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Abstract

Objective The predictive role of baseline gut microbiota in type 2 diabetes (T2D) remission after bariatric surgery remains
unexplored. This study aimed to identify specific gut microbiota profiles prior to surgery associated with T2D remission fol-
lowing sleeve gastrectomy (SG).

Methods This was an observational study including participants with a body mass index (BMI)>40 kg/m? and T2D who
underwent SG, and had preoperative stool samples available. Gut microbiota was analayzed by 16 S rRNA sequencing. Par-
ticipants were classified into remission and non-remission groups based on T2D status one year after SG.

Results A total of forty-six participants were included. After adjusting for baseline confounders (i.e., age, HbAlc levels,
T2D duration, and insulin treatment), preoperative gut microbiota diversity showed no statistically significant differences
between groups, except for Pielou’s evenness index, which was significantly higher in the non-remission group (p=0.01).
ANCOM-BC2 analysis identified an enrichment in Fusicatenibacter, Holdemanella and Senegalimassilia in the non-remis-
sion group, whereas Eggerthella, Flavonifractor, Ruminococcaceae g Incertae Sedis and Ruminococcus gnavus group
were enriched in the remission group. Furthermore, insulin treatment and the gut microbial taxa Ruminococcaceae g Incer-
tae Sedis, Fusicatenibacter, and Eggerthella emerged as potential predictors of T2D remission. Functional analysis using
PICRUSHt2 revealed increased carbohydrate metabolism pathways in the remission group.

Conclusions Baseline gut microbiota composition may serve as an independent predictor of T2D remission in patients
undergoing SG, and could become a potentially relevant biomarker, complementing other existing clinical predictors.
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Graphical Abstract

Gut Microbiota-Specific Profile Prior to Surgery for Predicting Type 2 Diabetes Remission in

Patients Undergoing Sleeve Gastrectomy

STUDY POPULATION
Patients with obesity and type 2 diabetes (n=
46) undergoing sleeve gastrectomy at a
university hospital, followed-up for one year

MAIN FINDINGS
Distinct preoperative gut microbiota
composition patterns were observed in
patients who achieved diabetes remission
compared with those who did not.

CONLUSION
Baseline gut microbiota composition may
serve as an independent predictor of short-
term diabetes remission in patients
undergoing sleeve gastrectomy.
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Gut microbiota
composition prior to
surgery

i

T2D remission

T2D persistence

The predictive role of baseline gut microbiota in type 2 diabetes (T2D) remission after sleeve gastrectomy (SG) remains

unexplored.

We show that distinct preoperative gut microbiota composition patterns can be observed in patients who achieve T2D

remission compared with those who do not.

Baseline gut microbiota composition may serve as a biomarker of T2D remission in patients undergoing SG.

Keywords Type 2 diabetes - sleeve gastrectomy - gut microbiota - diabetes remission

Introduction

Type 2 diabetes (T2D) is a chronic disease characterized
by insulin resistance followed by a progressive decline in
pancreatic B cell function, with an increasing prevalence
worldwide [1, 2]. Both genetic and environmental factors
are involved in the pathophysiology of T2D, with the ris-
ing obesity pandemic as key cause for the development
of the disease [1, 2]. Notably, in recent decades, the gut
microbiome (defined as the gut microbiota -i.e., the com-
munity of microorganisms that inhabits the gastrointestinal
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tract- together with its collective genomes, and metabolites)
has also been associated with T2D [3, 4].

Although different therapeutic strategies are available
for the management of T2D, including diet, physical activ-
ity, and glucose-lowering medications, bariatric surgery
(BS), has been demonstrated to be the most effective treat-
ment for this disease to date, being associated with higher
rates of T2D remission following the procedure [5, 6].
Importantly, among the factors leading to T2D remission
following BS, some associations with the gut microbiota
have been described. In this regard, previous studies have
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suggested differential changes in gut microbiota after BS
according to T2D remission. Thus, specific gut microbiota
signatures associated with enhanced glucagon like peptide
1 and 2 (GLP-1 and GLP-2) secretion have been identified
in patients with T2D with improved metabolic control after
Roux-en-Y gastric bypass (RYGB) [7]. On the other hand,
the absence of T2D resolution after RYGB may be linked
to an increase in specific bacterial species, such as Phocae-
icola dorei, Bacteroides fragilis, and Bacteroides caeci-
muris, following surgery [8]. It should also be noted that
differential modifications in gut microbiota composition
after BS according to T2D persistence or remission may
occur between different surgical techniques (i.e., RYGB
and SG) [9]. In fact, several changes in gut microbiota
composition and related metabolites after SG have been
associated with T2D remission [10]. Additionally, prior
studies have examined baseline gut microbiota or post-BS
changes and their predictive role in weight loss outcomes
[11, 12]. However, whereas different factors prior to sur-
gery, such as age, diabetes duration, glycated hemoglobin
(HbAlc) levels or insulin therapy, have been demonstrated
to influence T2D persistence/remission after BS [13-15],
the role of baseline gut microbiota in T2D resolution after
BS has remained poorly explored. Previously, Davies et al.
found a pre-surgery increase in the abundance of Eubacte-
riaceae and Alistipes putredinis in patients who achieved
T2D remission one year after BS (22 participants under-
going RYGB and 22 undergoing SG) [16]. However, this
study did not analyze these surgical techniques separately,
or account adjusting for potential, well-known clinical base-
line confounders associated with T2D remission. Another
study involving 14 women that underwent RYGB identified
a relationship between baseline gut microbiota composition
and T2D remission one year post-surgery, and patients who
achieved T2D remission had significantly lower abundances
of Asaccharobacter and Atopobium, and higher abundances
of Gemella, Coprococcus, and Desulfovibrio [17]. Never-
theless, to our knowledge, no further studies have evaluated
the impact of baseline gut microbiota composition on T2D
remission after BS, particularly in patients undergoing SG,
the most commonly performed BS technique worldwide.

In this study, we aimed to identify specific gut microbiota
profiles prior to surgery associated with T2D remission or
persistence one year after SG.

Methods
Participants

This observational prospective study was conducted from
2022 to 2024 and included participants with severe obesity

undergoing BS at Virgen de la Victoria University Hospital
(Malaga, Spain).

The inclusion criteria comprised patients with a body
mass index -BMI->40 kg/m? and a previous diagnosis of
T2D; laparoscopic SG as surgical technique, available pre-
operative stool sample and completed scheduled follow-up
visits. The flowchart of the study participants is shown in
Supplementary Fig. 1. All study participants followed a
very low-calorie diet (VLCD) (600 to 800 kcal) for 15 days
before surgery using Optisource (Nestlé Health Care Nutri-
tion) supplemented with Proteplus NM protein (1 g/kg of
ideal body weight, based on a BMI of 25 kg/m?). The stool
sample was obtained prior to the VLCD.

The exclusion criteria were prior cardiovascular disease
(myocardial infarction, unstable angina, stroke, peripheral
artery disease or coronary revascularization), acute inflam-
matory conditions (including active infection, fever, or
active autoimmune disease), infectious disease, history of
bowel resection, prior bariatric procedures, or surgical tech-
nique other than SG. To minimize potential confounding
factors affecting the gut microbiota, the use of antibiotics,
probiotic, or prebiotic agents in the previous 3 months were
reasons for exclusion.

Participants were classified into two groups according
to T2D remission one year after SG. T2D remission was
defined according to international criteria as HbAlc < 6.5%
for at last three months off glucose-lowering medications
[18].

This study was reviewed and approved by the Ethics
Research Committee of Malaga, and was conducted accord-
ing to the Declaration of Helsinki. All participants gave
their written informed consent to participate in this study.

Clinical, Anthropometric and Laboratory
Measurements

Prior to the surgical intervention and again at the one-year
follow-up, all participants underwent a standardized assess-
ment of anthropometric parameters. BMI was determined
by dividing weight in kilograms by the square of height in
meters. Blood samples were obtained from fasting patients
(after 10-12 h of fasting) at both time points. Serum was
separated via centrifugation and stored at —80 °C until
further analysis. Fecal samples were collected in stool
specimen collectors and immediately stored at -80 °C until
processing.

Serum total cholesterol, high-density lipoprotein choles-
terol (HDL-c), triglycerides, and glucose were measured by
the Advia Chemistry XPT autoanalyzer (Siemens Health-
care Diagnostics). Serum insulin concentrations were deter-
mined via immunoassay (ADVIA Centaur Autoanalyzer,
Siemens Healthcare Diagnostics). The homeostasis model
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assessment of insulin resistance was estimated as follows:
fasting insulin (pIU/mL) X fasting glucose (mmol/L)/22.5.
Low-density lipoprotein cholesterol (LDL-c) was estimated
using the Friedewald Eq. (19) [19]. Additional clinical data,
such as diabetes duration and use of glucose-lowering thera-
pies, were systematically recorded.

Statistical

Statistical Analysis of Biochemical and
Anthropometric Variables

Continuous variables are presented as mean=standard devi-
ation, and categorical variables as absolute numbers and
percentages. Differences between groups were analyzed
with the Mann-Whitney test for continuous variables, or
Chi-square test for categorial variables. Values were consid-
ered to be statistically significant when p<0.05.

Gut Microbiota Analysis
DNA Extraction and 16 S rRNA Sequencing

Microbial DNA was isolated from fecal samples utilizing
the QIAamp DNA Stool Mini Kit (QIAGEN, Hilden, Ger-
many) in accordance with the manufacturer’s guidelines.

Seven hypervariable regions (V2, V3, V4, V6, V7, V8,
and V9) of the 16 S rRNA gene were amplified using the
Ion 16 S™ Metagenomics Kit (Thermo Fisher Scientific,
Waltham, MA, USA). The kit is designed to generate short
amplicons spanning approximately 200—400 bp depending
on the targeted region. Libraries were prepared using the
Ion Plus Fragment Library Kit and Ion Xpress Barcodes
Adapters, following the manufacturer’s protocol. (Thermo
Fisher Scientific, Waltham, MA, USA). Template prepara-
tion and sequencing of the amplicon libraries were per-
formed using the Ion 510/520/530TM Kit-Chef and the
Ion Torrent SSTM system and (Thermo Fisher Scientific,
Waltham, MA, USA) according to the manufacturer’s
instructions.

Data Processing

Sequencing data were processed using the Torrent Suite™
Software (version 5.18.1, ThermoFisher Scientific) for
base calling and demultiplexing. Low-quality bases were
trimmed at a minimum Phred score of 15, and reads were
assigned to samples based on unique barcodes. Sequence
failing quality thresholds or barcode assignment were
removed prior to downstream processing.
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Amplicon sequence variants (ASVs) were resolved using
the DADA?2 algorithm with adapted parameters for Ion Tor-
rent data, within the open-source Quantitative Insights into
Microbial Ecology software (QIIME2, version 2023.5).
Features with fewer than 10 total reads across the dataset
were removed. A prevalence filter was then applied, retain-
ing only features present in at least two samples. Subse-
quently, sequences annotated as mitochondria or chloroplast
were excluded to remove host- or plant-derived contami-
nants. Taxonomic assignment of ASVs was accomplished
with the SILVA 138 database at 99% similarity, using ref-
erence files formatted for QIIME2 and processed with the
RESCRIPt plugin.

Diversity Analysis and Differential Abundance
Analysis

Diversity assessments were performed in QIIME2 with the
core-metrics-phylogenetic plugin following rarefaction to
standardize sequencing depth. Alpha diversity (Observed
Features, Faith’s Phylogenetic Diversity, Shannon index,
Pielou’s Evenness) was analyzed via ANOVA. Beta diver-
sity (Unweighted/Weighted UniFrac distances) was exam-
ined using PERMANOVA (Adonis test). Results were
adjusted for potential pre-surgery confounders, such as age,
HbA1c levels, T2D duration, and insulin treatment.

Both linear discriminant analysis effect size (LEfSe)
and Analysis of Compositions of Microbiomes with Bias
Correction 2 (ANCOM-BC2) were used to identify dif-
ferentially abundant taxa between groups using Micro-
biomemarker R package (version 1.4.0) and ANCOMBC
R package (version 2.0.3) in R studio (version 2023.09.1).
In LEfSe analysis, non-parametric factorial Kruskal-Wallis
sum-rank test was used to detect features with significant
differential abundance (p <0.05). Linear Discriminant Anal-
ysis (LDA) was performed to estimate the effect size of
each differentially abundant feature. Taxa were considered
significantly differentially abundant if p<0.05 and LDA>2,
whilst the ANCOM-BC2 model was adjusted for potential
confounding factors, including age, duration of T2D, insu-
lin treatment and HbA 1c levels at baseline. Structural zeros
were not further analysis using ANCOM-BC2. Results were
considered significant at a p-value<0.05.

Regression models were performed to study the poten-
tial role of gut microbiota in predicting T2D remission,
including clinical covariates that significantly differed
between groups and taxa identified as significantly differ-
entially abundant by ANCOM-BC2. Count microbiota data
were transformed using a centered log-ratio transforma-
tion after adding a pseudocounts to address compositional
effects. The dataset was randomly split into a training set
(70%) and an independent test set (30%), preserving class
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balance. Three predictive models were trained: (i) a clinical
model using logistic regression (glm), (ii) a microbiota-only
model including taxa identified as significant by ANCOM.
BC2, trained using elastic net regression (glmnet), and (iii)
a combined model integrating clinical and ANCOM-BC2-
selected microbial features using glmnet. Model training
and hyperparameter tuning were performed using repeated
5-fold cross-validation (20 repetitions), optimizing the area
under the receiver operating characteristic (AUC) curve.
Feature importance was extracted from the combined elas-
tic net model.

Functional Prediction

Functional profiles of the gut microbiota were predicted by
Phylogenetic Investigation of Communities by Reconstruc-
tion of Unobserved States (PICRUSt2) plugin in QIIME2.
The predicted functions output was analyzed in R studio
using Limma voom in ggpicrust2 package. Pathways with p
value<0.05 were considered statistically significant.

Results
Anthropometric and Biochemical Characteristics

Forty-six participants were included in this study. The base-
line characteristics of the study population are shown in
Table 1. Prior to surgery, age, glucose levels, triglycerides
levels, and HbAlc were significantly higher in non-remis-
sion group compared to remission group (Table 1). Also, a
longer diabetes duration and higher percentage of baseline
treatment with insulin therapy (considering patients on any
insulin therapy preoperatively, encompassing both insulin-
only and insulin plus other antidiabetic agents different from
insulin) were observed in the non-remission group. The
percentage of use of other glucose-lowering therapies dif-
ferent from insulin was not statistically significant between
groups. As expected, both groups improved their metabolic
status 1 year after SG, and only HbAlc remained signifi-
cantly higher in the non-remission compared to the remis-
sion group (Table 1).

Gut Microbiota Diversity

After adjusting for potential baseline confounders, includ-
ing age, HbAlc, duration of T2D and insulin treatment,
the alpha-diversity analysis showed an increase in Pielou’s
evenness index in non-remission group compared to remis-
sion group (p=0.01), Fig. 1. No statistically significant
differences were found in the rest of alpha-diversity and
beta-diversity indexes.

Table 1 Anthropometric and biochemical characteristics of patients
included in the study

Non-remission Remission

Sex (M/F) 7/15 7/17

Age (years) 52.77+8.00 49.25+5.86%*

Weight (kg) Baseline 136.14+£18.52  129.70+£25.26
1-year 101.21+16.41 96.08+19.83
follow-up

BMI (kg/m2) Baseline 49.98+7.65 47.23+6.54
1-year 37.42+7.75 35.07+6.51
follow-up

Glucose (mg/dl)  Baseline 144.36+34.04 126.96+36.44*
1-year 112.38+37.93 94.10+12.48
follow-up

Insulin (WUI/ml) Baseline 31.04+48.84  22.53+17.46
1-year 9.62+6.23 11.31£7.09
follow-up

HOMA-IR Baseline 9.95+11.92 7.35+6.47
1-year 2.54+1.80 2.72+£1.92
follow-up

HbAlc (%) Baseline 7.54+1.41 6.79+1.40%
1-year 6.41+£1.33 5.65+0.39"
follow-up

Diabetes duration 8.38+3.98 4.40+2.52%

(years)

Glucose-lowering Baseline

medications

Metformin (n,%) 19 (86.4%) 22 (91.7%)

SGLT2i (n,%) 5(22.7%) 6 (25.0%)

GLP-1 RA (n,%) 13 (59.1%) 9 (37.5%)

Insulin (n,%) 10 (45.5%) 1(4.2%)*

Cholesterol (mg/ Baseline 193.05£37.69 179.42+32.71

dh 1-year 185.86+49.63 203.15+31.36
follow-up

Triglycerides Baseline 219.14+£99.87 164.71+£82.20*

(mg/dl) 1-year 132.90+64.82  107.00+34.79
follow-up

HDL cholesterol  Baseline 42.32+8.11 42.75+10.11

(mg/dl) 1-year 49.38+10.14  52.90+12.63
follow-up

LDL cholesterol ~ Baseline 111.56+£32.35 103.75+26.67

(mg/dl) 1-year 118.08+47.22 128.83+24.11
follow-up

*p<0.05. Mann-Whitney/Chi-square test for comparison between
non-remission and remission group at baseline. # p<0.05. Mann-
Whitney test for comparison between non-remission and remission
group at 1-year follow-up. HDL, high-density lipoprotein; LDL, low-
density lipoprotein, SGLT2i, sodium-glucose cotransporter 2 inhibi-
tors, GLP-1 RA, glucagon-like peptide 1 receptor agonists

Gut Microbiota Composition According to T2D
Remission After Sleeve Gastrectomy

The initial DADA?2 feature table contained 5,831,727 total
sequences across 12,199 ASVs. After applying abundance
and prevalence filters, the final dataset comprised 5,166,726
sequences (88.6% retained) and 4,558 ASVs. The analysis
of differences in gut microbiota composition at baseline by
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Fig. 1 Gut microbiota diversity. A. Observed features. B Faith’s phylodiversity. C. Shannon. D. Pielou’s evenness

LefSe revealed that the non-remission group was enriched
in Faecalibacterium, Allisonella, Megamonas, Desulfovi-
brio, Butyricimonas, Victivallaceae, Senegalimassilia and
members of Oscillospiracea family (UCG-002, UCG-005
and NK4A4214), Lachnospiraceae family (Fusicatenibacter
and Coprococcus), and Erysipelatoclostridiaceae family
(Catenibacterium and Holdemanella), whilst the remission
group was shown to be enriched in Eggerthella, Fusobacte-
rium, Citrobacter, and members of Oscillospiraceae family
(Flavonifractor and UCG-003), and Lachnospiraceae fam-
ily (Ruminococcus gnavus group and Hungatella) (Fig. 2).

After adjusting for age, baseline HbAlc levels, duration
of T2D, and insulin treatment, the ANCOM-BC2 analysis
revealed an enrichment in Fusicatenibacter, Holdemanella
and Senegalimassilia in the non-remission group, whilst
Eggerthella, Flavonifractor, Ruminococcaceae g Incer-
tae Sedis and R. gnavus group were enriched in remission
group (Fig. 3).

To further explore the potential role of the gut micro-
biota as maker for T2D remission, cross-validating
regression models were performed. The clinical model,
including insulin treatment, diabetes duration, HbAlc,
BMI, triglycerides, and age, showed modest discrimina-
tory ability (AUC=0.660). The microbiota-only model,
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based on taxa identified as significant by ANCOM-BC2,
achieved higher predictive performance (AUC=0.800).
The combined model, integrating both clinical variables
and ANCOM-BC2-selected microbial taxa, showed the
highest predictive performance (AUC=0.928), with bal-
anced sensitivity (0.818) and specificity (0.872) (Supple-
mentary Fig. 2A).

The combined model suggests that insulin treatment
was the strongest single clinical predictor, accounting for
approximately 27% of total model importance, followed
by disease duration. Regarding to gut microbiota, Rumino-
coccaceae g _Incertae Sedis, Fusicatenibacter and Egger-

thella were the taxa with the highest predictive contributions
(Supplementary Fig. 2B).

Predictive Differential Abundance of Metabolic
Pathways

Predicted functional analysis based on PICRUSt2 is shown
in Fig. 4. We found that pathways involved in carbohy-
drate metabolism, such as pyruvate metabolism, propanoate
metabolism, glyoxylate and dicarboxylate metabolism and
C5-branched dibasic acid metabolism were enriched in the
remission group.
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Fig. 2 Significantly different taxa
identified by linear discriminant
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Fig. 3 Differentially abundant
taxa identified by ANCOM-BC2
adjusted by age, HbAlc levels,
duration of T2D and insulin treat-
ment prior to surgery
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Discussion

In this study, we show that distinct gut microbiota compo-
sition patterns can be observed preoperatively in patients
who achieve remission of T2D following SG compared to
those who do not. Therefore, our results suggest that the gut
microbiome might become a potential biomarker for pre-
dicting T2D remission after SG.

Previous evidence supports that the gut microbiome may
serve as a predictor of BS-related outcomes, such as weight
loss. In line with this, it was previously found that the Pre-
votella-to-Bacteroides ratio could be a useful predictive tool
for weight loss trajectories after SG [11]. However, little is
known about the role of the preoperative gut microbiota
in the improvement or resolution of different metabolic
comorbidities associated with obesity. To our knowledge,
the study by Davies et al. was the main report to date evalu-
ating the potential role of baseline gut microbiome as a pre-
dictor of T2D resolution after BS [16]. However, this study
included only a small sample of patients undergoing SG (n
= 22) and did not analyze the study population separately
(i.e., patients who underwent RYGB or SG) to assess this
outcome. Therefore, given that different mechanisms in
the remission of T2D following SG or RYGB have been
postulated [20], distinct gut microbiota predictive patterns
might also be expected. Additionally, this study did not
adjust for baseline confounders known to be associated with
T2D remission after BS. On the other hand, results from the
CORDIOPREYV trial showed that a specific gut microbiota
profile may be associated with diet-induced T2D remission
[21], suggesting, therefore, that the gut microbiome could
potentially serve as predictor of the response to different
therapeutic approaches in the management of T2D.

Notably, we did not observe significant differences in
bacterial richness or diversity between the remission and
non-remission groups, except for Pielou’s evenness. These
results are in line with our previous findings regarding the
predictive role of gut microbiota in weight loss following
BS [11], and may suggest that pre-surgery gut microbiota
composition, rather than diversity, plays a predominant role
in T2D remission, as similarly reported in some lifestyle
interventions [21].

We observed differences in preoperative gut microbiota
composition in individuals with and without T2D remis-
sion following SG. On the one hand, an enrichment of R.
gnavus at baseline was detected in the remission group of
our study. This bacterium has been associated with meta-
bolic diseases, including metabolic dysfunction-associated
steatotic liver disease [22]. Cross-sectional associations
between R. gnavus and features of the metabolic syndrome
have also been described [23], and previous data suggest a
role in the development of some complications related to
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T2D [24]. Importantly, an enrichment in the genera Egger-
thella and Flavonifractor was also found after adjusting for
potential confounders, and these were also the main genera
able to predict T2D remission after SG. The genus Egger-
thella, and some of its species, such as Eggerthella lenta,
have been associated with T2D [25, 26] and a reduced abun-
dance may be found in subjects with a healthy metabolic
profile [27]. Additionally, this genus has been associated
with the progression from prediabetes to T2D [28], and with
certain T2D-related microvascular complications, such as
diabetic neuropathy [29, 30]. It should also be noted that an
increased abundance of Eggethella may be associated with
alterations in gut microbiota composition and function in
some inflammatory diseases, such as inflammatory bowel
disease or rheumatoid arthritis [31, 32]. Conversely, lower
abundances of Eggerthella lenta have been reported follow-
ing SG or RYGB compared with pre-surgery levels, sug-
gesting a relationship between metabolic improvement and
changes in this bacterium [33]. Interestingly, despite being
a butyrate-producing genus, Flavonifractor has been asso-
ciated with reduced insulin sensitivity, suggesting a direct
link to an adverse metabolic profile [34]. These results align
with previous reports [16], which, similar to ours, observed
a higher abundance of potential biomarkers of altered gut
microbiota composition at baseline, such as Alistipes putre-
dinis, in subjects with T2D remission after BS. On the other
hand, an increase in the abundance of certain bacteria linked
to improvements in the metabolic profile, such as Fusi-
catenibacter, Senegalimassilia and Holdemanella [35, 36],
was identified in the non-remission group. In a diet-induced
obese mouse model, Holdemanella, has been shown to ame-
liorate hyperglycaemia, contributing to improve glucose
tolerance [36]. Furthermore, Fusicatenibacter has been
identified as a key short chain fatty acid producer which
play a crucial role in gut health [37] and has been shown to
be decreased in patients with T2D [35]. On the other hand,
Senegalimassilia has been shown to be a protective factor
of metabolic diseases such as hypertension and metabolic
syndrome [38, 39].

Taking all these together, our findings may suggest that a
baseline gut microbiota profile associated with insulin resis-
tance might ultimately result in an enhanced response to SG
in terms of T2D remission.

Finally, we conducted an exploratory functional analysis
to assess potential differences in gut microbiota-associated
pathways between groups. Interestingly, we observed an
enrichment in pathways related to carbohydrate metabo-
lism in the remission group. Previous studies have reported
alterations in dicarboxylate metabolism in T2D and other
metabolic diseases [40], and impairments in branched-chain
amino acid metabolism may also be found in T2D [41].
Thus, these findings might indicate an enhanced response
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to SG in patients with a specific gut microbial functional
profile, although further research is warranted.

This study has several limitations. Hence, although this
this is the largest study to date exclusively including SG,
our results should be cautiously interpreted, and considered
as preliminary, due to the small sample size. Additionally,
T2D remission was assessed only in the short term; thus,
further long-term studies are needed to evaluate the impact
of baseline gut microbiota composition on this outcome.
Information regarding physical activity or diet at baseline
was not specifically recorded. Also, the functional analyses
conducted using PICRUSt2 should be regarded as hypothe-
sis-generating. On the other hand, some important strengths
should be highlighted. First, participants were closely fol-
lowed up throughout the study period. Furthermore, consid-
ering that various preoperative factors have been reported
significatively influence T2D remission following BS and
may also affect baseline gut microbiota composition, a care-
ful adjustment for potential confounders was incorporated
into analyses.

Conclusions

In patients with T2D undergoing SG, baseline gut micro-
biota composition may serve as an independent predictor of
diabetes remission. Also, our results suggest that gut micro-
biota could be a potentially relevant biomarker of diabetes
remission, complementing other existing clinical predictors.
However, further research is required to confirm these find-
ings and explore their long-term implications.
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