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ABSTRACT

The sodium-glucose cotransporter type 1 (SGLT1) is fundamental in intestinal glucose absorption. Its selective
inhibition modulates the gut-brain axis by increasing carbohydrate delivery to the distal ileum, which stimulates the
secretion of incretins such as glucagon-like peptide-1 (GLP-1) and peptide YY (PYY) by enteroendocrine L-cells.
Obijectives were to analyze the physiological bases and clinical evidence of gut-brain axis modulation through SGLT1
inhibition, as well as its therapeutic implications. Systematic literature review (2019-2026) in PubMed, Scopus, and
Cochrane regarding SGLT1 Kinetics, incretin release, postprandial glycemic control, and the safety profile of selective
and dual inhibitors. Intestinal SGLT1 inhibition delays glucose absorption, triggering a sustained endogenous release
of GLP-1 and PYY. This afferent signaling, mediated by the vagus nerve to hypothalamic centers, promotes early
satiety. Clinically, inhibitors like sotagliflozin demonstrate efficacy in reducing postprandial hyperglycemia and
inducing weight loss. The gastrointestinal safety profile is associated with controlled malabsorption that favorably
modifies microbiota composition. SGLT1 inhibition represents a comprehensive therapeutic approach. By activating
the physiological pathways of the gut-brain axis, it offers significant benefits in metabolic control, positioning itself as
a promising strategy for diabetes and obesity management.
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INTRODUCTION

The ongoing pandemic of metabolic diseases, spearheaded
by type 2 diabetes mellitus (T2DM) and obesity,
represents one of the greatest challenges to global
healthcare systems. Despite the availability of multiple
therapeutic targets, achieving optimal and sustained
metabolic control remains elusive for a large proportion of
patients. Traditionally, pharmacological management has
focused on isolated mechanisms, such as enhancing insulin
secretion, renal glucose excretion, or inhibiting hepatic
gluconeogenesis.! However, contemporary understanding
of metabolic physiology has evolved towards a systemic

and integrative approach, recognizing the gastrointestinal
tract not only as an organ of digestion and absorption but
as a central neuroendocrine regulator of energy
homeostasis.?

This conceptual advance has highlighted the gut-brain
axis, a complex bidirectional communication network that
coordinates postprandial metabolic responses,
gastrointestinal motility, and, fundamentally, satiety and
appetite behaviors.! This axis integrates neuronal signals,
primarily mediated by the vagus nerve, with endocrine
signals derived from the intestinal mucosa, the incretins.
In this context, the SGLT1 has emerged as a critical
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luminal sensor and a high-potential therapeutic target.?
SGLT1, encoded by the SLC5A1 gene, is the primary
transmembrane protein responsible for the active uptake of
glucose and galactose at the apical membrane of the
enterocyte in the small intestine.® Although it shares
structural similarities with SGLT2, its pleiotropic tissue
distribution (also expressed in the heart, brain, and kidney)
and high affinity for glucose confer a unique physiological
role upon it.34

The pharmacological modulation of SGLT1 represents an
innovative therapeutic strategy that transcends direct
glycemic control. While selective SGLT2 inhibitors act
predominantly by inducing renal glycosuria, intestinal
luminal inhibition of SGLT1 induces a controlled kinetic
delay in carbohydrate absorption. This "controlled
malabsorption™ increases glucose transit to the distal
segments of the small intestine (ileum).*® This shift in
luminal dynamics is the trigger for activating the
mechanism known as the "ileal brake".®> The presence of

glucose in the ileum stimulates enteroendocrine L-cells,
triggering an exaggerated and sustained secretion of
anorexigenic hormones, primarily GLP-1 and PY'Y .

Endogenous GLP-1, released in response to SGLT1
inhibition, exerts pleiotropic effects: it improves glucose-
dependent insulin secretion, suppresses glucagon release,
and slows gastric emptying.*® Simultaneously, PYY acts
as a potent regulator of satiety. Crucially, both peptides
activate vagal afferent pathways that converge in
brainstem and hypothalamic nuclei, modulating appetite
and food reward control centers.® This ability to induce
robust and physiological neuroendocrine signaling
positions inhibitors with SGLT1 affinity, such as
sotagliflozin, as comprehensive therapeutic tools for the
combined management of T2DM and obesity. The aim of
this systematic review is to comprehensively analyze the
current evidence regarding the physiological implications,
clinical efficacy, and safety profile of gut-brain axis
modulation through selective SGLT1 inhibition.

A. NORMAL PHYSIOLOGY
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Figure 1 (A and B): Pathophysiology of gut-brain axis modulation via SGLT1 inhibition. Left panel: physiological
state; right panel: mechanism after SGLT1 inhibition.®

METHODS

Study design and search strategy a systematic review of
the scientific literature was conducted strictly following
the PRISMA (Preferred reporting items for systematic
reviews and meta-analyses) guidelines and statement.'8
The study was conducted at the Armed Forces Specialty
Hospital, Quito, Ecuador. The exhaustive literature search
was executed from January 2026 to May 2026 across
major indexed biomedical databases: PubMed/MEDLINE,
Scopus, Web of Science, and The Cochrane Library. To
maximize the sensitivity and specificity of article retrieval,
combinations of MeSH (Medical Subject Headings) and
free-text terms were used, along with Boolean operators

(AND, OR). The primary search equation included:
("Sodium Glucose Transporter 1" OR "SGLT1") AND
("Gut-Brain Axis" OR "Incretins" OR "GLP-1" OR
"Peptide YY") AND ("Satiety" OR "Metabolic Therapy"
OR "Steatozolin™).

Eligibility criteria

Predefined inclusion criteria were established to ensure the
clinical and physiological relevance of the review. The
following were included: Randomized controlled trials
(RCTs), observational cohort studies, and in vivo
preclinical studies with high mechanistic rigor; articles
published within the last 10 years (2016-2026) to ensure
the current validity of the evidence; research focusing on
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luminal SGLT1 inhibition, incretin secretion, and its
metabolic or safety outcomes; literature available in
English or Spanish. Isolated case reports, letters to the
editor, non-peer-reviewed expert opinions, and studies
focusing exclusively on SGLT2 inhibition without
evaluating the intestinal component were excluded.

Study selection and data extraction

The screening process was performed independently by
two researchers (K.D.C. and D.S.), who evaluated titles

and abstracts to discard irrelevant literature. Pre-selected
articles underwent full-text reading to confirm eligibility.
Discrepancies were resolved through discussion and
consensus with a third and fourth reviewer (Y.A. and
S.A.). The risk of bias assessment in clinical studies was
conducted using the Cochrane RoB 2 tool. After removing
duplicates and applying exclusion criteria to the hundreds
of initial records, the final qualitative synthesis and
theoretical framework of this article were built using 40
key bibliographic references, which represent the most
robust and current evidence on the subject.
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Figure 2: PRISMA flow diagram detailing the search, screening, and selection process of the 40 articles included in
the systematic review.

RESULTS

Clinical and therapeutic evidence:

postprandial glycemic control

Impact on

The clinical translation of the physiological mechanisms
of the SGLT1 cotransporter has been strongly evidenced
in recent clinical trials evaluating dual inhibitors, such as
sotagliflozin. Analysis of data extracted from phase 3 trials
reveals that luminal SGLT1 inhibition in the upper
gastrointestinal tract produces a significant reduction in
postprandial glycemic excursions, an effect that is
independent of pancreatic beta-cell function and peripheral
insulin sensitivity.5 Unlike selective SGLT2 inhibitors
(such as empagliflozin or dapagliflozin), which rely
exclusively on the glomerular filtration rate to induce
glycosuria, SGLT1 inhibition acts in the acute absorption
phase. This mitigates the hyperglycemic spike that
typically occurs in the first two hours following the
ingestion of complex carbohydrate-rich foods.”

Comparative studies demonstrate that adding SGLT1
blockade to SGLT2 inhibition provides significantly
greater reductions in glycated hemoglobin (HbALc),
especially in patients with T2DM and mild to moderate
chronic kidney disease, where the efficacy of pure SGLT2
inhibitors  diminishes.® SGLT1-mediated controlled
glucose malabsorption allows a higher proportion of
carbohydrates to reach the ileum, which, as detailed in the
neurophysiology section, increases active GLP-1
concentrations. This endogenous increase in GLP-1 delays
gastric emptying and suppresses postprandial glucagon
secretion, acting synergistically with glycosuria to
optimize the 24-hour glycemic profile.®

Furthermore, glycemic variability, measured via
continuous glucose monitoring (CGM), has been observed
to improve substantially, increasing time in range (TIR)
for patients treated with dual inhibitors compared to
selective monotherapies.*©
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Table 1: Comparative clinical efficacy on glycemic and continuous monitoring parameters.®

Pharmacological

intervention

HbA1c reduction
(%) at 24 weeks

2h postprandial
glucose reduction

Time in range
(TIR) increase

Selective SGLT2 inhibitor
(e.g., Empagliflozin)

SGLT2>SGLT1 -0.7to-0.9

Dual inhibitor (e.g., SGLT2 +
Sotagliflozin 400 mg) SGLT1
GLP-1 receptor agonist GLP-1 receptor

(e.g., Liraglutide)

Body weight modulation, satiety responses, and
pleiotropic metabolic effects

Beyond strict glycemic control, one of the most clinically
relevant findings of SGLT1 inhibition is its impact on
body composition and appetite control. Weight loss
induced by pure SGLT2 inhibitors typically plateaus
around 2 to 3 kilograms due to a compensatory increase in
caloric intake mediated by the hypothalamus in response
to urinary calorie loss.)* However, dual inhibition
involving SGLT1 manages to partially overcome this
physiological obstacle. The arrival of carbohydrates in the
ileum and the subsequent exaggerated secretion of PYY
and GLP-1 activate vagal afferent pathways that neutralize
compensatory hyperphagia. Clinical trials document that
patients treated with sotagliflozin exhibit more
pronounced as well as sustained weight loss, which

-1.0to-1.2

-1.1to-1.5

mg/dL
-25t0 -35 +10 to +12
-45 to -60 +18 to +22
-50 to -70 +20 to -25

directly correlates with the increased plasma satiety
markers.?

Subgroup analysis in studies with non-diabetic obese
patients suggests that SGLT1 inhibition could reconfigure
the satiety threshold at level of arcuate nucleus.'® PYY, in
particular, is a potent inhibitor of gastric motility and food
intake. Pharmacodynamic measurements show that
postprandial levels of active PY'Y can triple in individuals
receiving SGLT1 blockers before meals.'* This synergistic
effect-renal caloric loss coupled with central satiety-
mediated caloric restriction-represents a paradigm shift in
treatment of metabolic syndrome.  Furthermore,
improvement in body weight is accompanied by
significant reductions in visceral adipose tissue, systolic
BP and optimization of lipid profile, consolidating
cardiovascular benefits of this therapeutic class.'®

Table 2: Impact of SGLT1 inhibition on satiety biomarkers and anthropometry.*®

Dual inhibitor
(SGLT1/2) effect

40-60% increase

Implicated physiological

Placebo effect :
mechanism

Evaluated parameter

Postprandial GLP-1

No significant changes Ileal brake activation (L-cells)

(AUC)
PYY No changes

Body weight loss at 52 -0.510-1.0 kg
weeks
Compensatory increase

Daily caloric intake (+150 kcal)

Systemic repercussions, gastrointestinal safety profile,
and microbiota modulation

The intentional alteration of carbohydrate absorption
carries clinical considerations regarding gastrointestinal
tolerability. Reviewed evidence confirms that SGLT1
inhibition increases the incidence of lower digestive tract
adverse events, with osmotic diarrhea, flatulence, and
abdominal distension being the most frequently reported.
However, unlike alpha-glucosidase inhibitors (such as
acarbose), which have a high therapeutic discontinuation
rate due to severe gastrointestinal side effects, SGLT1-
mediated inhibition appears to present a "controlled" or
"limited" malabsorption profile.}” The residual absorption
capacity in the jejunum, coupled with the uptake of short-

50-80% increase

-3.510-5.0 kg

Reduction or neutral
maintenance

Delay in proximal glucose
absorption

Synergy: Glycosuria + Appetite
suppression

Vagal afferent hypothalamic
signaling

chain fatty acids (SCFASs) in the colon, mitigates the severe
osmotic load, resulting in adverse events that are mostly
mild to moderate in intensity and transient during the first
weeks of treatment. 8

An emerging and highly promising field of research is the
impact of this controlled malabsorption on the
composition of the intestinal microbiota. The constant
arrival of small amounts of fermentable carbohydrates to
the distal colon alters the luminal microenvironment,
favoring the growth of beneficial saccharolytic bacteria
(such as Bifidobacterium and Lactobacillus species) at the
expense of putrefactive strains.’® This colonic
fermentation exponentially increases the local production
of SCFAs, such as butyrate, acetate, and propionate.
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Butyrate, in particular, is the primary energy source for
colonocytes and possesses potent local and systemic anti-
inflammatory properties. Furthermore, SCFAs act as
additional ligands for G-protein-coupled receptors
(GPR41 and GPR43) on colonic enteroendocrine L-cells,

establishing a secondary cycle of GLP-1 and PYY release
that prolongs satiety effect.? Therefore, gastrointestinal
effects, traditionally viewed solely as adverse, could
represent an integral part of the therapeutic mechanism of
action, configuring a healthier metabolic phenotype.

Table 3: Gastrointestinal tolerability profile and alterations in intestinal microbiota.*’

Frequency with
SGLT1/2 inhibitor

Clinical consequence / implication

Event/parameter Frequency with

evaluated placebo

Mlld to moderate 4-6% 12-18%
diarrhea

Flatulence/ distension 3-5% 10-15%

SCFA production Baseline
(Butyrate) [
Bifidobacterium Stable Increased
abundance

DISCUSION

Interpretation of findings in the neuroendocrine context
and pharmacological comparison

The results of this systematic review consolidate the
hypothesis that the small intestine is not a mere absorptive
conduit, but a primary endocrine organ capable of
dictating systemic metabolic homeostasis through the gut-
brain axis.! Selective or dual SGLT1 inhibition, by
inducing a state of transient and controlled carbohydrate
malabsorption in the proximal intestine,
pharmacologically emulates the physiological effects
observed following anatomical interventions such as
Roux-en-Y gastric bypass.?? By shifting the glucose load
to the distal ileum, enteroendocrine L-cells are
hyperstimulated. The fascinating aspect of this
mechanism, supported by multiple preclinical and clinical
studies, is that the resulting release of GLP-1 and peptide
YY (PYY) occurs in a pulsatile and physiological pattern,
achieving paracrine concentrations in the intestinal lamina
propria that are unattainable via the exogenous
administration of GLP-1 analogs.?

This high paracrine concentration is the critical factor for
the sustained depolarization of vagal afferent nerve
endings.?* Unlike injectable GLP-1 receptor agonists
(GLP-1 RAs), which predominantly act by penetrating the
blood-brain barrier or interacting with circumventricular
organs (such as the area postrema), SGLT1-mediated
modulation relies almost entirely on this ascending vagal
signaling to the nucleus tractus solitarius (NTS).%

This "bottom-up" ascending pathway explains why
SGLT1-affinity inhibitors manage to induce profound
satiety and a reduction in caloric intake without triggering
the severe rates of centrally acting nausea and emesis that
frequently limit the titration of the exogenous GLP-1
RAs.26

Significant increase

Luminal osmotic effect; rarely causes
treatment discontinuation.

Increased colonic fermentation; usually
transient.

Improves intestinal barrier integrity; anti-
inflammatory effect.

Positive microbiome modulation; incretin
co-stimulation.

Perspectives on long-term metabolic control, obesity, and
hypothalamic neuroplasticity

One of the greatest challenges in the pharmacotherapy of
obesity and type 2 diabetes (T2DM) is compensatory
hyperphagia. Selective SGLT2 inhibitors, while excellent
cardioprotectors and nephroprotectors, induce urinary
caloric loss that the hypothalamus detects as a state of
starvation, triggering orexigenic signals that limit net
weight loss.?” The discussion of our findings reveals that
SGLT1 co-inhibition overrides this resistance mechanism.
The synergistic signaling of endogenous PYY and GLP-1
converges in the arcuate nucleus (ARC) of the
hypothalamus, where it has been documented to induce
functional neuroplasticity: it stimulates the transcription of
the proopiomelanocortin (POMC) gene and potently
inhibits neuropeptide Y (NPY) and agouti-related peptide
(AgRP) neurons.?82°

This neuroendocrine reprogramming mediated by the gut-
brain axis promotes a sustained caloric deficit.*® Long-
term phase 3 trials demonstrate that weight trajectories in
patients treated with sotagliflozin do not show the typical
early plateau seen with SGLT2 monotherapies, but
maintain a downward slope that stabilizes around 52
weeks with substantial improvement in insulin sensitivity
within visceral adipose tissue.®! This evidence positions
SGLT1 inhibition as a therapeutic "ileal brake," offering a
holistic mechanistic approach that simultaneously targets
glucose toxicity and basal body weight dysregulation.

Critical analysis of the safety profile and the microbiome
modulation paradigm

Historically, interference with intestinal carbohydrate
absorption, as seen with alpha-glucosidase inhibitors, has
been plagued by severe gastrointestinal intolerance.
However, SGLT1 inhibition presents a distinct
paradigm.®? By blocking a specific high-affinity but low-
capacity transporter, SGLT1, the resulting malabsorption
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is self-limiting; remaining carbohydrates are processed
gradually, preventing an acute colonic osmotic shock.®
Documented adverse events, primarily mild diarrhea and
transient flatulence, tend to resolve due to the adaptation
of the intestinal microbiome.®*

It is imperative to discuss that this luminal "alteration™ is,
in fact, metabolically beneficial. The chronic infusion of
fermentable substrates to the distal colon induces an
ecological shift in the microbiota, favoring the
proliferation  of  saccharolytic  bacterial  phyla
(Bacteroidetes and certain Firmicutes strains) that produce
suprabasal levels of SCFAs, especially butyrate and
propionate.®® These SCFAs not only serve as an energy
substrate for colonocytes, improving tight junction
integrity and reducing metabolic endotoxemia, but they
also act as active ligands for G-protein-coupled orphan
receptors (GPR41 and GPR43).% This colonic interaction
generates a second, prolonged wave of incretin release,
perpetuating gut-mediated postprandial satiety tone.
Therefore, the gastrointestinal profile of these drugs
should be reclassified not merely as an "adverse effect,"
but as an intrinsic extension of their pharmacodynamics.%’

Limitations

Despite the robustness of the mechanistic findings, the
present review notes certain limitations in the current
literature. The majority of large-scale clinical trials have
evaluated SGLT1 inhibition in the context of dual
inhibitors  (SGLT1/2), making it difficult to
mathematically isolate the exact contribution of the
intestinal component versus the renal component on
primary cardiovascular outcomes.® There is a critical lack
of "head-to-head" randomized clinical trials directly
comparing dual SGLT1/2 inhibition against the
combination therapy of a selective SGLT2 inhibitor plus
an exogenous GLP-1 RA, which is necessary to establish
hierarchies in clinical practice guidelines.*

Moving forward, pharmacogenomics will play a stellar
role. It is known that single nucleotide polymorphisms
(SNPs) exist in the human SLC5A1 gene that alter SGLT1
transport capacity. Individuals with partial loss-of-
function genetic mutations present phenotypes with a
lower prevalence of obesity and T2DM, genetically
validating pharmacological inhibition.*® Future research
lines should focus on the development of SGLT1
inhibitors strictly confined to the intestinal lumen
(systemically non-absorbable) for the treatment of non-
diabetic obesity, thereby maximizing the neuroendocrine
benefits of the gut-brain axis with zero risk of
hypoglycemia.

CONCLUSION

The modulation of the gut-brain axis through selective
SGLT1 inhibition represents a paradigmatic advance in
endocrinology and metabolic gastroenterology. This
systematic review compellingly demonstrates that SGLT1

transcends its classical role as a nutrient transporter to act
as a critical luminal sensor. Its pharmacological blockade
induces a Kkinetic delay in proximal carbohydrate
absorption which, far from being a mere adverse effect,
constitutes the driver of profound neuroendocrine
reprogramming. By increasing glucose delivery to the
distal ileum, the "ileal brake" is physiologically activated,
triggering an endogenous, sustained, and pulsatile release
of key incretins such as GLP-1 and PYY.

From a clinical perspective, this vagal nerve-mediated
afferent signaling to hypothalamic control centers offers
an elegant pharmacological solution to the challenge of
compensatory hyperphagia. It promotes early satiety and
sustainable weight loss that acts synergistically with the
control of postprandial hyperglycemic excursions.
Furthermore, the gastrointestinal tolerability profile of
these agents, characterized by controlled malabsorption,
fosters a favorable colonic microenvironment through the
positive modulation of the microbiota and the increased
production of SCFAs, adding a local and systemic anti-
inflammatory benefit.
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