an Instrument of Variation (IV) in a Mendelian randomization (MR) design that
mimics the approach used in Randomized Controlled Trials (RCTs). This methodology effectively mitigates confounding
factors and enhances the credibility of observed causal effects. Consequently, MR studies offer a feasible means for analyzing
the causal relationship between gut microbiota and acne.

Materials and Methods

Overview of Research

In this experiment, each of the 196 gut microbiota samples was considered as an independent exposure factor, and two-sample
Mendelian randomization was conducted to assess its association with acne as an outcome. To meet the requirements of MR
studies, three key assumptions need to be satisfied: 1) strong correlation between instrumental variables and exposure
factors; 2) no correlation between instrumental variables and confounders; and 3) absence of direct correlation between
instrumental variables and outcomes, with their effect on the outcome being solely mediated through exposure.

Data Sources
Acne data were obtained from the FinnGen database, which was collected in 2021 and comprised a total of 212,438
participants (N=212438). Gut microbiota data were acquired from MiBioGen, an international consortium that collects
248 rRNA gene sequencing profiles and genotyping information from 18,340 participants across multiple cohorts in the
United States, Canada, Israel, South Korea, Germany, Denmark, the Netherlands, Belgium, Sweden, Finland and the
United Kingdom.*°

Selection of Instrumental Variables

For the initial screening of gut microbiota, a total of 211 microbiota classifications were utilized. After excluding 15 unknown
classifications, the remaining 196 classifications were considered for the experiment, comprising 9 phyla, 16 orders, 20 families,
and 119 genera. The details of the gut microbiota included in the study are presented in Table S1. The SNPs of these bacterial
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groups (n=196) were screened based on the following criteria: 1) Initially aiming for p<5x10-8 yielded an insufficient number of
SNPs; thus this criterion was abandoned in favor of using p<1x10-5 as the screening threshold.?' 2) The LD criterion for SNPs
that met the criteria mentioned in 1) was set as 12=0.001 and kb=10,000, ensuring the independence of the identified SNPs.
3) The F statistic was calculated for each SNP, and strong instrumental variables with F>10 were selected to mitigate weak
instrumental bias.**

Mendelian Randomization Studies and Sensitivity Analysis
The inverse variance weighting (IVW) method was primarily employed in this study to analyze the causal effects of gut
microbiota on acne. To enhance the stability and reliability of the experimental findings, four additional analytical
methods were also utilized, including the weighted median method, MR-Egger method, Simple mode method, and
Weighted mode method. The criterion for determining causal effects among these five results was based on selecting the
inverse variance weighting (IVW) method as it is considered the most credible.

The experiment employed Cochran’s Q statistic to quantify and assess potential heterogeneity, as well as the
MR-Egger intercept test to estimate horizontal multivariate validity. To ensure result reliability, the leave-one-out method
was additionally utilized to individually eliminate each SNP and evaluate its impact on overall results and heterogeneity.

Meanwhile, to mitigate errors arising from confounding factors in the experiment, we employed PhenoScanner
(http://www.phenoscanner.medschl.cam.ac.uk) to query the experimentally selected SNPs as instrumental variables,

ensuring that all SNPs adhere to the three fundamental assumptions of Mendelian randomization study 2 and 3.

Statistical Analysis

Considering the inclusion of n species groups at various taxonomic levels, including phylum, class, family, order, species
and genus, we applied Bonferroni correction to adjust the significance thresholds with a formula of 0.05/n.*> The
resulting p-values for phylum, class, family, order, species and genus were 5.56 x 10-3, 3.13 x 10-3, 2.5 x 10-3, 1.56 x
10-3, and 4.20 x 10-4 respectively.In the experimental results, we considered p-values that remained significant after
applying the Bonferroni correction as statistically significant. Additionally, those with p-values less than 0.05 but did not
meet the significance threshold after the Bonferroni correction were also deemed to be of statistical importance. All
experiments were primarily conducted using R software (version 4.3.1) and analyzed with the Two-Sample-MR package
(version 0.5.7).

Results

Description of Instrumental Variables

The screening process involved genome-wide significance threshold testing (p<1x10-5), linkage disequilibrium (LD)
analysis, coordination and harmonization, MR-PRESSO test, F-value calculation, and further screening. All retained
SNPs had F-statistic values greater than 10 to ensure sufficient correlation with the corresponding microbiota. Detailed
information on the retained SNPs’ correlations and statistics can be found in Table S2.

Causal Impact of Gut Microbiota on Acne Vulgaris

The MR analysis revealed that family.Bacteroidaceae (95% CI: 1.03—-3.70, OR=1.96, P=0.0391), family.Clostridiaceael (95%
CI: 1.06-2.45, OR=1.61, P=0.0258), genus. Allisonella (95% CI: 1.06—1.66, OR=1.33, P=0.0122), genus.Bacteroides (95%
CI: 1.03-3.70, OR=1.96, P=0.0391), genus.Butyricimonas (95% CI: 1.03-2.13, OR=1.48, P=0.0321), genus.
Clostridiumsensustrictol (95% CI: 1.03-2.51, OR=1.61, P=0.0374), genus.Coprococcus3 (95% CI: 1.44-3.83, OR=2.35
(P=0.0006) above 7 microbiota were risk factors for acne. family.Lactobacillaceae (95% CI: 0.51-0.91, OR=0.68, P=0.0094),
genus.Ruminococcustorquesgroup (95% CI: 0.37-0.93 OR=0.59, P=0.0224), genus.CandidatusSoleaferrea (95% CI: 0.53—
0.95, OR=0.71, P=0.0196), genus.Fusicatenibacter (95% CI: 0.40-0.86, OR=0.59, P= 0.0065), genus.Lactobacillus (95%:
0.55-0.94, OR=0.72, P=0.150). The remaining five species exhibited protective effects against acne.

The details are depicted in Figure 1, while the outcomes of each test are presented in Table S3.
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Figure | Demonstration of Cause and Effect.

The MR-Egger method exhibited contrasting results compared to other methods in assessing the causal effect within
the family Bacteroidaceae, genus. Ruminococcustorquesgroup, genus.Bacteroides, and genus.Fusicatenibacter.
Conversely, the Simple-mode method demonstrated opposing outcomes when calculating the causal effect within the
family.Lactobacillaceaec and genus Lactobacillus. However, for the remaining five calculation methods pertaining to
bacterial groups, the direction of causal effect was largely consistent.

Relevant details can be found in Figure 2

Sensitivity Analysis
The detailed results of the leave-one-out test are presented in Figure 3.

Table 1 presents comprehensive data from all gut microbiota assays, including the results of rigorous heterogeneity
and horizontal pleiotropy tests

Despite none of the p-values of the colonies tested by the IVW method reaching the Bonferroni-corrected threshold,
statistical significance was still achieved due to the extremely stringent criteria. Only two out of 12 screened colonies
exhibited heterogeneity, namely family.Bacteroidaceae and genus.Bacteroides, while others showed no horizontal
pleiotropy and heterogeneity. Detailed data are presented in Table S4.

The analysis identified a total of 12 gut microbiota with causal effects, out of which seven exhibited risk effects and
five demonstrated protective effects. Notably, the experimental results also confirmed the presence of Lactobacillus,

which was found to have a mitigating effect on acne. Intriguingly, a literature review of the experimentally obtained
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Figure 2 Visualization of Results.

microbiota revealed that those exhibiting a risk effect on acne were also associated with an increased risk for certain
metabolic diseases. Furthermore, some consistency was observed among the microbiota displaying protective effects.

Discussion

In a previous study, which indicated a robust correlation between gut microbiota and acne development,®* we identified 12
specific microbiota that exerted a causal influence on acne through MR analysis utilizing summarized data on gut microbiota
from the MiBioGen consortium and acne data from the FinnGen consortium. Among them, the bacterium exhibited a risk
factor OR>1 for acne at both the family and genus levels. The genus Coprococcus3 had the highest OR, indicating that this
group had the strongest impact on acne risk. Lactobacillus demonstrated a protective effect against acne at both family and
genus levels, with its strongest protective effect against acne observed in the Ruminococcustorquesgroup.

The gut microbiota can be regarded as a distinct endocrine organ within the human body,?* and its composition,
functional endocrine interactions, and association with obesity, cardiovascular disease, metabolic syndrome, and stress-
related disorders,”® suggest an equally robust connection between acne and these diseases.”’

Our study revealed that Bacteroidaceae serves as a predisposing factor for acne, with the genus comprising 78 species
and 5 subspecies. Among them, B. fragile (Bacteroidaceae.fragilis) stands out as the representative species, known to
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Figure 3 Sensitivity Analysis.

induce skin and soft tissue infections.?® Furthermore, we observed that an increased abundance of B. fragile leads to
a reduction in levels of bile acid glycodeoxycholic acid (GUDCA) and taurine deoxycholic acid (TUDCA), both of
which act as antagonists to FXR.?’ In contrast to the hepatic effects of FXR, it has been demonstrated that modulation of
intestinal FXR signaling improves metabolic disorders.>®* It is postulated that the heightened risk of acne due to an
increased abundance of Bacteroidetes anthropophilus weakens the inhibitory effect on intestinal FXR, thereby signifi-
cantly reducing metabolic homeostasis protection. This may be one of the underlying reasons for the comorbidity
between acne and metabolic disorders.
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Table | Gut Microbiota Test Results

Name Method nsnp pval or or_Ici95 | or_uci95 Q Q_pval | Pleiotropy_Tese
Family.Bacteroidaceae MR Egger 12 0431 | 0.25 0.01 6.77
Weighted median 12 0.022 | 228 113 4.6l
Inverse variance 12 0.039 | 1.95 1.03 3.7 22.45 0.02 0.24
weighted
Simple mode 12 0.161 | 291 0.72 11.67
Weighted mode 12 0.187 | 2.48 0.7 8.77
Family.Clostridiaceae | MR Egger 11 0.036 | 4.87 1.38 17.19
Weighted median il 0.559 1.2 0.66 2.18
Inverse variance 11 0.026 | 1.61 1.06 2.45 10.04 0.44 0.1
weighted
Simple mode 1 0.939 | 1.04 0.36 3.03
Weighted mode 11 0.964 | 1.03 0.31 3.47
Family.Lactobacillaceae MR Egger I 0.128 | 0.51 0.23 1.12
Weighted median 11 0.074 | 0.69 0.47 1.04
Inverse variance 1 0.009 | 0.68 0.51 0.91 11.2 0.34 0.46
weighted
Simple mode 11 0.865 | 1.06 0.55 2.03
Weighted mode I 0.118 | 0.6l 0.35 1.07
Genus. MR Egger 13 0.696 1.4 0.27 729
Ruminococcustorquesgroup
Weighted median 13 0.247 | 0.69 0.36 1.3
Inverse variance 13 0.022 | 0.59 0.37 0.93 10.46 0.58 0.3
weighted
Simple mode 13 0.784 | 0.86 0.31 24
Weighted mode 13 0.825 | 0.88 0.29 2.67
Genus.Allisonella MR Egger 9 0.478 1.8 0.39 8.34
Weighted median 9 0.058 | 1.32 0.99 1.77
Inverse variance 9 0.012 | 1.33 1.06 1.66 822 0.41 0.71
weighted
Simple mode 9 0.284 1.3 0.83 2.02
Weighted mode 9 0.257 13 0.85 1.96
Genus.Bacteroides MR Egger 12 0.431 | 0.25 0.01 6.77
Weighted median 12 0.019 | 228 I.15 4.54
Inverse variance 12 0.039 | 1.95 1.03 3.7 22.45 0.02 0.24
weighted
Simple mode 12 0.158 | 291 0.73 11.56
Weighted mode 12 0212 | 248 0.65 9.48
(Continued)
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Table 1 (Continued).

Name Method nsnp pval or or_Ici95 | or_uci95 Q Q_pval | Pleiotropy_Tese
Genus.Butyricimonas MR Egger 17 0.907 | 1.09 0.25 4.72
Weighted median 17 0.509 | I.15 0.76 1.76
Inverse variance 17 0.032 | 1.48 1.03 2.13 21.28 0.17 0.68
weighted
Simple mode 17 0.85 0.93 0.46 1.88
Weighted mode 17 0.965 | 0.99 0.51 1.89
Genus.CandidatusSoleaferrea MR Egger 16 0.724 | 0.78 0.2 3.07
Weighted median 16 0.026 | 0.67 0.47 0.95
Inverse variance 16 0.02 | 0.71 0.53 0.95 22.22 0.1 0.9
weighted
Simple mode 16 0.119 | 0.54 0.26 1.12
Weighted mode 16 0.133 | 0.54 0.25 1.16
Genus.Clostridiumsensustricto | MR Egger 9 0.121 2.82 0.89 8.93
Weighted median 9 0.672 | 1.14 0.6l 2.14
Inverse variance 9 0.037 | 1.61 1.03 2.51 8.82 0.36 0.33
weighted
Simple mode 9 0.868 | 1.09 0.41 2.87
Weighted mode 9 0.881 1.08 0.41 2.8l
Genus.Coprococcus3 MR Egger 10 0.358 | 4.32 0.23 81.83
Weighted median 10 0.022 | 2.17 1.12 4.23
Inverse variance 10 0.001 | 2.35 1.44 3.83 5.66 0.77 0.69
weighted
Simple mode 10 0.032 | 3.52 1.33 9.26
Weighted mode 10 0.106 | 2.37 0.93 6.07
Genus.Fusicatenibacter MR Egger 19 0.859 | I.14 0.27 4.73
Weighted median 19 0.004 | 0.48 0.29 0.79
Inverse variance 19 0.006 | 0.59 0.4 0.86 19.75 0.35 0.36
weighted
Simple mode 19 0.042 | 0.36 0.14 0.9
Weighted mode 19 0.056 | 0.36 0.13 0.96
Genus.Lactobacillus MR Egger Il 0.145 | 0.55 0.26 I.14
Weighted median I 0.073 0.7 0.48 1.03
Inverse variance 1 0.015 | 0.72 0.55 0.94 8.8l 0.55 0.47
weighted
Simple mode Il 0.799 | 1.09 0.57 2.1
Weighted mode I 0.111 0.6 0.34 1.06

Note: Bolded text shows gold standard test results.
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Clostridiaceae are found to be more abundant in both inflammatory bowel disease and arthritis,** suggesting
a potential pro-inflammatory role of Clostridia. Moreover, a Mendelian randomization study has demonstrated that
Clostridiaceae serve as a risk factor for T2DM.** Our findings support the hypothesis that acne and T2DM share
a common pathogenesis.?’

Histamine (HA), a ubiquitous substance in living organisms, has emerged as a central neurotransmitter associated with
obesity, diabetes, and endocrinology in recent years.”> The genus Allisonella has the ability to metabolize histamine,*

a component of the leptin signaling pathway,>”~®

which plays a crucial role in regulating feeding behavior and metabolic
processes within the body. Sebaceous glands exhibit an inflammatory response upon leptin stimulation, as indicated by
augmented sebum production, activation of STAT-3 and nuclear factor (NF)-kB pathways, and enhanced secretion of
cytokines IL-6 and IL-8. These findings suggest that the leptin signaling pathway may regulate sebum metabolism, thereby
influencing acne development.® Elevated concentrations of leptin in circulating or local tissues can give rise to metabolic
syndrome-associated disorders, including obesity, dyslipidemia, hyperglycemia, and hypertension.*°

Lactic acid bacteria, belonging to a genus of beneficial bacteria capable of lactose and protein breakdown, play a pivotal
role in the gut microbiota.Lactic acid bacteria, belonging to the genus Lactobacillus, have been extensively studied for their
potential anti-obesity and anti-metabolic disease properties. It has been reported that certain strains of Lactobacillus can
produce short-chain fatty acids (SCFAs) through fermentation. These SCFAs play a regulatory role in signaling pathways
associated with lipid synthesis, lipid metabolism, and energy regulation, including mammalian target of rapamycin (mTOR),
AMP-activated protein kinase (AMPK), peroxisome proliferator-activated receptors (PPARs), among others.*' ™ In 2016,
Monfrecola et al demonstrated the pivotal role of the mTOR pathway in acne pathogenesis for the first time. Conversely,
inhibition of the AMPK pathway upregulates sterol regulatory element-binding protein-1 (SREBP-1) expression and
adipogenesis, thereby contributing to acne development.** Lactobacillus acidophilus inhibits the mTOR pathway while
activating the AMPK pathway, thus serving as a protective factor.

Butyricimonas, an enterobacterium known for its production of butyrate, has been identified as a potential risk factor
for acne. However, it is noteworthy that butyrate exhibits anti-inflammatory properties by generating factors that mitigate
inflammation.*> Our experimental results contradict this finding and currently there is no suitable evidence to explain the
association between Butyricimonas and acne. There may be an undiscovered underlying mechanism linking them.

The study possesses several notable strengths. Firstly, the utilization of MR analysis establishes a causal relationship
between gut microbiota and acne while effectively excluding confounding factors. Secondly, the inclusion of genetic
variation in gut microbiota from the largest GWAS meta-analysis ensures instrumental strength in MR analysis.
Additionally, horizontal pleiotropy was meticulously tested and excluded using MR-PRESSO and MR-Egger regression
intercept terms.

However, there are certain limitations that should be acknowledged: (1) The absence of Asian-African populations
participating in both the enterobacterial database and acne database used in this experiment raises uncertainty regarding
the generalizability of these findings to global human populations. (2) Due to stringent experimental settings for
P thresholding and removal of linkage disequilibrium, it is possible that some equally effective SNPs were inadvertently
excluded. (3) Despite careful manual screening of SNPs, it is important to acknowledge that complete elimination of all

potential confounding factors may not have been achieved by the authors, potentially introducing bias into the results.

Conclusion

In summary, our findings indicate a strong causal relationship between acne-associated microbiota and metabolic
diseases, including diabetes and cardiovascular diseases. This high correlation underscores the need for further research
to elucidate the underlying mechanisms linking acne and metabolic disorders. Additionally, our study provides valuable
insights into both beneficial and risky microbiota associated with acne, offering potential guidance for clinical treatment
and prevention strategies. Furthermore, we explore the possible connections between acne and metabolic diseases,
investigating shared etiological factors and proposing avenues for studying comorbidities of acne. These contributions
highlight the significance of this paper.
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