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ABSTRACT

Introduction: The aim of this study was to 
assess the efficacy and safety of 15% azelaic acid 
(AzA) gel in treating acne-induced post-inflam-
matory erythema (PIE) and post-inflammatory 
hyperpigmentation (PIH). The effects of 15% 
AzA gel on acne, skin barrier function, and qual-
ity of life were also evaluated.
Methods: A total of 72 patients with mild to 
moderate acne were enrolled in a randomized, 
double-blind, placebo-controlled trial. Patients 
were divided into two groups: patients in the 
AzA group applied 15% AzA gel twice daily for 

12 weeks, and those in the placebo group applied 
AzA-free gel. Clinical evaluations using non-
invasive skin detection technologies, includ-
ing VISIA skin analysis, dermoscopy, and skin 
physiological function tests, were performed 
at 0, 4, 8, and 12 weeks. Main outcome meas-
ures included the post-acne hyperpigmentation 
index (PAHPI), melanin, hemoglobin, individ-
ual typology angle, water content, transepider-
mal water loss, and sebum. Investigator Global 
Assessment) and Dermatology Life Quality Index 
(DLQI) assessments were conducted at weeks 0 
and 12. Adverse reactions were recorded.
Results: Of the 72 patients at study initia-
tion, 60 completed the trial. At 8 and 12 weeks, 
patients in the AzA group showed significantly 
reduced PAHPI for PIE lesions compared to base-
line and patients receiving placebo (P < 0.05). 
Patients in both groups exhibited reduced PIH 
lesions at weeks 8 and 12 that differed signifi-
cantly from baseline (P < 0.05). Hemoglobin con-
tent decreased significantly in AzA-treated PIE 
lesions compared to those treated with placebo 
at week 12 (P < 0.05). Melanin content decreased 
significantly in AzA-treated PIH lesions at week 
12 (P < 0.05). The AzA group showed higher 
improvement in DLQI (P < 0.05), and greater 
overall satisfaction (P < 0.05) compared to 
placebo.
Conclusion: The results indicate that 15% AzA 
gel effectively improved acne-induced PIE and 
PIH with minimal adverse reactions, making it 
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a viable clinical application. In the study popu-
lation, it had no adverse effects on skin barrier 
function and contributed positively to acne 
improvement and patient quality of life.
Trial Registration: This study was registered 
with the Chinese Clinical Trial Registry (ChiCTR.
org.cn) under the identifier ChiCTR2300076959. 
The registration date was 25 October 2023, ret-
rospectively registered.

Keywords: Acne; Azelaic acid; Post-
inflammatory erythema; Post-inflammatory 
hyperpigmentation; Skin barrier; Quality of life

Key Summary Points 

Why carry out the study?

Acne-induced post-inflammatory erythema 
(PIE) and post-inflammatory hyperpigmenta-
tion (PIH) pose notable challenges in derma-
tology.

This study aimed to evaluate the efficacy and 
safety of 15% azelaic acid (AzA) gel in treat-
ing acne-induced PIE and PIH.

What was learned from this study?

The study demonstrated that 15% AzA gel 
significantly decreased the intensity, size, and 
number of PIE and PIH lesions, along with 
improving overall acne severity.

Importantly, 15% AzA gel treatment did not 
negatively impact skin barrier function, indi-
cating its safety profile.

The findings suggest that 15% AzA gel could 
be a valuable treatment option for acne-
induced PIE and PIH, with potential impli-
cations for future research and treatment 
strategies.

INTRODUCTION

Acne vulgaris, an inflammatory skin disorder, 
poses a significant challenge in dermatology, 

affecting approximately 9% of the global popula-
tion and up to 85% of adolescents [1]. Its patho-
genesis is complex, involving genetic predisposi-
tion, hormonal fluctuations, hyperkeratosis of 
pilosebaceous duct epithelium, colonization by 
Cutibacterium acnes, and dietary factors. Inflam-
mation plays a central role in acne progression, 
leading to persistent vasodilation, capillary 
hyperplasia, and subsequent melanin synthe-
sis abnormalities, culminating in post-inflam-
matory erythema (PIE) and post-inflammatory 
hyperpigmentation (PIH). These pigmentary 
complications affect a wide range of individu-
als, particularly those with Fitzpatrick skin types 
III through VI, with rates ranging from 45.5% to 
87.2% [2]. PIE predominantly affects individuals 
with lighter skin tones, while PIH is more preva-
lent in those with darker complexions.

These pigmentary changes often coexist and 
primarily manifest on the cheeks, mandibu-
lar, and forehead regions. While inflammation 
serves as the primary etiological factor, the pre-
cise mechanisms remain incompletely under-
stood. Although these lesions may regress spon-
taneously, their resolution can be protracted, 
lasting months to years or persisting indefi-
nitely. In Asian and Middle Eastern populations, 
a substantial proportion of acne sufferers endure 
PIH for extended periods, signifying the need for 
effective management strategies.

Current management approaches for PIE 
include topical agents like tranexamic acid, tim-
olol, vitamin C, and tacrolimus, alongside pho-
toelectric therapies such as pulsed dye laser and 
intense pulsed light treatments. Likewise, depig-
menting agents like hydroquinone and kojic 
acid, as well as chemical peels and laser inter-
ventions, are employed to address PIH. However, 
these treatments are often expensive and require 
multiple sessions, limiting their accessibility and 
efficacy, especially among patients with darker 
skin tones or active disease. While PIE and PIH 
may not directly impact physical health, their 
visible effects can significantly affect patients’ 
self-esteem and overall well-being, potentially 
leading to psychological issues like anxiety, 
depression, and even suicidal thoughts [3].

Despite the impact of these pigmentary 
changes on patients, research on clinical man-
agement remains limited. Azelaic acid (AzA), 
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known for its anti-inflammatory, antibacterial, 
and anti-keratinizing properties, has emerged 
as a promising therapeutic option [4–6]. Given 
its multifaceted pharmacological effects, we 
hypothesized its efficacy in treating acne-
induced PIE and PIH. Thus, our study aimed 
to evaluate the effectiveness and safety of 15% 
AzA gel in treating these conditions, as well as 
its impact on acne, skin barrier function, and 
quality of life following treatment.

METHODS

Ethical Approval

This study received ethical approval from the 
Bioethics Committee of West China Hospital, 
Sichuan University (Protocol 2022-1439). All 
participants were recruited and included in the 
study following informed consent procedures 
in accordance with the principles outlined 
in the Declaration of Helsinki. Additionally, 
written informed consent was obtained from 
all participants for the publication of their 
photographs.

Study Design

The study was conducted at the Department 
of Dermatology and Venereology, West China 
Hospital, Sichuan University. Patients with 
mild to moderate acne vulgaris who met the 
predefined inclusion criteria were enrolled and 
randomly assigned to either the AzA group or 
the placebo group (Fig. 1). In the AzA group, 
participants received 15% AzA gel (Kelun Phar-
maceutical, Chengdu, China) applied twice 
daily to the cleansed facial area for 12 weeks. 
Conversely, the placebo group received an AzA-
free gel with identical ingredients (Kelun Phar-
maceutical) applied twice daily for the same 
duration. Concurrent use of alternative acne 
treatments or functional skincare products was 
prohibited, and strict adherence to physical 
sun protection measures was mandated.

Patients

A total of 72 patients were enrolled in the 
study, among whom 12 patients were ulti-
mately lost to follow-up (4 in the AzA group, 8 
in the placebo group) and eight patients missed 
the visit at the 8th week. Missing visit data at 
week 8 were imputed using the last observation 
carried forward (LOCF) method. Ultimately, 30 
participants were included in each group, for 
a total of 60 participants (25 men, 35 women), 
with an average (± standard deviation [SD]) age 
of 22.68 ± 3.60 (range 18–33) years. According 
to Fitzpatrick skin typing (58 patients type 
III, 2 patients type IV), there were no statis-
tically significant differences in gender (Chi-
square [χ2] = 0.069), age (t-test = 0.969), or skin 
type between the two groups before treatment 
(P > 0.05) (Table 1).

The duration of PIE and PIH in the enrolled 
patients was 6–12 months in 49 cases (81.6%) 
and exceeded 12 months in 11 cases (18.3%). 
Analysis of medical history using χ2 tests for 
categorical variables and t-tests for continuous 
variables showed no statistically significant 
differences between the two groups before 
treatment (P > 0.05), indicating comparability 
(Table 2).

Cutaneous symptom scores for PIE and PIH, 
and for the post-acne hyperpigmentation index 
(PAHPI), exhibited a non-normal distribution. 
Therefore, non-parametric Mann–Whitney 
U-tests were conducted, which revealed no 
statistically significant differences between the 
two groups (P > 0.05) (Table 3).

Prior to treatment, the Dermatology Life 
Quality Index (DLQI) and physiological param-
eters of acne, PIE, PIH, skin melanin, hemo-
globin, individual typology angle (ITA) value, 
water content of the stratum corneum, tran-
sepidermal water loss (TEWL), and sebum lev-
els were measured in both groups. All data were 
normally distributed, and independent sample 
t-tests indicated no statistically significant dif-
ferences between the groups (P > 0.05) (Table 4).
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Fig. 1  Diagram of the study design. AzA azelaic acid, PAHPI post-acne hyperpigmentation index, IGA Investigator Global 
Assessment, DLQI Dermatology Life Quality Index, ITA individual typology angle, TEWL transepidermal water loss
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Inclusion and Exclusion Criteria

The diagnosis of PIE and PIH relied on clinical 
assessment, given the absence of universally 
established diagnostic criteria. In this study, we 
defined diagnostic criteria for acne-induced PIE 
and PIH as follows: (1) prior clinical diagno-
sis of facial acne vulgaris; (2) development of 
smooth pigmentary changes following the res-
olution of inflammatory acne lesions like pap-
ules and pustules; and (3) possible concurrent 

Table 1  General characteristics of the enrolled patients

AzA Azelaic acid, SD standard deviation

Parameter AzA group Placebo group

Number of participants 30 30

Gender (male/female) 12/18 13/17

Age, mean ± SD 23.13 ± 3.87 22.23 ± 3.31

Fitzpatrick skin type III 29 29
Fitzpatrick skin type IV 1 1

Table 2  Baseline comparison of medical history between the two groups of patients

Values for the AzA and placebo groups are presented as the mean ± standard deviation (x ± s)
AzA Azelaic acid, IGA Investigator Global Assessment, PIE post-inflammatory erythema, PIH post-inflammatory hyperpig-
mentation

Parameter AzA group (N = 30) Placebo group (N = 30) χ2/t P-value

IGA score (mild/moderate) 25/5 26/4 0.596 0.440

Acne duration (years) 6.80 ± 3.87 6.07 ± 3.82 0.738 0.463

PIE/PIH duration 11.77 ± 2.84 10.80 ± 3.04 0.366 0.208

Averaged duration of sleep in the past 
month (h)

7.37 ± 0.76 7.40 ± 0.83 0.699 0.872

Daily sunscreen level (%) 45.00 ± 24.64 49.17 ± 20.13 0.147 0.476
Scratching/squeezing severity (%) 56.17 ± 27.60 65.33 ± 28.10 0.883 0.207

Table 3  Baseline comparison of symptoms and post-acne hyperpigmentation index for post-inflammatory erythema and 
post-inflammatory hyperpigmentation cutaneous lesions between the two groups of patients

Values for the AzA and placebo groups are presented as the median with 25th and 75th percentiles in parentheses (P25, P75)
AzA Azelaic acid, IGA Investigator Global Assessment, PIE post-inflammatory erythema, PIH post-inflammatory hyperpig-
mentation, PAHPI post-acne hyperpigmentation index

Parameter AzA group (N = 30) Placebo group (N = 30) Z-score P-value

PIE score (color) 6 (6, 6) 6 (6, 6) 0.05 0.960

PIE score (area) 4 (4, 4) 4 (2, 4) 1.37 0.171

PIE score (number) 2.5 (2, 3) 2 (1, 3) 1.679 0.093

(PIE) PAHPI 13 (12, 13.25) 12 (10, 13) 1.761 0.078

PIH score (color) 6 (6, 6) 6 (6, 6) 1.591 0.112

PIH score (area) 4 (3.5, 4) 4 (2, 4) 0.045 0.964

PIH score (number) 2 (1, 2) 2 (1, 2) 0.484 0.629
(PIH) PAHPI 12 (9.75, 12) 12 (9.75, 12) 0.363 0.716
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presence of a limited number of active acne 
lesions or scars.

Inclusion criteria included: (1) age between 
18 and 35 years; (2) a diagnosis of acne-induced 
PIE or PIH; (3) mild to moderate acne severity, 
indicated by Investigator Global Assessment 
(IGA) score 1–3; (4) provision of informed con-
sent and willingness to adhere to the prescribed 
skincare regimen; and (5) avoidance of strenu-
ous physical activity within 72 h preceding each 
scheduled visit.

Exclusion criteria comprised: (1) facial pig-
mentary skin disorders that might interfere 
with the accurate interpretation of test out-
comes; (2) documented allergy or sensitivity to 
AzA; (3) pregnancy or lactation; (4) evidence of 
impaired liver or kidney function; (5) tretinoin 

use within 3 months; (6) facial plastic surgery 
within 3  months; (7) oral acne treatments 
within 4 weeks; (8) chemical peels or photoelec-
tric therapy within 2 weeks; and (9) a history of 
immunodeficiency disorders.

Clinical Evaluations

The primary assessment parameter was the 
change in PAHPI within PIE and PIH lesions 
before and after AzA treatment. This index 
encompasses an evaluation of the intensity, size, 
and number of skin lesions [7], resulting in a 
cumulative score ranging from 6 to 22 points, 
with higher scores correlating with greater 
degrees of pigmentation severity (Tables 5, 6, 7). 

Table 4  Baseline comparison of skin physiological indices and Dermatology Life Quality Index between the two groups of 
patients

Values for the AzA and placebo groups are presented as the mean ± standard deviation (x ± s)
AzA Azelaic acid, DLQI Dermatology Life Quality Index, ITA individual typology angle, PAHPI post-acne hyperpigmenta-
tion index, PIE post-inflammatory erythema, PIH post-inflammatory hyperpigmentation, TEWL transepidermal water loss

Parameter AzA group (N = 30) Placebo group (N = 30) t-value P-value

Hemoglobin (PIE) 464.57 ± 71.52 434.95 ± 68.79 1.64 0.11

Melanin (PIE) 87.65 ± 33.08 82.72 ± 32.11 0.59 0.56

Hemoglobin (PIH) 403.20 ± 67.73 371.14 ± 94.90 1.51 0.14

Melanin (PIH) 144.89 ± 33.37 136.39 ± 34.57 0.97 0.34

ITA value (PIE) 28.29 ± 8.42 30.95 ± 11.13 − 1.05 0.30

ITA value (PIH) 24.67 ± 10.07 30.05 ± 12.27 − 1.86 0.07

Stratum Corneum hydration 54.10 ± 13.02 59.82 ± 9.59 − 1.94 0.06

TEWL 18.20 ± 4.61 18.18 ± 5.21 0.02 0.99

Sebum 156.29 ± 60.73 132.64 ± 53.69 1.6 0.12
DLQI 9.5 ± 6.30 9.7 ± 5.90 − 1.27 0.9

Table 5  Skin lesion color scoring

Median skin lesion color (I) Score

Mild post-inflammatory erythema/pigmentary changes, light red/light brown 3

Moderate post-inflammatory erythema/pigmentary changes, dark red/yellow–brown 6
Severe post-inflammatory erythema/pigmentary changes, bright red/deep brown 9
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To facilitate accurate PAHPI scoring, the VISIA 
Skin Analysis system (Canfield Scientific, Parsip-
pany, NJ, USA) and dermatoscopy (JEDA, Nan-
jing, China) were deployed in accordance with 
the respective manufacturers’ instructions. In a 
complementary manner, the IGA scale served as 
a secondary evaluation parameter.

Skin Physiology Assessments

Skin physiology assessments were conducted 
non-invasively using equipment from Cour-
age + Khazaka electronic GmbH (Köln, Germany) 
to evaluate changes in melanin, hemoglobin, 
and ITA values within PIE and PIH lesions, as 
described in following text. Typical PIE and 
PIH lesions on the face, identified through 
dermoscopy, were selected for analysis. Three 
consecutive measurements were taken at each 
of these marked locations, with a 3-s interval 
between each reading, and the average value 
was recorded. Consistency was maintained by 
ensuring measurements were taken at the same 
marked locations during each visit.

Melanin and hemoglobin content were 
assessed using the Mexameter MX18 probe, 

following the manufacturer’s instructions. These 
measurements aided in determining the Fitzpat-
rick skin type, with average melanin content 
serving as an indicator (1–150 for Type II skin, 
150–250 for Type III skin, and 250–350 for Type 
IV skin). Erythema values were also determined, 
ranging from no erythema (0–170) to maximum 
erythema (> 570).

Brightness changes within PIE and PIH skin 
lesions were analyzed using the ITA value, 
assessed with the Skin-Colorimeter CL400 
probe in accordance with the manufacturer’s 
instructions. Outcomes were categorized based 
on ITA values as very bright (ITA > 55°), bright 
(55° > ITA > 41°), moderate (41° > ITA > 28°), and 
tan or dull (28° > ITA > 10°) complexions.

Skin Barrier Function Evaluations

Skin barrier function was evaluated through the 
assessment of water content, TEWL, and sebum 
levels within the stratum corneum, utilizing 
equipment sourced from Courage + Khazaka 
electronic GmbH, as described in following text.

Water content was quantified using the Cor-
neometer CM825 probe. Triple consecutive 
measurements were performed at each assess-
ment point, including the forehead and both 
cheeks, with the mean value calculated for accu-
racy. Interpretation referenced healthy skin on 
the inner forearm, categorized from very dry 
(< 30) to extremely moist (> 40).

TEWL was determined using the Tewam-
eter TM300 probe. Measurements, lasting 30 s 
each, were conducted on the forehead and both 
cheeks. The average value for each region was 
computed from three consecutive measure-
ments. Interpretation compared TEWL values 
to those of healthy skin (2.26 ± 1.36 g/m2/h) [8], 
with higher values indicating compromised skin 
barrier function.

Sebum levels were measured using the 
Sebumeter SM815 probe. Assessment points 
included the forehead and both cheeks. Ele-
vated sebum values were associated with 
heightened sebum secretion. For sebum level 
assessment, a thin special extinction tape was 
utilized to absorb sebum on the skin, and then 

Table 6  Skin lesion size scoring

Median skin lesion size (S) (mm) Score

 < 3 2

3–6 4

7–10 6
 > 10 8

Table 7  Skin lesion number scoring

Number of skin lesions (N) (count) Score

1–15 1

16–30 2

31–45 3

46–60 4
 > 60 5
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the transparency of the tape was measured 
using a photodetector tube. Following calcula-
tion, the sebum content appeared on the com-
puter. This method exclusively assesses skin 
sebum, mitigating interference from moisture 
levels.

Patient Outcome Evaluations

The DLQI was evaluated during the initial and 
final visits. Participants were instructed to doc-
ument any adverse effects encountered during 
the study period.

Statistical Analysis

For the statistical analysis, SPSS version 27 
software (IBM SPSS, Armonk, NY, USA) was 
utilized. Normally distributed data were pre-
sented as the mean ± standard deviation (x ± s) 
and analyzed using t-tests for paired data or 
repeated measures analysis of variance for 
multiple groups. Non-normally distributed 
data were expressed using the median and 
25th/75th percentiles (P25, P75) and ana-
lyzed using non-parametric tests such as the 
Wilcoxon rank-sum test for related samples. 
Multigroup analysis was conducted using gen-
eralized estimating equations. Categorical and 
ranked data were assessed using the Chi-square 
test and rank-sum test, respectively. Statisti-
cal significance was considered at P < 0.05. 
Graphs were generated using GraphPad Prism 

9.0 software (GraphPad Software, San Diego, 
CA, USA).

RESULTS

Decreased Intensity, Size, Number, and 
PAHPI in Acne‑Induced PIE and PIH, and 
Decreased Overall IGA

The data for skin lesion scores and PAHPI 
before and after treatment in the AzA and pla-
cebo groups exhibited non-normal distribu-
tion, necessitating the use of generalized esti-
mating equations for analysis. A reduction in 
the intensity, size, number, and PAHPI in acne-
induced PIE and PIH, along with a decrease in 
overall IGA, was observed. Both groups dem-
onstrated a decrease in PIE and PIH following 
treatment compared to baseline.

For PIE, statistically significant differences 
in intensity between the groups were noted 
at weeks 8 (Wald χ2 = 5.190, P = 0.023) and 12 
(Wald χ2 = 32.347, P < 0.001), with the AzA 
group showing superior improvement over 
time (Table  8; Fig.  2a). Similarly, for size, 
statistically significant differences between 
the groups were observed at week 12 (Wald 
χ2 = 3.888, P = 0.049), favoring the AzA group 
(Table  9; Fig.  2b). Regarding the number, 
statistically significant differences between 
the groups were also seen at week 12 (Wald 
χ2 = 8.303, P = 0.004), with the AzA group exhib-
iting better improvement (Table 10; Fig. 2c). 
PAHPI results showed significant differences 

Table 8  Comparison of post-inflammatory erythema color scores between the two groups of patients

Values for the AzA and placebo groups are presented as the median with 25th and 75th percentiles in parentheses (P25, P75)
AzA Azelaic acid, PIE post-inflammatory erythema

Median skin lesion color 
(PIE)

AzA group (N = 30) Placebo group
(N = 30)

Wald χ2 P-value

Week 0 6 (6, 6) 6 (6, 6) 0.000 1.000

Week 4 6 (3, 6) 6 (3, 6) 0.226 0.634

Week 8 3 (3, 6) 6 (3, 6) 5.190 0.023
Week 12 3 (3, 3) 6 (3, 6) 32.347  < 0.001
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Fig. 2  Effect of AzA on acne-induced PIE and PIH. 
a–d Graphical representation illustrating the reduction in 
intensity, size, and number of acne-induced PIE lesions. 
e–h Graphical representation illustrating the reduction in 
intensity, size, and number of acne-induced PIH lesions. 
AzA significantly decreased the overall PAHPI scores 

and IGA ratings. Asterisks indicate significant differences 
between groups at *P < 0.05, **P < 0.01, ***P < 0.005, and 
****P < 0.001. AzA azelaic acid, IGA Investigator Global 
Assessment, ns not significant, PAHPI post-acne hyperpig-
mentation index PIE post-inflammatory erythema, PIH 
post-inflammatory hyperpigmentation
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between the groups at weeks 8 (Wald χ2 = 3.99, 
P = 0.046) and 12 (Wald χ2 = 20.89, P < 0.001), 
with the AzA group demonstrating superior 
improvement over time (Table 11; Fig. 2d).

Results for PIH exhibited a similar trend to 
that of PIE. Statistically significant differences 
between the AzA and placebo groups, as well as 
significant improvement, were observed at week 
12 for intensity (Wald χ2 = 19.470, P < 0.001), 
size (Wald χ2 = 19.470, P = 0.003), and num-
ber (Wald χ2 = 12.199, P < 0.001) (Tables 12, 13, 
14; Fig. 2e–g). PAHPI also showed statistically 
significant differences between the groups at 
weeks 8 (Wald χ2 = 4.51, P = 0.034) and 12 (Wald 
χ2 = 22.51, P < 0.001), with the AzA group display-
ing better improvement over time (Table 15; 
Fig. 2h).

The changes observed in the IGA scores before 
and after treatment were consistent with the 
PAHPI results. Based on IGA scores, in the AzA 
group prior to treatment, 83.3% of cases were 
assessed as mild and 16.66% as moderate; after 
treatment, there was a shift to 70% mild cases, 
3.33% moderate cases, with fully recovery in 
26.66% of cases. Conversely, in the placebo 
group, prior to treatment, 86.66% of cases were 
assessed as mild and 13.33% as moderate; after 

Table 9  Comparison of post-inflammatory erythema size 
scores between the two groups of patients

Values for the AzA and placebo groups are presented as 
the median with 25th and 75th percentiles in parentheses 
(P25, P75)
AzA azelaic acid, PIE post-inflammatory erythema

Median 
skin lesion 
size (PIE)

AzA 
group 
(N = 30)

Placebo 
group 
(N = 30)

Wald χ2 P-value

Week 0 4 (4, 4) 4 (2, 4) 1.964 0.161

Week 4 4 (2, 4) 4 (2, 4) 0.226 0.634

Week 8 2 (2, 4) 3 (2, 4) 0.854 0.355
Week 12 2 (2, 2.5) 2 (2, 4) 3.888 0.049

Table 10  Comparison of post-inflammatory erythema number scores between the two groups of patients

Values for the AzA and placebo groups are presented as the median with 25th and 75th percentiles in parentheses (P25, P75)
AzA Azelaic acid, PIE post-inflammatory erythema

Number of lesions (PIE) AzA group (N = 30) Placebo group (N = 30) Wald χ2 P-value

Week 0 2.5 (2, 3) 2 (1, 3) 3.351 0.067

Week 4 2 (2, 2.25) 2 (1, 3) 0.566 0.452

Week 8 1 (1, 2) 2 (1, 3) 3.273 0.070
Week 12 1 (1, 1.25) 2 (1, 2) 8.303 0.004

Table 11  Comparison of post-inflammatory erythema post-acne hyperpigmentation index between the two groups of 
patients

Values for the AzA and placebo groups are presented as the median with 25th and 75th percentiles in parentheses (P25, P75)
AzA azelaic acid, PAHPI post-acne hyperpigmentation index, PIE post-inflammatory erythema

PAHPI (PIE) AzA group (N = 30) Placebo group (N = 30) Wald χ2 P-value

Week 0 13 (12, 13.25) 12 (10, 13) 1.71 0.192

Week 4 12 (9, 12.25) 12 (7.75, 13) 0.02 0.896

Week 8 7 (6, 11.25) 10 (7, 12) 3.99 0.046
Week 12 6 (6, 8.25) 12 (9, 12) 20.89  < 0.001
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treatment, this changed to 87% mild cases, 10% 
moderate cases, and 3.33% severe cases (Fig. 3). 
A statistical analysis conducted at week 12 
(Z = − 3.386, P < 0.001) revealed a significant dif-
ference between the groups, indicating notable 
improvement in the AzA group compared to the 
placebo group (Table 16).

Decreased Melanin and Hemoglobin, and 
Increased ITA in Acne‑Induced PIE, and 
Decreased Melanin and Increased ITA in 
Acne‑Induced PIH

Melanin, hemoglobin, and ITA values before 
and after treatment in the AzA and placebo 
groups exhibited normal distribution, allow-
ing for repeated measures analysis of variance. 
A decrease in melanin and hemoglobin, along 
with an increase in ITA, was observed in acne-
induced PIE and PIH.

For PIE, melanin levels decreased signifi-
cantly in the AzA group compared to the pla-
cebo group at week 12 (F = 4.335, P = 0.042) 
(Table  17; Fig.  4a). Hemoglobin levels and 
ITA values also showed statistically significant 
improvement in the AzA group at week 12 
(hemoglobin: F = 4.783, P = 0.033; ITA: F = 4.539, 
P = 0.037) (Tables 18, 19; Fig. 4b, c).

In terms of PIH, statistically significant 
improvements in melanin and ITA were 
observed in the AzA group at week 12 (mel-
anin: F = 8.146, P = 0.006; ITA: F = 5.502, 
P = 0.022) (Tables 20, 21; Fig. 4d, f). No statisti-
cal difference was observed in hemoglobin lev-
els between the two groups (Table 22; Fig. 4e).

Table 12  Comparison of post-inflammatory hyperpig-
mentation color scores between the two groups of patients

Values for the AzA and placebo groups are presented as 
the median with 25th and 75th percentiles in parentheses 
(P25, P75)
AzA azelaic acid, PIH post-inflammatory hyperpigmenta-
tion

Median skin 
lesion color 
(PIH)

AzA 
group 
(N = 30)

Placebo 
group 
(N = 30)

Wald χ2 P-value

Week 0 6 (6, 6) 6 (6, 6) 2.741 0.098

Week 4 6 (3, 6) 6 (3, 6) 0.071 0.790

Week 8 3 (3, 6) 6 (3, 6) 2.204 0.138
Week 12 3 (3, 3) 6 (3, 6) 19.470  < 0.001

Table 13  Comparison of post-inflammatory hyperpig-
mentation size scores between the two groups of patients

Values for the AzA and placebo groups are presented as 
the median with 25th and 75th percentiles in parentheses 
(P25, P75)
AzA Azelaic acid, PIH post-inflammatory hyperpigmenta-
tion

Median skin 
lesion size 
(PIH)

AzA 
group 
(N = 30)

Placebo 
group 
(N = 30)

Wald χ2 P-value

Week 0 4 (3.5, 4) 4 (2, 4) 0.000 1.000

Week 4 4 (2, 4) 4 (2, 4) 0.203 0.652

Week 8 2 (2, 4) 4 (2, 4) 4.702 0.030
Week 12 2 (2, 2) 4 (2, 4) 9.000 0.003

Table 14  Comparison of post-inflammatory hyperpig-
mentation number scores between the two groups of 
patients

Values for the AzA and placebo groups are presented as 
the median with 25th and 75th percentiles in parentheses 
(P25, P75)
AzA Azelaic acid, PIH post-inflammatory hyperpigmenta-
tion

Number 
of lesions 
(PIH)

AzA 
group 
(N = 30)

Placebo 
group 
(N = 30)

Wald χ2 P-value

Week 0 2 (1, 2) 2 (1, 2) 0.655 0.418

Week 4 2 (1, 2) 2 (1, 2) 0.038 0.845

Week 8 1 (1, 2) 2 (1, 2) 3.767 0.052
Week 12 1 (1, 1) 1 (1, 2) 12.199  < 0.001
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No Influence on Water Content, Increased 
TEWL, and Decreased Sebum Level of Skin

Water content of the stratum corneum showed 
no significant changes compared to baseline 
after treatment in both groups. There was no 
statistical difference between the AzA and pla-
cebo groups (Table 23; Fig. 5a).

TEWL values increased in both groups 
after treatment, with no statistical difference 
between the AzA and placebo groups (Table 24; 
Fig. 5b).

Sebum levels decreased in both groups after 
treatment, with no statistical difference observed 
between the two groups (Table 25; Fig. 5c).

Table 15  Comparison of post-inflammatory hyperpigmentation post-acne hyperpigmentation index between the two 
groups of patients

Values for the AzA and placebo groups are presented as the median with 25th and 75th percentiles in parentheses (P25, P75)
AzA Azelaic acid, PAHPI post-acne hyperpigmentation index, PIH post-inflammatory hyperpigmentation

PAHPI (PIH) AzA Group
(N = 30)

Placebo Group
(N = 30)

Wald χ2 P-value

Week 0 12 (9.75, 12) 12 (9.75, 12) 1.08 0.299

Week 4 11 (7.75, 12) 12 (8.75, 12) 0.08 0.781

Week 8 7 (6, 11) 9.5 (7.5, 12) 4.51 0.034
Week 12 6 (6, 7.25) 9 (7, 12) 22.51  < 0.001

Fig. 3  Comparison of acne severity between treatment 
groups based on IGA scores of acne between the AzA and 
placebo groups, showing the efficacy of AzA in reducing 
acne severity. AzA azelaic acid, IGA Investigator Global 
Assessment

Table 16  Comparison of acne Investigator Global Assessment scores before and after treatment between the two groups of 
patients

AzA azelaic acid, IGA Investigator Global Assessment, P25, P75 25th and 75th percentiles

Comparison of acne Investigator Global Assess-
ment scores before and after treatment

AzA group 
(N = 30)

Placebo group 
(N = 30)

Z-score P-value

Week 0, mean (P25, P75) 2 (2, 2) 2 (2, 2) − 0.905 0.366

Week 12, mean (P25, P75) 1 (0, 2) 2 (1, 2) − 3.386  < 0.001

Z − 4.26 − 1.698
P  < 0.001 0.09
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Table 17  Comparison of post-inflammatory erythema melanin between the two groups of patients (x ± s)

AzA azelaic acid, PIE post-inflammatory erythema

Melanin (PIE) AzA group
(N = 30)

Placebo group
(N = 30)

F P

Week 0 87.65 ± 33.08 82.72 ± 32.11 0.343 0.560

Week 4 105.45 ± 31.24 111.54 ± 39.46 0.440 0.510

Week 8 92.82 ± 32.44 101.69 ± 40.11 0.886 0.351
Week 12 80.79 ± 31.99 98.30 ± 33.14 4.335 0.042

Fig. 4  Effect of AzA on melanin, hemoglobin, and ITA in 
acne-induced PIE and PIH. a–c Reduction in melanin (a) and 
hemoglobin (b) levels and increase in ITA (c) within acne-
induced PIE. d, f Reduction in melanin (d) and increase in 
ITA (f) within acne-induced PIH. e Hemoglobin in PIH; no 

significant difference between the two groups was observed. 
Asterisks indicate significant differences between groups at 
*P < 0.05, **P < 0.01, and ***P < 0.005. AzA Azelaic acid, ITA 
individual typology angle, ns not significant, PIE post-inflam-
matory erythema, PIH post-inflammatory hyperpigmentation
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Table 18  Comparison of post-inflammatory erythema hemoglobin between the two groups of patients

Values for the AzA and placebo groups are presented as the mean ± standard deviation (x ± s)
AzA Azelaic acid, PIE post-inflammatory erythema

Hemoglobin (PIE) AzA group (N = 30) Placebo group (N = 30) F P-value

Week 0 464.57 ± 71.52 434.95 ± 68.79 2.673 0.107

Week 4 429.36 ± 72.61 403.10 ± 80.44 1.762 0.190

Week 8 390.32 ± 69.78 396.02 ± 67.55 0.103 0.749
Week 12 339.41 ± 92.85 388.07 ± 78.92 4.783 0.033

Table 19  Comparison of post-inflammatory erythema individual typology angle between the two groups of patients

Values for the AzA and placebo groups are presented as the mean ± standard deviation (x ± s)
AzA Azelaic acid, ITA individual typology angle, PIE post-inflammatory erythema

ITA (PIE) AzA group (N = 30) Placebo group (N = 30) F P-value

Week 0 28.29 ± 8.42 30.95 ± 11.13 1.092 0.300

Week 4 32.62 ± 7.40 32.90 ± 11.28 0.013 0.910

Week 8 35.92 ± 7.24 33.91 ± 11.60 0.650 0.423
Week 12 41.15 ± 6.90 36.54 ± 9.65 4.539 0.037

Table 20  Comparison of post-inflammatory hyperpigmentation melanin between the two groups of patients

Values for the AzA and placebo groups are presented as the mean ± standard deviation (x ± s)
AzA Azelaic acid, PIH post-inflammatory hyperpigmentation

Melanin (PIH) AzA group (N = 30) Placebo group (N = 30) F P-value

Week 0 144.89 ± 33.37 136.39 ± 34.57 0.939 0.337

Week 4 127.79 ± 28.31 130.76 ± 41.82 0.104 0.749

Week 8 113.48 ± 29.97 124.03 ± 39.34 1.367 0.247
Week 12 97.07 ± 27.26 127.31 ± 51.25 8.146 0.006

Table 21  Comparison of post-inflammatory hyperpigmentation hemoglobin between the two groups of patients

Values for the AzA and placebo groups are presented as the mean ± standard deviation (x ± s)
AzA Azelaic acid, PIH post-inflammatory hyperpigmentation

Hemoglobin (PIE) AzA group (N = 30) Placebo group (N = 30) F P-value

Week 0 403.20 ± 67.73 371.14 ± 94.90 2.267 0.138

Week 4 372.23 ± 66.40 346.26 ± 91.80 1.577 0.214

Week 8 352.24 ± 66.68 341.86 ± 86.31 0.272 0.604
Week 12 302.08 ± 81.45 322.78 ± 78.56 1.003 0.321
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Increased Overall Subjective Improvement 
in Patients, and Decreased DLQI with 
Observation of Clinical Improvement and 
No Serious Adverse Effects

By week 12, patients assessed their satisfac-
tion with the improvement in acne-induced 
PIE and PIH. In the AzA group, the effective 
rate, indicating improvement rates exceeding 
60%, was 73.33%, contrasting with 13.33% in 
the placebo group. This discrepancy yielded a 
statistically significant difference between the 
two groups (P < 0.05), with a total effective rate 
of 100% in the AzA group compared to 56.66% 
in the placebo group. Notably, 10% of patients 
in the placebo group experienced worsening 
symptoms (Tables 26, 27; Fig. 6a).

DLQI scores decreased significantly in the 
AzA group compared to the placebo group at 
week 12 (Z = − 3.221, P = 0.001), indicating an 
improvement in the quality of life of patients 
with acne-induced PIE and PIH in the AzA 
group (Table 27; Fig. 6b).

Clinical evaluations using the VISIA Skin 
Analysis system and dermatoscopy demon-
strated marked improvements in PIE and PIH 
within the AzA group compared to the placebo 
group. Specifically, analysis with VISIA revealed 
a reduction in the area of redness and brown 
spots, accompanied by darkening of color at 
the 12-week mark compared to baseline in the 
AzA group (Fig. 7a, b). In contrast, the placebo 
group exhibited no significant change in redness 
area, if not exacerbation, with color deepening 
(Fig. 7e, f). Dermoscopy examinations further 
indicated lightening of color and reduction in 
brown spot area and background erythema in 
the AzA group at week 12 (Fig. 7c, d), whereas no 
notable changes were observed in the placebo 
group (Fig. 7g, h).

In the AzA group, 20 patients (66.67%) 
reported experiencing mild facial erythema, tin-
gling, dryness, itching, peeling, and other symp-
toms during the treatment process. Upon experi-
encing these symptoms, patients were advised to 
temporarily discontinue AzA usage for 3–5 days 
while intensifying facial moisturization and sun 

Table 22  Comparison of post-inflammatory hyperpigmentation individual typology angle between the two groups of 
patients

Values for the AzA and placebo groups are presented as the mean ± standard deviation (x ± s)
AzA Azelaic acid, ITA individual typology angle, PIH post-inflammatory hyperpigmentation,

ITA (PIE) AzA group (N = 30) Placebo group (N = 30) F P-value

Week 0 24.67 ± 10.07 30.05 ± 12.27 3.453 0.068

Week 4 31.49 ± 7.86 31.45 ± 10.92 0.000 0.988

Week 8 35.18 ± 7.13 33.26 ± 11.76 0.582 0.449
Week 12 40.18 ± 7.24 33.80 ± 13.01 5.502 0.022

Table 23  Comparison of water content of the stratum corneum between the two groups of patients (x ± s)

Values for the AzA and placebo groups are presented as the mean ± standard deviation (x ± s)
AzA Azelaic acid

Water content AzA group (N = 30) Placebo group (N = 30) F P-value

Week 0 54.10 ± 13.02 59.82 ± 9.59 3.757 0.057

Week 4 51.95 ± 9.52 56.81 ± 9.67 3.847 0.055

Week 8 51.39 ± 10.45 56.81 ± 11.07 3.810 0.056
Week 12 51.48 ± 12.10 57.30 ± 10.43 3.975 0.051
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protection. Generally, these symptoms com-
pletely subsided within approximately 7 days, 
and patients developed tolerance by gradually 
extending the duration of AzA application. 
Notably, these adverse reactions did not persist 
into the 8th and 12th weeks of the trial. Con-
versely, no adverse reactions were observed in 
the placebo group throughout the entire study 
duration, and no serious adverse events were 
reported.

DISCUSSION

Acne is known as a prevalent chronic inflam-
matory condition that particularly affects ado-
lescents, presenting a spectrum of clinical man-
ifestations and a multifaceted pathogenesis. 
Inflammation remains a hallmark of acne, often 
leading to the emergence of PIE and PIH during 
the healing phase of inflammatory lesions.

Notably, persistent telangiectasia and inflam-
matory mediators are frequently observed in 
acne PIE lesions, particularly among individuals 
with lighter skin tones [9]. The precise patho-
genesis remains incompletely elucidated, with 
several key points meriting consideration: (1) 
inflammation triggers an increase in red blood 
cell count, leading to vascular dilation and 
hyperplasia; (2) sustained inflammation induces 
skin tissue edema and collagen degradation, 
resulting in epidermal thinning and heightened 
light reflection from expanded microvasculature 
[9]; (3) certain anti-acne agents, including topi-
cal or systemic retinoic acid and benzoyl per-
oxide, may serve as sources of local irritation 
[10]. Dermoscopic examination of PIE lesions 

Fig. 5  Effect of AzA on skin physiology. a Water con-
tent; there was no significant change with treatment. b, c 
there was an increase in TEWL (b) and decrease in sebum 
level (c) of skin after AzA treatment. Asterisks indicate 
significant differences between groups at **P < 0.01 and 
***P < 0.005. AzA azelaic acid, ns not significant, TEWL 
transepidermal water loss

Table 24  Comparison of transepidermal water loss between the two groups of patients

Values for the AzA and placebo groups are presented as the median with 25th and 75th percentiles in parentheses (P25, P75)
AzA Azelaic acid, TEWL transepidermal water loss

TEWL AzA group (N = 30) Placebo group (N = 30) F P-value

Week 0 17.62 (15.78, 20.27) 17.30 (14.85, 20.45) 0.000 0.986

Week 4 20.89 (17.76, 25.14) 19.37 (17.30, 23.52) 3.692 0.055

Week 8 23.96 (18.99, 31.49) 20.08 (17.58, 25.74) 2.323 0.128
Week 12 21.41 (18.58, 24.70) 20.8 (19.02, 25.92) 0.299 0.584
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often reveals telangiectasia and vascular pat-
terns, predominantly in the form of punctate 
vessels, followed by glomeruli, linear vessels, 
serpentine structures, dendrites, and large vas-
cular lakes. Studies utilizing optical coherence 
tomography-based microangiography have 
demonstrated rougher and less organized blood 
vessels in acne-affected areas compared to sur-
rounding normal tissue, with an early surge in 
blood vessel density during acne inflammation 
followed by a gradual decline [11].

In comparison, acne PIH lesions typically 
present as brown to gray-brown patches with 
well-defined borders, intensifying following the 
resolution of PIE. Histopathologically, PIH can 
be categorized into epidermal and dermal types 
[12]: the former primarily results from increased 
melanin within keratinocytes, while the latter 
stems from heightened dermal melanophages, 
with potential melanin decrease in the epider-
mis due to lymphocyte infiltration. Dermoscopi-
cally, epidermal PIH appears as light brown to 

Table 25  Comparison of sebum level between the two groups of patients

Values for the AzA and placebo groups are presented as the median with 25th and 75th percentiles in parentheses (P25, P75)
AzA azelaic acid

Sebum level AzA group (N = 30) Placebo group (N = 30) F P

Week 0 150.75 (112.42 ,180) 119.51 (85.67, 169.75) 2.642 0.104

Week 4 102.00 (87.00, 148.50) 98.00 (79.25, 142.00) 0.749 0.387

Week 8 84.00 (59.25, 130.75) 86.00 (70.00, 114.00) 0.002 0.964
Week 12 81.00 (65.00, 111.50) 77.50 (67.25, 101.25) 0.000 0.992

Table 26  Comparison of overall subjective improvement between the two groups of patients

AzA azelaic acid

Patient groups Worsening, n 
(%)

No 
improve-
ment, n (%)

Moderate 
improvement, 
n (%)

Significant 
improvement, 
n (%)

Complete 
recovery, n 
(%)

Effective rate 
(%)

Total 
effective 
rate (%)

AzA group 0 0 8 (26.66%) 19 (63.33%) 3 (10%) 73.33% 100%

Placebo group 3 (10%) 10 (33.33%) 13 (43.33%) 4 (13.33%) 0 13.33% 56.66%
P-value  < 0.05

Table 27  Comparison of changes of Dermatology Life Quality Index between the two groups of patients

Values for the AzA and placebo groups are presented as the median with 25th and 75th percentiles in parentheses (P25, P75)
AzA azelaic acid, DLQI Dermatology Life Quality Index

Change in DLQI AzA group (N = 30) Placebo group (N = 30) Z P-value

Week 0 9.5 (4, 13) 10 (5.5, 12.25) 0.000 1.000

Week 12 3 (0.75, 7.5) 9.5 (5.75, 14) − 3.221 0.001

Z − 4.418 − 1.009
P  < 0.001 0.313
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tan, while dermal PIH manifests as light blue, 
dark gray, or blue-black [13]. Melanin synthesis 
is intricately regulated, with tyrosinase playing 
a key role [14]. The pathogenesis of PIH involves 
local inflammation triggering the production of 
inflammatory mediators, such as arachidonic 
acid, prostaglandin, leukotriene, interleukin 
(IL), tumor necrosis factor (TNF), and throm-
boxane, thereby stimulating melanocyte prolif-
eration and volume increase, ultimately leading 
to heightened melanin synthesis. Inflamma-
tion also targets and disrupts melanocytes and 
the dermal–epidermal junction, facilitating the 
migration of melanin granules from the epider-
mis to the dermis via dendrites. Additionally, 
inflammation diminishes sulfhydryl groups 

in the skin, hampering tyrosinase activity and 
augmenting melanin production. Cutibacterium 
acnes has been implicated in elevating mes-
senger RNA (mRNA) expression of TNF-alpha, 
secretion levels of IL-6 and IL-8, mRNA levels of 
tyrosinase, and dopachrome tautomerase, con-
sequently activating melanocytes and increasing 
melanin output [15].

A comparative analysis of soluble proteins in 
pathological sections of acne-induced PIE and 
PIH revealed elevated levels of dermal remod-
eling proteases and inhibitors in PIE lesions, 
indicative of dermal remodeling during excision 
[16]. Conversely, PIH lesions exhibited height-
ened levels of IL-1β and transforming growth 
factor-beta (TGF-β), suggesting macrophage 
infiltration and persistent inflammation during 
resection. Moreover, PIH lesions displayed a sig-
nificant increase in Keap1 protein, implicating 
a role in repressing oxidative and electrophilic 
stress and leading to premature endothelial cell 
senescence [16]. The resolution time of skin 
lesions is influenced by factors such as patient 
skin color, inflammation severity, and basement 
membrane zone damage [17]. Early intervention 
and inflammation control are crucial for effec-
tive treatment.

AzA exerts anti-inflammatory effects by 
inhibiting the expression and secretion of 
inflammatory mediators, thereby attenuating 
inflammation. AzA has been shown to impede 
the antimicrobial peptide channel of serine 
protease kallikrein-5 (KlK-5), reduce serine 
protease synthesis, and subsequently dimin-
ish pro-inflammatory cytokine release [5, 18]. 
Moreover, AzA inhibits the CD36/NADPH 
oxidase pathway and upregulates peroxisome 
proliferator-activated receptor-gamma (PPAR-γ) 
expression, thereby modulating inflammation 
[2, 6, 19]. Furthermore, AzA scavenges intra-
cellular reactive oxygen species (ROS), includ-
ing superoxide anions and hydroxyl radicals, 
thereby mitigating ROS release from neutro-
phils and inhibiting the degradation of aro-
matic compounds (including tyrosine acid) and 
arachidonic acid [20, 21]. AzA also impedes 
tyrosinase activity, exerting a direct inhibitory 
and cytotoxic effect on hyperfunctional mel-
anocytes with structural anomalies, with mini-
mal impact on normal cells, potentially due to 

Fig. 6  Subjective improvement and quality of life changes 
with AzA treatment. a Increased overall subjective 
improvement in patients, b decreased DLQI with clinical 
improvement observed in AzA-treated individuals. AzA 
Azelaic acid, DLQI Dermatology Life Quality Index



1311Dermatol Ther (Heidelb) (2024) 14:1293–1314 

Fig. 7  Clinical evaluation of PIE and PIH using VISIA 
Skin Analysis system and dermatoscopy. Comparison 
between the AzA group and the placebo group at week 12 
revealed significant improvements in PIE and PIH. Analy-
sis with VISIA demonstrates a notable reduction in redness 
area and brown spots in the AzA group (a, b), while the 

placebo group shows minimal change or exacerbation (e, 
f). Dermoscopy examinations reveal lightening of color and 
reduction in brown spot area and background erythema in 
the AzA group (c, d), contrasting with the placebo group’s 
lack of notable changes (g, h). PIE Post-inflammatory ery-
thema, PIH post-inflammatory hyperpigmentation
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enhanced permeability in aberrant cells. Addi-
tionally, AzA inhibits mitochondrial metabo-
lism, DNA, and protein synthesis in melano-
cytes [22].

In our study, 15% AzA gel demonstrated effi-
cacy in improving acne-induced PIE and PIH, 
augmenting acne management, and enhancing 
patient quality of life. Through non-invasive 
skin physiology assessments and light color 
space principles, we objectively assessed altera-
tions in melanin and hemoglobin levels in acne-
induced PIE and PIH lesions, together with ITA 
values. Our evaluation of skin barrier function 
revealed no significant impact following AzA 
treatment. However, some patients exhibited 
adverse reactions, likely influenced by prior 
retinoic acid use, potentially leading to com-
promised skin barrier integrity. Acne patients 
frequently exhibit elevated sebum levels and 
diminished total ceramide content in the stra-
tum corneum, rendering them susceptible to 
barrier disruption. Moreover, Cutibacterium 
acnes colonization can further compromise skin 
barrier function. Despite these considerations, 
our findings demonstrate the efficacy of AzA in 
ameliorating acne-induced PIE and PIH, neces-
sitating future studies with expanded sample 
sizes, consistent environmental conditions, and 
extended observation periods to corroborate our 
findings and elucidate the long-term effects of 
AzA on acne management and skin health.

CONCLUSION

In summary, our investigation into the efficacy 
and safety of 15% AzA gel for treating acne-
induced PIE and PIH employed a rigorous rand-
omized, double-blind, placebo-controlled meth-
odology. Utilizing a comprehensive, multifaceted 
approach, including VISIA analysis, dermoscopy, 
and non-invasive physiological index detec-
tion technology, together with assessments like 
the PAHPI, acne IGA score, and DLQI, our study 
yielded compelling results. We found that 15% 
AzA gel significantly and safely ameliorated acne-
induced PIE and PIH, accompanied by minimal 
adverse reactions, thus substantiating its clinical 
utility. Notably, our study revealed that AzA had 

no detrimental effect on the skin barrier function 
of patients with acne-induced PIE and PIH, while 
suggesting potential ancillary benefits in aug-
menting overall acne management and enhanc-
ing patients’ quality of life. These findings empha-
size the promising role of AzA in the therapeutic 
armamentarium for acne-associated cutaneous 
sequelae, advocating for its integration into clini-
cal practice as a valuable treatment option.
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