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ABSTRACT

Background: Keloids are refractory fibroproliferative scars that grow beyond the
original wound margin. Low-grade systemic inflammation linked to higher body
mass index (BMI) has been proposed to promote keloid formation, but the clinical
evidence is inconsistent.

Objective: To assess whether Asia-Pacific BMI categories are associated with keloid
occurrence and to describe the clinical and epidemiological profile of keloid patients
at an Indonesian tertiary referral hospital.

Methods: This retrospective case-control study at Dr. Moewardi General Hospital,
Surakarta, Indonesia (January 2022 to December 2025) included 100 subjects: 78
keloid patients (ICD-10 L91.0) and 22 dermatology controls. BMI categories were
underweight (<18.5 kg/m?), normal weight (18.5-22.9 kg/m?), overweight (23.0-
24.9 kg/m?), and obese (225.0 kg/m?). Chi-square tests (Fisher’s exact test where
expected counts were small) and multivariable logistic regression were used.

Results: Among 78 keloid patients, 30 (38.5%) were normal weight, 22 (28.2%)
obese, 13 (16.7%) underweight, and 13 (16.7%) overweight. BMI category was not
significantly associated with keloid occurrence (x* = 0.666, p = 0.881; obese
adjusted OR = 1.412, 95% CI: 0.418-4.770, p = 0.578). Sex (p = 0.244) and age
category (p = 0.305) did not differ significantly. The anterior trunk was the most
common site (47.4%). Wounds (29.5%) and surgical scars (28.2%) were the main
triggers; intralesional triamcinolone acetonide was the main treatment (87.2%).
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Conclusion: BMI category was not significantly associated with keloid occurrence,
but the small control group (n = 22) limits power. Keloids were most often found at
the anterior trunk and after skin injury.
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part over time. Keloids behave differently: fibroblasts
keep proliferating and depositing collagen, and the
lesion invades adjacent, uninjured reticular dermis
without regressing on its own.23 Clinically, a keloid is a
raised, firm, erythematous or hyperpigmented nodule
or plaque. Patients report chronic discomfort, throbbing
pain, itch, hyperesthesia, restricted joint motion,

1. Introduction

Skin repair in adults follows four overlapping phases:
vascular hemostasis, inflammation, cell proliferation,
and extracellular matrix (ECM) remodeling.1-3 Negative
feedback normally governs the shift from proliferation
to matrix maturation, because it restrains fibroblast

replication, triggers myofibroblast apoptosis, and
restores the tensile structure of the dermis.* When these
checkpoints fail, healing turns into abnormal
fibroproliferation. A pathological dermal scar forms.
The two main types are hypertrophic scars and
keloids.%23 A hypertrophic scar stays within the
boundary of the original injury and often regresses in
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disfigurement, and psychological distress, and health-
related quality of life falls accordingly.2>

Keloid management is still a difficult problem for
dermatologists and reconstructive  surgeons.®’
Recurrence after monotherapy is common. It ranges
from 50% to 90% after simple excision and from 30%
to 50% after intralesional corticosteroid alone, and even
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multimodal protocols that combine surgery,
intralesional antimetabolites, and adjuvant superficial
radiotherapy report recurrence of 20% to 40%.5-°
Decades of research have not fully explained how
keloids start, invade locally, and resist treatment.310.11
The disease is probably multifactorial. Genetic
susceptibility, local biomechanical strain, microvascular
changes, chronic deep dermal inflammation, and
possible systemic metabolic influences all seem to play
a part.10-12

At the cellular level, keloids contain a subpopulation
of activated dermal fibroblasts that resist senescence.
These cells respond excessively to growth factors and
show defective apoptotic signaling.#13 Dysregulated
transforming growth factor-beta (TGF-f) signaling is
central to the fibrotic cascade.*13-15 [n healthy wounds,
TGF-B1 is expressed briefly to recruit fibroblasts and
drive matrix deposition, and it is then downregulated. In
keloid tissue, dermal fibroblasts overexpress the TGF-
1 and TGF-B2 ligands constitutively, express less of the
antifibrotic TGF-B3 isoform, and carry more type I and
I1 TGF-B receptors on their surface.!® This signaling
pattern sustains transcription of the collagen type I
(COL1A1, COL1A2) and collagen type III (COL3A1)
genes through canonical Smad2/3 phosphorylation and
downstream non-canonical mitogen-activated protein
kinase (MAPK) pathways.*#1> The keloid fibroblast
secretome is also altered. It contains more vascular
endothelial growth factor (VEGF), platelet-derived
growth factor (PDGF), connective tissue growth factor
(CTGF/CCN2), and interleukin-6 (IL-6), and the balance
between tissue inhibitors of metalloproteinases (TIMP-
1, TIMP-2) and matrix metalloproteinases (MMP-1,
MMP-3, MMP-9) is disturbed.*16-18 The result is steady
accumulation of thick, disorganized, hyalinized collagen
bundles that replace the normal dermal architecture.8

The epidemiology of keloids shows clear
demographic, racial, and anatomical differences, which
suggests that the cause is complex.519-21 Keloids are
most frequent in people with darker pigmentation. The
highest prevalence has been documented in people of
African descent (4.5% to 16.0%), followed by Hispanic,
South Asian, and East Asian groups. In Northern
European Caucasians the condition is rare (<0.1%).519.20
Keloids can appear at any age, from early childhood to
old age, but onset peaks in adolescence and young
adulthood (ages 10 to 30 years).>22 This peak has
traditionally been explained by skin elasticity, rapid cell
turnover, active collagen synthesis, higher levels of
circulating sex steroids and growth hormone, and more
frequent trauma, piercing, and inflammatory acne
vulgaris at these ages.35 In Indonesia and elsewhere in
Southeast Asia, tertiary dermatology clinics see keloid
patients across a broad age range. This reflects heavy
local use of care for symptomatic and disfiguring
scars.21.22

Where keloids occur on the body gives another clue
to their pathogenesis. They are not spread at random.
The anterior chest (pre-sternal region), upper back,
shoulders, deltoid areas, and ear lobules are favored
sites, and the palms, soles, and scalp are spared.23-25
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Biomechanical research ties these sites to the highest
continuous, multidirectional resting tension and
repeated cyclic stretch.23-25 Every breath pulls the
anterior chest outward and laterally, thousands of times
a day.2324 At the cellular level, mechanotransduction
depends on membrane-bound mechanosensitive ion
channels, mainly Piezol and transient receptor
potential (TRP) channels, and on integrin-mediated
focal adhesions.!126 Sustained strain opens Piezol
channels. Calcium (Ca?*) enters the cell rapidly and
activates focal adhesion kinase (FAK), Rho-associated
protein kinase (ROCK), and extracellular signal-
regulated kinase (ERK1/2).26 The co-activators YAP
(Yes-associated protein) and TAZ (transcriptional co-
activator with PDZ-binding motif) then move into the
nucleus, bind TEAD transcription factors, and
upregulate Engrailed-1 (Enl) and profibrotic gene
networks. Fibroblasts end up in a self-perpetuating
fibrotic state.2”

Mechanobiology is only one line of work. Interest has
also grown in whether systemic metabolic
dysregulation and  adiposity = contribute  to
fibroproliferative disease.?82° Body mass index (BMI),
body weight in kilograms divided by height in meters
squared (kg/m?), is the standard epidemiological proxy
for adult nutritional status and for Cclassifying
obesity.3031 Adipose tissue is more than a fat store. It is
an active endocrine and immune organ that releases
bioactive peptides called adipokines and classic pro-
inflammatory cytokines.232 In obesity, adipocytes
enlarge progressively. Local hypoxia, cellular
senescence, and loss of microvessels follow in the
expanding fat pads.?® The hypoxic stress draws in pro-
inflammatory CD4+ Th1 lymphocytes and M1-polarized
macrophages in large numbers. They form crown-like
structures around dying adipocytes and keep systemic
inflammation at a chronic, low-grade level.29.32

Obese individuals typically show raised circulating
leptin, resistin, tumor necrosis factor-alpha (TNF-a),
interleukin-6 (IL-6), and monocyte chemoattractant
protein-1 (MCP-1), together  with  reduced
adiponectin.32-3¢ Leptin acts directly on human
fibroblasts, in a concentration-dependent way, to
promote fibrosis. It enhances proliferation and
migration and augments TGF-f-dependent collagen
transcription in dermal, hepatic, and pulmonary
matrices.3>36 Adiponectin does the opposite. It is a
systemic counter-regulator with anti-inflammatory,
insulin-sensitizing, and antifibrotic properties.3337
Signaling through the AdipoR1 and AdipoR2 receptors
stimulates adenosine monophosphate-activated
protein kinase (AMPK) and peroxisome proliferator-
activated receptor-gamma (PPAR-y), suppresses
nuclear translocation of nuclear factor-kappa B (NF-«kB),
reduces Smad2/3 phosphorylation, and promotes
myofibroblast dedifferentiation.3? On this basis, some
researchers have proposed that chronic metabolic
inflammation and altered adipokine levels at a higher
BMI act as a permissive cofactor. Dermal
fibroproliferation would be amplified, and the risk of
keloid formation after skin injury would rise.33:3537
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The theory is attractive. The clinical evidence,
however, is limited and mixed.223839 In a US electronic
health record cohort, obesity was more common among
keloid patients than among people without keloids.22 In
a Chinese retrospective controlled study, a BMI of 25
kg/m? or higher had an odds ratio of 1.546 for keloid (p
= 0.077), and systolic hypertension was also related to
keloid.3® Rutherford and Glass (2017) examined the
association of keloids with hypertension and obesity in
a case-control study,*® Abdu Allah et al. (2019)
measured BMI in 60 Egyptian keloid patients and 30
matched healthy controls while studying interleukin-
6,41 and Shi (2026) asked in a letter whether obesity is
truly a risk factor for keloid development.38

Most scar studies have used the standard World
Health Organization (WHO) BMI classes, which were
developed mainly in Caucasian populations. This is a
further limitation. In those classes, overweight is a BMI
of 25.0-29.9 kg/m? and obesity is a BMI = 30.0
kg/m24243  Asian populations differ in body
composition. They carry more body fat and more
metabolically harmful visceral fat, and cardiovascular
and metabolic risk appears at lower BMI than in
Western populations.*243 The WHO Western Pacific
Region and the International Association for the Study
of Obesity therefore set modified Asia-Pacific BMI cut-
offs: underweight (<18.5 kg/m?), normal weight (18.5-
22.9 kg/m?), overweight (23.0-24.9 kg/m?), and obese
(225.0 kg/m?).3042 Southeast Asian cohorts need these
regional criteria for accurate assessment of nutritional
status and metabolic risk. Yet Indonesian studies of
Asia-Pacific BMI categories and keloid occurrence are
almost absent.3042

The study is an observational case-control study at a
tertiary academic referral center in Central Java,
Indonesia, and it applies standardized Asia-Pacific BMI
thresholds to test the hypothesis that a higher BMI
category is associated with keloid occurrence.3942 It also
describes where lesions occur, what precipitated them,
and how patients were treated in practice.?2 Keloids are
common in this equatorial Southeast Asian setting.
Testing the hypothesis here allowed us to ask three
questions. Can the conflicting findings in the literature
be reconciled? Does general body mass discriminate
keloid susceptibility? And how does local biomechanical
tension relate to systemic adiposity? The novelty of this
study is that it examines Asia-Pacific BMI categories in
relation to keloids in an Indonesian population, in which
such data are almost absent. The aim was to assess
whether Asia-Pacific BMI categories are associated with
keloid occurrence and to describe the anatomical sites,
triggers, and treatments of keloid patients at a tertiary
referral hospital in Surakarta.

2. Methods

2.1. Study design and setting

This was an observational, analytical, retrospective
case-control study. It followed the Strengthening the
Reporting of Observational Studies in Epidemiology
(STROBE) guidelines for case-control research.*
Secondary archival data came from the electronic

SJDV - e-ISSN 3025-6208

Scientific Journal of Dermatology and Venereology

medical record (EMR) system of the Dermatology and
Venereology Outpatient Clinic at Dr. Moewardi General
Hospital in Surakarta, Central Java, Indonesia. The
hospital is an accredited tertiary referral and teaching
hospital affiliated with the Faculty of Medicine,
Universitas Sebelas Maret. It is the main referral facility
for more than 6 million residents of urban, suburban,
and rural areas in southern Central Java and the
neighboring Special Region of Yogyakarta. The study
window ran for 48 consecutive calendar months (4 full
years). Every clinical encounter documented from
January 1, 2022 through December 31, 2025 was
eligible.

2.2. Ethical approval and patient privacy

The research protocol, data collection instruments,
and confidentiality measures were approved by the
Health Research Ethics Committee of Dr. Moewardi
General Hospital under Document No.
931/V/HREC/2026. The study followed the World
Medical Association Declaration of Helsinki and
applicable Indonesian regulations on health data.
Before statistical analysis, all secondary clinical and
anthropometric data were de-identified and
pseudonymized. Names, medical record numbers,
residential addresses, and contact details were
permanently deleted and replaced by alphanumeric
research codes. The work was a non-interventional
review of existing electronic health records, and it
carried no physical, psychological, or clinical risk. The
committee therefore waived individual written
informed consent.

2.3. Participants and eligibility criteria

Consecutive total sampling identified and enrolled
every eligible outpatient who attended the Dermatology
and Venereology Clinic at Dr. Moewardi General
Hospital during the 4-year period and met the
predefined inclusion criteria. The final dataset had 100
subjects in two mutually exclusive groups. The case
group comprised 78 patients with clinically
documented keloid scars. The control group comprised
22 outpatient dermatology attendees without keloids.

The keloid case group had to meet three inclusion
criteria. First, age in completed years at the first clinical
evaluation had to be recorded. Second, a definitive
clinical diagnosis of keloid scar had to be made by a
board-certified dermatology and venereology specialist,
based on characteristic morphology, and documented in
the electronic medical record under International
Classification of Diseases, Tenth Revision code L91.0.
Third, baseline anthropometric measurements had to
be complete. These were taken by trained nursing staff
with calibrated stadiometers and digital medical scales.
Cases were excluded if anthropometric data were
missing or incomplete, if the patient was referred to an
external facility before the diagnosis was confirmed, if a
fibroproliferative lesion could not be conclusively
distinguished as a keloid rather than a hypertrophic
scar, or if an active skin neoplasm mimicked
pathological scarring.
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Controls were drawn by consecutive non-probability
sampling of 22 outpatients seen at the same clinic over
the same 4-year window (January 2022 to December
2025). Their diagnoses were benign, non-scarring, and
non-fibrotic. They included superficial fungal infections
(tinea corporis, tinea cruris), benign viral infection
(verruca vulgaris), mild-to-moderate facial acne
vulgaris without scarring, and localized allergic contact
dermatitis. Complete height and weight records and a
documented age, adult or pediatric, were required. A
skin examination had to show no personal history or
physical sign of keloid or hypertrophic scar. Using one
facility and one period for recruitment was meant to
limit temporal, geographic, and socioeconomic selection
bias.

2.4. Anthropometric variables and BMI classification

BMI was calculated for each subject as body weight in
kilograms divided by the square of height in meters
(kg/m?). Nutritional status was classified with the Asia-
Pacific BMI cut-offs of the World Health Organization
Western Pacific Region and Asian endocrinological
consensus, which suit this Southeast Asian
population.3942 Four categories resulted. A BMI below
18.5 kg/m? was underweight. A BMI of 18.5 to 22.9
kg/m? was normal weight, the reference interval for
Asian adults. A BMI of 23.0 to 24.9 kg/m? was
overweight, indicating moderate adiposity and
emerging cardiometabolic risk. A BMI of 25.0 kg/m? or
higher was obese, meaning marked excess adiposity
linked to systemic metabolic inflammation.

2.5. Clinical and epidemiological variables

Clinical variables were abstracted from each subject's
electronic health record with a standardized form.
Demographic variables were biological sex and age at
presentation. Age was grouped into pediatric and
adolescent, adult, and geriatric strata. Keloid sites were
recorded in seven regions: the anterior trunk, lower
extremities, posterior trunk, upper extremities, face,
auricular structures, and genital or inguinal areas. The
primary inciting injury was classified as an accidental
wound, a surgical incision, severe inflammatory acne
vulgaris, or unknown or spontaneous onset with no
recognized preceding trauma. Treatments were
grouped as intralesional triamcinolone acetonide,
intralesional 5-fluorouracil, liquid nitrogen
cryotherapy, surgical excision, and deferred or no
intervention.

2.6. Statistical analysis

Data were compiled, verified, and analyzed with IBM
SPSS Statistics for Windows, Version 26.0 (IBM Corp.,
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Armonk, NY, USA). Results were cross-checked
independently with the Python libraries SciPy 1.14 and
Statsmodels 0.14. Because all variables analyzed were
categorical, they are summarized as frequencies (n) and
percentages (%). Pearson’s chi-square (x?) test of
independence (with Yates continuity correction for 2 x
2 tables) examined associations between Kkeloid
occurrence and the categorical exposures (biological
sex, age category, and Asia-Pacific BMI category) in 2 x
2,2 x 3,and 2 x 4 tables. When more than 20% of cells
had an expected count below 5, two-tailed Fisher’s exact
test (Fisher-Freeman-Halton for tables larger than 2 x
2) was used instead. This applied to age (2 of 6 cells) and
BMI category (2 of 8 cells). Unadjusted odds ratios (OR)
with 95% confidence intervals (CI) from the logit
(Woolf) method expressed the strength, direction, and
precision of associations. Normal weight was the
reference BMI category. To control for demographic
confounding and estimate each variable's contribution,
we built a multivariable binary logistic regression
model with the enter method. Biological sex, age
category, and Asia-Pacific BMI category entered
together as covariates (six coefficients for 22 control
events, about 3.7 events per variable, so the model is
exploratory). The model gave adjusted odds ratios
(aOR) with 95% confidence intervals. Fit and calibration
were assessed with the Omnibus Tests of Model
Coefficients (likelihood-ratio test), the Hosmer-
Lemeshow goodness-of-fit test, and Nagelkerke's
pseudo-R? coefficient. Significance was set a priori at a
two-tailed alpha of p < 0.05 for all tests.

3. Results

3.1. Cohort composition

Over the 4-year surveillance period, from January
2022 through December 2025, 100 outpatients met all
inclusion criteria and entered the final dataset of 100
subjects. Of these, 78 (78.0%) had a clinically verified
keloid scar and formed the case group. The other 22
(22.0%) attended in the same period with non-scarring
skin disorders and formed the control group. Women
were slightly more numerous (55.0%, n = 55) than men
(45.0%, n = 45). Most subjects were adults aged 18 to 59
years (71.0%, n = 71). Geriatric patients aged 260 years
made up 17.0% (n = 17), and pediatric or adolescent
patients aged <18 years made up 12.0% (n = 12). By
Asia-Pacific BMI category, 39.0% of the cohort (n = 39)
were normal weight. Obese subjects accounted for
27.0% (n = 27), overweight for 18.0% (n = 18), and
underweight for 16.0% (n = 16), as shown in Table 1.

Sci ] Dermatol Venereol. 155



Murastami et al.

Scientific Journal of Dermatology and Venereology

Table 1. Demographic and Anthropometric Characteristics of Keloid Patients and Non-Keloid Control Subjects (N = 100).

Characteristic Keloid Group (n= Control Group (n  Overall Cohort (N Statistic
78) =22) =100)

Biological Sex Yates-corrected x> = 1.359,df=1,p =
0.244+t

Male 38 (48.7%) 7 (31.8%) 45 (45.0%) OR =2.036 (95% CI: 0.748-5.539)

Female 40 (51.3%) 15 (68.2%) 55 (55.0%) Reference

Age Category (years) x?=2.378,df=2,p=0.305; exact p =
0.293%

<18 years (Pediatric / Adolescent) 9 (11.5%) 3(13.6%) 12 (12.0%) OR =0.672 (95% CI: 0.160-2.834)

18-59 years (Adult) 58 (74.4%) 13 (59.1%) 71 (71.0%) Reference (1.000)

260 years (Geriatric) 11 (14.1%) 6 (27.3%) 17 (17.0%) OR =0.411 (95% CI: 0.129-1.314)

Asia-Pacific BMI Category X% =0.666, df = 3, p = 0.881; exact p =
0.886%

Underweight (<18.5 kg/m?) 13 (16.7%) 3(13.6%) 16 (16.0%) OR =1.300 (95% CI: 0.302-5.596)

Normal weight (18.5-22.9 kg/m?) 30 (38.5%) 9 (40.9%) 39 (39.0%) Reference (1.000)

Overweight (23.0-24.9 kg/m?) 13 (16.7%) 5(22.7%) 18 (18.0%) OR =0.780 (95% CI: 0.219-2.784)

Obese (225.0 kg/m?) 22 (28.2%) 5(22.7%) 27 (27.0%) OR =1.320 (95% CI: 0.388-4.488)

Notes: Values are n (%). BMI, body mass index; CI, confidence interval; df, degrees of freedom; OR, unadjusted odds ratio. 1Pearson’s y* with Yates continuity
correction (uncorrected x? = 1.980, p = 0.159; Fisher’s exact p = 0.225). $Expected counts below 5 in more than 20% of cells; Fisher-Freeman-Halton exact p.
0dds ratios and 95% Cls use the logit (Woolf) method; reference categories are female sex, age 18-59 years, and normal weight.

3.2. BMI categories in cases and controls

Among the 78 keloid patients, normal weight was the
largest category (30 patients, 38.5%). Obesity came
second with 22 patients (28.2%), and underweight and
overweight each had 13 patients (16.7%). In the control
group (n = 22), 9 subjects (40.9%) were normal weight,
5 (22.7%) overweight, 5 (22.7%) obese, and 3 (13.6%)
underweight. Pearson's chi-square test on the cross-
tabulation showed no significant difference in the

distribution of Asia-Pacific BMI categories between
keloid patients and controls (x* = 0.666, degrees of
freedom [df] = 3, p = 0.881; Fisher-Freeman-Halton
exact p = 0.886). In the unadjusted odds ratio analysis
with normal weight as the reference (1.000), obesity
gave an OR of 1.320 (95% CI: 0.388-4.488, p = 0.657),
underweight 1.300 (95% CI: 0.302-5.596, p = 0.725),
and overweight 0.780 (95% CI: 0.219-2.784, p = 0.702).
No BMI category was significantly associated with
keloid occurrence, as illustrated in Figure 1.
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Figure 1. Comparison of body mass index (BMI) categories between keloid patients and control subjects (Pearson x? = 0.666, df = 3, p =

0.881; Fisher-Freeman-Halton exact p = 0.886).

3.3. Anatomical sites, triggers, and treatments

Among the 78 keloid patients, lesions were most
often found at the anterior trunk and at other sites
usually regarded as high-tension, as summarized in
Table 2 and shown in Figure 2. Skin tension itself was
not measured. The anterior trunk (pre-sternal chest,
sternal notch, and pectoral areas) was the most frequent
site, in 37 patients (47.4%). The lower extremity (pre-
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tibial, knee, and thigh regions) was second, in 15
patients (19.2%). The posterior trunk (upper back,
scapular region, interscapular area) and the upper
extremities (deltoid region, brachial area, forearm) each
accounted for 12 patients (15.4% each). Facial lesions
(cheeks, mandibular angle, chin, perioral area) occurred
in 10 patients (12.8%) and auricular keloids (ear lobule,
helical rim) in 7 patients (9.0%). Genital or inguinal
lesions were found in 2 patients (2.6%). Accidental skin
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wounds were the most frequent documented trigger
(29.5%, n = 23). Surgical incisions (28.2%, n = 22) and
unknown or spontaneous onset (28.2%, n = 22)
followed, and inflammatory acne vulgaris accounted for
14.1% (n = 11), as shown in Figure 3. Intralesional

Scientific Journal of Dermatology and Venereology

triamcinolone acetonide (TAC) was given to 68 patients
(87.2%), intralesional 5-fluorouracil (5-FU) to 30
(38.5%), and liquid nitrogen cryotherapy to 8 (10.3%).
Active therapy was deferred in 1 patient (1.3%).

Table 2. Clinical Profiles, Anatomical Distribution, Precipitating Factors, and Therapeutic Regimens Among Keloid Patients (n = 78).

Clinical Parameter Frequency Relative Proposed context from the literature (not measured
(n) Percentage in this study)
(%)
Anatomical Predilection Site*
Anterior Trunk (Sternal, Pre-sternal, Pectoral) 37 47.4% Zone of maximum repetitive cyclic respiratory shear
tension
Lower Extremity (Pre-tibial, Thigh, Knee) 15 19.2% Ambulation-induced gravitational stress and
hydrostatic pressure
Posterior Trunk (Upper back, Scapular, Flank) 12 15.4% High mechanical stretching during postural
flexion/extension
Upper Extremity (Deltoid, Brachial, Forearm) 12 15.4% High joint motility tension and post-vaccination trauma
zone
Facial (Cheek, Mandibular, Perioral) 10 12.8% Dynamic mimic muscle traction and severe acne
vulgaris sequelae
Auricular (Ear lobule, Helical rim, Concha) 7 9.0% Piercing-induced localized dermal transfixion
microtrauma
Genital / Inguinal Region 2 2.6% Frictional intertriginous shear stress and surgical
incisions
Documented Precipitating Factor
Cutaneous Wound / Accidental Laceration 23 29.5% Mechanical barrier disruption with prolonged
secondary intention repair
Surgical Incision / Operative Scar 22 28.2% Iatrogenic dermal transsection crossing resting skin
tension lines
Unknown / Spontaneous Onset 22 28.2% Microtrauma, folliculitis subclinical rupture, or genetic
diathesis
Severe Inflammatory Acne Vulgaris 11 14.1% Pilosebaceous unit rupture with persistent follicular
inflammation
Recorded Therapeutic Modality*
Intralesional Triamcinolone Acetonide (TAC) 68 87.2% Primary standard: suppresses TGF-beta/Smad, VEGF,
and fibroproliferation
Intralesional 5-Fluorouracil (5-FU) Injection 30 38.5% Antimetabolite pyrimidine analog: induces G1/S arrest
and fibroblast apoptosis
Cryotherapy (Liquid Nitrogen) 8 10.3% Cellular microvascular thrombosis and ice-crystal
stromal destruction
Untreated / No Intervention Documented 1 1.3% Treatment refusal, deferred therapy, or diagnostic

assessment only

Notes: n = 78 patients with clinically diagnosed keloid scars. *Anatomical sites and treatments were not mutually exclusive, because patients had multifocal
lesions and received more than one treatment; percentages are of the total keloid group (n = 78).

Anterior trunk (chest, pre-sternal)
Lower extremity (leg, knee)
Posterior trunk (back, scapula)
Upper extremity (deltoid, arm)
Facial region (cheek, mandible)
Auricular region (lobule, helix)

Genital / inguinal area 2.6% (n = 2)

47.4% (n = 37)

19.2% (n = 15)

15.4% (n = 12)
15.4% (n = 12)
12.8% (n = 10)

9.0% (n=7)

r T
o] 10

20 30 40 50 60

Percentage of keloid patients (%) [n = 78]

Figure 2. Anatomical site distribution among keloid patients (n = 78). Sites were not mutually exclusive.
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Documented trigger
Accidental wound / laceration: 29.5% (n = 23)
Surgical incision / operative scar: 28.2% (n = 22)
Unknown / spontaneous onset: 28.2% (n = 22)
Inflammatory acne vulgaris: 14.1% (n = 11)

Precipitating

factors
28.2%

Figure 3. Documented precipitating factors in keloid patients (n = 78).

with sex, age category, and Asia-Pacific BMI category
together, as presented in Table 3 and Figure 4. After

Sex was nearly balanced among keloid cases (51.3%  adjustment, BMI category remained non-significant as a
female, n = 40; 48.7% male, n = 38). The control group  predictor of keloid occurrence. The adjusted OR (aOR)
had more women (68.2% female, n = 15; 31.8% male,n  was 1.412 for obese (95% CI: 0.418-4.770, p = 0.578),
= 7). Male sex carried an unadjusted OR of 2.036 (95% 1.258 for underweight (95% CI: 0.284-5.572, p =
CI: 0.748-5.539; continuity-corrected x* = 1.359, p = 0.763), and 0.795 for overweight (95% CI: 0.218-2.902,
0.244; uncorrected x* = 1.980, p = 0.159; Fisher’s exact ~ p=0.728). Male sex (aOR = 2.148, 95% CI: 0.745-6.191,
p = 0.225). By age, keloid cases were concentrated in the p = 0.157), pediatric age (aOR = 0.684, 95% CI: 0.144-
adult group aged 18 to 59 years (74.4%, n = 58), with  3.242, p = 0.631), and geriatric age (aOR = 0.389, 95%
14.1% (n = 11) geriatric and 11.5% (n = 9) pediatric Cl: 0.121-1.248, p = 0.112) also showed no significant

3.4. Demographic predictors and logistic regression

subjects. This did not differ significantly from the  independent association with keloid status (Hosmer-
controls (x* = 2.378, p = 0.305; Fisher-Freeman-Halton Lemeshow x? = 3.821, df = 6, p = 0.701; Nagelkerke R* =
exact p = 0.293). To estimate adjusted associations, we 0.063).

fitted a multivariable binary logistic regression model

Table 3. Binary Logistic Regression and Odds Ratio Analysis of Anthropometric and Demographic Variables for Keloid Scar Occurrence.

Explanatory variable Unadjusted OR (95% CI) Unadjusted p Adjusted OR (95% CI) Adjusted p
Biological Sex

Female Reference (1.000) - Reference (1.000)

Male 2.036 (0.748-5.539) 0.164 2.148 (0.745-6.191) 0.157
Age Category (years)

18-59 years (Adult reference) Reference (1.000) - Reference (1.000) -
<18 years (Pediatric) 0.672 (0.160-2.834) 0.589 0.684 (0.144-3.242) 0.631
260 years (Geriatric) 0.411 (0.129-1.314) 0.134 0.389 (0.121-1.248) 0.112
Asia-Pacific BMI Category

Normal weight (18.5-22.9 kg/m?) Reference (1.000) - Reference (1.000) -
Underweight (<18.5 kg/m?) 1.300 (0.302-5.596) 0.725 1.258 (0.284-5.572) 0.763
Overweight (23.0-24.9 kg/m?) 0.780 (0.219-2.784) 0.702 0.795 (0.218-2.902) 0.728
Obese (225.0 kg/m?) 1.320 (0.388-4.488) 0.657 1.412 (0.418-4.770) 0.578

Notes: OR, odds ratio; aOR, adjusted odds ratio from the multivariable binary logistic regression model with sex, age category, and BMI category entered
together; CI, confidence interval. Unadjusted p-values are Wald p-values; 95% Cls use the logit method. Model: omnibus x* = 4.412, df = 6, p = 0.621;
Nagelkerke R? = 0.063; Hosmer-Lemeshow y? = 3.821, df = 6, p = 0.701. The model had six coefficients for 22 control subjects and is exploratory.

OR (95% CI)
Male vs. female - —i—.— 2.036 (0.748-5.539)
i
|
Age <18 vs. 18—59 years - - 0.672 (0.160-2.834)
i
i
Age =60 vs, 18—59 years -  =————————{l—— 0.411 (0.129-1.314)

Underweight vs. normal weight 1 1.300 (0.302-5.596)

Overweight vs. normal weight & 0.780 (0.219-2.784)

Obese vs. normal weight - —— 1.320 (0.388-4.488)
T T T T 1
0.1 0.25 0.5 1 2 4 10

Unadjusted odds ratio (logarithmic scale; dashed line = no association)

Figure 4. Forest plot of unadjusted odds ratios (OR) and 95% confidence intervals (logit method) for demographic and BMI categories in
relation to keloid occurrence.
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4. Discussion

4.1. Principal findings

The main finding of this case-control study was that
BMI category, defined by regional Asia-Pacific
thresholds, was not significantly associated with keloid
occurrence (p = 0.881; multivariable aOR for obesity =
1.412, 95% CI: 0.418-4.770, p = 0.578). Among keloid
cases, normal weight was the largest nutritional group
(38.5%), followed by obesity (28.2%). Overweight and
underweight were equally represented (16.7% each).
Sex (p = 0.244) and age category (p = 0.305) also did not
differ significantly between keloid patients and
controls. In this sample from an Indonesian tertiary
teaching center, BMI category did not discriminate
keloid patients from controls, although the small control
group limits precision. The finding is compatible with
the view that local biomechanical tension, the wound
microenvironment, and ancestral genetic
predisposition matter more than overall body weight,
but none of these was measured here.11.19.23

Scientific Journal of Dermatology and Venereology

4.2. Comparison with published studies

To place our findings in the published literature, we
compared them with the studies in Table 4.2238-41,4546
We found no significant association between BMI
category and keloid diagnosis. The published evidence
is mixed. Cai et al. (2025) compared 151 Keloid patients
with 164 controls and found an odds ratio of 1.546 (p =
0.077) for a BMI of 25 kg/m? or higher, together with an
association with systolic hypertension (OR = 3.859, p =
0.024).39 Olopoenia et al. (2024) analyzed 5,457 keloid
patients in United States electronic health records, and
obesity was more common in keloid patients than in
non-keloid cohorts (P < 0.05).22 In the UK Biobank, Ung
et al. (2023) compared 972 people with excessive
scarring with 229,106 controls and found associations
with hypertension and atopic eczema.*> Abdu Allah et al.
(2019) compared 60 Egyptian keloid patients with 30
matched healthy controls, and serum interleukin-6 was
higher in the keloid group (75.54 + 39.18 vs. 19.17 *
6.06, p < 0.001).41 Our null finding for BMI category
therefore differs from the US cohort and is in line with
the nonsignificant odds ratio of the Chinese study, but
the small control group limits any comparison.22:39

Table 4. Published studies of body mass index or obesity in relation to keloids, compared with the present study.

Study (reference) Setting and design Sample (cases / Findings on BMI or obesity Comment
controls)
Present study (2026) Surakarta, Indonesia; 78 keloid / 22 BMI category not significantly Small control group;
retrospective case-control controls associated with keloid occurrence (x? p limited power

Cai etal. (2025)%° China; retrospective controlled

Olopoenia et al. (2024)?2  United States; retrospective
cohort, electronic health

records

Ung etal. (2023)4 United Kingdom; cross-

sectional cohort (UK Biobank)

151 keloid / 164
study controls

5,457 keloid patients
and non-keloid
cohorts

972 with keloid or
hypertrophic scar /
229,106 controls

= 0.881; obese vs. normal weight OR
1.320,95% CI 0.388-4.488)

BMI = 25 kg/m?: OR = 1.546, p = 0.077;
systolic hypertension: OR = 3.859, p =
0.024

Obesity was more common in keloid
patients (P < 0.05)

BMI association not
statistically significant

Differs from the null BMI
result of the present

study
Associations with hypertension and Comorbidity study; nota
atopic eczema; BMI not reported in the BMI study

abstract

Abdu Allah et al. Egypt; case-control 60 keloid / 30 BMI was measured in all subjects; the Serum IL-6 higher in
(2019)4 (interleukin-6 level and gene matched healthy BMI result is not stated in the abstract ~ keloid patients (75.54 +
polymorphism) controls 39.18vs.19.17 £ 6.06,p <

Shi (2026)38 Letter to the editor

Cho etal. (2024)% Distribution analysis of facial
and neck keloids plus
mechanical measurements in

healthy volunteers

Not applicable

113 patients with
facial or neck keloids

0.001)

Questions whether obesity is truly a —
risk factor for keloid development

BMI not reported in the abstract; keloid
distribution related to skin thickness
and stiffness changes with movement

(mandibular angle 41.3%, lateral
submental 20.0%)

Context for mechanical
factors; not a BMI study

Notes: Descriptive comparison of published studies of BMI or obesity and keloids. Entries marked [Author query] could not be verified against the cited source.

Where positive associations between BMI and
keloids have been reported, they may depend on the
population studied and on the adjustment used.223° This
could explain the difference between our result and the
US electronic health record cohort, in which most
patients were of non-Hispanic Black, Hispanic, or Asian
descent.??2 Greater body mass may add mechanical
stretch to existing scars on the abdomen or chest, but
our data do not show that it initiates the keloid
diathesis.23

4.3. Interpretation of the BMI finding

The biological rationale linking obesity to
pathological scarring rests on the endocrine and
immune activity of expanded adipose tissue.3334

SJDV - e-ISSN 3025-6208

Hypertrophic visceral adipocytes release pro-
inflammatory cytokines (TNF-a, IL-6, IL-18) and
profibrotic adipokines, above all leptin, in high
concentrations.34-36 In vitro and in animal models, leptin
stimulates collagen type I and III synthesis, promotes
dermal fibroblast chemotaxis, and upregulates TGF-
receptor expression in stromal cells.353¢ Adiponectin is
a potent endogenous antifibrotic hormone that
suppresses Smad2/3 phosphorylation and inhibits
connective tissue growth factor (CTGF) transcription.
Serum levels are depleted in obese individuals.3¢37 In
theory, this pro-inflammatory, hypoadiponectinemic
state would prime dermal fibroblasts for uncontrolled
fibroproliferation after tissue injury.333537 Qur data
cannot test these mechanisms. BMI category was not
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associated with keloids in this sample, which does not
exclude a modest effect of adiposity.383° We offer two
explanations. First, BMI is a crude measure of total body
mass relative to height. It cannot separate lean muscle
from fat. It cannot tell metabolically active visceral fat
from subcutaneous fat either.3147 In Asian populations,
marked metabolic dysregulation and visceral adiposity
often occur at completely normal BMI, a phenotype
known as metabolically obese normal weight
(MONW).4849 A patient classified as normal weight by
Asia-Pacific criteria (18.5-22.9 kg/m?) may therefore
carry considerable visceral fat and systemic low-grade
inflammation, while a muscular person classified as
overweight may be metabolically healthy.3147
Transcriptomic profiling shows that some profibrotic
fibroblast subpopulations sustain collagen
transcription independently of circulating nutritional
status.5051 BMI alone, then, does not capture an
individual's adipokine and inflammatory profile.31.47.50

Second, local mechanobiological forces are proposed
in the literature as a main physical driver of keloid
initiation, progression, and spread, as conceptualized in
Figure 5. This study did not measure tension.23-255253 In
this study the anterior trunk was by far the most

LOCAL MECHANICAL STRETCH
AND TENSION
(proposed main driver)

» High-tension anatomical sites
(anterior chest, back, joints)

+ Respiratory excursion and
continuous skin distraction

« Activation of Piezo1 and TRP
mechanosensitive ion channels

« Intracellular Ca2* influx;
FAK and ERK1/2 activation

* YAP/TAZ nuclear translocation and
Engrailed-1 upregulation

« Activation of normal-to-keloid
fibroblast transition

« Excess collagen type I/III cross-
linked deposition

.‘

~
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common site, involved in 47.4% of keloid patients. The
lower extremity (19.2%), posterior trunk (15.4%), and
upper extremity (15.4%) followed. Breathing, thoracic
movement, and changes in posture keep the pre-sternal
chest and upper back under constant multidirectional
cyclical tension.2346 Cho et al. (2024) found that the
distribution of keloids on the face and neck relates to
skin thickness and stiffness changes with movement,*6
and Huang and Ogawa (2021) review the mechanical
forces that promote keloid formation.!! Liao et al.
(2025) found higher Piezo1 levels in keloid fibroblasts,
with Piezol-mediated calcium (Ca®*) flux transferring
the mechanosignal to YAP.26 Focal adhesion kinase
(FAK) and extracellular signal-regulated kinase
(ERK1/2) are activated. Yes-associated protein (YAP)
and transcriptional coactivator with PDZ-binding motif
(TAZ) move into the nucleus.2627 Mechanical tension has
recently been shown to activate Engrailed-1 (En1)
transcription directly in dermal fibroblasts, switching
them from a pro-regenerative to a permanently
profibrotic, scar-producing phenotype.2? When skin in a
high-tension = zone is  injured, this local
mechanotransduction cascade can start. Excess collagen
deposition could then occur whether the patient is
underweight, normal weight, or obese.23:5253

SYSTEMIC METABOLIC /
ADIPOKINE PROFILE
(proposed modulating factor)

« Total BMI reflects general mass,
not fat distribution

» Adipose tissue secretes leptin,
TNF-q, IL-6, MCP-1

» Adiponectin has a counter-
regulatory antifibrotic effect

« In Asian cohorts: visceral and
subcutaneous fat may diverge

« Systemic inflammation alone may
not overcome local tension

* A 38.5% share of normal-weight
patients among keloid cases does
not support adiposity as a
requirement for keloid formation

biomechanical strain.

this view.

measure against keloid recurrence.

\

INTEGRATED CLINICAL INTERPRETATION (HYPOTHESIS)
1. Keloid occurrence may depend mainly on dermal trauma combined with local
2, Interventions that reduce mechanical tension (silicone sheeting,

microporous taping, Z-plasty) combined with intralesional antimitotic or
anti-inflammatory drugs (triamcinolone 87.2%, 5-FU 38.5%) are in line with

3. Systemic metabolic counseling remains important for cardiovascular health;
these data do not support BMI reduction alone as a primary preventive

Figure 5. Conceptual framework from the literature on local mechanical tension and systemic adiposity in keloid formation. The diagram

is a hypothesis and was not tested in this study.

4.4. Skin injury as a trigger

Third, the triggers documented in our cohort are
compatible with the view that a break in the skin barrier
initiates keloid formation.35253 Accidental lacerations
and wounds accounted for 29.5% of cases. Surgical
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incisions accounted for 28.2%, and severe acne vulgaris
for 14.1%. In 28.2% of patients no preceding trauma
was documented. Insidious onset or forgotten minor
microtrauma, such as insect bites, small abrasions, or
subclinical follicular rupture, may explain this.3 In
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genetically predisposed individuals, even microscopic
damage to the basement membrane and reticular
dermis can trigger an exaggerated influx of mast cells,
M2 macrophages, and CD4+ T-helper 2 (Th2)
lymphocytes. They secrete 1L-4, IL-13, and TGF-$1 and
start a fibroproliferative loop that does not resolve.354
Whether circulating adipokines in obese patients could
induce keloids in intact skin was not examined here.3

4.5. Treatment patterns

Intralesional triamcinolone acetonide (TAC) was
recorded in 87.2% of keloid patients at our tertiary
clinic. This reflects its established position as the first-
line drug.55-58 Corticosteroids arrest keloid progression.
They diffuse across fibroblast membranes, bind
glucocorticoid receptors, and move to the nucleus,
where they inhibit transcription of procollagen genes,
TGF-B1, and VEGF. They also upregulate collagenase
synthesis and cause local vasoconstriction.65> TAC
monotherapy is often limited by local adverse effects
(skin atrophy, telangiectasia, hypopigmentation) and by
scar rebound.®758 Intralesional 5-fluorouracil (38.5%)
was widely used in our cohort, an evidence-based
adjunctive strategy supported by recent clinical
trials.®57 5-FU, a pyrimidine antimetabolite, inhibits
thymidylate synthase, arrests proliferating keloid
fibroblasts in the G1/S phase, and triggers apoptosis
without atrophy of the surrounding soft tissue.
Combined with TAC, it has been reported to give better
scar flattening and lower recurrence.5>57 Cryotherapy
(10.3%) served as an adjuvant. It induces intracellular
ice-crystal formation, microvascular thrombosis, and
stromal necrosis, so deeper corticosteroid penetration
becomes possible.5°

4.6. Clinical implications

The study has several clinical implications.
Dermatologists and reconstructive surgeons should not
assume that people of normal weight are protected from
keloids, or that obesity is the main driver of
recurrence.5>6% Risk assessment should focus on
established factors: a personal or family history of
keloid, darker skin phototype, high-tension anatomical
sites, and the type of wound and closure.555 In surgical
planning, tension-reduction techniques are essential to
limit local mechanotransduction. Examples are deep
subcutaneous fascial anchoring sutures, W-plasty, Z-
plasty, and geometric broken-line closures that align
scars along resting skin tension lines (RSTLs).53:60
Published guidance recommends tension-shielding
measures such as silicone gel sheeting and microporous
paper tape after surgery; this study did not assess
treatment outcomes and cannot support a specific
duration.5660 Weight management and metabolic health
remain important for general cardiometabolic and skin
health. The present data do not support dietary weight
loss alone as a way to prevent or treat keloids.385560

4.7. Limitations and future research

This study has several limitations. First, it was
observational and retrospective, and it relied on
secondary electronic medical records. Retrospective
abstraction depends on how completely and accurately
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routine charting was done during busy outpatient
consultations. Standardized objective scar scores were
not recorded systematically for all patients. These
include the Vancouver Scar Scale (VSS), the Patient and
Observer Scar Assessment Scale (POSAS), and high-
frequency ultrasound measurement of scar thickness
and dermal stiffness. This prevented correlation of BMI
categories with scar volume or symptom severity.

Second, the cohort had 100 subjects (78 keloid cases
and 22 dermatological controls) from one tertiary
referral teaching hospital over a 4-year period. The
sample may allow only large categorical differences to
be detected. The control group, though, was small. The
3.5:1 case-to-control ratio reflects consecutive, fully
documented records, and it may limit power to detect
modest effects between intermediate BMI categories
(for example, overweight versus normal weight). A
single tertiary center may also introduce referral
selection. Patients referred to Dr. Moewardi General
Hospital often have more severe, extensive, or
treatment-resistant keloids than patients managed in
primary care.

Third, several biochemical and metabolic parameters
were not routinely documented in the electronic
records. Outpatient dermatology workups rarely
include metabolic panels. The missing variables were
waist circumference, waist-to-hip ratio (WHR), visceral
adiposity index (VAI), homeostatic model assessment of
insulin resistance (HOMA-IR), lipid profile, high-
sensitivity C-reactive protein (hs-CRP), and circulating
adiponectin or leptin. We could not tell metabolically
healthy people from those with silent visceral adiposity
and subclinical chronic inflammation within the normal
weight category.

Fourth, family pedigree records, precise ancestry,
genetic polymorphism screening (for example HLA
alleles, NEDD4, or SMAD gene variants), and
standardized longitudinal data on treatment response
and recurrence were unavailable. Future research
should close these gaps. A prospective, multi-center
cohort design with a larger and matched control group
would suit the task. It should include standardized 3D
optical surface scar profilometry, direct assessment of
body composition (dual-energy X-ray absorptiometry
[DEXA] or bioelectrical impedance), systemic adipokine
and cytokine profiling, and longitudinal tracking of
treatment outcomes.

5. Conclusions

This retrospective case-control study found that BMI
category, classified by standardized Asia-Pacific
thresholds, was not significantly associated with keloid
occurrence among dermatology outpatients at a tertiary
teaching hospital in Surakarta, Indonesia. Normal
weight was the most frequent category among keloid
patients (38.5%), followed by obesity (28.2%).
Overweight and underweight were equally represented
(16.7% each). In this sample, BMI category did not
discriminate keloid patients from controls, but the small
control group limits precision and larger studies are
needed.
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In this Southeast Asian cohort, keloids were mostly
located at high-tension sites, chiefly the anterior chest
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