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Abstract

Morbid obesity is a chronic condition characterized by metabolic disorders and low-grade
chronic inflammation, both of which are closely linked to insulin resistance and adipokine
dysregulation. In addition to its systemic effects, obesity also leads to structural and functional
changes in the skin, supporting its role as an active metabolic and immunological organ.
This study analyzed skin lesions occurring in individuals with morbid obesity and explored
their potential relevance in the context of metabolic risk and treatment response rather than
establishing clinically validated tools. The focus was on how excess adipose tissue affects the
skin through metabolic, hormonal and mechanical mechanisms. Although this review focuses
on morbid obesity, many of the included studies examine general obesity without separating
its severity. Therefore, the findings may not fully reflect patients with BMI > 40 kg/m? and
should be interpreted with caution. Three main areas were considered: the pathophysiological
mechanisms underlying obesity-related skin lesions, selected dermatological manifestations
as potential markers associated with metabolic risk, and changes in these manifestations
during pharmacological, surgical, and lifestyle interventions. Available studies show that
acanthosis nigricans and multiple acrochordons are consistently associated with insulin
resistance, metabolic syndrome, and metabolic dysfunction-associated steatotic liver disease.
An increase in BMI is also associated with impairment of the epidermal barrier, changes in the
composition of skin lipids, and modifications of the skin microbiome, while biomechanical
factors promote the development of chronic inflammation in the intertriginous areas. It
has been shown that normalization of metabolic parameters achieved through GLP-1-based
pharmacotherapy, bariatric surgery, or lifestyle changes can improve some skin manifestations,
especially acanthosis nigricans. However, it should be emphasized that most available data
are based on cross-sectional or observational studies, and validated composite dermatological
indices are still unavailable. Skin changes in patients with morbid obesity often reflect
underlying metabolic and hormonal disturbances. They may have potential as additional,
non-invasive clinical clues, but they should not be treated as independent tools for risk
assessment or treatment monitoring. At present, most evidence shows associations only, and it
is unclear whether these findings add meaningful predictive value beyond standard metabolic
markers. More prospective studies are needed to confirm their clinical usefulness and to
define their role in assessing metabolic risk and monitoring treatment over time.

Keywords: morbid obesity; skin manifestations; metabolic disorders; risk assessment;
acanthosis nigricans
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1. Introduction
1.1. Morbid Obesity: Clinical and Metabolic Background

According to the World Health Organization, overweight and obesity are defined as
abnormal or excessive fat accumulation that presents a risk to health. In clinical practice,
body mass index (BMI) is used for classification, with values >25 kg/m? indicating over-
weight and >30 kg/m? indicating obesity [1]. Morbid obesity (class III obesity) is defined
as BMI > 40 kg/m? regardless of comorbidities, or BMI > 35 kg/m? in the presence of
obesity-related metabolic, cardiovascular, or mechanical complications [2].

Obesity is currently recognized as a multifactorial, chronic, relapsing, non-communicable
disease characterized by dysfunctional and/or excessive accumulation of body fat with
direct adverse effects on organ function and systemic health. Contemporary clinical frame-
works emphasize that management should not be limited to weight reduction alone but
should adopt a long-term, complication-oriented approach integrating behavioral inter-
ventions, pharmacotherapy, and metabolic or bariatric procedures [3]. In alignment with
this model, treatment strategies are increasingly guided by the presence and severity of
obesity-related complications rather than BMI alone [4].

Morbid obesity is characterized by adipose tissue dysfunction and chronic low-grade
inflammation. Increased production of pro-inflammatory cytokines, including tumor necro-
sis factor-oc (TNF-) and interleukin-6 (IL-6), interferes with insulin signaling pathways
and contributes to systemic insulin resistance [5]. This immunometabolic disturbance
is associated with an increased risk of cardiovascular disease, type 2 diabetes mellitus,
metabolic dysfunction-associated steatotic liver disease, and renal complications such as
albuminuria and chronic kidney disease [6].

Current diabetes care standards provide structured diagnostic and classification crite-
ria based on glycemic thresholds, including fasting plasma glucose, oral glucose tolerance
testing, and glycated hemoglobin (HbAlc), forming the basis for risk stratification and
management algorithms. These structured frameworks rely predominantly on biochemical
and clinical parameters. Cutaneous manifestations are not included in formal diagnostic or
risk stratification criteria within these standards [7].

The aim of this review is not to replace standard biochemical risk assessment but to
determine whether selected skin findings may serve as simple clinical signals prompting
further metabolic evaluation and to explore which of these changes may improve alongside
insulin resistance and systemic inflammation during treatment.

Beyond its role in energy storage, adipose tissue exerts endocrine, inflammatory and
immune-modulatory effects that influence multiple organ systems [3]. These systemic
alterations provide the biological context for examining peripheral tissues, including the
skin, as potential sites reflecting underlying metabolic dysregulation.

For clarity, this review distinguishes between mechanistic pathways linking obesity to
skin alterations and clinically observable dermatologic manifestations. These are discussed
separately, and only findings supported by human studies are considered in the context of
potential clinical relevance.

1.2. Skin as a Metabolic Organ

The skin is increasingly recognized as a neuroendocrine organ capable of synthesizing
and metabolizing steroid hormones, neuropeptides, and other signaling molecules, thereby
participating in systemic endocrine regulation [8]. Adipocytes located in the dermis and
subcutaneous tissue participate in lipogenesis and lipolysis and produce adipokines such
as leptin, adiponectin, and resistin, which regulate local inflammatory and regenerative
processes within the skin [9,10]. Dermal white adipose tissue has been shown to con-
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tribute to thermogenic responses and cold-induced adaptation, representing an additional
component of cutaneous metabolic function [11].

In addition to its metabolic properties, the skin performs important immunological
functions. Keratinocytes and resident antigen-presenting cells cooperate to maintain in-
flammatory balance and respond to environmental stimuli [12]. An integral component of
the cutaneous system is the skin microbiota, which interacts with the host immune system
and contributes to epidermal barrier function and antimicrobial defense [13].

This integrative perspective provides a biological rationale for exploring dermatologic
manifestations of morbid obesity as potential indicators of systemic metabolic burden. Al-
though this review focuses on morbid obesity, it should be acknowledged that a substantial
proportion of the available evidence derives from studies that include broader obesity
populations without stratification by severity.

2. Materials and Methods

This manuscript is a narrative review that summarizes current evidence on skin
changes associated with morbid obesity and their possible role in assessing metabolic risk
and monitoring treatment.

A targeted literature search was performed in PubMed /MEDLINE and Scopus, with
additional support from Google Scholar. The search covered studies published from January
2000 to January 2026. The search strategy included combinations of the following keywords:

Y77 V77 /i V77

“obesity”, “morbid obesity”, “cutaneous manifestations”, “acanthosis nigricans”, “skin
7 £

tags”,
“transepidermal water loss”.

A7, ZTi

psoriasis”, “hidradenitis suppurativa”, “insulin resistance”, “adipokines”, and

No formal language restrictions were applied. However, the review primarily included
articles available in English. Both experimental and clinical studies were considered, with
emphasis on studies involving human populations when assessing clinical relevance.
Reference lists of relevant articles and key clinical guidelines were also screened to identify
additional sources.

The literature selection process consisted of an initial screening of titles and abstracts,
followed by full-text evaluation of potentially relevant articles. An initial pool of records
was identified through database searches. However, due to the narrative design of the
review, a formal PRISMA flow diagram was not constructed. After screening and eligibility
assessment, 63 articles were included in the final analysis.

We included clinical studies, observational studies, randomized trials and relevant
review articles. Priority was given to studies reporting clinically relevant outcomes and to
those with larger or more representative populations when available. In cases of potential
overlap between study populations, preference was given to the most comprehensive or
most recent dataset. In cases of potential overlap between study populations, preference
was given to the most comprehensive or most recent dataset.

Morbid obesity was defined as a body mass index (BMI) >40 kg/m? or >35 kg/m?
in the presence of obesity-related comorbidities, in accordance with established clinical
criteria. However, due to the limited availability of studies specifically focusing on morbid
obesity, a substantial proportion of the included data was derived from general obesity
populations, which was taken into account during the interpretation of the findings.

Studies conducted in both adult and pediatric populations were considered. Pediatric
data are presented in a dedicated subsection to account for age-specific differences.

Exclusion criteria included publications that did not address the scope of the review
or were not relevant to the metabolic-dermatologic interface.

Due to the narrative design of this review, a formal systematic review protocol was
not applied. However, efforts were made to ensure a structured and transparent selection
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of the literature. No new human or animal data were collected. Therefore, ethical approval
was not required.

Figures 1-3 were generated using artificial intelligence-based tools. Figure 1 was cre-
ated using ChatGPT (OpenAl), and Figures 2 and 3 were generated using Gemini (Google;
Nano Banana Pro), based on conceptual input provided by the authors. The authors re-
viewed and refined all generated images to ensure scientific accuracy and consistency with
the content of the manuscript.

3. Results

3.1. Mechanisms
3.1.1. Metabolic Mechanisms

Dermatologic manifestations observed in obesity do not represent a uniform group of
“metabolic markers” but rather reflect distinct, partially overlapping pathophysiological
axes. These include (1) insulin resistance-related changes driven by hyperinsulinemia
and IGF signaling, (2) biomechanical and barrier-related alterations associated with in-
creased skin fold depth and friction, and (3) systemic inflammatory dermatoses linked to
immunometabolic dysregulation. Distinguishing these axes may improve the clinical inter-
pretation of cutaneous findings and help align dermatologic observations with targeted
diagnostic, preventive and risk stratification strategies.

In this framework, acanthosis nigricans and multiple acrochordons are primarily
linked to the insulin resistance axis, intertriginous dermatoses reflect biomechanical and
barrier-related stress, whereas inflammatory conditions such as psoriasis and hidradenitis
suppurativa correspond to the systemic inflammatory axis.This section summarizes mech-
anistic pathways linking obesity to skin alterations. These processes provide biological
plausibility but do not represent clinically validated biomarkers (Figure 1).

Normal Skin Morbid Obesity

Epidermis

I

| Insulin resistance
| Hyperinsulinemia
\IGF-'I Receptor Activation
y ~Keratinocyte Proliferation

Sa0e

Dermis

4 Adipokine Dysregulation
1 Leptin

4 Adiponectin

' Impaired Barrier

- Normal insulin signaling S T TEWL

- Balanced adipokines (Leptin «— Adiponectin) J| Altered Lipids

- Low inflammatory activity 4 Epidermal Lipids
- Normal lipid composition
= Low TEWL Microbiome Alterations

- Stable mictobiome Vel T

Friction, Occlusion, Skin Folds
Figure 1. Structural and functional differences between normal skin and skin in morbid obesity. In
morbid obesity, expansion of adipose tissue is associated with insulin resistance and hyperinsuline-
mia, leading to IGF-1 receptor activation and keratinocyte proliferation. Adipokine dysregulation
(increased leptin, decreased adiponectin) and chronic low-grade inflammation (elevated TNF-a
and IL-6) contribute to cutaneous changes. Impairment of epidermal barrier function is reflected
by increased transepidermal water loss (TEWL) and altered lipid composition. Mechanical fac-
tors, including friction and occlusion within skin folds, further exacerbate barrier disruption and
local inflammation.
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Insulin resistance plays a central role in cutaneous alterations associated with obesity,
including acanthosis nigricans (AN). Elevated insulin levels can activate insulin-like growth
factor-1 receptors (IGF-1R) on keratinocytes and dermal fibroblasts, leading to increased
epidermal proliferation characteristic of this condition [14]. Clinical observations show
that improving insulin sensitivity may result in partial regression of skin lesions in obese
patients [15]. Observational data support the link between hyperinsulinemia and the devel-
opment of acanthosis nigricans, reinforcing its biological basis in insulin resistance [16-18].
Insulin resistance is closely intertwined with adipokine dysregulation. Beyond its role
in energy homeostasis, leptin exerts pro-inflammatory effects by activating immune cells
and increasing the production of cytokines such as IL-6 and TNF-« [19]. In metabolic
conditions characterized by insulin resistance, including obesity and polycystic ovary syn-
drome, increased adiposity has been associated with elevated circulating TNF-« and IL-6
levels, as well as alterations in leptin and adiponectin concentrations [20,21]. Adiponectin
levels are reduced in obesity; adiponectin exerts anti-inflammatory and vasculoprotective
effects, and its deficiency is associated with endothelial dysfunction and impaired vascular
homeostasis [22].

Persistent low-grade inflammation characteristic of obesity modulates innate and
adaptive immune pathways within peripheral tissues [5]. These systemic alterations create
a pro-inflammatory milieu that may contribute to the modulation of cutaneous immune
responses involved in inflammatory skin diseases.

Obesity is associated not only with systemic metabolic dysregulation but also with
measurable alterations in epidermal barrier function. Population-based analyses demon-
strate that increasing body mass index correlates with elevated transepidermal water loss
(TEWL), indicating compromised barrier integrity [23]. Complementary molecular studies
report reduced skin lipid content and decreased expression of lipogenic enzymes in indi-
viduals with obesity, which may impair stratum corneum lipid organization and barrier
cohesion [24]. Given the central role of intercellular lipids in maintaining barrier struc-
ture, such alterations may predispose to increased permeability and local inflammatory
activation. In addition, obesity-related mechanical factors, including increased skinfold
depth and friction, may further modify local microenvironmental conditions and barrier
performance [25].

Emerging evidence suggests that body mass index may be associated with alterations
in cutaneous microbial community structure. Observational sequencing studies have re-
ported differences in beta-diversity and relative abundance of selected bacterial taxa across
BMI categories [26]. However, in inflammatory dermatoses strongly associated with obesity,
such as hidradenitis suppurativa, microbial patterns appear to be driven predominantly by
anatomical location and inflammatory status rather than BMI alone [27,28]. These findings
indicate that obesity-related microenvironmental changes may interact with host-microbial
dynamics without establishing a direct causal pathway.

Most available data derive from cross-sectional and observational studies. Random-
ized controlled trials evaluating changes in cutaneous barrier function or microbiome
composition as predefined outcomes of obesity treatment are currently lacking, and derma-
tologic parameters have not been incorporated as primary endpoints in major metabolic
trials [29].

Accordingly, these mechanisms should not be interpreted as direct evidence of clinical
utility but rather as a biological framework that supports the classification of dermatologic
findings into distinct pathophysiological axes.
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3.1.2. Hormonal Mechanisms

Obesity is associated with disturbances in multiple hormonal pathways that affect skin
structure and function. Hyperinsulinemia, adipokine imbalance, altered androgen signaling
and local glucocorticoid activation contribute to changes in epidermal proliferation, barrier
integrity, and cutaneous immune responses.

Observational data support hyperinsulinemia as a key hormonal driver of obesity-
related cutaneous changes [25], with experimental evidence indicating activation of pro-
liferative signaling pathways in keratinocytes and dermal fibroblasts [14]. However, the
available evidence is predominantly derived from observational and cross-sectional studies,
and randomized controlled trials assessing dermatologic endpoints remain lacking.

Hyperinsulinemia may also contribute to functional hyperandrogenism. In insulin-
resistant states, including obesity and polycystic ovary syndrome, hyperinsulinemia en-
hances ovarian androgen production and reduces sex hormone-binding globulin levels,
increasing free androgen availability [30]. This may contribute to clinical phenotypes such
as acne, seborrhea and hirsutism, reflecting systemic endocrine dysregulation rather than
primary skin disease.

Adipokine imbalance constitutes an additional hormonal dimension of obesity-related
skin alterations. Leptin levels correlate with adipose tissue mass and exert biological
activity in the skin. Leptin receptors are expressed on keratinocytes and leptin modulates
keratinocyte proliferation and cytokine production, supporting its pro-inflammatory role in
the cutaneous microenvironment [31]. Broader analyses indicate that adipokines influence
inflammatory pathways and epidermal homeostasis [9]. However, direct interventional
evidence linking leptin modulation to improvement of cutaneous manifestations in morbid
obesity remains limited.

Disturbances in glucocorticoid metabolism represent another component of hormonal
dysregulation in obesity. Although systemic hypercortisolism is not typical, enhanced
local glucocorticoid activation has been described. 11p3-hydroxysteroid dehydrogenase
type 1 (113-HSD1) converts inactive cortisone into active cortisol, increasing intracellular
glucocorticoid availability; increased 113-HSD1 activity has been reported in obesity [32].
Imaging studies demonstrate thinning of the epidermis and dermis following glucocorti-
coid exposure, confirming their structural effects on the skin [33]. However, direct data on
cutaneous 113-HSD1 activity in morbid obesity remain limited. Collectively, hormonal
dysregulation in obesity, encompassing insulin resistance, adipokine imbalance, andro-
gen excess and altered glucocorticoid metabolism, may contribute to altered epidermal
barrier function, impaired immune regulation, and increased susceptibility to infections
and delayed wound healing [25]. These effects are multifactorial and cannot be attributed
to a single pathway. Most available evidence derives from mechanistic and observational
studies, while prospective trials with predefined dermatologic endpoints remain scarce.

3.1.3. Biomechanical Mechanisms

In obesity, biomechanical factors within skin folds-including skin-to-skin friction,
occlusion, and persistent moisture exposure-play a central role in the development of
fold-related dermatoses. Clinical observations indicate that enlargement and deepening
of skin folds in severe obesity are associated with an increased frequency and recurrent
course of intertrigo [34].

Mechanical friction between opposing skin surfaces leads to repetitive microtrauma
of the epidermis. Under conditions of sustained humidity and occlusion, the stratum
corneum becomes macerated, resulting in reduced mechanical resilience and disruption
of barrier integrity [35]. This compromised barrier facilitates penetration of irritants and
microorganisms and promotes local inflammatory activation.
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Occlusion within deep skin folds further increases local temperature and impairs
ventilation, creating a microenvironment characterized by moisture retention and reduced
aeration. Such conditions favor secondary bacterial and fungal colonization, contributing
to chronicity and recurrence of inflammatory lesions [34,35]. These microenvironmental
alterations may also interact with local microbial communities; however, available evidence
suggests that microbial patterns are influenced predominantly by anatomical location and
inflammatory status rather than body mass index alone [28].

In patients with morbid obesity, these biomechanical conditions may complicate
local skin management in intertriginous areas and contribute to recurrent inflammation.
Collectively, available data support a direct relationship between mechanical burden in
severe obesity and structural barrier impairment, underscoring the clinical relevance of
biomechanical factors in fold-associated dermatoses [34,35].

3.2. The Skin as a Tool for Risk Stratification
3.2.1. Cutaneous Manifestations as Indicators of Metabolic Risk

Selected dermatologic manifestations observed in morbid obesity reflect systemic
metabolic and inflammatory dysregulation and may reflect underlying metabolic and
inflammatory dysregulation and have been proposed as potential clinically observable
correlates of systemic disease burden. These findings are consistent with the interpretation
of AN as a phenotypic correlate of metabolic dysfunction (Figure 2).

THE SKIN AS A TOOL FOR
METABOLIC RISK STRATIFICATION

" U

¢

Acanthosis

S oA [ame

» STRATIFY » FURTHER

PATIENT WITH
MORBID OBESITY
(BMI 240 kg/m2)

DERMATOLOGIC
ASSESSMENT
(Identify Markers)

Acrochordons

METABOLIC
RISK
e.g., High Risk for
Insulin Resistance,

EVALUATION &
MONITORING

Metabolic Workup,

Treatment Planning

®

MASLD, T2DM risk,
Intertrigo \_ dyslipidemia /

IDENTIFIED
MARKERS

Androgen-related
changes
(Acne, Hirsutism)

Figure 2. Conceptual framework illustrating the potential role of dermatologic assessment in
metabolic risk stratification in morbid obesity. Selected dermatologic manifestations, including acan-
thosis nigricans, acrochordons, intertrigo, and androgen-related skin changes, may reflect underlying
metabolic dysregulation associated with morbid obesity. Identification of these cutaneous markers
during dermatologic examination may indicate the presence of insulin resistance and other metabolic
abnormalities and may support further metabolic evaluation and clinical monitoring. Abbreviations:
MASLD, metabolic dysfunction-associated steatotic liver disease; HbAlc, glycated hemoglobin.

This section focuses on clinically observable dermatologic manifestations associated
with obesity. These findings are discussed as potential clinical markers. However, their
diagnostic and prognostic value has not been validated in prospective studies.

Acanthosis nigricans (AN) is strongly associated with insulin resistance and sus-
tained hyperinsulinemia. Cross-sectional analyses demonstrate its association with in-
creased prevalence and severity of metabolic dysfunction associated steatotic liver disease
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(MASLD)related hepatic steatosis [36]. These findings support the interpretation of AN as
a phenotypic marker of metabolic dysfunction.

Multiple acrochordons have been associated with elevated HOMA-IR values, dys-
lipidemia, and abnormalities in liver enzymes [37]. Increased IGF-1 expression has been
described in acrochordons [38]. Epidemiologic data further indicate a higher prevalence
of skin tags among individuals with type 2 diabetes mellitus [39]. Collectively, these
observations suggest that proliferative benign cutaneous lesions may reflect underlying
metabolic dysregulation.

Severe psoriasis represents a chronic inflammatory dermatosis linked to increased
cardiovascular risk. Population-based cohort analyses demonstrate that patients requiring
systemic therapy exhibit a significantly elevated risk of myocardial infarction compared
with individuals without psoriasis, independent of traditional cardiovascular risk fac-
tors [40]. This association indicates increased systemic disease burden.

Chronic and recurrent intertrigo reflects biomechanical barrier impairment associated
with severe obesity [34,35]. Although not directly linked to cardiovascular endpoints,
persistent fold dermatoses may indicate substantial mechanical and barrier-related burden
and contribute to chronic inflammation within intertriginous areas.

These findings suggest that dermatologic assessment may provide additional context
for the assessment of metabolic risk. However, most evidence remains observational, and
prospective validation of independent predictive value is limited (Table 1).

Table 1. Dermatologic Markers of Metabolic Dysfunction in Morbid Obesity, summarized in relation
to underlying pathophysiologic mechanisms, associated metabolic parameters, type of evidence, and
their clinical interpretation. The presented associations are predominantly derived from observational
studies and should be interpreted with caution.

Dominant

Associated What Next?

Cutaneous Pathophysio- Metabolic Clmlcal. (Clinical Stre.ngth of Evidence Type Key
Marker . . Interpretation A Evidence References
logic Axis Parameter Implication)
Chronic hyperin- . Phenotypic Consider
. . Insulin .
sulinemia . . correlate of metabolic Cross-
Acanthosis activating . insulin resistance; evaluation sectional;
L. . . elevated L ! . . Moderate . [16-18,36,41]
nigricans IGF-1R signaling . severity is (insulin prospective
HOMA-IR; . . . .
(Ras/MAPK, MASLD associated with resistance, observational
PI3K/Akt) metabolic burden glucose
Insulin Consider
Multiple Hyperinsulinemia; Tesistance; Associated with metab(?hc
dyslipidemia; . screening Low- Case—control;
acrochor- enhanced IGF-1 . metabolic ¢ . [37-39]
; . abnormal liver . (metabolic moderate observational
dons signaling . dysfunction
enzymes; syndrome,
T2DM dyslipidemia)
Consider car-
Moderate to Systemic Increased car- asspcmted with chomgtabohc .
. . . increased risk Population- )
severe inflammatory diometabolic . . Moderate [40]
. o . cardiometabolic assessment based cohort
psoriasis activation; risk; . .
risk according to
guidelines
Chronic
1nﬂammat(?ry . a repf)r’fed Consider '
. s dermatosis Metabolic association . Meta-analysis;
Hidradenitis . . evaluation of Low- :
. linked with syndrome; between . prospective [42,43]
suppurativa L . S metabolic moderate
adiposity and increased BMI adiposity and iy cohort
. . . comorbidities
metabolic disease severity
dysregulation

3.2.2. Potential Composite Indicators

Obesity is associated with measurable alterations in epidermal barrier integrity. Phys-
iological studies demonstrate a positive correlation between BMI and transepidermal
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water loss (TEWL) [44]. Alterations in epidermal lipid composition have been reported in
individuals with obesity [24]. In addition, facial physiological parameters and skin micro-
biome composition have been shown to vary according to BMI, including differences in
sebum production, hydration, pH, and bacterial community structure [45]. These structural
and microenvironmental alterations may contribute to local inflammatory activation and
increased susceptibility to infection.

In contrast, epidermal barrier parameters, transepidermal water loss, lipid composition
and microbiome alterations are measurable and provide insight into cutaneous responses
to metabolic dysfunction; their clinical applicability remains limited. Standardized mea-
surement protocols, validated reference ranges stratified by BMI, age, sex, and prospective
data demonstrating responsiveness to therapeutic interventions are currently lacking.

Psoriasis is increasingly conceptualized as an immunometabolic disorder. Dysregula-
tion of adipokine signaling and activation of inflammatory pathways contribute to systemic
immune amplification in affected individuals [9,40]. This bidirectional interaction between
metabolic and immune pathways provides a rationale for exploring psoriasis severity as a
potential composite indicator of systemic inflammatory burden.

Clinical data evaluating GLP-1 receptor agonists in psoriasis include case reports,
prospective cohorts, and small randomized controlled trials [46-48]. Although reductions
in PASI have been reported in observational settings and selected interventional studies,
large randomized trials validating cutaneous endpoints as predictors of cardiovascular
outcomes are lacking.

Therefore, epidermal barrier parameters, transepidermal water loss, lipid composition,
and microbiome alterations should currently be considered as emerging research directions
rather than tools for routine clinical risk stratification or treatment monitoring, as their
incremental value beyond established metabolic markers remains uncertain.

3.3. Monitoring Obesity Treatment Through Cutaneous Assessment

Cutaneous manifestations may also provide clinically observable indicators of disease
burden and treatment response during obesity therapy (Table 2, Figure 3).

Table 2. Cutaneous Manifestations as Indicators of Disease Burden or Treatment Response.

Manifestation Clinical Observed Dynamic Intervention Clinical Evidence Type Key
Context Change Type Relevance P References
Acanthosis Morbid obesity ReduFtlon m les?on GLP-1-based Potential non-invasive Prospective
- - - severity paralleling therapy; cohort;
nigricans with insulin . d HOMA-IR bariatri marker of early d [29,49]
regression resistance mprove ) ariatric metabolic response secondary
& and BMI surgery (LSG) analyses
I;Z?}S;ils Obesity with Variable reduction in GLP-1 receptor inff:;ﬂ};;?eizdhcn . Case reports;
y inflammatory PASI during metabolic ep TOTY coup ey small RCTs; [46-48]
(PASI - agonists not validated as CV - .
. dermatosis therapy scoping review
reduction) surrogate
Recurrent Severe cen- Persistence correlates Weight Marker of Clinical review:
. . tral/mechanical with fold depth and & biomechanical and . ! [34,35]
intertrigo . . reduction . observational
obesity mechanical burden barrier stress
Impaired Severe obesity; . Reflects systemic
- . Increased dehiscence . . .
wound perioperative . L Surgical context inflammatory and Review data [50]
. . and infection risk . .
healing setting metabolic dysfunction
Post-bariatric Rapid Diffuse hair thinning S Requires biochemical
. . . . Bariatric - .
telogen postoperative linked to micronutrient surger monitoring and Observational [51,52]
effluvium weight loss deficiency sery supplementation
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DYNAMIC SKIN CHANGES DURING THERAPEUTIC INTERVENTIONS

INCRETIN-BASED 3 h
PHARMACOTHERAPY BARIATRIC SURGERY LIFESTYLE MODIFICATION
(GLP-1 & Dual GIP/GLP-1 RAs)
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BEFORE AFTER BEFORE AFTER BEFORE AFTER
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Acanthosis Acanthosis Acanthosis Regression, (High Glycemic Acne,
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High HOMA-IR = Lower HOMA-IR || High HOMA-IR Normalization. Insulin Sensitivity
£ 3 *Potential Hair Resistance
il Loss/Nutrient LIGF-1/mTORC1
L improvement | SzecionV i D, L signaling

Figure 3. Schematic overview of changes in selected cutaneous manifestations during metabolic
interventions in obesity. Improvement of metabolic parameters following pharmacological therapy
with incretin-based agents, bariatric surgery, or lifestyle modification may be accompanied by changes
in dermatologic manifestations associated with obesity. Regression of acanthosis nigricans has been
reported following improvement in insulin resistance after metabolic treatment, while lifestyle-
induced improvement in insulin sensitivity may contribute to a reduction in acne severity through
modulation of insulin IGF-1-mTORC1 signaling pathways. Arrows indicate the direction of clinical
change (before to after intervention). The asterisk (*) denotes preliminary or less well-established
clinical observations, including potential improvement in psoriasis and hidradenitis suppurativa, as
well as possible hair loss related to nutritional deficiencies.

3.3.1. Pharmacological Treatment (GLP-1 Receptor Agonists, Tirzepatide)

GLP-1 receptor agonists improve metabolic parameters, including body weight and
insulin resistance [29]. These systemic effects may be associated with secondary changes in
obesity-related cutaneous manifestations.

Improvement of insulin resistance during GLP-1-based therapy has been associ-
ated with regression of acanthosis nigricans [41]. However, randomized trials of GLP-
1-based therapies have not included regression of acanthosis nigricans as a predefined
dermatologic endpoint.

Reduction in adipose tissue mass during GLP-1-based therapy is associated with
changes in circulating adipokines [29]. These changes may indirectly influence cutaneous in-
flammatory activity. Nevertheless, obesity pharmacotherapy trials have not systematically
evaluated dermatologic outcomes, and high-quality interventional data remain limited.

Clinical evidence evaluating GLP-1 receptor agonists (GLP-1RAs) in psoriasis includes
case reports, prospective cohort studies, randomized controlled trials, and systematic
reviews. Observational studies generally report reductions in PASI scores accompanied
by decreased dermal T-cell infiltration and reduced IL-17 and IL-23 expression, whereas
randomized data remain limited and partially heterogeneous [46—48]. These findings
suggest that improvements in psoriasis observed during GLP-1-based therapy may be asso-
ciated with metabolic improvement, particularly weight reduction and decreased systemic
inflammation, rather than clearly established direct dermatologic effects of these agents.

Although severe psoriasis is associated with increased cardiovascular risk, psoriasis
severity itself has not been validated as a surrogate cardiovascular endpoint.

An open-label randomized clinical trial evaluating semaglutide in obese patients with
type 2 diabetes mellitus and psoriasis demonstrated significant improvement in psoriatic
lesion severity alongside metabolic improvement [47]. However, the absence of blinding
and the limited sample size restrict causal inference regarding direct antipsoriatic efficacy.
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Beyond psoriasis, hidradenitis suppurativa (HS) represents another inflammatory
dermatosis strongly associated with obesity and metabolic dysregulation. Despite the
strong epidemiologic association between hidradenitis suppurativa and metabolic dysfunc-
tion [42,43], randomized controlled trials evaluating GLP-1 receptor agonists specifically in
HS are currently lacking.

Available reports describing improvement of HS during GLP-1-based therapy are
limited to case reports and small uncontrolled series, and may reflect secondary effects of
weight loss and reduction in systemic inflammation rather than direct drug-specific action,
precluding definitive therapeutic conclusions.

Taken together, current evidence suggests that metabolic improvement induced by
GLP-1-based therapies may be associated with attenuation of selected obesity-associated
dermatoses. However, adequately powered, blinded randomized trials with predefined
dermatologic endpoints are required to determine whether these agents exert direct disease-
modifying effects in psoriasis or hidradenitis suppurativa.

3.3.2. Bariatric Surgery

Bariatric surgery leads to rapid improvement in insulin resistance, reflected by re-
ductions in fasting insulin and HOMA-IR that may precede maximal weight loss. In a
prospective cohort of obese patients undergoing laparoscopic sleeve gastrectomy (LSG),
metabolic improvement at 3 months was accompanied by marked regression of obesity-
associated acanthosis nigricans (OB_AN). Reduction in AN severity correlated with changes
in BMLI, insulin resistance indices, testosterone levels, and objective parameters of epidermal
thickness and pigmentation assessed by reflectance confocal microscopy, indicating an
association between metabolic normalization and structural cutaneous remodeling [49].

Mechanistically, attenuation of hyperinsulinemia may reduce insulin/IGF-1-mediated
keratinocyte proliferation and melanogenesis, processes implicated in AN pathogenesis.
Clinically, AN may therefore represent a dynamic and non-invasive correlate of early
metabolic response after bariatric intervention; however, its validity as a standardized
treatment endpoint has not been established in randomized controlled trials.

Independent of metabolic improvement, morbid obesity itself is associated with
impaired surgical wound healing. Excess adipose tissue contributes to tissue hypoxia,
increased mechanical tension, and a chronic pro-inflammatory milieu characterized by
elevated TNF-« and IL-6, while microvascular dysfunction and insulin resistance impair
fibroblast activity and keratinocyte proliferation. Clinically, severe obesity increases the
risk of wound dehiscence, surgical site infection, and delayed epithelialization in the
perioperative period [50].

In the early postoperative phase, structural cutaneous changes parallel metabolic im-
provement, including normalization of epidermal architecture and pigmentation [49]. These
observations suggest that cutaneous remodeling after bariatric surgery reflects improved
insulin signaling and modulation of local inflammatory and microcirculatory pathways.

In the long-term postoperative period, bariatric procedures, particularly those with a
malabsorptive component, are associated with micronutrient deficiencies due to reduced
intake and altered gastrointestinal absorption. Deficiencies in zinc, iron, vitamin D, and
biotin affect hair follicle cycling and keratinocyte differentiation and are clinically asso-
ciated with telogen effluvium, diffuse hair thinning, nail fragility, and xerosis following
rapid weight loss [51,52]. Mechanistically, zinc and iron depletion impair matrix—cell prolif-
eration and keratin synthesis. Clinically, structured biochemical monitoring and targeted
supplementation are required to prevent dermatologic complications [51].

Importantly, no randomized controlled trials have used validated dermatologic scoring
systems as primary endpoints in bariatric cohorts. Available evidence derives predomi-
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nantly from observational studies [49]. Consequently, although cutaneous changes appear
to parallel metabolic recovery, the role of dermatologic indices as formal tools for treatment
monitoring requires confirmation in adequately powered interventional studies. These
observations suggest that dermatologic changes following bariatric surgery may reflect
both early metabolically driven responses (e.g., regression of acanthosis nigricans) and later
treatment-associated effects related to micronutrient deficiencies.

3.3.3. Lifestyle Modification

Lifestyle modification, particularly adherence to a low-glycemic-load diet, improves
insulin sensitivity and reduces circulating insulin levels, which has been associated with
significant clinical improvement in acne severity in randomized trials and meta-analytic
analyses [53]. Hyperinsulinemia enhances insulin-like growth factor-1 (IGF-1) signaling
and activates the nutrient-sensitive kinase mTORC1, promoting keratinocyte prolifera-
tion and sebaceous lipogenesis through downstream mediators such as SREBP-1, thereby
contributing to acne pathogenesis [54]. Attenuation of the insulin-IGF-1-mTORC1 axis
provides a biologically plausible explanation for the observed clinical benefit of dietary
intervention in acne [53,54].

Obesity-related insulin resistance is accompanied by chronic low-grade inflammation
and altered adipokine signaling. As previously discussed, adipokines such as leptin,
adiponectin, TNF-«, and IL-6 modulate keratinocyte proliferation, differentiation, and
inflammatory responses within the skin microenvironment, linking systemic metabolic
imbalance with cutaneous homeostasis [9]. Improvement of insulin sensitivity through
lifestyle intervention may therefore influence not only sebaceous activity but also broader
inflammatory and barrier-related processes.

However, in contrast to acne—where validated severity indices have been used in
interventional trials—lifestyle studies have not incorporated standardized dermatologic
endpoints for other obesity-associated dermatoses. Consequently, while acne severity may
represent a measurable cutaneous correlate of dietary metabolic modulation, evidence
supporting the use of additional skin parameters as monitoring tools in lifestyle-based
obesity treatment remains limited.

Dermatologic manifestations associated with obesity may differ in their temporal
dynamics in response to therapeutic interventions. Certain features, such as acanthosis
nigricans, may demonstrate relatively rapid improvement following metabolic normal-
ization, particularly after bariatric surgery, reflecting early changes in insulin resistance.
In contrast, other cutaneous alterations, including inflammatory dermatoses and barrier-
related abnormalities, may exhibit slower or indirect responses, corresponding to more
complex immunometabolic and structural remodeling. Additionally, some dermatologic
findings observed during treatment, such as telogen effluvium or xerosis, may reflect
treatment-related effects, including micronutrient deficiencies, rather than direct indicators
of metabolic improvement.

3.4. Pediatric and Adolescent Phenotype
3.4.1. Acanthosis Nigricans as a Marker of Insulin Resistance in Youth

Acanthosis nigricans (AN) in children and adolescents with overweight or obesity
is associated with hyperinsulinemia and insulin resistance; the proposed mechanism
involves insulin-mediated activation of IGF-1 signaling, promoting keratinocyte and dermal
fibroblast proliferation and resulting in epidermal hyperplasia [55].

In a cross-sectional study of 139 overweight adolescents (BMI > 85th percentile), the pres-
ence of AN was associated with significantly higher fasting insulin concentrations and HOMA-
IR values compared with adolescents without AN (26.4 + 16.3 vs. 19.0 & 10.3 ulU/mL;
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5.59 £ 3.51 vs. 4.00 & 2.29; p = 0.003 for both). Insulin resistance (HOMA-IR > 90th percentile)
was more prevalent in adolescents with AN (62.7% vs. 38.9%; p = 0.008), and AN increased
the odds of insulin resistance (OR 2.59; p = 0.009).

In obese children, HOMA-IR values were significantly higher in those with AN than
in those without AN (5.74 4 4.71 vs. 2.14 + 0.86; p < 0.001). HOMA-IR increased across
categories of AN severity, and receiver operating characteristic analysis demonstrated an
area under the curve of 0.765 for AN in predicting insulin resistance. A severity score > 3
was associated with a specificity of 83.9% [41].

Available pediatric data demonstrate a consistent cross-sectional association between
AN and biochemical markers of insulin resistance in youth with excess adiposity [36,41].
Prospective studies evaluating its independent longitudinal prognostic value are lacking.

3.4.2. Other Cutaneous Manifestations in Pediatric Obesity

Beyond acanthosis nigricans, several additional dermatologic conditions have been
reported in children and adolescents with obesity, some of which demonstrate measurable
metabolic associations.

In a cross-sectional study of 103 children and adolescents with obesity, striae distensae
(63-71%), keratosis pilaris (63-65%), acne vulgaris (39-41%), acrochordons (25%), and
acanthosis nigricans (45%) were the most prevalent findings. Importantly, HOMA-IR
values were significantly associated not only with acanthosis nigricans (p = 0.047), but
also with keratosis pilaris (p = 0.019) and acne vulgaris (p < 0.001) [56]. These findings
suggest that selected cutaneous phenotypes in pediatric obesity correlate with objective
biochemical markers of insulin resistance.

Psoriasis has also been linked to metabolic abnormalities in pre-pubertal chil-
dren. In a prospective study of 60 children aged 3-10 years with psoriasis, 30% met
criteria for metabolic syndrome, and 27% demonstrated insulin resistance defined as
HOMA-IR > 90th percentile. The prevalence of metabolic syndrome in this cohort was
significantly higher than that reported in the general European pediatric population
(30% vs. 4.8%; p < 0.001) [57]. These data support an association between pediatric psoriasis
and systemic metabolic dysregulation early in life.

Hidradenitis suppurativa (HS), although less common in childhood than in adulthood,
demonstrates a consistent epidemiologic association with obesity. In a scoping review
including 2911 pediatric HS patients, 42.3% were classified as obese (BMI > 30 kg/m?) and
14% as overweight. Adjusted analyses from included studies reported that adolescents
with HS were significantly more likely to be obese compared with controls (OR 2.48; 95% CI
2.38-2.59; p < 0.001) [58]. While causality cannot be inferred, these data demonstrate a
robust association between pediatric HS and excess adiposity.

Acne vulgaris has similarly been linked to metabolic alterations in adolescents and
young adults. Although pediatric obesity-specific mechanistic trials are limited, case-based
and clinical data indicate the coexistence of acne with metabolic syndrome components
and insulin resistance [59]. In the pediatric obesity cohort described above, acne prevalence
correlated with HOMA-IR and fasting insulin levels [56]. These observations suggest that
metabolic dysregulation may contribute to acne severity in youth with excess adiposity.

Collectively, available pediatric evidence indicates that selected inflammatory and
proliferative skin conditions—particularly psoriasis, hidradenitis suppurativa, keratosis
pilaris, and acne—occur with increased frequency in children with obesity and, in several
cases, correlate with objective metabolic parameters [56-59]. However, most available data
derive from cross-sectional or observational studies, and prospective longitudinal analyses
evaluating independent predictive value for long-term metabolic outcomes remain lacking.
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3.4.3. Monitoring and Long-Term Outcomes

Cutaneous markers such as acanthosis nigricans (AN) reflect underlying hyperin-
sulinemia and insulin resistance in children and adolescents with excess adiposity [41].
Although prospective studies directly linking AN to long-term cardiometabolic outcomes
are lacking, longitudinal evidence supports the dynamic and modifiable nature of insulin
resistance in youth.

In the IDEFICS cohort, higher BMI z-score and waist circumference were strong
prospective predictors of incident insulin resistance (HOMA-IR > 95th percentile), and
longitudinal reductions in BMI were accompanied by parallel declines in HOMA-IR val-
ues [60]. These findings indicate that insulin resistance in childhood tracks with weight
trajectory and may improve with effective lifestyle modification.

Long-term registry data further demonstrate that effective pediatric obesity treatment—
particularly achieving obesity remission or substantial BMI reduction—is associated with
significantly lower risks of type 2 diabetes, dyslipidemia, hypertension, bariatric surgery,
and premature mortality in young adulthood [61]. The magnitude of risk reduction appears
proportional to treatment response.

Collectively, while AN should be interpreted primarily as a cross-sectional clinical
marker of insulin resistance, its presence may identify children who warrant structured
metabolic monitoring and early weight-management intervention. However, prospec-
tive studies assessing whether changes in AN severity independently predict long-term
cardiometabolic outcomes are currently unavailable.

3.5. Quality of Available Evidence

The current body of evidence linking dermatologic manifestations with morbid obesity
is characterized predominantly by observational study designs. Most associations between
acanthosis nigricans and insulin resistance derive from cross-sectional analyses [16,17,41].
Associations between acanthosis nigricans and broader metabolic dysfunction, including
metabolic dysfunction-associated steatotic liver disease (MASLD), are likewise largely
based on observational data [36]. Similarly, studies linking BMI with epidermal bar-
rier impairment, altered lipid composition, and microbiome variability are derived from
population-based or sequencing studies of observational design [23,24,26]. Although
these data consistently demonstrate correlations, they do not establish temporal sequence
or causality.

Interventional evidence remains limited with respect to dermatologic endpoints. Ran-
domized controlled trials of GLP-1 receptor agonists and dual incretin-based therapies
have consistently demonstrated significant metabolic improvement; however, dermatologic
outcomes were not incorporated as predefined endpoints in trial protocols [29]. Reported
improvements in inflammatory or proliferative skin conditions derive primarily from
secondary analyses, small prospective cohorts, or uncontrolled settings [46,49]. Bariatric
surgery studies describing regression of acanthosis nigricans are prospective but observa-
tional in nature and lack randomized comparators [49]. To date, no adequately powered
randomized controlled trial in obesity has used validated dermatologic scoring systems as
primary endpoints.

A further limitation concerns the absence of standardized and externally validated
dermatologic indices for metabolic risk stratification. While severity grading of acanthosis
nigricans has been correlated with HOMA-IR values in pediatric cohorts [41], no composite
dermatologic—metabolic index has been developed or externally validated. Likewise, pa-
rameters such as transepidermal water loss or epidermal lipid alterations are not integrated
into established metabolic risk algorithms [23,24,45]. Current diabetes and obesity care
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frameworks rely exclusively on biochemical and clinical parameters rather than cutaneous
markers [7].

Finally, available studies rarely differentiate class III obesity as a distinct metabolic
phenotype. Few analyses stratify dermatologic outcomes according to the presence or
absence of overt type 2 diabetes, MASLD, or other advanced metabolic complications within
the BMI > 40 kg/m? subgroup. Consequently, it remains unclear whether dermatologic
markers provide incremental prognostic value beyond established metabolic indicators in
severe obesity.

Collectively, the existing evidence supports biologically plausible associations between
cutaneous manifestations and metabolic dysfunction. However, the predominance of cross-
sectional data, absence of randomized dermatologic endpoints, lack of validated scoring
systems, and limited phenotypic stratification constrain definitive translational conclusions.

3.6. Research Gaps

Despite consistent associations between dermatologic manifestations and metabolic
dysfunction, the available evidence remains methodologically limited.

First, most data linking acanthosis nigricans, acrochordons, and other obesity-
associated dermatoses with insulin resistance derive predominantly from cross-sectional
or observational studies [16-18,36,41]. Although correlations with HOMA-IR, metabolic
syndrome, and metabolic dysfunction-associated steatotic liver disease (MASLD) have
been demonstrated, these study designs do not establish temporal sequence or independent
prognostic value. To date, no prospective cohort studies have evaluated whether longitu-
dinal changes in lesion severity predict incident type 2 diabetes, MASLD progression, or
cardiovascular outcomes.

Second, interventional trials in obesity have not incorporated predefined dermatologic
endpoints. Randomized controlled trials of GLP-1 receptor agonists and dual incretin-based
therapies have demonstrated significant metabolic improvement; however, structured
assessment of acanthosis nigricans severity, epidermal barrier parameters (e.g., transepi-
dermal water loss), or microbiome composition was not included in trial protocols [29].
Bariatric surgery studies reporting regression of acanthosis nigricans are prospective but
observational and lack randomized comparators [49]. Accordingly, the role of cutaneous
markers as validated tools for treatment monitoring remains unconfirmed.

Third, no standardized or externally validated composite dermatologic index quanti-
fying metabolic burden has been developed. While severity grading of acanthosis nigricans
correlates with insulin resistance indices in pediatric populations [41], dermatologic pa-
rameters are not incorporated into established metabolic risk algorithms or diabetes care
frameworks [7]. The absence of validated scoring systems limits the integration of cuta-
neous findings into structured clinical decision-making pathways.

Fourth, phenotypic stratification within class III obesity (BMI > 40 kg/m?) remains
insufficient. Available studies typically evaluate associations with insulin resistance or
metabolic syndrome [18,25,42] but do not provide detailed subgroup analyses according
to the presence or absence of overt type 2 diabetes, MASLD, or other advanced metabolic
complications. Consequently, the incremental prognostic value of dermatologic markers in
severe obesity beyond established metabolic diagnoses has not been determined.

Finally, translational studies integrating dermal white adipose tissue biology, adipokine
signaling, microvascular dysfunction, and clinical dermatologic outcomes in morbid obesity
populations remain limited [9-11,25]. Mechanistic insights are frequently extrapolated from
systemic metabolic data rather than derived from integrated cutaneous—metabolic analyses.

Addressing these limitations will be necessary before dermatologic assessment can be in-
corporated into structured metabolic risk stratification and treatment-monitoring frameworks.

https://doi.org/10.3390/diagnostics16091314


https://doi.org/10.3390/diagnostics16091314

Diagnostics 2026, 16, 1314

16 of 21

4. Discussion

This review summarizes current evidence showing that the skin may reflect metabolic
disturbances in obesity, including its severe forms. Adipose tissue is now seen as an active
immunometabolic organ. Because of this, more attention is being given to other tissues,
including the skin, as possible indicators of metabolic burden. Current data suggest that
some skin changes are linked to key metabolic processes, especially insulin resistance,
adipokine imbalance, and chronic low-grade inflammation.

Among the analyzed skin findings, acanthosis nigricans is the most consistently
reported feature associated with hyperinsulinemia. Patients with this condition often have
higher fasting insulin levels and higher HOMA-IR values, which indicate impaired insulin
signaling. Multiple acrochordons have also been linked to metabolic abnormalities such
as dyslipidemia, abnormal liver enzymes, and type 2 diabetes. This suggests that these
benign skin lesions may reflect disturbances in insulin and growth factor pathways.

Higher body mass index is also associated with changes in the structure and function
of the skin barrier. Studies show increased transepidermal water loss, changes in skin lipid
composition, and alterations in the skin microbiome in people with obesity. This means
that metabolic disturbances affect the local skin environment. In addition, mechanical
factors, especially in skin folds, can promote inflammation and weaken the skin barrier.
Overall, these findings show that the skin responds to metabolic, hormonal, inflammatory,
and mechanical factors.

However, several limitations reduce the clinical applicability of these findings. Most
studies are cross-sectional or observational, so they do not allow causal conclusions. Der-
matologic outcomes are rarely included as endpoints in major metabolic trials. In addition,
no validated composite indices combining dermatologic and metabolic parameters exist. It
is also important to note that although this review focuses on morbid obesity, many studies
include general obesity without separating severity. Therefore, the findings may not fully
apply to patients with BMI > 40 kg/m? and should be interpreted with caution.

Moreover, it should be emphasized that the majority of available evidence is asso-
ciative and does not allow for causal inference. Many dermatologic findings discussed
in this review, including acanthosis nigricans, acrochordons, psoriasis and hidradenitis
suppurativa, are closely linked to obesity and metabolic dysfunction. However, their
independent predictive value beyond established clinical and biochemical markers (such
as BMI, waist circumference, HbAlc, and lipid profile) remains uncertain.

Additionally, residual confounding is likely to influence these associations. Factors
such as age, sex, ethnicity, comorbid conditions (including polycystic ovary syndrome),
medication use and socioeconomic status may affect both the occurrence of dermatologic
manifestations and metabolic outcomes.

Overall, skin changes in patients with obesity seem to reflect underlying metabolic
and hormonal disturbances. They may serve as additional, non-invasive clinical clues.
However, they should not be treated as independent tools for risk assessment or for
monitoring treatment. At present, it is unclear whether they provide additional predictive
value beyond standard metabolic markers.

To further enhance the clinical applicability of these observations, a prototype compos-
ite “obesity—dermatology index” may be proposed. Such an index could integrate selected
dermatologic features representing different pathophysiological domains, including insulin
resistance-associated markers (e.g., acanthosis nigricans severity), proliferative lesions
(e.g., number of acrochordons), biomechanical/barrier-related findings (e.g., presence
and severity of intertrigo) and inflammatory dermatoses (e.g., psoriasis or hidradenitis
suppurativa severity).
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Each component could be assessed using simple semi-quantitative clinical scales,
allowing the generation of an aggregate score reflecting overall dermatologic burden
associated with obesity.

Prospective validation of such an index would require correlation with established
metabolic parameters, including HOMA-IR, HbAlc, lipid profile, and markers of hep-
atic steatosis, as well as evaluation of its predictive value for cardiometabolic outcomes
over time.

Importantly, such an approach would need to account for confounding variables,
including BM], age, sex, and treatment status, and also demonstrate reproducibility and
interobserver reliability.

Although currently conceptual, this framework may provide a basis for future studies
aimed at integrating dermatologic assessment into metabolic risk stratification and treat-
ment monitoring. Future studies should be prospective and well-designed. They should
assess whether changes in skin findings correlate with metabolic outcomes and treatment
response over time. Including standardized dermatologic scoring systems in clinical trials
may help determine whether skin findings add meaningful information beyond routine
biochemical markers.

Recent studies indicate that artificial intelligence systems for image recognition can
achieve high diagnostic performance in dermatology and medical image analysis. Such
systems have been applied to the classification and assessment of skin lesions based on
clinical images [62,63]. Obesity-associated cutaneous manifestations, including acanthosis
nigricans, acrochordons, intertrigo and inflammatory dermatoses, present with distinct
visual features that can be captured on clinical images. In this context, artificial intelligence-
based approaches may enable more standardized detection and objective assessment of
lesion severity, with potential application in longitudinal evaluation. From a clinical
perspective, this may support more consistent dermatologic assessment and facilitate
further investigation into their potential role in metabolic risk stratification and treatment
monitoring. However, clinical applicability in this specific context remains to be established
and requires prospective validation.

From a clinical perspective, selected dermatologic findings may serve as adjunctive
prompts for further evaluation rather than diagnostic criteria. For example, acanthosis
nigricans and multiple acrochordons may support consideration of metabolic screening,
whereas intertrigo may indicate the need for targeted fold-care strategies and evaluation of
mechanical factors. Importantly, the strength of the evidence underlying these associations
remains variable and largely relies on observational data.

5. Conclusions

Morbid obesity is characterized by chronic low-grade inflammation, adipokine dys-
regulation, and insulin resistance, processes that influence peripheral tissues, including
the skin [5,9,25]. Evidence synthesized in this review indicates that cutaneous alterations
reflect underlying metabolic and hormonal imbalance rather than representing isolated
dermatologic phenomena.

Acanthosis nigricans remains the most consistently documented dermatologic corre-
late of hyperinsulinemia and insulin resistance. Cross-sectional studies demonstrate higher
HOMA-IR values in affected individuals, and associations with metabolic syndrome and
metabolic dysfunction-associated steatotic liver disease have been reported [16,17,36,41].
Similar metabolic associations have been described for multiple acrochordons, including
links with impaired glucose metabolism and dyslipidemia [37-39].

Beyond proliferative lesions, obesity is associated with measurable impairment of
epidermal barrier integrity and altered lipid composition [23,24,44]. Observational data
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also suggest BMI-associated variation in cutaneous microbiome characteristics [26,45].
However, these findings are derived predominantly from cross-sectional or observational
designs and do not establish causality.

Interventional data indicate that metabolic improvement following GLP-1-based phar-
macotherapy or bariatric surgery may be accompanied by regression of acanthosis nigri-
cans [29,49]. Nevertheless, randomized controlled trials have not incorporated predefined
dermatologic endpoints, and composite dermatologic indices for metabolic risk stratifi-
cation remain undeveloped and unvalidated. Current metabolic care frameworks rely
exclusively on biochemical and clinical parameters rather than cutaneous markers [7].

In pediatric populations, acanthosis nigricans demonstrates a reproducible association
with insulin resistance indices [41]; however, prospective longitudinal data evaluating
independent prognostic value remain lacking.

Collectively, available evidence supports the interpretation of selected dermatologic
manifestations as phenotypic markers of systemic metabolic dysfunction in morbid obesity.
However, the predominance of observational data, absence of standardized scoring systems,
and lack of randomized dermatologic endpoints limit definitive integration of cutaneous
assessment into formal metabolic care algorithms [7]. At present, these dermatological
findings should be interpreted as associative markers rather than validated clinical tools
for risk stratification or treatment monitoring.
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Abbreviations

The following abbreviations are used in this manuscript:

AN Acanthosis nigricans

BMI Body mass index

CI Confidence interval

CKD Chronic kidney disease

DLQI Dermatology Life Quality Index

GIP Glucose-dependent insulinotropic polypeptide
GLP-1 Glucagon-like peptide-1

GLP-1RA Glucagon-like peptide-1 receptor agonist
HbAlc Glycated hemoglobin

HOMA-IR  Homeostatic Model Assessment of Insulin Resistance
HS Hidradenitis suppurativa
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IGF-1 Insulin-like growth factor-1

IGF-1R Insulin-like growth factor-1 receptor

IL-6 Interleukin-6

LSG Laparoscopic sleeve gastrectomy

MASLD Metabolic dysfunction-associated steatotic liver disease
mTORC1 Mechanistic target of rapamycin complex 1

OCT Optical coherence tomography

OR Odds ratio

PASI Psoriasis Area and Severity Index

PCOS Polycystic ovary syndrome

PI3K Phosphoinositide 3-kinase

RCT Randomized controlled trial

Ras/MAPK Rat sarcoma/mitogen-activated protein kinase pathway
SHBG Sex hormone-binding globulin

TEWL Transepidermal water loss

TNF-« Tumor necrosis factor-alpha

113-HSD1 11B-hydroxysteroid dehydrogenase type 1
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