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Integrated gut microbiota and
metabolomic pro ling reveals
key associations between amino
acid levels and gut microbial
composition in patients with
obesity

Musen Qi! and Li Wang®*

L iaoning University of Traditional Chinese Medicine, Shenyang, China, 2The A liated Hospital of
Liaoning University of Traditional Chinese Medicine, Shenyang, China

Introduction: Obesity is an increasingly serious global health concern and is
closely associated with gut dysbiosis and metabolic imbalance. Despite the
considerable research conducted on the gut microbiota and metabolism over
recent years, studies focusing on their correlation with obesity remain limited. In
this study, we sought to characterize the gut microbiota and serum metabolic
pro les of patients with obesity, aiming to identify potential biomarkers and
therapeutic targets for this condition, and explore possible links between altered
amino acid levels and gut microbial composition in its pathophysiology. The
ndings may o er novel insights into obesity prevention and treatment through
microbiota modulation or amino acid regulation.
Methods: Forty adult volunteers with obesity (BMI D 30.9 2.9 kg/m2) who met
the diagnostic criteria were enrolled in this study. Pregnant or lactating women
and individuals with severe comorbidities were excluded. The control group
comprised 20 subjects with normal weight (BMID 21.9 1.7 kg/mz) and without
metabolic disorders, recruited from among outpatients during the same period
and matched for age and sex. Fecal microbiota pro ling was performed using 16S
rRNA sequencing. DNA was extracted from stool samples, and the V3 V4 region
was ampli ed and sequenced on the lllumina platform. After rigorous quality
control (QC) and chimeraremoval, e ective tags were clustered into Operational
Taxonomic Units (OTUs) based on sequence similarity. Alpha and beta diversity
and intergroup di erential abundance were assessed, with statistical signi cance
determined by Welch'’s t-test. Serum metabolomic analysis was performed using
standardized sample preparation and QC procedures, followed by LC MS/MS-
based targeted and untargeted metabolomics. Calibration curves with Rt > 0.99
were established, and relative metabolite concentrations were calculated from
peak areas. In total, 28 amino acid metabolites were quanti ed and used for
subsequent statistical analysis.
Results: Signi cant di erences in microbial composition were observed across
multiple taxonomic levels between the controls and patients with obesity. At the
phylum level, Proteobacteria was enriched in the obesity group (AUC D 0.709,
95% Cl: 0.569 0.848; p D 0.006). At the class level, Gammaproteobacteria (AUC
D 0.712, 95% CI: 0.573 0.852; p D 0.009) and Erysipelotrichia (AUC D 0.614,
95% Cl: 0.471 0.757; p D 0.02) were found to be enriched in obesity. At the
order level, enrichment was observed for Enterobacteriales (AUC D 0.734, 95%
Cl: 0.597 0.871; p D 0.008) and Erysipelotrichia (AUC D 0.614, 95% CI: 0.471
0.757; p D 0.029). At the family level, Enterobacteriaceae (AUC D 0.614, 95%
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Di erences in gut microbiota composition between patients with obesity (hz) and normal controls (zc). Relative abundance pro les of the gut
microbiota at various taxonomic levels. Signi cant di erences in abundance were observed in phyla such as Proteobacteria, Firmicutes, and
Bacteroidetes. Di erences were assessed using Welch’s t-test for taxonomic comparisons; an adjusted p-value of <0.05 was considered signi cant.
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FIGURE 1
(A) Phylum level; (B) Class level; (C) Order level; (D) Family level; (E) Genus level; (F) Species level.
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not signi cantly (all p < 0.05). These phyla are also considered
core components of the gut microbial community. At the order
level (Figure 1C), meanwhile, compared with normal controls, the
relative abundances of Enterobacteriales (AUC D 0.734, 95% CI:
0.597 0.871; p D 0.008) and Erysipelotrichia (AUC D 0.614, 95%
Cl: 0.471 0.757; p D 0.029) were signi cantly increased in patients
with obesity, implying that they were predominant within the gut
microbiota of this population. At the family level (Figure 1D),
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the dominant families included Lachnospiraceae (p D 0.05),
Ruminococcaceae (p D 0.038), Enterobacteriaceae (p D 0.003),
Bi dobacteriaceae (p D 0.512), and Bacteroidaceae (p D 0.497).
Notably, the elevated abundance of Enterobacteriaceae (AUC D
0.614, 95% CI: 0.471 0.757) in the obesity group may contribute
to gut microbiota imbalance and, thus, obesity development. At
the genus level (Figure 1E), the ve most abundant genera were
Escherichia-Shigella (p D 0.028), Faecalibacterium (p D 0.143),
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FIGURE 2
Alpha diversity indices of the gut microbiota in the obesity (hz) and control groups (zc). Sobs, Chaol, ACE, Shannon, Pielou, and PD-tree index values
were signi cantly lower in the obesity group than in the control group (p < 0.05), whereas the Simpson index remained unchanged (p > 0.05). This
indicated that richness, evenness, and phylogenetic diversity were reduced in patients with obesity. (A) Sobs; (B) Chao1l; (C) ACE; (D) Shannon;
(E) Simpson; (F) PD tree; (G) Pielou.

In summary, we found notable di erences in the distribution,
richness, and evenness of the gut microbiota between individuals
with obesity and healthy controls. Signi cant variations were
observed in taxonomic groups such as Proteobacteria, Clostridiales,
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Lachnospiraceae, Enterobacteriaceae, and Escherichia-Shigella,

highlighting  their

potential

to serve as

biomarkers for

obesity as well as targets for disease prevention, diagnosis,

and treatment.
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FIGURE 3
Beta-diversity of the gut microbiota between patients with obesity (hz) and healthy controls (zc) based on Bray Curtis distances. PCoA plots show a
clear separation between the two groups from the phylum to the order level, with the obesity group exhibiting greater heterogeneity. Boxplots
further con rmed signi cant di erences in PCo1/PCoz2 distributions, while separation became less pronounced at ner taxonomic levels. (A) Phylum
Level; (B) Class Level; (C) Order Level; (D) Family Level; (E) Genus Level; (F) Species Level.

Frontiersin Nutrition

08

frontiersin.org


https://doi.org/10.3389/fnut.2025.1648469
https://www.frontiersin.org/journals/nutrition
https://www.frontiersin.org




Qi and Wang

10.3389/fnut.2025.1648469

»

1\

FIGURE 4

|log2FC| 0.5, and FDR < 0.05.

Metabolite categories displaying di erential abundance between the obesity and control groups. (A) The relative abundance of di erential metabolite
categories between patients in Group A (characterized by liver gi stagnation and spleen de ciency) and healthy controls. (B) The relative abundance
of di erential metabolite categories between patients in Group B (characterized by blood stasis and phlegm retention) and healthy controls. The
color blocks on the right indicate metabolite categories. Di erential metabolites were identi ed using multivariate analysis with the criteria VIP > 1.0,
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stress and extracellular-matrix remodeling were enhanced
(evidenced by higher aminoadipic acid, hydroxyproline, and
carnosine abundance). Overall, the increases in the contents of
carnosine, 3-methylhistidine, creatinine, aminoadipic acid, and
hydroxyproline, coupled with decreases in those of ornithine,
citrulline, glycine, and serine, de ne a coherent amino acid
signature that not only provides evidence of lipid-metabolic
imbalance and dysregulated in ammatory control in obesity, but
also identi es potential biomarkers and therapeutic targets for
this condition.

3.2.3 KEGG analysis

Di erential metabolites (VIP > 1.0, |log2FC]| 0.5, FDR
< 0.05) were subjected to KEGG enrichment analysis and
then mapped to the amino acid biosynthesis pathway (KEGG
map01230), which represented the most enriched pathway
in this study (Figure9). This pathway links glycolysis/TCA
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intermediates (3-phosphoglycerate, pyruvate, oxaloacetate, 2-
oxoglutarate) to branches for aromatic amino acids (tryptophan,
tyrosine, phenylalanine), branched-chain amino acids (BCAAS)
(valine, leucine, isoleucine), and the glutamate/glutamine
ornithine/arginine proline axis. In Group A (obesity), the
abundance of tryptophan, tyrosine, isoleucine, and glutamine
was elevated, whereas that of phenylalanine, valine, leucine,
and ornithine was reduced within the pathway. This
pattern was suggestive of an imbalanced carbon ow at the
shikimate/chorismate node (re ected in Trp/Tyr upregulation
with Phe downregulation), persistent suppression of the BCAA
module (downregulation of Val/Leu), and a potential bottleneck
at the urea cycle interface (downregulation of ornithine), with
compensatory nitrogen bu ering (glutamine upregulation). In
Group B (obesity), the contents of tyrosine, phenylalanine, and
glutamate were increased, whereas those of tryptophan, valine,
and leucine were decreased, indicating that the Tyr/Phe arm
was activated with concurrent Trp constraint and recurrent
BCAA attenuation.
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FIGURE 5

y-axis:
signi cant change.

Volcano plots of the di erential metabolites. (A) Patients in Group A (characterized by liver gi stagnation and spleen de ciency) vs. healthy controls.
(B) Patients in Group B (characterized by blood stasis and phlegm retention) vs. healthy controls. Each dot represents a metabolite (x-axis: log2FC,
log10p); dot size indicates VIP score. Blue and red denote down- and upregulated metabolites, respectively, while gray indicates no

BCAA biosynthetic/turnover signals were consistently
downregulated in both obesity groups (A and B), whereas
aromatic branches diverged. Together, these pathway-level
changes corroborated the targeted quantitation results and
indicate that amino acid metabolism undergoes reprogramming
in obesity, involving redistribution at the aromatic branch
point and remodeling of the glutamate ornithine axis.
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These ndings provide mechanistic insights for guiding
strati ed nutritional or microbiota-directed interventions
targeting BCAA and aromatic amino acid metabolism in
obesity subtypes.

Metabolomics studies have shown that the serum levels
of key amino acids and small-molecule metabolites, including
carnosine, 3-methylhistidine, creatinine, ornithine, histidine,
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FIGURE 6

using VIP > 1.0, |log2FC| 0.5, and FDR < 0.05 as the criteria.

Targeted amino acid metabolomic pro ling by LC MS in patients with obesity and healthy controls. (A) Group A vs. controls. (A1) Bar plot of amino
acids ranked by log2FC in Group A; the x-axis shows log2FC, with positive values indicating higher levels, and negative values indicating lower levels.
(A2) Bubble plot of the same features; the x-axis shows log2FC, bubble size re ects VIP, and color denotes up- or downregulation. (B) Group B vs.
controls. (B1) Bar plot of amino acids ranked by log2FC for Group B. (B2) Bubble plot as in (A2) for Group B. Di erential metabolites were de ned
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citrulline, cystine, glycine, and serine, are signi cantly altered in
individuals with obesity (19). Elevated creatinine abundance may
re ect obesity-related changes in muscle metabolism or a potential
burden on renal function. The identi cation of creatinine, a
product of muscle metabolism, as an obesity-speci ¢ marker
suggests that kidney impairment may be an early indicator in
the development of obesity, highlighting the importance of
prompt and regular renal function monitoring in patients with
this condition. The accumulation of adipose tissue in obesity
may induce localized in ammatory responses, making carnosine
a potential obesity-speci ¢ indicator. 3-Methylhistidine has
notable blood lipid-lowering e ects, thereby in uencing lipid
metabolism, and also participates in the regulation of thyroid
function. Ornithine helps reduce cholesterol levels and serves
as an antagonistic factor during obesity progression, alongside
participating in primary bile acid metabolism and detoxi cation.
Its elevated expression in obese individuals may be related to
diet or its induction through fat accumulation. Histidine is an
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essential amino acid with a dual role in modulating in ammation
and promoting vasodilation. It has strong regulatory e ects on
obesity, which provide valuable insights into the prevention
of cardiovascular diseases and obesity-related complications.
Citrulline regulates physiological functions and helps manage
blood glucose and lipid levels. Cystine neutralizes toxins and
promotes cellular oxidation, thereby in uencing metabolic
processes involved in obesity.

4 Discussion

The human gut harbors a vast microbial ecosystem, collectively
known as the gut microbiota. Over 99% of the human gut
microbiota consists of the phyla Firmicutes, Actinobacteria,
Bacteroidetes, and Proteobacteria (20). In this study, we found
that the abundance of Bacteroidetes was decreased, while that of
Firmicutes was increased in patients with obesity. As noted by
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FIGURE 7
Receiver operating characteristic (ROC) curves of the di erential metabolites capable of distinguishing patients with obesity from healthy controls.
(A1) Acetoacetaldehyde; (A2) P1(16:0/18:2); (A3) PI(18:0/20:4); (A4) 2-Chloroacetamide; (A5) Phthalic anhydride; (A6) Vitamin K1; (A7) Eudesmin;
(A8) Tri(butoxyethyl)phosphate; (A9) Dibutyl phthalate; (A10) 3-Aminoisobutyraldehyde; (B1) Acetylcarnitine; (B2) 2-Ethylpropanedioylcarnitine;
(B3) PI1(18:0/20:4); (B4) Tri(butoxyethyl)phosphate; (B5) Fructosyl-lysine.
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