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Objective: To evaluate the effectiveness and safety of a combined treatment for moderate and severe androgenetic alopecia (AGA)
involving the use of electric microneedles.

Methods: A total of 83 patients with moderate to severe AGA in the Department of Dermatology at Beijing Jishuitan Hospital were
included in this study. The male patients were administered finasteride orally and 5% minoxidil for external use, while the female patients
were given spironolactone orally or Diane-35 and 2% minoxidil for external use. All the patients were then treated via electric microneedle
therapy alongside the YUFA ®medical care package (Foshan, China) once a week for 1-28 weeks. The seven-point method and root hair
measurement using a hair mirror were adopted to evaluate the efficacy and any adverse reactions of the combined treatment.

Results: Eleven patients were treated for 1-3 weeks, 60 for 412 weeks, and 12 for more than 12 weeks. The efficacy evaluation using
the seven-point method for 12 weeks of treatment indicated a 100% response rate, specifically, a 42.1% mild improvement rate,
a 38.6% moderate improvement rate, and a 19.3% marked improvement rate. Besides, the efficacy assessment was also completed
with root hair count method and the number of hair roots measured at fixed points were 148.67+11.15, 158.13+5.11 and 169.75+£2.06
after treatment time at 16, 20 and 24 weeks, respectively. Of note, a statistical difference in the number of hair roots could be observed
during the period of week 20-week 24 (P < 0.01).

Conclusion: The combined treatment of moderate to severe AGA using the electric microneedle technique has a clear effect and can
effectively increase the hair density. With a simple operation and mild side effects, the technique has wide application prospects.
Keywords: clectric microneedles, androgenic alopecia, combined therapy, efficacy observation

Introduction

Androgenetic alopecia (AGA), an androgen-mediated hair loss characterized by progressive hair follicle miniaturization
and shortening of hair growth period, is the most common type of progressive hair loss in men. The clinical symptoms
are mainly manifested as a reduction in hair density on both sides of the forehead, hair thinning, gradual extension to the
top of the head, and the retreat of the forehead hairline, resulting in an M-shaped hairline,"? which led to negative
affection of patient’s quality of life and caused them to seek treatments.**

Various approaches are currently available for the treatment of AGA, including oral administration of finasteride and
spironolactone, topical application of minoxidil, phototherapy, microneedle-based techniques, and hair transplantation.
The common strategy drugs are minoxidil and oral finasteride in clinic, which have been approved by the US Food and
Drug Administration for the treatment of male androgenetic. Although some patients experience significant hair regrowth
intervened by the above common strategies, others simply slow the process of hair loss.’

Electric microneedle, a minimally invasive treatment technique, is a thin needle used to pierce the epidermis and the
superficial layers of the dermis on the scalp, which could physically disrupt the stratum corneum of the skin, following by

Clinical, Cosmetic and Investigational Dermatology 2022:15 25732581 2573
Received: 26 July 2022 © 2022 Thang et al. This work is published and licensed by Dove Medical Press Limited. The full terms of this license are available at https://www.dovepress.com/terms.
AT php and incorporate the Creative Commons Attribution — Non Commercial (unported, v3.0) License (http:/creati org/licenses/by-nc/3.0/). By accessing the

Accepted: 10 November 2022
Published: 29 November 2022

work you hereby accept the Terms. Non-commercial uses of the work are permitted without any further permission from Dove Medical Press Limited, provided the work is properly attributed. For
permission for commercial use of this work, please see paragraphs 4.2 and 5 of our Terms (https://www.dovepress.com/terms.php).


http://www.dovepress.com/permissions.php
https://www.dovepress.com/terms.php
https://www.dovepress.com/terms.php
http://creativecommons.org/licenses/by-nc/3.0/
https://www.dovepress.com/terms.php
https://www.dovepress.com

Zhang et al Dove

creating temporary and water-laden cavities that facilitate the entry of drug molecules into the epidermis.® By impairing
the integrity of skin barrier, electric microneedles could induce the separation of keratin-forming cells, thus causing the
release of various cytokines’® such as IL-1a, IL-8, IL-6, TNF-A and granulocyte-macrophage colony stimulating factor
(GM-CSF). This will further give rise to dilated blood vessels and keratin-forming cell migration, differentiation as well
as proliferation in the dermis to repair the damage of the epidermal layer.” The healing process after microneedling
trauma is divided into three stages: injury, healing and maturation.'® Additionally, multiple studies have reported that as
a safe and effective adjunctive therapy for androgenetic alopecia, microneedling treatment performs beneficial effects on
promoting hair growth and enhancing the penetration of local therapies.'""'? Therefore, this study aims to evaluate the
efficacy and safety of a combined treatment for moderate and severe AGA incorporating electric microneedle techniques.

Materials and Methods

Clinical Information

General Data

A total of 83 patients treated in the outpatient Department of Dermatology at Beijing Jishuitan Hospital were included in the
study. Among them, 56 were male and 27 were female, with an age range of 19—62 years (average age =30.96 + 7.12 years).
The hair of AGA female patients was mainly characterized by diffusedly thinning and soft in the top of the head and the
hairline margin and showed no change in the position of the forehead hairline, which usually also accompanied by the
symptoms of increased scalp oil secretion.'?

The group included 69 cases with a moderate basic and specific (BASP, a system to classify the types of pattern hair
loss. In detail, the basic types and specific types represent the shape of the anterior hairline and the density of hair on
frontal and vertex areas,'* respectively.) rating and 14 cases with a severe BASP rating. The Hamilton rating was also
applied to the patients who had been treated for more than 12 weeks, with the rating found to be above Grade 3a and all
the patients found to present typical clinical manifestations.

Inclusion and Exclusion Criteria
The following inclusion criteria applied:

1. Patients without local use of germinal drugs (eg, minoxidil) or other local treatments four weeks prior to the initial
diagnosis.

2. Patients not administered with medication involving systemic germinal or antiandrogenic effects for eight weeks
prior to the initial visit.

Meanwhile, the following exclusion criteria applied:

1. Pregnant patients or patients in lactation.

2. Patients with a history of heart or liver disease, renal insufficiency, hypertension, tumors, or nervous/mental illness.

3. Patients with other types of alopecia, such as alopecia areata, hair loss induced by autoimmune thyroid disease and
systemic lupus erythematosus, or alopecia caused by other factors (eg, drugs).

4. Patients with hair follicle atrophy resulting in a loss of hair growth function.

5. Patients having received minoxidil or other drugs that may affect hair growth within 24 weeks.

6. Patients who demonstrate poor drug compliance and cannot tolerate drug treatment.

Methods
Treatments
The male patients were treated with finasteride (Axelfin, 1 mg/d) orally, 5% minoxidil (Dafeixin, standard content = 5%,
dosage = 1 mL each time, BID) topically and electric microneedle therapy using a F6 electric microneedle instrument
(Bohui Meizui Bioengineering Technology Co. Ltd., Guangdong) alongside a medical care package, which was
administered once a week with continuous 20 min each treatment. The female patients were given spironolactone
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(Spironolactone tablets, specification content = 20 mg/tablet, dosage = 1 tablet/time, TID) or ethinyl estradiol cyproter-
one tablets (trade name: Diane-35, specification content = cyproterone acetate [2 mg] and ethinyl estradiol [0.035 mg],
dosage = 1 tablet/day, continuous administration for 21 days), and topical 2% minoxidil liniment (Dafeixin, specification
content concentration). The above treatments were terminated when the patient’s hair volume was deemed to be
satisfactory.

Efficacy Evaluation
The patients were treated once a week for 15-20 min each session, and the efficacy and any adverse reactions were
evaluated every four weeks during the treatment period.

After 12 weeks of treatment, a comparison and evaluation were performed using the seven-point method with
comprehensive consideration of head-top photos and microscope tests before and after the treatment. Here, a marked
improvement is denoted by a score of +3, which indicates that compared with before the treatment, the number of hairs in
the alopecia area tended to be normal. A moderate improvement is denoted by a score of +2, indicating that significant
hair regeneration can be observed at the alopecia area, while a mild improvement is denoted by a score of +1, indicating
significant vellus hair growth in the alopecia area. No change is indicated by a score of 0, meaning there is no change
following treatment. Meanwhile, mild aggravation is denoted by a score of —1, indicating that the area of hair loss
increased significantly following treatment, while moderate aggravation is denoted by a score of —2 and marked
aggravation by a score of —3. Here, the percentages of +1, +2, and +3 points were totaled to serve as the effective rate.

After more than 12 weeks of treatment, the hair on the patient’s fixed area was counted using the hair mirror technique.

Statistical Analysis

The statistical analysis was conducted using SPSS 27.0 software for data entry and collation, while the y* test, Wilcoxon
test, paired ¢-test, and single-factor analysis of variance test were used for the analysis. A P-value of <0.01 was
considered to be statistically significant.

Results

Treatment Course and Basic and Specific Rating

The 83 patients underwent the treatment for between 1 and 28 weeks, with 11 undergoing treatment for 1-3 weeks, 60 for
4-12 weeks, and 12 for more than 12 weeks. There were 69 cases with a moderate BASP rating, with the patients
undergoing 4-12 weeks of treatment accounting for 76.8% and those undergoing 12 weeks or more of treatment
accounting for 8.7%. A total of 14 cases involved a severe BASP rating, with the patients undergoing 4-12 weeks of
treatment accounting for 92.8% and those undergoing 12 weeks or more of treatment accounting for 50%. The number of
completed treatments between the moderate and severe BASP rating groups entailed a statistically significant difference
(P =0.002, P <0.01). (Figure 1)

The relationship between the severity of the disease and the number of treatments
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Figure | BASP rating and weeks of treatment. The 2 test was used for data analysis. **p < 0.0] compared with severe BASP rating groups.
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Efficacy Evaluation, Treatment Course, and Basic and Specific Rating

Efficacy Evaluation

The evaluation using the seven-point method for 12 weeks of treatment with the 83 patients indicated a 100% response
rate. Shown as Table 1, marked improvement rate was up to 19.3% while mild and moderate improvement rate were
42.1% and 38.6%, respectively. Additionally, these cases with a score of 0 or less were not listed.

Efficacy Evaluation and Treatment Course

According to the seven-point method for evaluating the efficacy after 12 weeks of treatment, the treatment lasted for § >
week number >4, and the moderate or above improvement accounted for 17.9%; 12 > week number >8, moderate or
above improvement accounted for 96.8%; week number >12, moderate and above improvement accounted for 100%.
There were no statistical differences between the groups with 4 > week number >1 and 8 > week number >4 (P > 0.01),
but there were significant differences among the other groups.

A total of 12 patients were treated for more than 12 weeks, and their number of hair roots was measured using a hair
microscope. As shown in Table 2, the number of hair roots of patients increased to (148.67+11.15) roots after combined
treatment for 16 weeks and a continuous increase of the number of hair roots in patients could be found with the
extension of treatment time. Additionally, following treatment for more than 12 weeks, the evaluation of the hair root
count procedure indicated a statistical difference in hair root count during the period of week 20—week 24 (P < 0.01) .
(Table 2 and Figure 2)

Efficacy Evaluation and Basic and Specific Rating
In the evaluation of the efficacy of the treatment after 12 weeks among the 83 patients, there was no significant difference
between the moderate and severe BASP rating groups (P > 0.01) (Table 3 and Figure 3).

Adverse Reactions

During the observation period, the main adverse reactions observed among the patients were pain or desquamation in the
microneedle treatment area, while most of the pain subsided naturally within 4-6 hours. In terms of desquamation,
measures such as washing the hair with warm water and adding specific scalp repair products could be administered to
improve the condition. During this procedure, no allergic reactions were observed among the patients.

Discussion

Currently, there are about 250 million people suffering from hair loss in China, 70% of whom are AGA. Therapeutic
strategies for moderate to severe AGA usually included topical and oral medication, with a course of 1 year or more.
Especially for female alopecia patients, the course of hair loss treatment is more than 1.5 years. The slow treatment
efficiency and too long course of treatment remain major limitations of the treatment, which made high-efficiency and
safe treatment methods urgent.

In the last decade, microneedles have been increasingly used in hair loss treatment due to its important part in
enhancing transdermal delivery and improving dermal papillae stem cell proliferation.'> !’ Since Dhurat et al conducted
a landmark study of 100 AGA subjects and found a significant increase in hair volume with once weekly microneedle
combined with twice daily 5% minoxidil as compared to minoxidil monotherapy over a 12-week period,'* more and

Table | Efficacy Evaluation of 7-Point Method for 1-12 Weeks of

Treatment
Efficacy Number of Cases (n) | Percentage (%)
Mild improvement 35 42.1
Moderate improvement 32 38.6
Significant improvement 16 19.3
Total 83 100.0
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Table 2 Number of Hair Roots Measured by Hair Mirror Between 16 and 24 Weeks of Treatment

Treatment Times Number of Hair Roots Increased Number of Hair Roots P value
(Roots) (Roots) Between Weeks 16-20
and Weeks 20-24

16 weeks of treatment 148.67%11.15 14.50+1.73 0.157
20 weeks of treatment 158.1345.11 14.88+6.83 0.004
24 weeks of treatment 169.75+£2.06

more studies have been carried out and demonstrated that microneedle-based therapy could promote hair growth and
enhance the permeability of local therapy. The above study evidences suggested that microneedle-based therapy is a safe
and effective adjuvant therapy for AGA.”'®2°

There are two possible mechanisms for hair growth: regulation of the hair cycle and regeneration of new hair follicles.’
Microneedle therapy does not result in the creation of full-thickness wounds, and research has indicated that it involves
microtrauma that stimulates the Wnt/B-catenin pathway, thereby promoting hair growth.”? Meanwhile, Kim et al'’ found that
repeated microneedle stimulation induced hair growth in their mouse model, generating increased expressions of Wnt3a, -
catenin, vascular endothelial growth factor (VEGF), and Wnt10b mRNA and protein, with both the Wnt/B-catenin signaling
pathway and VEGF playing a role in promoting the growth cycle. As such, the main mechanism of microneedle-based
treatment is potentially the regulation of the hair cycle rather than the regeneration of new hair follicles.

In fact, studies have found that microneedles work by releasing growth factors and activating dermal papilla-related
stem cells. The slight physical trauma caused by the microneedles can induce collagen formation and form pore channels
to enhance local drug penetration.® In percutaneous collagen induction, the tissue response is highly dependent on the
depth and density of the perforations, and different approaches of micro-acupuncture insertion will also trigger different
skin physiological responses. Furthermore, the microneedles promote continuous epidermal thickening, normalize the
polarity of the nuclei at the basal layer, reduce the degeneration of solar elastic tissue, and increase the collagen types I,
I1I, and IV (a component of the basement membrane).”* Acupuncture can also destroy and revascularize an old and
hardened cicatrix, while the migration and proliferation of fibroblasts can induce the formation of new blood vessels and
new collagen.”

Meanwhile, microneedle-based therapy can promote drug delivery and increase the absorption of different com-
pounds by the skin. In fact, the main limitation of topical drugs relates to poor percutaneous absorption. Here, the stratum
corneum acts as a physical barrier to molecules with a molecular weight of >500 and is rich in lipids and ceramides,
which limits the permeability of hydrophilic drugs.”® Microneedle therapy can induce mechanical changes in the

The relationship between the number of treatments and the efficacy
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Figure 2 Relationship between treatment times and total efficacy evaluation. Wilcoxon test was used for data analysis. **p < 0.0 represented significant difference between
the compared two groups.

Clinical, Cosmetic and Investigational Dermatology 2022:15 https: 2577

Dove:


https://www.dovepress.com
https://www.dovepress.com

Zhang et al Dove

Table 3 Relationship Between Disease Severity and Efficacy Evaluation in Each Treatment Times Group

Treatment Week Mild Moderate Marked P value
Improvement Improvement Improvement | (Wilcoxon Test)

212 week number Severe 0 2 (15.4) 0 0.272
Moderate 6 (46.2) 4 (30.8) 1 (7.7)

12 > week number 28 Severe 3(9.7) 1 (32) 6 (19.4) 0.111
Moderate 9 (29.0) 8 (25.8) 4 (12.9)

8 > week number 24 Severe 0 0 1 (3.6) 0.088
Moderate 12 (42.9) 13(46.4) 2(7.1)

4> week number 2| Severe I (9.1) 0 0 0.306
Moderate 4 (36.4) 4 (36.4) 2 (182)

2729 including protein,

keratinous barrier, forming micron-sized channels in the skin to transport a variety of molecules,
and improving the absorption rate of macromolecules by up to 80%.>° Given that these microchannels naturally close
after 10 min, leaving the epidermal barrier intact, postoperative infection does not occur.*' The microneedles also remove
any scales and sebum residue from the infundibular portion of the hair follicles, allowing more effective penetration of
the lipid product.’!

Clearly, the use of microneedles for promoting hair regeneration does not only involve a drug delivery system, which
would effectively present an efficacy threshold. In fact, the attendant mechanisms for inducing hair regeneration include

the following:

1. Initiation of the overexpression of hair growth-related genes (eg, VEGF, B-catenin, Wnt3a, and Wnt10b),'¢
regulation of the hair cycle, stimulation of the dermal papilla, and promotion of hair growth.''-*32

2. Damage of the integrity of the skin barrier, and the release of cytokines (IL-1a, IL-8, IL-6, TNF-a, and GM-CSF)
together with neovascularization and keratinocyte migration.''

weeks

Vertex

Dermatoscope

Vertex

Dermatoscope

Figure 3 Comparison among patients with alopecia in terms of head Top hair volume and dermoscopy during treatment.
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3. Wound healing reaction.**** Following microneedle treatment, platelet-derived growth factors are released to
increase the epidermal growth factor level and promote hair growth through the mechanisms of platelet activation
and skin wound regeneration. The microenvironment of wound healing formed following microneedle treatment
activates the stem cells in the hair follicle area. Neovascularization occurs in the area of the injury, which is
beneficial for hair growth.'?

4. Transdermal route of administration to promote drug penetration and absorption.*'*

Following the administration of our combined treatment, the AGA patients had a 100% response rate after 1-12 weeks of
treatment. In terms of improvement, with the increase in the number of treatments, the efficacy gradually became
significant. Specifically, for the 44 patients who underwent treatment for eight weeks or more, the proportion of cases of
marked improvement increased from 0% to 36.4%, indicating that patients with moderate to severe AGA should undergo
the combined treatment for at least eight weeks. The thirteen patients who completed the treatment for 12 weeks or more
had a marked improvement of 100%, again indicating the effectiveness of a sufficient course of the combined treatment.
Eleven (91.7%) of the 12 patients who were treated for more than 12 weeks discontinued the treatment after achieving
satisfactory results following 16-24 weeks of treatment, which indicates that the treatment course for the majority of
moderate to severe AGA patients should be between 16 and 24 weeks. In the patients who received 20 weeks or more of
treatment, the number of hair shafts had reached 150 or more by the end of the treatment, suggesting that moderate to
severe AGA patients could obtain relatively satisfactory therapeutic effects with the combined treatment.

Conclusion

In this study, by a 28-week drug intervention combined with electric microneedling treatment in 83 patients, we found
that most patients could recover the number of hairs of that of their peers, ie, more than 150 mature hair, in 20-24 weeks
of combined treatment. A few patients with more severe AGA could also keep hair volume consistently recovered by
increasing the treatment time until the hair volume reached to their own satisfaction. The medication combined with
electric microneedling strategy not only greatly improves the treatment efficacy and shortens the treatment course for
patients with moderate to severe AGA, but also helps to increase the frequency of doctor—patient communication and
optimize the doctor—patient relationship. In a nutshell, medication combined with the use of electric microneedles for
moderate to severe AGA could effectively increase hair density and exhibit attractive advantages including simple
operation and mild side effects, suggesting this combined treatment strategy has a wide application prospect.
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