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Abstract

Background: Childhood obesity may be linked to gut microbiota and
omega-3 fatty acids, but the precise relationships remain unclear.

Objective: This study aimed to investigate the relationships between
omega-3 fatty acids, the abundance of SM23-33 in stool, and childhood
obesity.

Methods: We performed Linkage Disequilibrium Score Regression
(LDSC) to assess the genetic correlations among the abundance of SM23-
33 in stool, omega-3 fatty acids, and childhood obesity. Additionally,
bidirectional Mendelian Randomization (MR) analyses were conducted
to explore the causal connections between SM23-33 abundance in stool
and childhood obesity. A two-step MR analysis was used to determine
whether omega-3 fatty acids, specifically Docosahexaenoic Acid (DHA),
mediated these relationships. All statistical analyses were conducted using
R software, adhering to the STROBE-MR checklist for reporting MR
studies.

Results: No significant genetic correlation was found among SM23-33
abundance in stool, omega-3 fatty acids, and childhood obesity (rg_
p>0.05). However, MR analysis indicated a causal association between
SM23-33 abundance in stool and childhood obesity (OR=0.747, 95% CI:
0.584-0.957, P=0.021). There was no strong evidence that genetically
predicted childhood obesity affected SM23-33 abundance in stool. The
two-step MR analysis suggested that the association between SM23-33
abundance in stool and childhood obesity was mediated by DHA, with a
mediation proportion of 3.56% (95% CI: 3.43%, 3.69%).

Conclusion: This study provides evidence supporting a causal relationship
between the abundance of SM23-33 in stool and childhood obesity, with a
potential mediating effect by Docosahexaenoic Acid (DHA).

Keywords: SM23-33 abundance in stool; Omega-3 fatty acids; Mendelian
randomization; Docosahexaenoic acid; Childhood obesity

Introduction

Obesity is a complex, chronic condition characterized by
excessive fat accumulation that can negatively affect health.
It increases the risk of type 2 diabetes, cardiovascular
diseases, bone health issues, reproductive problems, and

certain cancers [1]. It also impacts quality of life, affecting
sleep and mobility [2]. According to the World Health
Organization, in 2022, one in 8 people worldwide were
obese. Since 1990, the prevalence of obesity in adults has
more than doubled, while the rate among adolescents has
increased by 4 times. By 2022, over 390 million children
and adolescents aged 5-19 were overweight, including 160
million with obesity. These alarming statistics underscore
the urgent need for effective strategies to combat this global
health crisis.

The gut microbiome significantly influences the
development and progression of obesity [3,4]. Alterations
in the gut microbiome are associated with childhood
obesity, marked by reduced diversity of beneficial bacteria
and increased presence of opportunistic pathogens.
Research shows that obese children have distinct gut
microbiome profiles compared to lean children. For
instance, the Firmicutes phylum is more abundant in obese
children, while the Bacteroidetes phylum is more prevalent
in lean children [5]. Additionally, the gut microbiome in
obese children generally exhibits lower diversity and
a higher tendency towards inflammation [6,7]. The gut
microbiome regulates energy harvest and storage, and its
alterations can change metabolic pathways, contributing to
childhood obesity [7]. It also affects appetite and satiety
hormones like ghrelin and leptin, potentially leading to
overeating and weight gain in children [8]. Modulating
the gut microbiome through dietary interventions, such as
prebiotics or probiotics, has proven effective in managing
weight in children [6].

Despite the established link between the gut microbiome
and childhood obesity, much remains to be understood
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about the specific roles of different microbial families.
The SM23-33 order, consisting of strictly fermentative
Phycisphaerae bacteria, is one such group that requires
further exploration. Comprising 2 families, SM23-33 and
FEN-1343, these bacteria were identified in metagenomic
datasets from estuary and sulfur-rich hydrothermal
sediments [9]. Although literature on this order is limited,
recent research suggests their functional capacity is more
complex than previously known. These bacteria thrive in
environments lacking electron acceptors and can degrade
complex carbon substrates. Some members may perform
anaerobic sulfite reduction, indicating their metabolic
diversity and adaptability [10]. Although no direct evidence
links SM23-33 bacteria to childhood obesity, their diverse
metabolic abilities and roles in complex carbon metabolism
suggest further research could uncover connections to
childhood obesity and other complex diseases.

While investigating potential links between SM23-
33 bacteria and childhood obesity, other studies have
examined the role of nutrition, particularly omega-3 fatty
acids, in preventing and managing this condition. Omega-3
fatty acids, including Alpha-linolenic Acid (ALA),
Docosahexaenoic Acid (DHA), Docosapentaenoic Acid
(DPA), and Eicosapentaenoic Acid (EPA), may help combat
childhood obesity by reducing inflammation, enhancing
insulin sensitivity, and improving cardiovascular health
[11-13]. They might also affect appetite control and satiety,
potentially resulting in lower energy intake and improved
weight management [14]. A systematic review conducted
in 2019 revealed that omega-3 supplementation led to
notable reductions in BMI and waist circumference among
children and adolescents [15]. A 2023 study reported
improved insulin sensitivity and reduced inflammatory
markers in obese children receiving omega-3 supplements
[16]. However, some studies have yielded inconclusive or
contradictory results. For example, a 2018 study noted an
increase in BMI and body fat percentage in obese children
following omega-3 supplementation [17]. A 2021 review
of 20 clinical trials found no significant effect of omega-3
supplementation on BMI or body fat percentage in children
[18]. These mixed findings emphasize the importance of
further investigation to better understand the links between
omega-3 fatty acids, gut microbiota, and childhood obesity.

Mendelian Randomization (MR) analysis is a powerful
epidemiological tool based on Mendelian inheritance
principles. This technique uses genetic variants as
instrumental variables to estimate causal relationships,
minimizing confounding variables, measurement errors,
and reverse causation [19]. Based on recent studies,
we hypothesize a causal association between SM23-33
abundance in stool and childhood obesity, with omega-3
fatty acids acting as mediators. We utilized mediation MR
analysis to explore this relationship, employing genetic
data from extensive Genome-wide Association Studies
(GWAS). Our aim is to clarify the causal mechanisms
at play, offering a better understanding of how SM23-33
affects childhood obesity by influencing omega-3 profiles.

Materials and Methods
Study design

In this study, we utilized various Mendelian Randomization
(MR) techniques, including genetic correlation analysis
(LDSC), Two-sample MR (TSMR), Bidirectional MR
(BDMR), multivariable MR (MVMR), and two-step MR
(2SMR), to explore the causal relationships between the
abundance of SM23-33 in stool, omega-3 fatty acids, and
childhood obesity. Our study was grounded in 3 fundamental
assumptions necessary for accurate MR estimates:

@) Genetic Instrumental Variables (ivs) must be
strongly associated with the exposure,
(i1) Genetic ivs must not be related to confounders

affecting both the exposure and outcome, and

(iii) Genetic ivs should impact the outcome solely
through their effect on the exposure [20].

By applying a range of MR methods, we aimed to reduce
bias and produce reliable estimates of how modifiable
exposures relate to the outcomes of interest. Additionally,
we adhered to the STROBE-MR checklist to ensure the
integrity of this observational MR study. Here is a detailed
and transparent summary of our study design plan.

Step 1: GWAS summary data
*  SM23-33 abundance in stool (Exposure)

* 5,959 Finnish individuals, FINRISK 2022, Qin Y et
al. (2022)

*  Childhood obesity (Outcomes)

e 13005 European individuals,
Bradfield JP et al. (2019)

*  Omega-3 fatty acids (Mediator)

* 136,016 individuals from ALSPAC et al, Karjalainen
MK et al. (2024)

e 8,299 individuals from CLSA et al, Chen Y et al.
(2023)

EGG consortium,

Step 2: Data quality control

+  Extracting European population data

*  Genetic correlation analysis (LDSC regression)
Step 3: Instrumental variables

*  Single nucleotide polymorphism

Step 4: Selection of genetic I'Vs

*  Association with SM23-33 abundance in stool (P<5
x 10-5), omega-3 fatty acids (P<5 x 10-8), childhood
obesity (P<5 x 10-5)

LD R2<0.001, window size=10 kb

*  Exclude the ambiguous SNPs with a minor allele
frequency<0.01

*  Remove potential pleiotropic SNPs by MR-PRESSO
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*  Remove SNPs associated with confounder
Step 5: Mendelian randomization

» Inverse variance weighted

* MR Egger

*  Weighted median

+  Simple mode

*  Weighted mode

Step 6: Sensitivity analysis

*  Cochran’s Q test (Heterogeneity)

»  F statistic (Strength of [Vs)

*  R2 (The proportion of variance)

*  MR-Egger intercept (Pleiotropic test)
*  MR-PRESSO (Outlier test)

*  Leave-one-out

Data sources

Source of SM23-33 abundance in stool: The GWAS data
on SM23-33 abundance in stool used in this study were
obtained from research investigating the genetic traits
of gut microbiota. The original GWAS included 2,801
microbial taxa and 7,967,866 human genetic variants from
5,959 individuals in the FRO2 cohort. The summary data
for SM23-33 stool abundance was accessed via the GWAS
Catalog (https://www.ebi.ac.uk/gwas), with the accession
number GCST90032559. Further details about this GWAS
can be found in the original study [21].

Data on DHA were obtained from the GWAS Catalog,
originally compiled by Karjalainen MK et al. (2024),
under accession number GCST90301955 [22]. This study
investigated genetic associations with 233 circulating
metabolic traits across 33 cohorts, involving a total of
136,016 participants, primarily of European descent,
with 11.60% from Asia (15,775 out of 136,016). Data on
other omega-3 fatty acids, including ALA, DPA, and EPA,
were also retrieved from the GWAS Catalog, originally
published by Chen Y et al., with accession numbers
GCST90199748, GCST90199713, and GCST90200349,
respectively [23]. This research was based on the Canadian
Longitudinal Study on Aging (CLSA) cohort and analyzed
1,091 blood metabolites and 309 metabolite ratios from
8,299 participants and approximately 15.4 million SNPs.
Detailed information on this GWAS can be found in the
original publication.

Childhood obesity data were supplied by the EGG
consortium and obtained from (wWww.egg-consortium.
org) [24]. To identify additional genetic variants linked
to childhood obesity, a trans-ancestral meta-analysis of
30 studies was conducted, including up to 13,005 cases
and 15,599 controls from European, African, North/South
American, and East Asian ancestries. European-specific
GWAS data were subsequently extracted for this analysis.

Selection of IVs and data harmonization

To meet the rigorous criteria based on the 3 core Mendelian
Randomization (MR) assumptions and to minimize
horizontal pleiotropy, we selected only independent
genome-wide significant Single Nucleotide Polymorphisms
(SNPs) as instrumental variables (IVs) for the exposure.
The chosen IVs had to be strongly associated with the
exposure (SM23-33 abundance in stool, omega-3 fatty
acids, childhood obesity), with SNPs significantly linked
to the outcomes being selected at the genome-wide level
(P<5%10-8, 12<0.001, window size=10 kb). In cases where
too few SNPs met these criteria, the threshold was adjusted
to (P<5 x 10—5 or P<1 x 10-5, r2<0.001, window size=10
kb). Additionally, we calculated the F statistics for the IVs
to evaluate the risk of weak instrument bias. To minimize
this bias, we retained working variables with F>10, and
for datasets with a larger number of SNPs, only those with
F>100 were included. The formula for calculating the F
value and R? is as follows.

R2=2%Pogp?* eaferp( 1= Qfexp) /[ 2% Pexp? X €afoxp* (1 =€ erp) +2 X Nexp X €L (1 -eafp) X S€1p2]

F=Rx[1egy2/(1-R2)]

To prevent multicollinearity and confounding effects, we
used the LD link tool (https://Idlink.nih.gov/?tab=ldtrait) to
perform Linkage Disequilibrium (LD) pruning on the SNPs.
Using the LD trait module, we focused on the European
population with the CRCH38 genome build, applying
parameters of r’=0.001 and a window size of 10,000 kb.
This method ensured that only one representative SNP per
window was retained, minimizing confounding from LD.
We also excluded SNPs associated with various phenotypes,
including BMI, weight, body mass index, obesity-related
traits, whole body fat mass, waist-to-hip ratio adjusted for
BMI, waist circumference adjusted for BMI, abdominal fat
cell number, hip circumference adjusted for BMI, whole
body fat-free mass, triglycerides, LDL, HDL, and VLDL, to
further reduce potential confounding. This exclusion aimed
to strengthen the reliability of our findings. After filtering
the data, we conducted a horizontal pleiotropy analysis. If
horizontal pleiotropy was detected, the MR-PRESSO test
was performed, and any outliers identified by this test were
removed before proceeding with the subsequent analysis.

Causal effects of SM23-33 abundance in
childhood obesity

stool on

We conducted bidirectional Mendelian Randomization
(MR) analyses to explore the causal relationship between
SM23-33 abundance in stool and childhood obesity,
estimating the total effect (B) of this association. To
estimate effects, we employed the inverse variance
weighted (IVW) method, reporting B + SE for continuous
outcomes and Odds Ratios (OR) with 95% Confidence
Intervals (CI) for binary outcomes. The IVW method
involved meta-analyzing SNP-specific Wald estimates
by dividing the SNP-outcome association by the SNP-
exposure association, using random effects to derive the
final causal effect estimate. Additionally, we used MR-
Egger and weighted median methods as complementary
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approaches to the IVW, offering a more comprehensive
view of the causal relationship.

Mediation analyses connect ‘SM23-33 abundance in
stool,” ‘Omega-3 fatty acids,’ and ‘childhood obesity

We conducted a mediation analysis using a two-step
Mendelian Randomization (MR) approach to investigate
whether omega-3 fatty acids mediate the causal relationship
between SM23-33 abundance in stool and childhood
obesity [25]. The analysis involved 2 steps:

1. A uni-variable MR (UVMR) model was used to
estimate the effect of the exposure on the mediator
(omega-3 fatty acids), and

2. The multivariable MR (MVMR) model assessed the
impact of the mediator on childhood obesity.

In the MVMR model, genetic variants for both the mediator
and the exposure were included in both stages of regression
to ensure that the mediator’s effect on the outcome was
independent of the exposure, and to estimate the direct
effect of the exposure on the outcome. The indirect effect
was estimated by multiplying the regression estimates from
the second stage.

For our study, the overall effect of SM23-33 abundance in
stool on childhood obesity was decomposed into direct and
indirect effects. The direct effect represents the impact of
SM?23-33 abundance in stool on childhood obesity without
mediation, while the indirect effect represents the mediation
effect through omega-3 fatty acids. The mediation effect
was determined as B1 x B2, where B1 represents the causal
impact of SM23-33 abundance in stool on Omega-3 fatty
acids, and B2 reflects the causal influence of Omega-3
fatty acids on childhood obesity, adjusted for confounding
factors related to the exposure. The percentage of mediation
was determined by dividing the indirect effect by the total
effect. Confidence intervals were calculated using the Delta
method [26-32].

Sensitivity analysis

We assessed the directional association between each
identified SNP and both the exposure and outcome variables
using MR Steiger filtering. This method assesses the extent
to which variation in the exposure and outcome can be
attributed to instrumental SNPs and determines whether the
variability in the outcome is less than that in the exposure.
Horizontal pleiotropy was further examined using the MR-
Egger approach, which involves weighted linear regression
with an unconstrained intercept. This intercept serves as an
indicator of the average pleiotropic effect across genetic
variants, reflecting the typical direct influence of a variant
on the outcome variable. A significant deviation of the
intercept from zero (MR-Egger intercept P<0.05) suggests
the presence of horizontal pleiotropy. Additionally, we used
Cochrane’s Q-test to evaluate heterogeneity, with lower
p-values indicating increased heterogeneity and a higher
likelihood of directional pleiotropy. To identify potential
SNP outliers, leave-one-out analyses were also conducted.

Statistical analysis

We used the results from the Inverse Variance Weighted
(IVW) method as our primary analysis and applied a
significance threshold of P<0.05 to the MR analysis,
considering P-values below this threshold as statistically
significant. All statistical analyses and data visualizations
were conducted using R software (R Foundation, Vienna,
Austria). Specifically, we used the TwoSampleMR
package  (https://github.com/MRCIEU/TwoSampleMR)
for univariable and multivariable MR analyses, the
GenomicSEM package (Yen-Tsung Huang, Patrick J.
Smith, USA) for Linkage Disequilibrium Score Regression
(LDSC) analysis, and the PNG package (Boutell,
Netherlands) for data visualization.

LDSC was employed to estimate the genetic correlation (rg)
between SM23-33 abundance in stool, omega-3 fatty acids,
and childhood obesity. LDSC evaluates the relationship
between test statistics and linkage disequilibrium to
quantify the contribution of genuine polygenic signals or
potential biases. This method allows for the assessment of
genetic correlations using GWAS summary statistics while
avoiding bias from sample overlap. We calculated the
z-scores for each variant of Trait 1 and multiplied them by
those of Trait 2. The genetic covariance was then obtained
by regressing this product against the LD score. The
genetic correlation was derived by normalizing the genetic
covariance by SNP heritability, with statistical significance
set at P<0.05.

Results
Selection of I'Vs

We screened the remaining 73 SNPs related to SM23-
33 abundance in stool and 120 SNPs related to omega-3
fatty acids that met assumptions 1, 2, and 3. We excluded
SNPs associated with obesity-specifically rs147608546,
rs1995755,  rs41264899,  r1s75596315, 157581869,
rs7791602, rs79131883, and rs9783388-as well as SNP
rs56154844 associated with omega-3 fatty acids. These
exclusions were made based on prior evidence suggesting
that these SNPs could act as confounders, potentially
affecting the causal relationship between SM23-33
abundance in stool, omega-3 fatty acids, and childhood
obesity. All Instrumental Variables (IVs) had F-statistics
above 10, indicating no weak instrument bias. Specifically,
the average F-value for the association between exposure
and outcome was 18.85, for exposure and mediator it was
18.84, and for mediator and outcome it was 162.73. These
values indicate that the instrumental variables used in the
analysis are robust and dependable.

LDSC regression analysis

We conducted LDSC regression analysis to assess the
genetic correlation among SM23-33 abundance in stool,
omega-3 fatty acids, and childhood obesity. The results of
this analysis indicated no significant genetic correlation
among the 3 traits (rg_p>0.05). This finding supports the
validity of our subsequent MR analysis, as detailed in Table
1.
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Table 1: Genetic correlations among SM23-33 abundance in stool, Omega-3 fatty acids, and childhood obesity

Traitl Trait2 Rg Rg_se Rg p

SM23-33 abundance in stool Childhood obesity 0.043 0.233 0.857
SM23-33 abundance in stool Alpha-linolenic acid 1.281 0.676 0.058
SM23-33 abundance in stool Docosahexaenoic acid 0.254 0.172 0.143
SM23-33 abundance in stool Docosapentaenoic acid 0.613 0.588 0.298
SM23-33 abundance in stool Eicosapentaenoic acid 0.065 0.63 0.918
Alpha-linolenic acid Childhood obesity 0.144 0.155 0.361
Docosahexaenoic acid Childhood obesity -0.026 0.048 0.597
Docosapentaenoic acid Childhood obesity 0.131 0.136 0.337
Eicosapentaenoic acid Childhood obesity 0.062 0.138 0.662

Causal association between SM23-33 abundance in
stool with childhood obesity

We used 62 SNPs to genetically proxy the effect of SM23-
33 abundance in stool (Table S1). Our analysis revealed
a negative correlation between SM23-33 abundance in
stool and the risk of childhood obesity (Figure 1). Using
inverse-variance weighted methods, we found an odds
ratio (OR) of 0.747 (95% CI: 0.584-0.957; P=0.021)
for childhood obesity per 1 standard deviation increase
in SM23-33 abundance in stool. This implies that each
standard deviation increase in SM23-33 abundance in
stool is associated with a 25.3% reduction in the relative
odds of childhood obesity. For further details, refer to the
supplementary materials (Tables S2 and S3).

Figure 1: Univariable MR analysis shows causal effects of genetically
proxied SM23-33 abundance in Stool, Omega-3 fatty Acids, and childhood
obesity using IVW methods

Abbreviations: SNPs, single-nucleotide polymorphisms; OR, odds ratio;
CI, confidence interval; SM23-33, SM23-33 abundance in stool; Obesity,
childhood obesity; MR, Mendelian randomization; ALA, Alpha-linolenic

Acid, DHA, Docosahexaenoic Acid; DPA, Docosapentaenoic Acid
Mediation MR analyses of Omega-3 fatty acids

Genetically proxied SM23-33 abundance in stool

was significantly associated with childhood obesity
[OR=0.747 (95% CI: 0.584-0.957), P=0.021]. To explore
the mechanisms through which SM23-33 abundance in
stool might influence childhood obesity, we examined its
effect on several common omega-3 fatty acids. SM23-33
abundance in stool was significantly associated with DHA
[OR=1.059 (95% CI: 1.012—-1.108), P=0.012], but not with
ALA [OR=1.014 (95% CI: 0.855-1.201), P=0.877], DPA
[OR=1.057 (95% CI: 0.877-1.275), P=0.559], or EPA
[OR=1.043 (95% CI: 0.872—1.248), P=0.646]. Similarly,
genetically proxied ALA [OR=1.101 (95% CI: 0.974-
1.244), P=0.124], DPA [OR=1.022 (95% CI: 0.902—1.159),
P=0.729], and EPA [OR=0.928 (95% CI: 0.850-1.013),
P=0.095] were not significantly associated with childhood
obesity. However, DHA remained significantly associated
with childhood obesity [OR=0.835 (95% CI: 0.735-0.948),
P=0.005], as shown in Figure 2.

Figure 2: Schematic diagram of the mediating effect of Omega-3 fatty
acids between SM23-33 abundance in Stool and SM23-33 abundance in
Stool. The solid line represents that the causal relationship is established,

and the dotted line represents that the causal relationship is not established

To identify mediators in the causal relationship between
SM23-33 abundance in stool and childhood obesity, we
used the following criteria: A mediator must exhibit a direct
causal effect from SM23-33 abundance in stool and have a
direct causal effect on childhood obesity, with consistent
directional relationships. Among the 4 omega-3 fatty acids
analyzed (ALA, DHA, DPA, EPA), only DHA met these
criteria as a mediator. Specifically, SM23-33 abundance in
stool was positively associated with DHA [OR=1.059 (95%
CI: 1.012-1.108), P=0.012], and DHA showed a negative
association with childhood obesity [OR=0.831 (95% CI:
0.719-0.961), P=0.012]. Mediation analysis revealed that
DHA mediated the effect of SM23-33 abundance in stool
on childhood obesity, with a mediation effect of -0.010
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(95% CI: -0.024 to -0.001), accounting for 3.56% (95% CI:
3.43% to 3.69%) of the total effect. For more details, see
the supplementary materials (Table S4).

Reverse MR analysis

Initially, we investigated the causal relationship by using
childhood obesity and omega-3 fatty acids as exposures,
with SM23-33 abundance in stool as the outcome. This
analysis sought to assess whether childhood obesity and
omega-3 fatty acids have a causal impact on SM23-33
abundance in stool. Second, we reversed the roles by using
childhood obesity as the exposure and omega-3 fatty acids
as the outcome, to investigate whether childhood obesity
causally influences omega-3 fatty acids.

The MR analysis revealed no evidence of reverse causation
between SM23-33 abundance in stool, omega-3 fatty
acids, and childhood obesity. Specifically, the results did
not support the hypothesis that childhood obesity causes

Table 2: The results of the heterogeneity and horizontal pleiotropy

changes in SM23-33 abundance in stool or omega-3 fatty
acids, nor did they suggest that omega-3 fatty acids affect
SM23-33 abundance in stool. The MR estimates and
results from the sensitivity analysis are presented in the
supplementary material (Table S3).

Sensitivity analysis

To address potential pleiotropy in our causal effect
estimates, we conducted several sensitivity analyses (Table
2). Cochran’s Q-test and funnel plot analysis showed no
evidence of heterogeneity or asymmetry among the SNPs
involved in the causal relationship. Furthermore, leave-
one-out analysis verified that each SNP had a substantial
impact on the overall causal estimates. Re-analysis of the
MR study, after excluding individual SNPs, consistently
produced similar results, indicating that all SNPs played a
crucial role in establishing the causal relationship. Further
details are available in the supplementary material (Tables
S1 and S5).

MR Egger pleiotropy test IVW Cochran’s Q text MR-PRESSO
Exposure Outcome
Intercept SE P_value Q_test P_value outliers
SM23-33 Obesity -0.001 0.011 0.889 53.897 0.73 No
SM23-34 ALA 0.002 0.006 0.599 77.592 0.223 No
SM23-35 DHA -0.001 0.001 0.334 67.411 0.531 No
SM23-36 DPA 0.002 0.008 0.77 93.856 0.026 No
SM23-37 EPA 0.001 0.008 0.936 85.089 0.093 No
ALA Obesity -0.005 0.017 0.807 12.525 0.898 No
DHA Obesity -0.003 0.007 0.829 51.986 0.04 No
DPA Obesity -0.009 0.019 0.665 31.685 0.046 No
EPA Obesity -0.002 0.011 0.863 26.045 0.406 No
Abbreviations: SM23-33, SM23-33 abundance in stool; Obesity, childhood obesity; ALA, Alpha-linolenic Acid, DHA, Docosahexaenoic Acid;
DPA, Docosapentaenoic Acid

Discussion

In this study, we explored the causal associations between
SM23-33 abundance in stool, omega-3 fatty acids,
and childhood obesity using large-scale genetic data
and Mendelian Randomization (MR) analysis. To our
knowledge, this is the inaugural MR analysis exploring
these relationships. Our rigorous inclusion criteria and
sensitivity analyses revealed potential causal links between
SM23-33 abundance in stool and childhood obesity, with
DHA identified as a specific omega-3 fatty acid mediator in
this pathway [33-36].

Previous research has highlighted significant differences in
gut microbiota composition between children with obesity
and those with a healthy weight. In cases of childhood
obesity, bacteria associated with energy metabolism, such as
Bacteroidetes and Clostridium, are typically less abundant,
while bacteria linked to inflammation, such as Prevotella,
are more prevalent. Currently, no research has specifically
addressed the relationship between SM23-33 abundance in
stool and childhood obesity. Our study suggests that SM23-
33 abundance in stool may play a crucial role in childhood
obesity, providing a foundation for future research on this

topic.

Previous research has indicated that omega-3 fatty acids can
improve insulin sensitivity, influence fat cell metabolism
and storage, reduce inflammation and metabolic syndrome
risk, and regulate appetite, lipid metabolism, and immune
function. These effects are thought to contribute to the
prevention of childhood obesity. In our study, we examined
4 omega-3 fatty acids: ALA, DHA, DPA, and EPA. Our
results revealed that only DHA significantly reduced the
risk of childhood obesity (OR=0.747, 95%CI: 0.584-0.957;
P=0.021) and served as a weak mediator in the relationship
between SM23-33 abundance in stool and childhood
obesity (3.56%, 95% CI: 3.43%-3.69%). This suggests
that DHA may be the key omega-3 fatty acid influencing
childhood obesity.

DHA is known for its significant health benefits, including
supporting nervous system development, enhancing
cardiovascular health, regulating inflammation, boosting
immune function, reducing oxidative stress, and managing
blood lipids. If future research confirms DHA’s critical
role in preventing and treating childhood obesity, it could
offer an effective strategy for addressing this public health
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challenge and inform novel approaches for primary child
healthcare providers to combat obesity.

The potential mechanisms by which SM23-33 abundance
in stool may contribute to childhood obesity include:

*  QGut-brain axis: SM23-33 abundance may influence
brain function and behavior through the gut-brain axis,
affecting appetite regulation and energy metabolism,
which could impact obesity risk.

e Inflammation and metabolic syndrome: Chronic
low-grade intestinal inflammation can lead to insulin
resistance and metabolic syndrome. SM23-33
abundance might help mitigate this inflammation by
protecting intestinal barrier function and preventing
excessive immune activation, thereby reducing obesity
risk.

*  Energy metabolism: SM23-33 abundance in stool
may affect childhood obesity by modulating energy
metabolism. Certain intestinal bacteria, such as
Bacteroides, can break down complex carbohydrates
into short-chain fatty acids, promoting energy
absorption and storage, while others like Bifidobacteria
may reduce fat accumulation by inhibiting energy
absorption.

*  Hormone secretion: SM23-33 abundance in stool may
influence obesity by secreting hormones that regulate
metabolism and appetite. For instance, some bacteria
produce leptin and leptin-like peptides, which are
involved in appetite and energy regulation.

*  Metabolite production: SM23-33 abundance in
stool could affect obesity development through the
production of metabolites by specific microorganisms,
such as short-chain fatty acids and bile acids, which
influence host metabolism and energy regulation.

The potential significance of SM23-33 abundance in stool
for preventing and treating childhood obesity includes:

Probioticsand prebiotics: Probiotics are live microorganisms
that provide health benefits when consumed in sufficient
quantities. Prebiotics, such as inulin and fructans, are
indigestible substances that support the growth of
beneficial intestinal bacteria. The production of probiotics
and prebiotics associated with SM23-33 can influence gut
microbiota composition and improve gut health, potentially
helping to prevent childhood obesity.

Fecal flora transplantation: This approach involves
transferring fecal microbiota from healthy donors to
recipients to restore a balanced microbiome. Fecal flora
transplantation has shown promise in obesity treatment,
and SM23-33 could emerge as a new target for effective
therapeutic interventions.

Understanding the link between gut microbiota and
childhood obesity is complex and requires further research.
Future research should aim to elucidate the precise
mechanisms through which gut microbiota contribute to
obesity in children and develop effective interventions.

Our study benefits from utilizing a large GWAS database
and applying robust MR analysis methods. We employed
various techniques, such as genetic correlation regression
analysis (LDSC) and reverse MR analysis, to ensure the
study’s rigor. However, there are limitations to consider:

Pleiotropy and heterogeneity: Despite using MR-PRESSO
and MR-Egger methods to assess heterogeneity and
pleiotropy, and the LD link website to remove potentially
confounding SNPs, residual horizontal pleiotropy could
still affect causal effect estimates.

GWAS database variation: The heterogeneity between
different GWAS databases could impact the accuracy of
our study’s results.

Ethnic diversity: Our study predominantly included
individuals of European ancestry, with a small proportion
from other ethnic groups. This could introduce slight
bias and limit the applicability of our findings to other
populations.

Influencing factors: Factors such as demographics, diet,
and medication can affect gut microbiota and introduce
variability, potentially reducing the statistical power and
robustness of our results [37-39].

Conclusion

In summary, this study is the first to comprehensively
examine the causal relationships between SM23-33
abundance in stool, Omega-3 fatty acids, and childhood
obesity, highlighting DHA’s role. The findings provide
valuable insights into childhood obesity’s etiology and
suggest potential therapeutic and preventive strategies.
We also explored possible mechanisms linking SM23-
33 abundance in stool to childhood obesity, offering new
perspectives on gut microbiota-based treatments for this
condition.
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