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Abstract
Objective: This study aimed to characterize two short-term erythema induction models for cosmetic anti-redness 
testing in Asian females.
Methods: In this single-blind monocentric study, 78 healthy Asian females aged 18–60 years were enrolled. Stage 1  
characterized glycolic acid ([GA] 50% on face) and tape stripping ([TS] forearm) models. Stage 2 used a reference cosmetic 
product solely to assess model detectability, not to confirm product efficacy. Evaluations included 5-point clinical grading, 
erythema index, a* value, and imaging analysis; GA induction was performed under dermatologist supervision.
Results: In Stage 1, both models induced significant erythema versus untreated controls. In Stage 2, the GA 
model detected reference product-related redness reduction on clinical grading (4 h, P = 0.009; 24 h, P = 0.020) 
and VISIA-CR red-area analysis (1 h, 2 h, and 24 h, P < 0.05). The TS model showed numerical improvement 
on clinical grading at 2–4 h without significant treated versus untreated differences. No protocol-defined adverse 
events (AEs) were recorded through 24 h.
Conclusions: The GA model suits chemical irritation-related facial erythema; the TS model suits barrier-disruption 
erythema on body skin. Clinical grading and imaging were most sensitive for GA; TS was mainly supported by grading  
at 2–4 h. Both models provide a practical framework for matching anti-redness claims to erythema phenotype rather than  
definitive validation. Delayed irritation and post-inflammatory hyperpigmentation (PIH) beyond 24 h cannot be excluded.
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Introduction

Acute skin redness, also known as “flush”, is an acute 

vasodilation reaction that can be caused by various 
factors. In this manuscript, “skin redness” denotes the  
visually perceived cutaneous red appearance; “erythema” 
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denotes clinically or instrumentally assessed inflamma-
tory redness with a physiological basis; and the “redness/
erythema score” refers to the predefined 5-point clinical 
grading scale. Instrumental a* value and erythema index 
(EI) are quantitative correlates of erythema intensity. 
External factors such as heat, cold, or sun exposure can  
accelerate microcirculation in the skin, and external irritants  
can weaken the skin barrier[1]. Internal factors like a 
hyper-reactive skin, hormones, emotions, consumption 
of coffee or spices, and heredity (vasoreactive skin) also 
play a role[1–3]. Skin aging makes the skin more sensitive  
to redness starting from the age of 25[4]. Moreover, with 
the popularity of beauty treatments, some special pro-
cedures such as laser therapy, chemical peels, and intensive 
light therapy can also disrupt the skin barrier or inflame the 
skin, which may result in increased sensitivity and redness 
as a side effect[5].

Redness can have a multi-faceted impact on individual’s 
normal life, influencing social interactions, emotional 
well-being[5], and daily life quality with physical discomfort  
like burning or itching[6]. If acute redness were not 
relieved by suitable treatment, it may cause persistent 
facial redness and even chronic conditions like rosacea. 
Thus, managing redness often involves a combination of 
pharmacologic treatments and special cosmetic products 
to avoid irritation and provide symptom relief[6].

In the field of cosmetics, to verify the acute anti-redness, 
soothing, and repairing efficacy of cosmetic products, 
certain induction methods are used to simulate different 
skin irritation reactions. These induction methods include  
mechanical induction (tape stripping [TS], shaving), 
chemical agent induction (sodium lauryl sulfate [SLS] and 
glycolic acid [GA] induction)[7,8], and thermal induction.  
These methods can simulate different external redness cause 
factors and induce various degrees of redness to the treated  
area, but the induction results are not always consistent.

TS is usually used as the main method to induce skin bar-
rier function disruption. Relevant research has revealed 
that the process of repeated TS results in a transient 
impairment of the skin’s barrier function. This impair-
ment initiates a cascade of histological alterations, notably 
the hyperplasia of epidermal cells and the infiltration of 
inflammatory cells. Such findings underscore the impact 
of TS on the skin’s structural integrity and its subsequent 

inflammatory response[9]. Additionally, this method 
has been widely applied in some skin diseases, such as  
psoriasis[10], atopic dermatitis[11]. It can effectively simulate 
the skin barrier damage caused by the disease for com-
parative efficacy or related research on barrier recovery. 
In the realm of healthy skin, this method is more widely 
applied in the study of product formulations percutaneous 
absorption[12]. We also found that relevant articles have 
used this method for the study of skin barrier function 
repair, in which the main comparison was made on the 
transepidermal water loss rate, and observations on skin 
erythema were also included, but the observations were 
made at relatively longer time points (3 days, 5 days)[13]. 
In general, this technique is frequently employed to 
mimic the disruption of the skin barrier and monitor the 
subsequent restoration processes, particularly focusing 
on the transepidermal water loss rate as a key metric. 
Nevertheless, research that examines the resolution of 
immediate skin redness and erythema is comparatively  
scarce. To this end, leveraging the mechanism whereby 
TS induces skin epithelial cell shedding, which in turn 
stimulates the skin, disrupts the stratum corneum barrier, 
and triggers inflammatory responses, our study delves 
deeper into the practical application of this model. 
Specifically, it examines the model’s utility in inducing 
acute redness to assess the soothing and reparative proper-
ties of various products.

In the chemical agent induction model with SLS[7,8,14,15], 
the research on the induction of skin redness by chemi-
cal agents is well-founded in general applications. The 
most common evaluation method for redness recovery 
is the use of occlusive patches on the back or torso skin. 
It usually requires 24 h of occlusion before observing 
the success of induction. This method is relatively 
convenient, fast, and indeed a high-throughput method 
for formula screening. However, considering the effec-
tiveness claims for future marketing of products, it is 
necessary to evaluate the acute anti-redness and soothing  
effects of products in a manner that is closer to the actual 
application sites and usage methods of consumers. 
Cumulative SLS irritation models have also been used 
to characterize barrier disruption and repair kinetics[16].

To this end, this exploratory study aimed to (1) characterize  
two short-term erythema induction models (GA and 
TS), (2) identify the most sensitive evaluation endpoints  
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for each model, and (3) examine model consistency and 
detectability by using a reference product intervention in 
Stage 2. The primary objective was model exploration 
and characterization; the test product was used only as a 
reference intervention to determine whether the models 
could detect short-term anti-redness changes, not to 
confirm the efficacy of that specific product.

Materials and methods

Subject population

A total of 78 healthy Asian female subjects from Shanghai  
completed their assigned study protocol across two 
sequential stages (48 in Stage 1; 30 in Stage 2). Only 
female participants were included because facial GA 
induction and consumer anti-redness claims are most 
frequently evaluated in women in cosmetic practice, and 
sex-related differences in skin structure, barrier function, 
and vascular reactivity may confound initial model- 
establishment studies if both sexes were combined. 
Fitzpatrick skin phototypes were not systematically 
recorded in this exploratory study; therefore, phototype 
distribution cannot be reported, and this limitation is  
discussed below. Demographic characteristics of the final 
analytic cohorts are summarized in Table 1.

≥ grade 2 on the 5-point scale, leaving 25 subjects included 
in the GA analyses.

In the TS part, 49 subjects underwent forearm TS induc-
tion. Twenty-six subjects were excluded for the same 
reason, leaving 23 subjects included in the TS analyses.

In Stage 2, 42 subjects underwent bilateral induction 
screening after providing written informed consent and 
meeting preliminary eligibility criteria. Ten subjects were 
excluded because post-induction erythema did not meet 
the predefined endpoint (≥ grade 2 and higher than the 
pre-induction score). The remaining 32 subjects entered 
the full study protocol. Two subjects subsequently with-
drew for personal reasons, yielding 30 subjects in the 
final Stage 2 analyses. The same 30 subjects completed 
both the GA and TS assessments in Stage 2.

Missing data were handled by available-case analysis 
without imputation. No formal a priori sample-size 
calculation was performed; sample sizes were chosen 
for exploratory model characterization and feasibility 
assessment.

The entire study followed ethical principles. The two 
stages were conducted after undergoing ethical review  
and receiving approval with approval numbers of Fron-
tier Science Ethics Committee (FSEC) 2023-124-01 and  
2023-123-01 respectively, thus ensuring the ethical com-
pliance of the study. All study details were explained and 
written informed consent was obtained before enrollment.

Study procedure

In both stages, subjects first completed written informed 
consent and portrait-use authorization, underwent pre-
liminary inclusion/exclusion screening, and then received  
standardized facial cleansing and equilibration before GA 
or TS induction. Post-induction reassessment confirmed 
that erythema met the predefined endpoint (≥ grade 2 
on the 5-point scale). Eligible subjects then underwent 
clinical, instrumental, and imaging assessments at the 
scheduled time points; Stage 2 additionally included 
reference-product application as described below.

In Stage 1, two groups were designed for GA and TS  
induction model. This stage consists of one visit, which 

Table 1: Demographic characteristics of analyzed subjects.

Stage 1 Stage 2

N 48 30

Age distribution

Mean (± SD): 
46.52 ± 7.27 y.o.
Max: 60 y.o.
Min: 28 y.o.

Mean (± SD): 
46.03 ± 9.05 y.o.
Max: 60 y.o.
Min: 20 y.o.

Abbreviations: SD, standard deviation; y.o., years old.

Participant flow

Stage 1 and Stage 2 enrolled separate subject cohorts. 
Stage 1 evaluated the GA and TS induction models in 
two independent, non-overlapping groups.

In the GA part, 27 subjects underwent facial GA induction  
after preliminary screening. Two subjects were excluded 
because post-induction facial erythema did not reach  
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includes baseline evaluation of clinical grading, instru-
mental measurement, and image capture, followed by the 
model induction procedure. Clinical grading, instrumental 
measurements, and image captures were then conducted  
at 10 min, 30 min, 1 h, 2 h, and 4 h after induction.

In Stage 2, a reference cosmetic product containing  
Symsitive™, hyaluronic acid, and panthenol[17] was applied  
after induction to examine whether the models could 
detect short-term anti-redness changes; observation was 
extended to 24 h[18]. The reference product was applied 
at about 0.3 g on the treated half-face and 2 mg/cm2 on 
the treated forearm immediately after post-inducing 
assessments and was reapplied on-site before the 24 h 
assessment using the same method. The contralateral 
side served as a blank control. In Stage 1, the GA-treated 
half-face and TS one side of arm were assigned according 
to a computer-generated randomization list. In Stage 2, 
the side receiving the reference product was likewise 
assigned according to a computer-generated randomiza-
tion list (after bilateral induction). During study conduct, 
only the staff who applied the induction agent and/or 
the reference product were aware of treatment alloca-
tion. Clinical graders, instrumental technicians, image 
analysts, and data analysts remained blinded to the 
randomization assignment throughout evaluation and 
analysis (single-blind design with respect to assessors 
and analysts). Subjects could not be fully blinded because  
the contralateral side remained a blank control.

During GA application, a dermatologist provided contin-
uous oversight. Upon occurrence of intolerance, subjects 
were guided to use a neutralizing solution under dermatol-
ogist supervision. Monitoring continued until symptoms 
resolved, or until subjects sought medical care, with 
ongoing follow-up thereafter. Detailed safety procedures 
for the GA model are described in the “Glycolic acid 
induction: safety procedures” subsection. The random-
ization list was generated before study start and kept 
by staff not involved in clinical grading or instrumental 
assessment; allocation was concealed until the assigned 
side was prepared for product application.

Glycolic acid induction: safety procedures

Because 50% GA was applied to the face, standardized 
safety procedures were implemented under continuous 

dermatologist supervision. Before induction, subjects were  
screened for contraindications to facial acid application,  
including active facial dermatoses, recent chemical peel 
or laser procedures, known hypersensitivity to alpha- 
hydroxy acids, and pregnancy or lactation.

During induction, 0.2–0.3 g of commercially available 
50% GA was applied to a limited facial area (half-face 
nasolabial fold) for approximately 8–10 min until clinical 
erythema reached ≥ grade 2, as assessed by the same 
dermatologist. The potential of hydrogen (pH) of the 
formulation was not recorded in the study file; the com-
mercial preparation has since been discontinued and is no 
longer available for retrospective pH measurement, so 
pH cannot be reported. Application was stopped imme-
diately if subjects reported intolerable burning/stinging, 
if clinical erythema exceeded grade 4 on the 5-point 
scale, if vesicles or erosions appeared, or at the derma-
tologist’s discretion. The matched neutralizing solution  
supplied with the same commercial product was applied 
as needed under medical supervision.

After induction, subjects were instructed to avoid addi-
tional exfoliating or irritating products on the test area, 
minimize sun exposure, and use gentle cleansing and 
basic moisturization as recommended by the dermatologist 
until local reactions resolved. All adverse events, pro-
longed irritation, discomfort, and any signs suggestive 
of post-inflammatory hyperpigmentation (PIH) were 
recorded at each visit through 24 h (Stage 2) and during 
follow-up when applicable. Subjective discomfort was 
monitored by dermatologist inquiry during procedures 
but was not formally graded. Stage 2 included a 24 h 
follow-up visit with on-site observation.

Stopping criteria included intolerable subjective symp-
toms despite neutralization, clinical erythema grade ≥ 4 
persisting with worsening trend, blistering, suspected 
allergic reaction, or any event requiring medical referral. 
No induction was continued once stopping criteria were met.

Clinical grading

The skin sign involved in this study is redness/erythema, 
which is graded by verified expert before and after model 
induction at various times (Table 2) using a 5-point rating 
scale (grade 0 means clear, grade 1 means very slight,  
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grade 2 means slight, grade 3 means moderate, grade 
4 means severe) (Fig. 1). The higher the score, the red-
der it gets[19,20].

Instrumental measurement

The skin redness (a* value) is measured by  
Spectrophotometer CM-26dG (Konica Minolta, Japan) 
under Specular Component Excluded (SCE) mode (light 
mode of surface reflection removing), and the erythema 
index is measured by Mexameter MX18 (Courage 
and Khazaka, Germany)[21,22]. All measurements were 
conducted by trained technician before and after model 
induction at various times (Fig. 2 and Table 2). The higher 
the value, the redder it gets. Objective quantification of 
erythema using colorimetric/a* measurements is estab-
lished in photobiology and irritation research[23].

Standard photos capture and imaging analysis

The standard facial photo is captured by VISIA-CR 
Version 5.0 (Canfield, America) on front, left and right 
sides under standard and cross-polarized light source on 
face[19] and the arm photo captured by arm capture frame 
under the CANON EOS 6D MARK II camera, with the 
LED170 set of illumination at a color temperature of  
5,600 K and the illuminance set to a maximum of 2,200 
lux for optimal lighting effect; the shooting on the inner 
forearms under cross-polarized light source operated by 
trained technician before and after model induction at 
various times (Table 2). Some parameters of red area,  
regarding the percentage of red area on face and redness  
(a* value) on face and forearms are analyzed by the 
image analysis program (Image-Pro Plus, Version 7.0)[24].  
The higher the value, the redder it gets.

Table 2: Evaluation timepoints & test areas.

Stage 1

Model N Test areas Evaluation timepoint

Glycolic acid induction model 25 Face

- T0 (baseline which is before induction)
- Timm (10-min after induction)
- T30 min (30-min after induction)
- T1h (1-h after induction)
- T2h (2-h after induction)
- T4h (4-h after induction)

Tape stripping induction model 23 Forearms

- T0 (baseline which is before induction)
- Timm (10-min after induction)
- T30 min (30-min after induction)
- T1h (1-h after induction)
- T2h (2-h after induction)
- T4h (4-h after induction)

Stage 2

Model N Test areas Evaluation timepoint

Glycolic acid model with product 
intervention 30 Face

- T01 (baseline which is before induction)
- T02 (10-min after induction)
- T30 min (30-min after product single application)
- T1h (1-h after product single application)
- T2h (2-h after product single application)
- T4h (4-h after product single application)
- T24h (24-h after product repeat application)

Tape stripping model with product 
intervention 30 Forearm

- T01 (baseline which is before induction)
- T02 (10-min after induction)
- T30 min (30-min after product single application)
- T1h (1-h after product single application)
- T2h (2-h after product single application)
- T4h (4-h after product single application)
- T24h (24-h after product repeat application)
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Redness induction procedure

This study includes two induced redness models. The GA  
model was designed to induce redness primarily associ-
ated with chemical peeling, whereas the TS model was 
designed to induce redness through physical stimulation 
and subsequent skin barrier disruption, and the methods 
applied in the two different stages vary. Endpoint assess-
ment was performed by the same dermatologist for all 
subjects.

In Stage 1, for the GA model, 0.2–0.3 g of commercially 
available 50% GA[25] was applied on one side half face 
(nasolabial fold) according to randomization table. The 
timing was recorded until subjects’ half face turned 

red (minimum grade 2; 5-point scale; approximately 
8–10 minutes after GA application), with the primary 
goal of observing whether the induction can reach the 
preset level and monitoring the skin’s natural recovery 
process. For the TS model, one side of forearm was 
stripped according to randomization table on a 3 cm ×  
3 cm area with D-Squame D100 tape; each tape was 
pressed for 10 s (timed) before removal to make it fit 
the skin more completely and evenly, then stripping 
was repeated until erythema ≥ grade 2 or a predefined 
maximum of 20 strips. In Stage 1, the exact number of 
strips in each subject was not archived. In Stage 1, the 
contralateral forearm served as an untreated control 
without TS, allowing us to explore the duration required 
for skin self-recovery after induction.

In Stage 2, the GA model was applied to both sides of the 
face; after induction assessments, the reference product 
(0.3 g) was randomly applied to one half-face, and the 
contralateral side remained a blank control. Similarly, 
both forearms underwent TS induction, and the number 
of strips required to reach the induction endpoint was 
recorded for each forearm (n = 30 subjects; both forearms  
induced): the mean was 11.43 ± 2.84 strips (range 7–18),  
and no subject reached the maximum of 20 strips. The  
reference product (2 mg/cm2) was then randomly applied  
to one forearm, with the contralateral forearm remaining a 
blank control, to examine assay detectability rather than 
to confirm product efficacy.

Figure 1: Atlas of skin redness/erythema severity 5-point scale provided by Shanghai China-norm Quality Technical Service Co., Ltd.

Figure 2: Schematic diagram of the instrumental measurement area, 
where the orange dots are for facial measurement positioning and the 
blue dots are for the tape stripping area as well as the measurement 
positioning in the designated areas of the forearm.
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Descriptive statistics

The descriptive statistics included the number of valid 
samples (N), the mean (Mean), the standard error (SE), 
and the mean change from the induction.

Differential statistics

All data difference tests were conducted using two-tailed 
tests, and the significance level was set at α = 0.05. The 
difference statistics included the comparisons of time-
point differences and between treatment differences. 
Before the analysis, the data distribution test was carried 
out, and the statistical analysis method was selected 
according to the distribution results. When data passed 
normality (all normality of the distributions is confirmed 
for the same parameter), a parametric test of paired  
T test was used to detect significant difference among 
time points; When data fails normality (if one or more 
normality of the distributions for the same parameters 
is rejected), a non-parametric test of Wilcoxon signed 
rank was used to detect significant difference between 
timepoints.

No primary endpoint or primary assessment time point 
was prespecified. Multiplicity was not formally adjusted; 
P values are presented descriptively for this exploratory 
analysis, and mixed-effects models were not applied, 
paired tests and Wilcoxon rank test were used at each 

time point. In Stage 2, treated versus untreated compari-
sons used change from induction. Mean differences of 
change with 95% confidence interval (CIs) and absolute 
post-induction, pre-application between side levels 
(comparability only) are reported in the Results.

Results

Model establishment conformity in STAGE 1 
—induction model exploration

Significant findings are summarized of Stage 1 in Table 3 
and Table 4.

Clinical grading results of redness/erythema

GA model and TS model showed the effect on inducing 
skin redness/erythema.

Both GA model and TS model, an increased value indi-
cates higher severity of redness/erythema on facial skin  
and forearm skin, it was observed that the redness/erythema 
severity after GA model and TS model inducing at all 
time-points are significantly increased (P < 0.05) com-
pared to that of T0. TS model recovered faster within 
2 h since there is no significant difference vs. baseline 
after 2 h but also delivers a significantly stronger effect  
(P < 0.05) on inducing redness compared with the 
untreated control. (Fig. 3 and Fig. 4).

Table 3: Summary of P value between time-points in Stage 1.

Attributes Model
Comparison with T0

Timm T30 min T1h T2h T4h

Redness/erythema by clinical assessment
GA < 0.001 < 0.001 < 0.001 < 0.001 < 0.001

TS < 0.001 < 0.001 < 0.001 0.002 0.004

a* value by CM26dG SCE mode
GA 0.993 0.345 0.367 0.950 0.379 

TS < 0.001 < 0.001 0.083 0.076 0.040 

EI by mexameter MX18
GA 0.952 0.093 0.996 0.606 0.172

TS < 0.001 0.024 0.864 0.739 0.893

a* value by photo analysis
GA 0.008 < 0.001 < 0.001 0.022 0.396

TS < 0.001 < 0.001 0.002 0.514 0.030

Area ratio of redness by photo analysis GA 0.003 0.003 < 0.001 0.057 0.634

Abbreviations: GA, glycolic acid; TS, tape stripping; SCE, specular component excluded; CM26dG, spectrophotometer CM-26dG; EI, erythema index; a* value, redness chromaticity value.
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Instrumental results of spectrophotometer CM-26dG 
(a* value, SCE mode)

GA model and TS model showed the visual effect on 
inducing skin redness.

Both GA model and TS model, an increased value indi-
cates higher value of redness (a* value) on facial skin 
and forearm skin, it was observed that the redness value 
after GA model inducing at Timm, T30 min, T1h and 
T2h compared to that of T0, but there is no significant 
difference. The redness value after TS model inducing 
at Timm, T30 min and T4h is significantly increased  
(P < 0.05) compared to that of T0. TS model delivers a 
significantly stronger effect (P < 0.05) on inducing red-
ness at Timm and T30 min compared with the untreated 
control. (Fig. 5 and Fig. 6).

Figure 3: Clinical scoring of redness/erythema using 5-point scale refer to the details in the “Clinical grading” subsection (grade 0 means clear, 
grade 4 means severe).

(A) GA: time-points comparison of redness/erythema score. (B) TS: time-points comparison of redness/erythema score. On the figure, the clinical scoring of redness (mean, median, 

maximum and minimum) in each time-points. Subsequent times that are significantly different (P < 0.05 at 95% CI) from T0 are marked with an asterisk “*”. N means valid sample size.

Abbreviations: GA, glycolic acid; TS, tape stripping. CI, confidence interval.

Figure 4: Clinical scoring of redness/erythema using 5-point scale refer 
to the details in the “Clinical grading” subsection (grade 0 means clear, 
grade 4 means severe). 

Abbreviations: TS, tape stripping. CI, confidence interval.

On the figure, the clinical scoring of redness/erythema (mean with standard error bar) in 

each time-points adjusted by T0. The model showed that the difference was statistically 

significant (P < 0.05, 95% CI) compared with the untreated area; significant points are 

marked with an asterisk (*). N means valid sample size.

Table 4: Summary of P value between treatments in Stage 1.

Attributes Model
Comparison with untreated

Timm T30 min T1h T2h T4h

Redness/erythema by clinical 
assessment TS < 0.001 < 0.001 < 0.001 0.004 0.004

a* value by CM26dG SCE mode TS < 0.001 < 0.001 0.058 0.170 0.176 

EI by mexameter MX18 TS < 0.001 < 0.001 0.005 0.270 0.599 

a* value by photo analysis TS < 0.001 < 0.001 < 0.001 0.810 0.392

Abbreviations: TS, tape stripping; SCE, specular component excluded; CM26dG, spectrophotometer CM-26dG; MX18, Mexameter MX18; EI, erythema index; a* value, redness 

chromaticity value.
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Instrumental results of mexameter MX18 (EI,  
erythema index)

GA model and TS model showed the effect on inducing 
erythema.

Both GA model and TS model, an increased value 
indicates higher value of EI on facial skin and forearm 
skin, it was observed that the EI after GA model inducing 
at T30 min and T2h compared to that of T0, but there 
is no significant difference; and the EI after TS model 
inducing at Timm and T30 min is significantly increased 
(P < 0.05) compared to that of T0. TS model delivers 
a significantly stronger effect (P < 0.05) on inducing 
erythema at Timm, T30 min and T1h compared with the 
untreated control. (Fig. 7 and Fig. 8).

Imaging analysis results of redness (a* value)

GA model and TS model showed the effect on inducing 
skin redness.

Both GA model and TS model, an increased value indi-
cates higher severity of redness (a* value) on facial skin 
and forearm skin, it was observed that the redness after 
GA model inducing at Timm, T30 min, T1h and T2h are 

Figure 5: Instrumental measurement of a* value (mean, median, maximum and minimum) in each time-points. Subsequent times that are signifi-
cantly different (P < 0.05 at 95% CI) from T0 are marked with an asterisk “*” on the figure. 

(A) GA: time-points comparison of a* value. (B) TS: time-points comparison of a* value. N means valid sample size.

Abbreviations: GA, glycolic acid; TS, tape stripping; a* value, redness chromaticity value. CI, confidence interval.

Figure 6: Instrumental measurement of a* value (mean with standard 
error bar) in each time-points adjusted by T0.

Abbreviations: TS, tape stripping; a* value, redness chromaticity value. CI, confidence interval.

The model showed that the difference was statistically significant (P < 0.05, 95% CI) 

compared with the untreated area; significant points are marked with an asterisk (*). N 

means valid sample size.

Figure 7: Instrumental measurement of EI (mean, median, maximum and minimum) in each time-points.

(A) GA: time-points comparison of EI. (B) TS: time-points comparison of EI. Subsequent times that are significantly different (P < 0.05 at 95% CI) from T0 are marked with an asterisk 

“*” on the figure. N means valid sample size.

Abbreviations: GA, glycolic acid; TS, tape stripping; EI, erythema index. CI, confidence interval.
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significantly increased (P < 0.05) compared to that of 
T0. and the redness after TS model inducing at Timm, 
T30 min, T1h and T4h are significantly increased  
(P < 0.05) compared to that of T0. TS model delivers 
a significantly stronger effect (P < 0.05) on inducing 
redness at Timm, T30 min and T1h compared with the 
untreated control. (Fig. 9 and Fig. 10).

Imaging analysis results of red area ratio% (on face)

Photographs of GA model showed the effect on inducing 
skin redness.

GA model, an increased value indicates higher value of 
red area ratio% on facial skin, it was observed that the 
red area after GA model induction at Timm, T30 min 

and T1h are significantly increased (P < 0.05) compared 
to that of T0. (Fig. 11).

Model product intervention in Stage 2 –  
detectability assessment using a reference 
product

Significant findings of Stage 2 are summarized in Table 5 
and Table 6.

Post-induction, pre-application between-side differences 
are summarized in Table 7 (mean, SE, 95% CI, and P value). 
Clinical erythema grades were comparable between 
sides for both models. For the GA model, Mexameter 
EI was higher on the subsequently treated side than 
on the untreated side (mean difference 14.70, approxi-
mately 95% CI ± 13.73, P = 0.045); other instrumental 
and imaging endpoints did not differ significantly. A 
nonsignificant P value was not interpreted as evidence 
of equivalence. The EI imbalance was considered when  
interpreting GA instrumental endpoints. Mean differences 
of change from induction (treated versus untreated) with 
95% CIs are reported in Table 8.

Clinical grading results of redness/erythema

The Stage 2 reference product intervention was used 
to examine treated versus untreated detectability under 
the tested conditions, rather than to confirm reference-
product efficacy or formally validate either model.

The results showed that under GA model the reference 
product delivers a significantly stronger effect (P < 0.05) 

Figure 8: Instrumental measurement of EI (mean with standard error 
bar) in each time-points adjusted by T0.

Abbreviations: TS, tape stripping; EI, erythema index. CI, confidence interval.

The model showed that the difference was statistically significant (P < 0.05, 95% CI) 

compared with the untreated area; significant points are marked with an asterisk (*). N 

means valid sample size.

Figure 9: Imaging analysis of redness a* value (mean, median, maximum and minimum) in each time-points. Subsequent times that are significantly 
different (P < 0.05 at 95% CI) from T0 are marked with an asterisk “*” on the figure.

(A) GA: time-points comparison of redness (a* value). (B) TS: time-points comparison of redness (a* value). N means valid sample size.

Abbreviations: GA, glycolic acid; TS, tape stripping; a* value, redness chromaticity value. CI, confidence interval.
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on decreasing redness/erythema at T4h and T24h com-
pared with the untreated control; The TS model showed 
numerical improvement at T2h and T4h, without a sta-
tistically significant treated versus untreated difference. 
(Fig. 12 and Fig. 13).

Instrumental results of spectrophotometer CM-26dG 

(a* value, SCE mode)

The models showed trends consistent with detectability of 
short-term anti-redness changes using the reference product.

Figure 10: Imaging analysis of redness a* value (mean with standard 
error bar) in each time-points adjusted by T0.

Abbreviations: TS, tape stripping; a* value, redness chromaticity value. CI, confidence interval.

The model showed that the difference was statistically significant (P < 0.05, 95% CI) compared 

with the untreated area; significant points are marked with an asterisk (*). N means valid sample size.

Figure 11: Imaging analysis of red area ratio% value (mean, median, 
maximum and minimum) in each time-points.

CI, confidence interval.

Subsequent times that are significantly different (P < 0.05 at 95% CI) from T0 are 

marked with an asterisk “*” on the figure. N means valid sample size.

Table 5: Summary of P value between time-points in Stage 2.

Attributes Model Treatments
Comparison with Timm after induction

T30 min T1h T2h T4h T24h

Redness/erythema by 
clinical assessment

GA
Treated 0.005 0.000 0.000 0.000 0.000

Untreated 0.002 0.001 0.000 0.001 0.000

TS
Treated 0.000 0.000 0.000 0.000 0.000

Untreated 0.000 0.000 0.000 0.000 0.000

a* value by CM26dG 
SCE mode

GA
Treated 0.744 0.375 0.283 0.298 0.951 

Untreated 0.757 0.905 0.355 0.521 0.640 

TS
Treated 0.004 0.000 0.000 0.000 0.036 

Untreated 0.000 0.006 0.001 0.032 0.011 

EI by mexameter MX18
GA

Treated 0.004 0.000 0.000 0.000 0.003
Untreated 0.002 0.003 0.000 0.006 0.002

TS
Treated 0.001 0.002 0.000 0.006 0.022

Untreated 0.000 0.017 0.000 0.003 0.007

a* value by photo 
analysis GA

Treated 0.301 0.020 0.056 0.097 0.004 
Untreated 0.689 0.029 0.098 0.109 0.023 

Area ratio of redness by 
photo analysis GA

Treated 0.432 0.039 0.013 0.032 0.003 
Untreated 0.934 0.278 0.252 0.048 0.190 

Abbreviations: GA, glycolic acid; TS, tape stripping; SCE, specular component excluded; CM26dG, spectrophotometer CM-26dG; MX18, Mexameter MX18; EI, erythema index;  

a* value, redness chromaticity value.
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The results showed that under both GA model and TS 
model the reference product show the better effect on 
decreasing redness at T1h, T2h, T4h and T24h compared 
with the untreated control, but there is no significant 
difference. (Fig. 14 and Fig. 15).

Instrumental results of mexameter MX18 (EI,  
erythema index)

The models showed trends consistent with detectability of 
short-term anti-redness changes using the reference product.

The results showed that both under GA model and TS 
model the reference product showed the better effect on 
decreasing erythema at Timm (except GA), T1h, T2h, 

T4h and T24h compared with the untreated control, but 
there is no significant difference. (Fig. 16 and Fig. 17).

Imaging analysis results of redness (a* value, on 
face)

The models showed trends consistent with detectability of  
short-term anti-redness changes using the reference product.

The results showed that under GA model the reference 
product showed the better effect on decreasing redness 
at T30 min, T1h, T2h, T4h and T24h compared with the 
untreated control, but there is no significant difference. 
(Fig. 18 and Fig. 19).

Table 6: Summary of P value between treatments in Stage 2.

Attributes Model
Comparison with untreated

T30 min T1h T2h T4h T24h

Redness/erythema by clinical 
assessment

GA 1.000 0.157 0.132 0.009 0.020
TS 0.114 0.426 0.783 0.807 0.294

a* value by CM26dG SCE mode
GA 0.589 0.482 0.932 0.575 0.696 
TS 0.548 0.390 0.165 0.158 0.622 

EI by mexameter MX18
GA 0.993 0.102 0.359 0.180 0.748 
TS 0.336 0.321 0.487 0.737 0.912 

a* value by photo analysis GA 0.278 0.904 0.410 0.786 0.317

Area ratio of redness by photo 
analysis GA 0.129 0.021 0.007 0.157 0.006 

Abbreviations: GA, glycolic acid; TS, tape stripping; SCE, specular component excluded; CM26dG, spectrophotometer CM-26dG; MX18, Mexameter MX18; EI, erythema index;  

a* value, redness chromaticity value.

Table 7: Treated versus untreated differences immediately after induction (pre-application).

Attributes Model Mean diff (T−U) 95% CI P value

Redness/erythema by clinical assessment
GA 0.00 −0.11 to 0.11 1.000
TS −0.07 −0.24 to 0.10 0.412

a* value by CM26dG SCE mode
GA 0.26 −0.36 to 0.88 0.426
TS −0.16 −0.62 to 0.30 0.504

EI by mexameter MX18
GA 14.70 0.97 to 28.43 0.045
TS −1.63 −15.27 to 12.01 0.816

a* value by photo analysis GA 0.12 −0.20 to 0.44 0.465

Area ratio of redness by photo analysis GA 0.02 −0.02 to 0.06 0.328

Abbreviations: GA, glycolic acid; TS, tape stripping; T−U, treated minus untreated; diff, difference; CI, confidence interval; SCE, specular component excluded; CM26dG, 

spectrophotometer CM-26dG; MX18, Mexameter MX18; EI, erythema index; a* value, redness chromaticity value.
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Table 8: Treated versus untreated differences immediately after application (T30 min, T1h, T2h, T4h and T24h).

Time-point Attributes Model Mean diff (T−U) 95% CI P

T30 min-after 
induction

Redness/erythema by clinical assessment
GA 0 −0.07 to 0.07 1.000

TS 0.13 −0.04 to 0.31 0.114

a* value by CM26dG SCE mode
GA 0.16 −0.45 to 0.78 0.589

TS 0.17 −0.4 to 0.73 0.548

EI by mexameter MX18
GA −0.07 −15.13 to 15 0.993

TS −8.53 −26.36 to 9.29 0.336

a* value by photo analysis GA −0.09 −0.27 to 0.08 0.278

Area ratio of redness by photo analysis GA −0.02 −0.05 to 0.01 0.129

T1h-after induction

Redness/erythema by clinical assessment
GA −0.07 −0.16 to 0.03 0.157

TS 0.07 −0.13 to 0.26 0.426

a* value by CM26dG SCE mode
GA −0.26 −1 to 0.48 0.482

TS −0.24 −0.8 to 0.32 0.39

EI by mexameter MX18
GA −14.5 −32.07 to 3.07 0.102

TS −12.53 −37.93 to 12.87 0.321

a* value by photo analysis GA −0.01 −0.24 to 0.21 0.904

Area ratio of redness by photo analysis GA −0.04 −0.08 to −0.01 0.021

T2h-after induction

Redness/erythema by clinical assessment
GA −0.08 −0.19 to 0.03 0.132

TS −0.03 −0.24 to 0.17 0.783

a* value by CM26dG SCE mode
GA −0.04 −0.89 to 0.82 0.932

TS −0.39 −0.95 to 0.17 0.165

EI by mexameter MX18
GA −7.03 −22.47 to 8.4 0.359

TS −4.83 −18.88 to 9.21 0.487

a* value by photo analysis GA −0.11 −0.36 to 0.15 0.41

Area ratio of redness by photo analysis GA −0.06 −0.09 to −0.02 0.007

T4h-after induction

Redness/erythema by clinical assessment
GA −0.22 −0.37 to −0.06 0.009

TS −0.02 −0.25 to 0.22 0.807

a* value by CM26dG SCE mode
GA −0.2 −0.92 to 0.52 0.575

TS −0.39 −0.95 to 0.16 0.158

EI by mexameter MX18
GA −14.23 −35.42 to 6.95 0.18

TS −2.53 −17.8 to 12.74 0.737

a* value by photo analysis GA −0.05 −0.4 to 0.31 0.786

Area ratio of redness by photo analysis GA −0.03 −0.07 to 0.01 0.157

T24h-after induction

Redness/erythema by clinical assessment
GA −0.15 −0.27 to −0.03 0.02

TS 0.13 −0.1 to 0.37 0.294

a* value by CM26dG SCE mode
GA −0.16 −0.98 to 0.66 0.696

TS 0.14 −0.44 to 0.73 0.622

EI by mexameter MX18
GA −2.9 −21.17 to 15.37 0.748

TS −1.23 −23.84 to 21.37 0.912

a* value by photo analysis GA −0.13 −0.4 to 0.13 0.317

Area ratio of redness by photo analysis GA −0.07 −0.11 to −0.02 0.006

Abbreviations: GA, glycolic acid; TS, tape stripping; T−U, treated minus untreated; diff, difference; CI, confidence interval; SCE, specular component excluded; CM26dG, 

spectrophotometer CM-26dG; MX18, Mexameter MX18; EI, erythema index; a* value, redness chromaticity value.
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Imaging analysis results of the percentage of red 
area (on face)

The Stage 2 reference-product intervention supported 
short-term detectability mainly for the GA model on 

selected endpoints (clinical grading and facial red-area 
imaging); the TS model showed mainly numerical trends. 
These findings support exploratory model characteriza-
tion rather than definitive efficacy confirmation of the 
reference product or formal validation of either model.

Figure 13: Clinical scoring of redness/erythema using 5-point scale refer to the details in the “Clinical grading” subsection (grade 0 means clear, 
grade 4 means severe).

(A) GA: treatments comparison of redness/erythema score. (B) TS: treatments comparison of redness/erythema score. On the figure, the clinical scoring of redness (mean with 

standard error bar) in each time-points adjusted by the time after induction. The model showed that the difference was statistically significant (P < 0.05, 95% CI) compared with the 

untreated area; significant points are marked with an asterisk (*). N means valid sample size.

Abbreviations: GA, glycolic acid; TS, tape stripping; CI, confidence interval.

Figure 12: Clinical scoring of redness/erythema using 5-point scale refer to the details in the “Clinical grading” subsection (grade 0 means clear, 
grade 4 means severe).

(A) GA: time-points comparison of redness/erythema score. (B) GA: time-points comparison of redness/erythema score (untreated). (C) TS: time-points comparison of redness/

erythema score. (D) TS: time-points comparison of redness/erythema score (untreated). On the figure, the clinical scoring of redness (mean, median, maximum and minimum) in 

each time-points. Subsequent times that are significantly different (P < 0.05 at 95% CI) from the time after induction are marked with an asterisk “*”. N means valid sample size.

Abbreviations: GA, glycolic acid; TS, tape stripping. CI, confidence interval.
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The results showed that under GA model the reference 
product delivers a significantly stronger effect (P < 0.05) 
on decreasing redness at T1h, T2h and T24h compared 
with the untreated control (Fig. 20, Fig. 21 and Fig. 22).

Safety outcomes

During Stage 1 and Stage 2, all GA induction procedures 
were conducted under dermatologist supervision. No 

Figure 14: Instrumental measurement of a* value (mean, median, maximum and minimum) in each time-point.

(A) GA: time-points comparison of a* value. (B) GA: time-points comparison of a* value (untreated). (C) TS: time-points comparison of a* value. (D) TS: time-points comparison of a* value 

(untreated). Subsequent times that are significantly different (P < 0.05 at 95% CI) from the time after induction are marked with an asterisk “*” on the figure. N means valid sample size.

Abbreviations: GA, glycolic acid; TS, tape stripping; a* value, redness chromaticity value. CI, confidence interval.

Figure 15: Instrumental measurement of a* value (mean with standard error bar) in each time-points adjusted by the time after induction.

(A) treatments comparison of a* value. (B) TS: treatments comparison of a* value. The model showed that the difference was statistically significant (P < 0.05, 95% CI) compared 

with the untreated area; significant points are marked with an asterisk (*). N means valid sample size.

Abbreviations: TS, tape stripping; CI, confidence interval.
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protocol-defined AEs were recorded during scheduled 
visits through 24 h. Expected transient induction- 
related erythema was managed in accordance with 
the safety protocol (the “Glycolic acid induction:  
safety procedures” subsection). No subject required  

medical referral. No clinically apparent PIH was 
observed at the 24 h visit; delayed irritation and PIH 
beyond 24 h cannot be fully excluded. These findings 
support the feasibility of the GA model under the pre-
defined safety and stopping criteria. Discomfort was 

Figure 16: Instrumental measurement of EI (mean, median, maximum and minimum) in each time-points.

(A) GA: time-points comparison of EI. (B) GA: time-points comparison of EI (untreated). (C) TS: time-points comparison of EI. (D) TS: time-points comparison of EI (untreated). 

Subsequent times that are significantly different (P < 0.05 at 95% CI) from the time after induction are marked with an asterisk “*” on the figure. N means valid sample size.

Abbreviations: GA, glycolic acid; TS, tape stripping; EI, erythema index. CI, confidence interval.

Figure 17: Instrumental measurement of EI (mean with standard error bar) in each time-points adjusted by the time after induction.

(A) treatments comparison of EI. (B) TS: treatments comparison of EI. The model showed that the difference was statistically significant (P < 0.05, 95% CI) compared with the 

untreated area; significant points are marked with an asterisk (*). N means valid sample size.

Abbreviations: EI, erythema index; TS, tape stripping; CI, confidence interval.
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monitored by dermatologist inquiry but not formally 
graded.

Discussion

This exploratory clinical model study addressed a practi-
cal need in cosmetic anti-redness testing: how to induce 
erythema in a site-relevant manner and which endpoints 
best capture short-term recovery. Stage 1 showed that  
GA induction on the face and TS induction on the  
forearm produced measurable erythema with different 
recovery kinetics, supporting their use as complemen-
tary rather than interchangeable models.

Given that both GA and TS induction can cause skin 
irritation, equal induction intensity between treated 
sides is important in Stage 2, and predefined maximum 
induction thresholds should be maintained. Continuous 
dermatologist oversight, neutralization, and explicit 
stopping criteria (the “Glycolic acid induction: safety 
procedures” subsection) are essential when using 50% 
GA on the face.

Redness is rarely homogeneous across the test area, as 

Figure 18: Imaging analysis of redness a* value (mean, median, maximum and minimum) in each time-points.

(A) GA: time-points comparison of redness (a* value). (B) GA: time-points comparison of redness (a* value) (untreated). Subsequent times that are significantly different (P < 0.05 at 

95% CI) from the time after induction are marked with an asterisk “*” on the figure. N means valid sample size.

Abbreviations: GA, glycolic acid; CI, confidence interval; a* value, redness chromaticity value.

Figure 19: Imaging analysis of redness a* value (mean with standard 
error bar) in each time-points adjusted by the time after induction.

The model showed that the difference was statistically significant (P < 0.05, 95% CI) 

compared with the untreated area; significant points are marked with an asterisk (*).  

N means valid sample size. CI, confidence interval; a* value, redness chromaticity value. Figure 20: Imaging analysis of the percentage of red area value (mean, 
median, maximum and minimum) in each time-points.

Subsequent times that are significantly different (P < 0.05 at 95% CI) from the time 

after induction are marked with an asterisk “*” on the figure. N means valid sample size.  

CI, confidence interval.
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shown in Figure 21. Depending on the device, point-
based instrumental probes may therefore underestimate 
spatial erythema, whereas whole-area clinical grading 
and imaging analysis capture spatial variation more 
effectively. For model-based testing, endpoint selection 
should match the erythema phenotype and application 
site rather than relying on a single universal readout. 
Accordingly, this study provides a practical framework 
for selecting induction models and endpoints when 
evaluating cosmetic anti-redness claims. Although 50% 
GA represents a relatively strong controlled chemical 
challenge compared with many everyday exposures, the 
resulting short-term facial erythema phenotype remains 
relevant to consumer-perceivable redness and may 
therefore inform daily anti-redness claim testing when 
results are interpreted in an exploratory, model-based 

context. Extrapolation to real-world medical aesthetic 
settings may be more limited, because post-procedure 
erythema can vary with procedure type, energy/dose, 
and aftercare, which were not simulated here. The TS 
forearm model better approximates barrier-disruption 
scenarios but is not a direct facial-use surrogate.

Statistical significance should not be equated with clinical  
meaningfulness. No minimal clinically important difference  
(MCID) was prespecified for the 5-point clinical erythema 
grade or for instrumental a*/EI values. Consumer- 
relevant improvement in cosmetic anti-redness testing 
is often inferred from concordant clinical grading and 
imaging changes rather than from a single instrumental 
threshold. We therefore emphasize consistency across 
endpoints, effect estimates with 95% confidence intervals, 
and model detectability, rather than claiming a clinically 
validated efficacy margin for the reference product.

This study has several limitations. First, Fitzpatrick skin 
phototypes were not systematically recorded; therefore, 
phototype distribution cannot be reported and findings 
may not generalize across all skin phototypes[7,8]. Second,  
only female subjects were enrolled. Although acceptable 
for an exploratory cosmetic study, this limits generaliza-
bility, as sex-related differences in skin thickness, barrier 
function, sebum composition, and cutaneous vascular 
reactivity may influence induction and recovery. Third, 
all assessments were conducted within a single season, 
and seasonal differences in temperature, humidity, and 
baseline barrier status may affect erythema responses[15]. 
Fourth, Stage 2 used a single reference product in a 

Figure 21: Imaging analysis of red area ratio% value (mean with standard  
error bar) in each time-points adjusted by the time after induction.

The model showed that the difference was statistically significant (P < 0.05, 95% CI) 

compared with the untreated area; significant points are marked with an asterisk (*).  

N means valid sample size. CI, confidence interval.

Figure 22: Effective case photo of the percentage of red area (on face).

Abbreviations: GA, glycolic acid.
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within-subject design and was not intended to confirm 
product efficacy. Fifth, the TS model was performed on 
the forearm whereas many anti-redness claims relate to 
the face, and the GA model used a high-concentration 
facial acid challenge that requires strict medical over-
sight. Future studies should enroll more diverse cohorts 
(including males and predefined Fitzpatrick subgroups), 
conduct multi-season testing, extend PIH follow-up, 
and further evaluate model performance with multiple 
reference interventions and longer safety follow-up. In 
addition, analyses were exploratory without multiplicity 
adjustment; the design was single-blind; GA amount 
varied within 0.2–0.3 g; safety follow-up was limited to 
24 h; and the exact pH of the 50% GA preparation was 
not captured in the original documentation and could 
not be measured retrospectively because the product has 
been discontinued, which limits full chemical characteri-
zation of the induction challenge.

Conclusions

In summary, this exploratory study characterized two 
short-term anti-redness evaluation models for cosmetic 
testing. Stage 1 showed that GA (face) and TS (forearm) 
induction can elicit measurable erythema with different  
recovery kinetics. Stage 2 suggested that selected 
endpoints, particularly clinical grading and facial  
red-area imaging in the GA model can detect short-term  
treated-versus-untreated differences, whereas the TS 
model was supported mainly by numerical trends. These 
findings support feasibility and model selection rather 
than definitive validation of either model or confirma-
tion of product efficacy. Because follow-up was limited 
to 24 h, we conclude only that no protocol-defined AEs 
were recorded during the short observation period; 
delayed irritation and PIH cannot be excluded.

Model selection should match the intended erythema 
phenotype (chemical irritation-related facial erythema 
for GA; barrier-disruption–related body erythema for 
TS), as detailed in the Discussion.
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