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Atopic dermatitis (AD), a chronic inflammatory skin disorder characterized by itching, 
erythema, and skin barrier dysfunction, has seen a global rise in prevalence alongside 
increasing rates of obesity. Emerging evidence highlights the gut-skin axis—a 
bidirectional communication network between gut microbiota and skin—as a critical link 
between these conditions. Central to this axis are short-chain fatty acids (SCFAs), 
microbial metabolites such as butyrate, propionate, and acetate, which exert 
anti-inflammatory effects and enhance skin barrier integrity. Obesity, associated with gut 
dysbiosis and reduced SCFA levels, exacerbates AD severity by impairing immune 
regulation and barrier function. This review explores the mechanistic links between 
obesity, SCFAs, and AD, emphasizing the role of the gut-skin axis. Additionally, it 
considers the potential role of glucagon-like peptide-1 (GLP-1) receptor agonists, 
conventionally used for type 2 diabetes and obesity, in AD pathogenesis. GLP-1 receptor 
agonists modulate gut microbiota, enhance SCFA production, and reduce systemic 
inflammation, potentially improving AD outcomes. While their direct application in AD 
remains underexplored, these agents represent an intriguing area for future 
investigation. Advancing this promising frontier in dermatology will require 
interdisciplinary collaboration and longitudinal studies to address gaps in understanding 
the gut-skin axis, SCFA mechanisms, and the potential of GLP-1 receptor agonists in AD. 

INTRODUCTION 

Atopic dermatitis (AD) is a chronic inflammatory skin dis
ease with an increasing global prevalence that closely par
allels rising obesity rates.1‑3 Clinically, it presents with pru
ritus, erythema, and compromised epidermal integrity. 
Pathogenesis involves a complex interplay between genetic 
predispositions—such as filaggrin gene (FLG) muta
tions—immune dysregulation favoring T-helper 2 (Th2) re
sponses, and environmental triggers.4‑7 
Emerging research highlights the gut-skin axis, a bidi

rectional communication network linking gut microbiota to 
skin immune and barrier function, as a crucial modulator of 
AD.8,9 Central to this axis are short-chain fatty acids (SC
FAs), particularly butyrate, propionate, and acetate, which 
are produced via microbial fermentation of dietary fiber. 
SCFAs regulate immunity through histone deacetylase 
(HDAC) inhibition and support skin barrier repair via perox
isome proliferator-activated receptor gamma (PPAR-γ) and 
aryl hydrocarbon receptor (AhR) activation.10‑12 
Obesity further disrupts this axis by inducing gut dysbio

sis. SCFA-producing taxa such as Faecalibacterium praus
nitzii and Roseburia spp. are depleted, while pro-inflam
matory lipopolysaccharide (LPS)-producing species like 
Enterobacteriaceae expand.9,13,14 This microbial imbalance 
reduces SCFA availability and heightens systemic inflam
mation, thereby impairing immune regulation and epithe

lial barrier function—core elements in AD pathophysiol
ogy.15,16 

Emerging evidence suggests that obesity-driven meta
bolic dysfunction may also alter cutaneous responses to 
microbial signals. For instance, Mendelian randomization 
studies confirm a causal relationship between elevated 
body mass index (BMI) and AD risk while molecular analy
ses reveal shared pathways involving adipokine dysregu
lation (eg, leptin resistance) and impaired PPAR-γ signal
ing.17,18 These findings underscore obesity as a modifiable 
risk factor for AD severity. 
This review explores how SCFA deficiency and gut micro

bial disruption mediate the link between obesity and AD. 
Furthermore, we propose a novel translational hypothesis: 
the repurposing of glucagon-like peptide-1 receptor ago
nists (GLP-1 RAs), commonly used in metabolic disease, as 
modulators of microbial composition, barrier integrity, and 
systemic inflammation in AD.19,20 By integrating research 
across microbiology, immunology, and endocrinology, we 
aim to outline a roadmap for microbiota-centered AD ther
apies. 

AD PATHOGENESIS AND THE MULTIFACETED 
ROLE OF SCFAS 

AD pathogenesis is driven by an interdependent triad: im
mune dysregulation, epidermal barrier dysfunction, and 
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environmental factors.5,6 Dysregulated Th2/Th17 immune 
responses promote cytokine release (eg, IL-4, IL-13, IL-17), 
leading to inflammation and epidermal disruption. Th2 cy
tokines suppress FLG expression, while Th17 activation en
courages neutrophil infiltration. Regulatory T cells (Tregs), 
normally inhibitory, are functionally impaired in AD, re
sulting in sustained immune activation.21‑23 
Concurrently, barrier dysfunction stems from both in

herited (eg, FLG mutations) and acquired defects. Impaired 
keratinocyte maturation, disrupted lipid metabolism, and 
weakened tight junctions reduce natural moisturizing fac
tor (NMF) production and compromise barrier defenses.4,
24‑26 SCFAs play an integral role in restoring both immune 
and barrier balance. Through HDAC inhibition and free 
fatty acid receptor (FFAR2/3) signaling, they enhance Treg 
differentiation while suppressing Th2/Th17 polarization.10,
20,23,27 SCFAs also inhibit TNF-α and IL-6 while increasing 
IL-10, fostering an anti-inflammatory environment.28,29 
Cutaneously, SCFAs activate PPAR-γ and AhR pathways 

to stimulate keratinocyte differentiation and upregulate 
tight junction proteins such as claudin-1 and occludin.7,11 
They also mitigate oxidative stress and promote antimicro
bial peptide production, strengthening the skin’s defensive 
capacity.18,26 

Clinically, diminished fecal and systemic SCFA levels are 
linked to increased AD severity.2,8,29,30 Animal studies fur
ther confirm that butyrate or propionate supplementation 
restores immune balance and promotes barrier repair in AD 
models.10,11 These findings position SCFAs as promising 
therapeutic mediators within the gut-skin axis and valuable 
targets for AD management. 

OBESITY, GUT-SKIN AXIS DYSFUNCTION, AND 
AD PATHOGENESIS 

The rising prevalence of AD has paralleled increasing obe
sity rates, prompting investigation into shared mechanistic 
pathways.2,3 A key interface is the gut-skin axis, which in
tegrates metabolic, immunologic, and microbial signaling. 
In obesity, chronic systemic inflammation exacerbates im
mune and barrier defects characteristic of AD. Longitudinal 
studies show that obesity more than doubles the incidence 
of AD and correlates with increased disease severity.3,13,31 
Inflammatory cytokines such as TNF-α and IL-6 impair 

Treg function and intensify Th2/Th17 signaling, aggravat
ing skin inflammation.8,18,23 Concurrently, LPS transloca
tion from the gut further disrupts epidermal structure by 
downregulating differentiation proteins and tight junc
tions.25 Adipokine imbalances—namely leptin resistance 
and reduced adiponectin—suppress PPAR-γ signaling, en
hancing oxidative stress and keratinocyte dysfunction.18,32 
These processes are driven in part by obesity-associated 

gut dysbiosis. SCFA-producing taxa like Faecalibacterium 
prausnitzii and Roseburia spp. decline, while LPS-producing 
species expand.9,13‑16 This microbial shift reduces SCFA 
synthesis by up to 40%, with studies consistently showing 
lower fecal SCFA levels and microbial diversity in obese 
individuals compared to lean controls.2,7,11,23,28‑32 SCFA 
deficiency contributes to immune dysregulation, increased 

gut permeability, and impaired epidermal repair—all con
nected to AD pathogenesis. 
Additionally, pro-inflammatory dietary patterns, such as 

those high in saturated fats, refined sugars, and processed 
foods, exacerbate both obesity and AD by driving chronic 
systemic inflammation and gut dysbiosis.18,33 Conversely, 
anti-inflammatory dietary interventions including the 
Mediterranean diet, omega-3-rich foods, and increased 
fiber intake have demonstrated benefits in modulating mi
crobiota composition, reducing cytokine levels, and im
proving skin barrier function.34 
Together, these findings highlight how obesity-driven 

dysbiosis and SCFA depletion mechanistically link meta
bolic dysfunction to AD, positioning the gut-skin axis as a 
compelling therapeutic target. 

GLP-1 RECEPTOR AGONISTS: A THEORETICAL 
LINK 

Given these mechanisms, therapeutic strategies to restore 
SCFA balance and microbial integrity are beginning to 
emerge. Originally developed for the treatment of type 2 
diabetes and obesity, GLP-1RAs have recently emerged as 
promising candidates for modulating the gut-skin axis in 
AD, most prominently in obese individuals with concurrent 
metabolic dysfunction.35,36 Beyond their established meta
bolic effects, GLP-1RAs exhibit microbiome-modulating 
properties that could influence AD pathogenesis. Liraglu
tide, for example, has been shown to increase SCFA-pro
ducing bacteria such as Lactobacillus and Bifidobacterium by 
2.1- to 3.4-fold, while suppressing inflammatory Enterobac
teriaceae populations by over 60%.19,37 
These microbial changes translate to improved intestinal 

barrier function: GLP-1RAs upregulate key tight junction 
proteins including occludin and ZO-1 by 45–80%, reducing 
LPS translocation by up to 73%.19,38 This effect is mediated 
through GLP-1 receptor signaling on intestinal stem cells, 
promoting epithelial differentiation and barrier mainte
nance.25 Downstream, these improvements in gut home
ostasis may influence AD via three interconnected mech
anisms. First, enhanced butyrate production increases 
filaggrin and loricrin expression while reducing transepi
dermal water loss (TEWL) and pro-inflammatory cytokine 
output.10,11 Second, propionate stimulates endogenous 
GLP-1 secretion via FFAR2 activation on L-cells, creating a 
positive feedback loop that further amplifies gut-skin com
munication.39,40 Third, GLP-1RAs themselves exert direct 
immunomodulatory effects, promoting Treg expansion and 
reducing Th17-mediated inflammation, with evidence of 
decreased serum IL-6 and TNF-α levels in treated patients 
(Please see Figure 1).35,36 
While clinical data in AD remain limited, proof-of-con

cept exists in psoriasis: GLP-1 receptors are overexpressed 
in psoriatic plaques and GLP-1RAs modulate invariant nat
ural killer T (iNKT) cells—key players in cutaneous inflam
mation.41,42 These observations, coupled with evidence 
that GLP-1RAs improve keratinocyte barrier function via 
AMPK suggest broad applicability across inflammatory der
matoses.43 
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Early clinical data, such as semaglutide improving 
EASI-50 scores in 79% of AD patients, are promising, but 
robust trials are needed to validate GLP-1 RAs as AD ther
apies.36 Ongoing studies (eg, NCT04869215) are investi
gating microbiome-targeted strategies, including prebiotic 
co-interventions, to optimize efficacy.20 However, current 
evidence is largely confined to obese or metabolic syn
drome populations, leaving their utility in non-obese AD 
patients unclear. Though still theoretical in dermatology, 
GLP-1 RAs represent a novel systems-level approach, con
currently addressing metabolic dysfunction, microbial dys
biosis, and immune dysregulation in AD. 

RESEARCH GAPS AND FUTURE DIRECTIONS 

Despite compelling evidence linking SCFAs, dysbiosis, and 
AD pathogenesis, several key research gaps limit the trans
lation of these findings into clinical care. First, longitudinal 
studies examining gut microbiota composition and SCFA 
dynamics in obese individuals with AD are lacking, leaving 
the temporal sequence and causality of gut-skin interac
tions poorly defined.13,31 Without such data, it remains un
clear whether microbial shifts precede AD flares or simply 
co-occur. 
Second, while preclinical models have demonstrated 

SCFA-mediated improvements in skin barrier function 
through PPAR-γ activation and HDAC inhibition, few stud
ies have confirmed these pathways in humans—especially 
under conditions of obesity-associated inflammation, 
where metabolic and immunologic cross-talk may alter re
sponse dynamics.11,23 The responsiveness of human ker
atinocytes and T cells to SCFA modulation in vivo remains 
an open question. 
Most critically, neither SCFA supplementation nor 

GLP-1RAs have yet progressed to Phase III trials for AD 
treatment. This is surprising given the dual metabolic and 
immunologic benefits demonstrated in both mechanistic 
and early clinical studies.36,40 Notably, the American Acad
emy of Dermatology now recognizes obesity as a key co
morbidity in AD yet guidelines lack specific recommenda
tions for metabolic interventions.44 Bridging this gap will 
require trials evaluating GLP-1RAs in AD patients with con
current obesity, leveraging microbiome profiling to identify 
responders. 
To close these gaps, future studies must adopt an inter

disciplinary framework—integrating dermatologic, micro
biologic, and metabolic endpoints—to evaluate treatment 
efficacy across systems. Priority interventions should in
clude: (i) probiotic formulations targeting high-butyrate-
producing taxa such as F. prausnitzii, (ii) combination reg
imens pairing GLP-1RAs with fermentable prebiotics, and 
(iii) SCFA-boosting dietary protocols tailored to individual 
microbiota profiles. Equally important is the development 
of non-invasive biomarkers to track gut-skin axis activity 
and personalize interventions based on patient-specific in
flammatory and microbial signatures. These integrated ap
proaches will be essential to translate microbiome science 
into meaningful, evidence-based therapies for patients 
with AD. 

CONCLUSION 

The convergence of microbiome science, immunology, and 
metabolic research has significantly advanced the under
standing of AD, particularly in obese individuals where dys
biosis and SCFA depletion create a systemic environment 
conducive to chronic inflammation and barrier dysfunc
tion.9,30 Robust preclinical and translational evidence 
highlights the dual role of SCFAs in AD pathogenesis: as 
immune regulators—via HDAC inhibition and FFAR acti
vation—and as structural enhancers of barrier function 
through PPAR-γ and AhR pathways.10‑12 
The emerging potential of GLP-1RAs as gut-skin axis 

modulators is a possible and exciting therapeutic frontier. 
As demonstrated in psoriasis, repurposing metabolic thera
pies for inflammatory skin diseases offers a paradigm shift. 
Targeting the gut–skin axis with GLP-1RAs may simultane
ously address obesity-driven dysbiosis, SCFA depletion, and 
cutaneous inflammation, representing a precision medicine 
approach for refractory AD. These agents uniquely bridge 
microbial, metabolic, and immunologic domains, restor
ing SCFA-producing taxa, enhancing epithelial barrier in
tegrity, and dampening inflammatory signaling.19,20 Early 
clinical observations suggest meaningful skin improve
ments in patients receiving semaglutide, reinforcing the 
need for further investigation.36 
Yet, critical questions remain. Future research would be 

beneficial to clarify how microbiome-targeted interven
tions, whether through diet, probiotics, or GLP-1RAs, im
pact skin outcomes and systemic inflammation in diverse 
AD populations. Interdisciplinary trials that integrate der
matologic, microbial, and metabolic endpoints will be key 
in identifying effective strategies and responsive sub
groups. 
Ultimately, the gut–skin axis offers more than a con

ceptual framework: it opens new therapeutic possibilities 
for one of the most burdensome chronic inflammatory skin 
diseases. As we move toward microbiome-informed care, 
restoring SCFA homeostasis may prove foundational in dis
rupting the cycle of obesity-driven AD and achieving 
durable clinical control. 
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Figure 1. The gut–skin axis in atopic dermatitis (AD): obesity-induced disruption and potential restoration             
through GLP-1 receptor agonists.     
This schematic illustrates the tripartite model of gut–skin axis regulation in AD: (1) Healthy state (left panel):    SCFA-producing gut microbes (eg, Faecalibacterium prausnitzii, Rose
buria spp.) maintain epithelial and immune homeostasis. Butyrate, propionate, and acetate enhance tight junction integrity (occludin, claudin-1), increase filaggrin expression, sup
press Th2/Th17 polarization, and promote Treg differentiation via HDAC inhibition and FFAR2/3 signaling pathways.10,11,23 (2) Obesity-induced dysbiosis (center panel):    Expan
sion of Enterobacteriaceae and loss of SCFA-producing taxa reduce SCFA availability, increase intestinal permeability, and enable LPS translocation into systemic circulation, 
promoting chronic low-grade inflammation. This state impairs Treg activity, elevates Th2/Th17 cytokines (IL-4, IL-13, IL-17), and disrupts keratinocyte differentiation and skin bar
rier function.9,15,18 Adipose tissue-derived cytokines (TNF-α, IL-6) further exacerbate cutaneous inflammation and oxidative stress. (3) Therapeutic modulation by GLP-1 receptor      
agonists (right panel):   GLP-1RAs promote microbiota restoration (↑ Roseburia, F. prausnitzii), enhance SCFA levels, upregulate tight junctions, reduce systemic inflammation, and 
restore epidermal barrier integrity. SCFAs also stimulate endogenous GLP-1 secretion via FFAR2 on L-cells, creating a positive feedback loop.19,20,39 Together, these pathways posi
tion GLP-1RAs as promising modulators of gut–skin axis dysfunction in AD. 
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