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Objective and Design: The treatment of recurrent rosacea has always been a problem. Oral minocycline has been widely used in the
treatment of rosacea. However, the efficacy and safety of ozonated hydrotherapy combined with LED yellow light irradiation and oral
minocycline for mild to moderate papulopustular rosacea (PPR) has not been thoroughly studied.

Methods: Patients with rosacea who met the criteria and had complete clinical statistic admitted to our hospital from April 2021 to
September 2022 were retrospectively collected and divided into combined therapy group and oral only group. The patients in the two
groups were treated with minocycline for 8 weeks. In addition, the patients in combined therapy group were treated with ozone
hydrotherapy once a week, followed by LED yellow light irradiation for a total of 4 weeks. The Investigator’ s global assessment
(IGA) score was used to assess the condition. The efficacy was evaluated using the patients’ subjective symptom scores. Skin lesion
images and adverse reactions were recorded. The recurrence rate was observed after 24 weeks of follow-up.

Results: A total of 39 patients included in the study. After 4 weeks of treatment, the effective rate was 90% in combined therapy
group and 52.63% in oral only group (p<0.05). After 8 weeks of treatment, the total score of the patients’ subjective symptom scores
and the scores of itching and burning sensation in combined therapy group were lower than those in oral only group (»p<0.05). After 24
weeks of follow-up, the recurrence rate of combined therapy group was 5%, and that of oral only group was 26.32%. The mild adverse
reactions experienced by both groups disappeared during follow-up.

Conclusion: This combination therapy has a significant, rapid and safe therapeutic effect, especially in relieving itching and burning
sensations, and may reduce the recurrence rate.
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Introduction
Rosacea is a chronic inflammatory disease, its pathogenesis is related to genetic, immune regulation and other factors.'
Papulopustular rosacea (PPR) is one of the four subtypes of rosacea. It is characterized by central facial erythema,
transient papules, and/or pustular rash, with or without telangiectasia.” Patients may experience discomfort such as
dryness, scaling, burning, swelling, and tightness. Due to the recurrent episodes of rosacea, patients suffer greatly and
their quality of life is severely affected. Currently, the treatment of PPR mainly includes avoiding specific triggering
factors, oral antibiotics, and topical medications® to control the inflammatory response.* In addition, laser therapy is also
used to eliminate erythema and telangiectasia.>

Ozone medical preparations are mainly divided into ozonated hydrotherapy, ozone oil for externally use, and ozone
autohemotherapy (OAHT). Currently, the application of ozone therapy in dermatology lacks the support of sufficient
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theoretical basis and clinical data. The mechanism of ozonated hydrotherapy mainly includes antibacterial effects,
immune regulation, antioxidant defense, and epigenetic modification,”® so it is widely used in the treatment of infectious
skin diseases and pruritic skin diseases.” Ozonated hydrotherapy, as a low-cost and minimal side-effect conservative
treatment,'® can reasonably be predicted to have a positive effect on improving symptoms such as itching in PPR.

The light emitting diode (LED) light currently used in clinical practice mainly includes red, blue, green, and yellow
light. Among them, LED yellow light, when absorbed by the skin, can treat telangiectasia, inhibit vascular neurogenic
hyperreactivity, enhance skin tolerance and resistance, and reduce skin sensitivity.'' Studies have shown that LED yellow
light can inhibit the angiogenesis of human microvascular endothelial cells to improve erythema.'? Based on this, LED
yellow light may improve the itching, burning, stinging, and erythema symptoms of PPR.

Tetracycline antibiotics have been recognized for the treatment of rosacea, and it has a better effect on the clearance
of rosacea lesions.'*"'* Therefore, we used oral minocycline as the control treatment. Additionally, the treatment group
added ozonated hydrotherapy and LED yellow light combined therapy to observe the therapeutic effects, adverse
reactions, and recurrence rate.

Patients and Methods

Study Design

This study included 39 patients with mild to moderate rosacea who were treated in the dermatology department of our
hospital from April 2021 to September 2022 and met the criteria with complete clinical information. At that time, the
determination of the treatment method for these patients was determined by the patient according to his own conditions
under the advice of the doctor. There were 20 patients in combined therapy group and 19 in oral only group. The gender,
age, duration of illness, and clinical characteristics were recorded, and patients’ subjective symptom scores were
collected. This study complied with the Declaration of Helsinki and was approved by the Ethics Committee of the
Second Hospital of Shandong University (Ethics No. KYLL-2022LW163). All participating patients voluntarily signed
informed consent forms.

Patients

All patients must meet the following inclusion and exclusion criteria. Inclusion criteria: (1) Male and female patients
aged 18 years and above. (2) Patients who are able to understand and comply with the requirements of the study,
voluntarily participate in the study, and provide written informed consent. (3) Patients diagnosed with rosacea according
to the 2017 National Rosacea Society Expert Committee (NRSEC) diagnostic criteria and presenting with papules or
pustules with or without central facial erythema, with an Investigator’s Global Assessment (IGA) of 2-3 (mild to
moderate). Exclusion criteria: (1) Patients with a history of allergy to LED light sources. (2) Patients with a history of
allergy to tetracyclines. (3) Patients who have received tetracycline therapy in the past 3 months. (4) Patients who have
used other medications or treatment in the past 1 month. (5) Patients who planned to become pregnant or conceived and
breastfed during the study period. (6) Patients who had used immunosuppressive agents or glucocorticoids in the past
month. (7) Patients with malignant tumors or severe defects in the heart, lungs, liver, or kidneys.

Methods

All patients included in this study orally took minocycline. For the first 4 weeks, patients took minocycline twice a day,
with each dose being 40 mg. For the following 4 weeks, the dosage was reduced to once a day, also at 40 mg per dose.
Patients in the combined therapy group received ozonated hydrotherapy in conjunction with LED yellow light irradiation
therapy while taking minocycline orally. Starting from the initiation of minocycline treatment, they received ozonated
hydrotherapy once a week for 15 minutes, followed by LED yellow light irradiation therapy for 20 minutes each time, for
a total of 4 weeks. Patients washed their face with ozonated water (3.0mg/L) for 15 minutes. The temperature of the
hydrotherapy was maintained at 20-25°C, Ozonated water was created by Ozone Water Generating Instrument (HZ-
2601B, Hunan Health Care Technology, Changsha, China) at the Department of Dermatology of the Second Hospital of
Shandong University. Subsequently, the patient was instructed to wear protective eyewear. The LED yellow light therapy
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device was used for irradiation treatment, with the light source directed vertically at the patient’s face from a distance of
10—-15 cm. The input power was 400 VA, and the irradiation time was 20 minutes, carried out over a period of 4 weeks.
During the treatment, patients were asked to pay attention to facial moisturizing, avoid direct sunlight, minimize the use
of cosmetics, maintain a light diet, and avoid scratching the lesion.

Follow-Up
Follow-up for at least 24 weeks after the last treatment was conducted by combining outpatient visits with WeChat and
telephone interviews.

Efficacy Evaluation
The researchers utilized the IGA score to evaluate the severity of PPR in each patient before and after treatment (at 0 and
8 weeks). The efficacy was assessed using the patients’ subjective symptom scores, which included five independent
ratings for the sensation of burning, dry, stinging, itchy, and edema. A score of 0 indicated no symptoms, while scores of
1-3 indicated mild symptoms that the patient could tolerate, scores of 4—6 indicated moderate symptoms that affected
sleep but were still tolerable, and scores of 7-10 indicated severe symptoms that were difficult to tolerate. The scores for
each symptom and the total score were recorded before treatment, 4 weeks after treatment, and 8 weeks after treatment.
The effect of 8 weeks after treatment was used as the final curative effect evaluation result. The curative effect index =
(before treatment score-after treatment 8 weeks score) / before treatment score x 100%. Cured: the curative effect index >
90%; Excellent: the curative effect index was 60-89%; Effective: the curative effect index 20% ~ 59%; Ineffective: the
curative effect index < 20%.

The changes of skin lesions and adverse reactions during treatment were recorded. After the last treatment, the
patients were followed up for 24 weeks to observe the recurrence rate. During the follow-up period, any aggravation of
papules, pustules and erythema was recurrence.

Statistical Analysis

SPSS 27.0 statistical software was used for data analysis. Measurement data were expressed as mean = SD or M (P25,
P75), using t-test or rank sum test; enumeration data were expressed as n (%), and y* test was used. P < 0.05 was
considered statistically significant.

Results

Baseline Characteristics

From April 2021 to September 2022, a total of 39 patients met the criteria, including 20 patients in the combined therapy
group and 19 patients in the oral only group (Figure 1). The basic clinical data of the patients were shown in Table 1. The
two groups of patients had similar demographic and clinical characteristics on baseline data. About 70% of the patients
included in this study were women, with an average age of 35.05 years. According to the IGA score, 25.64% of the
patients scored 2 points, that is, mild rosacea, and 74.36% of the patients scored 3 points, that is, moderate rosacea.

Treatment Efficacy
At the end of treatment (8 weeks), the score of each symptom and its total score of the patients’ subjective symptom
scores of the two groups of patients showed significant improvement (p<0.05). The combined therapy group exhibited
a more pronounced decrease in itching, burning sensation, and total scores at the end of the treatment compared to the
oral only group, with statistically significant differences (p<0.05) (Table 2). The distribution of IGA scores in both
groups changed, with both groups decreasing to below 3, and the combined therapy group had 12 patients (60%)
reaching a score of 0 (Figure 2).

Throughout the entire treatment process, symptoms in both groups of patients gradually improved (Figures 3 and 4),
and the corresponding scores decreased (Figure 5). After 4 weeks of treatment, 2 patients (10%) in the combined therapy
group were deemed non-responsive to the treatment, while 9 patients (47.37%) in the oral only group were non-
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patients with rosacea who
met the inclusion and
exclusion criteria (n=39)

|
l |

| combined therapy group (n=20) ] I oral only group (n=19) ]

oral minocycline ( the same usage as the oral
group ) ; ozone hydrotherapy, 15 minutes
each time, once a week ; LED yellow light
treatment, 20 minutes each time, once a
week, for 4 weeks

oral minocycline, the first 4 weeks : 2
times a day, 40 mg each time ; the
last 4 weeks : once a day, 40 mg each
time

follow-up

Figure | Flowchart of treatment.

responsive. After 8 weeks of treatment, both groups of patients achieved varying degrees of effectiveness (Table 3). The
curative effect index in the combined therapy group after 4 weeks was 90%, compared to 52.63% in the oral only group,
with statistically significant differences between the two (p<0.05) (Table 4).

Adverse Reactions and Recurrence Rates
During the process of the irradiation of LED yellow light, one patient in the combined therapy group experienced
transient stinging on the face during the first irradiation, which was relieved immediately after applying cold compress.
And the patient did not experience the same symptoms after several subsequent radiation treatments. One patient in each
group experienced mild and tolerable nausea and dizziness, these adverse reactions were not specifically treated and
disappeared during follow-up.

After 24 weeks of follow-up, the recurrence rate in the combined therapy group was 5%, while the recurrence rate in
the oral only group was 26.32% (Table 5).

Discussion

Oral minocycline have been widely accepted for the treatment of rosacea, but patients should avoid long-term use of
minocycline if possible because the duration of oral minocycline may be related to hyperpigmentation.'® Therefore, it is
urgent to find a treatment that can relieve symptoms as soon as possible and reduce recurrence. Combined therapy is not
uncommon in the treatment of rosacea, but the use of ozonated hydrotherapy combined with LED yellow light irradiation

Table | Characteristics of Clinical Features of Patients with Rosacea

Characteristics Combined Therapy Group | Oral Only Group | Total
Number of patients 20 (51.28) 19 (48.72) 39
Gender
Male 7 (35.00) 5 (26.32) 12 (30.77)
Female 13 (65.00) 14 (73.63) 27 (69.23)
Age, years 34.95£11.69 35.16£8.45 35.05£10.11
Rosacea duration, years | 2.00 (2.00, 4.50) 2.00 (1.00, 6.00) 2.00 (1.00, 5.00)
IGA
2 6 (30.00) 4 (21.05) 10 (25.64)
3 14 (70.00) 15 (78.95) 29 (74.36)

Note: n (%), mean + SD, M (P25, P75).
Abbreviation: IGA, Investigator’s global assessment.
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Table 2 Comparison of the Patients’ Subjective Symptom Scores Between Two Groups

Features Combined Therapy Group Oral Only Group P*
Mean £ SD p Mean £ SD P

Burning sensation of the skin
Before treatment 4.30 +1.84 <0.001 4.11 £1.37 <0.001 0.005
8 weeks after treatment 0.80 +1.40 1.68 +1.06

Dry sensation of the skin
Before treatment 4.15 £2.18 <0.001 4.16 £1.68 <0.001 0.773
8 weeks after treatment 0.8 %I.11 1.00 +0.86

Stinging sensation of the skin
Before treatment 2.10 £2.29 <0.001 221 £1.62 <0.001 0.745
8 weeks after treatment 1.15 £0.37 0.89 +0.94

Itchy sensation of the skin
Before treatment 3.75 £2.10 <0.001 3.58 +1.31 <0.001 0.012
8 weeks after treatment 0.50 +0.69 1.47 +0.84

Edema
Before treatment 1.00 £1.56 0.011 0.47 +0.70 0.023 0.496
8 weeks after treatment 0.05 +0.22 0.05 +0.23

Total
Before treatment 15.3 £7.13 <0.001 14.53 £5.07 <0.001 <0.001
8 weeks after treatment 2.3 £2.23 5.05£1.65

Notes: P: Statistical comparison in combined therapy group or oral only group before and after treatment. P*: Statistical
comparison between the two groups before and after treatment.

and oral minocycline has not been reported. In this study, we used oral minocycline as the control group to treat mild to

moderate PPR, and the treatment group added ozonated hydrotherapy and LED yellow light irradiation. The efficacy,

adverse reactions, and recurrence rate of the two groups were compared. In summary, ozonated hydrotherapy combined

with LED yellow light irradiation and oral minocycline can improve moderate PPR patients, and reduce the recurrence

rate.

For patients with PPR, erythema, burning, dryness, and itching are their characteristics.'® At the end of treatment, the

combined therapy group showed a significant improvement in relieving itching, burning sensation, and delaying

recurrence compared to the oral only group. Although both groups eventually achieved relief of symptoms, the combined

therapy group required less time to achieve the same efficacy. Such remarkable efficacy may be attributed to the complex

treatment mechanisms of ozonated hydrotherapy and LED yellow light.

after 8 weeks treatment(oral)-

after 8 weeks treatment(combined)-

before treatment(oral)-

before treatment(combined)—

Figure 2 IGA score before and after 8 weeks treatment.
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after 8 weeks of treatment

Figure 3 Comparison of the cases in combination therapy group before and after treatment.

Ozonated hydrotherapy can reduce the exudation of tissue fluid, alleviate inflammatory reactions, and relieve pain and
itching.'” It is often used in clinical practice to relieve the symptoms of rosacea. However, there is not much clinical data
and theoretical basis to explore its efficacy and mechanism for rosacea.
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after 8 weeks of treatment

Figure 4 Comparison of the cases in oral only therapy group before and after treatment.
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Figure 5 Comparison of total scores of patients’ subjective symptom scores before and after treatment. ***P<0.0001, ***P<0.001.

The expression of keratinocyte derived toll-like receptor 2(TLR2) is up-regulated in patients with rosacea, and the activity
of cathelicidin and serine protease in the skin are higher than those in healthy people.! The study found that LED light
irradiation can down-regulate the activity and expression of TLR2 in keratinocytes and rosacea-like mice skin, as well as the
activity of cathelicidin and serine protease,'® which provides a basis for LED yellow light treatment of rosacea. It has been
reported that demodex may be associated with the recurrence of rosacea, and early inhibition of demodex proliferation can
reduce its recurrence.'® LED yellow light treatment can effectively reduce the density of demodex in rosacea patients,”® which
suggests that LED yellow light may inhibit the recurrence of rosacea by inhibiting the proliferation of demodex.

Table 3 Comparison of Effective Rate Between Two Groups

Group Cured Excellent Effective Ineffective

Combined therapy group
4 weeks after treatment 0 (0) 14 (70) 4 (20) 2 (10)
8 weeks after treatment 9 (45) 9 (45) 2 (10) 0 (0)

Oral only group
4 weeks after treatment 0 (0) 3 (15.79) 7 (36.84) 9 (47.37)
8 weeks after treatment 0 (0) 13 (68.42) 6 (31.58) 0 (0)

Note: n (%).

Table 4 Comparison of the Curative Effect Index of 4 Weeks After Treatment

Between Two Groups

Group n Effective | Ineffective | Fisher’s Exact Test
p
Combined therapy group 20 18 (90) 2 (10) 0.014
Oral only group 19 10 (52.63) 9 (47.37)
Note: n (%).
1200  "oes Clinical, Cosmetic and Investigational Dermatology 2024:17
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Table 5 Recurrence Rates Between Two Groups

Group n No- Recurrence Fisher’s Exact
Recurrence Test
p
Combined therapy group 20 19 (95.00%) | (5.00%) 0.091
Oral only group 19 14 (73.68%) 5 (26.32%)

Note: n (%).

The combination treatment was safe, and although one patient experienced stinging during the first LED yellow light
treatment, which was quickly relieved and did not occur in the subsequent three irradiation treatments. Nausea and
dizziness occurred in one patient in each of the two groups, and the same adverse effects have been seen in other studies
on minocycline,*' so we speculate that this may be due to oral minocycline. Although there was no statistical significance
between the two groups, it can be observed that the recurrence rate in the combined therapy group was significantly
lower than that in the oral only group. The mechanism of inhibiting relapse remains to be further explored. The combined
therapy can improve symptoms in mild to moderate PPR, suggesting that it should also be beneficial in patients with
severe rosacea with more severe symptoms, but this requires further clinical study.

Conclusion

In summary, on the basis of oral minocycline, the application of ozone hydrotherapy combined with LED yellow light
irradiation in the treatment of mild to moderate PPR patients is a safe and effective method that is beneficial to reduce the
recurrence rate. It’s a priority for patients with symptoms like itching and burning sensation. Therefore, the combination
therapy should be promoted. The limitation of this study is that it only explored the efficacy of combination therapy for
mild and moderate rosacea, and it is unclear whether combination therapy has the same efficacy for severe rosacea. We
need to further explore the mechanism of combination therapy for rosacea. And more high-quality, prospective, double-
blind, controlled clinical trials are needed to evaluate the efficacy of the combination therapy in this study.

Data Sharing Statement

The data that support the findings of this study are available from the corresponding author upon reasonable request.

Ethics Approval

This retrospective chart review study involving human participants was in accordance with the ethical standards of the
institutional and national research committee and with the 1964 Helsinki Declaration and its later amendments or
comparable ethical standards. The study was approved by the Ethics Committee of the Second Hospital of Shandong
University (Ethics No. KYLL-2022LW163).

Patient Consent
Patients signed informed consent regarding publishing their data and photographs.

Disclosure
The authors report no conflicts of interest in this work.
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