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Introduction: Androgenetic alopecia (AGA) has negative impacts on both men and women in terms of appearance and mental stress.
Spironolactone is a synthetic aldosterone receptor antagonist known to stimulate hair growth and has been widely used by
dermatologists to treat AGA.

Objective: To conduct a systematic review evaluating the efficacy and safety of topical and oral spironolactone in AGA treatment.
Methods: We searched PubMed, Embase, the Cochrane Library, and the Web of Science until October 23rd, 2022, for human studies
evaluating the efficacy of spironolactone for the treatment of AGA, regardless of doses and routes.

Results: We retrieved 784 papers and ultimately 7 articles matched our inclusion criteria and comprised 618 AGA patients (65 men,
553 women), 414 of them received spironolactone treatment. Oral spironolactone doses ranged from 25mg to 200mg daily, with the
vast majority between 80mg and 110 mg. Dosage forms for topical spironolactone use include gels of 1% and solutions of 5% twice
daily. Both oral and topical spironolactone have been shown efficacy for alopecia recovery, but topical use has significantly fewer side
effects and is suitable for any gender. It showed better efficacy in combination with other therapies such as oral or topical minoxidil
compared with monotherapy.

Conclusion: Spironolactone is an effective and safe treatment of androgenic alopecia which can enhance the efficacy when combined
with other conventional treatments such as minoxidil. Topical spironolactone is safer than oral administration and is suitable for both
male and female patients, and is expected to become a common drug for those who do not have a good response to minoxidil.
Furthermore, more high-quality clinical randomized controlled studies should be performed.
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Introduction

Androgenetic alopecia (AGA), also known as male pattern baldness (MPB) or female pattern hair loss (FPHL), is the
most common type of progressive hair loss condition. According to statistics, nearly 80% of men and half of women can
be affected by AGA during their lifetime,' and the anxiety of thinning hair may bring a significant negative impact on
a patient’s physical and mental health.

AGA is characterized by the miniaturization of hair follicles in bald areas, which may be driven by the
conversion of testosterone to dihydrotestosterone (DHT) by 5-a reductase or genetic alterations in the androgen
receptor.” Currently, only minoxidil and finasteride have been approved by Food and Drug Administration (FDA)
as pharmacological treatments for AGA.> Finasteride reduces the conversion of testosterone to DHT by inhibiting
the activity of Sa-reductase. Minoxidil is a potassium channel opener, which can stimulate the proliferation of hair
follicle epithelial cells and promote hair growth. However, considering the chronic duration of AGA treatment and
possible side effects of monotherapy, many other alternative drugs such as dutasteride, prostaglandin analogs,

hormonal therapy, and ketoconazole have also been used in treating AGA.* Treatment methods include oral,
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topical, percutaneous injection and other ways. In recent years, in addition to traditional oral and external drugs,
transdermal administrations including spraying, massaging and microneedling are widely used in skin diseases
because of their small side effects, painlessness, and self-administration.” In AGA, after applying the drug onto the
scalp transdermally, it penetrates the stratum corneum, reaches the epidermis and dermis to act on hair follicles,
avoiding fluctuations in blood concentration and first-pass hepatic biotransformation caused by systemic
medication.’

Spironolactone is a synthetic aldosterone receptor antagonist, it reduces total testosterone levels and blocks the
androgenetic receptors in target tissues, which is now often used by dermatologists to diminish the effects of testosterone
on skin and hair such as FPHL, acne, and hirsutism, especially in female patients.® Therefore, we conducted a systematic
review to assess the efficacy and safety of spironolactone in the clinical treatment of AGA, and applications of different
dosage forms and doses were all included. As far as we know, this is the first systematic review to report both oral and
topical spironolactone applications in AGA therapy.

Materials and Methods
Objective and Registration

The objective of this systematic review is to evaluate the efficacy and safety of spironolactone at different doses and
dosage forms in the application of AGA treatment. This present systematic review is registered in PROSPERO, an

international prospective register of systematic reviews, with the reference code CRD42022373534.

Literature Search

We searched PubMed, Embase, the Cochrane Library, and the Web of Science for relevant studies published up to
October 23rd, 2022. The following retrieval terms were combined with Boolean operators (AND, OR, NOT): (Alopecia
OR Androgenic Alopecia OR Baldness OR Hair Loss OR Male Pattern Alopecia OR Male Pattern Baldness OR Female
Pattern Baldness OR Androgenetic Alopecia OR Pattern Baldness OR Alopecia, Androgenetic OR Pseudopelade) AND
(Spironolactone OR Spirolactone OR Veroshpiron OR Verospirone OR Verospiron OR Aquareduct OR Aldactone).
Additionally, reference lists of original articles and review articles were searched to avoid missing any other relevant
studies.

Inclusion and Exclusion Criteria
Inclusion criteria: (1) Study population: enrolled at least 20 patients, both men and women at any age diagnosed as AGA;
(2) Intervention: patients receive spironolactone in any concentration or dosage form, monotherapy or combined with
other medications; (3) Comparison: a placebo or any other treatment options for AGA; (4) Outcomes: total hair density,
vellus hair density, hair diameter, adverse events, or any other outcomes reported in the included studies; (5) Study type:
we included any type of clinical studies such as randomized controlled trials (RCTs), non-randomized comparative study,
retrospective study, prospective study and observational study; (6) The publication was in English.

Exclusion criteria: (1) Review, meta-analysis, case report, guideline, animal experiment, and conference abstract; (2)
Insufficient posted result or unavailable full text; (3) The study contents or outcome measures were not consistent.

Study Selection

Three review authors screened the abstracts of studies from the initial searches independently and further obtained full-
text copies of all relevant and potentially relevant studies that met the specific inclusion criteria. Three authors next
independently assessed the full text and decide the eligibility of included studies. All disagreements between these
reviewers were discussed, and if no consensus was reached, we consulted the other professional researcher in our team.
All irrelevant studies will be excluded and their reasons for exclusion will be reported in the selecting flow diagram
following PRISMA statements.’
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Risk of Bias

The quality of the included studies was independently assessed by three reviewers using the Cochrane Collaboration’s
Risk of Bias Assessment tool® via the software Review Manager 5.4.1. for RCTs, the Newcastle-Ottawa Scale (NOS)’
for remaining studies. Three authors discussed together to resolve any disagreement on the assessment and to reach

a consensus.

Data Extraction

Data were independently collected by three investigators. Disagreements on collected data were settled by consensus or
by consulting the other professional researcher. For each included study, “levels of evidence” were assessed according to
the “Oxford Centre for Evidence-Based Medicine (OCEBM) Levels of Evidence”, and the following data were recorded:
first author, year of publication, study design, the number of patients, specific treatment regimen, drug comparison, length

of treatment, adverse effects and outcomes.

Results

Study Selection and Characteristics
We identified 784 articles through a database search. After removing duplicates and irrelative records, we screened the

471015 were enrolled for final

titles and abstracts of remaining studies and full text if necessary. Ultimately 7 records
analysis (Figure 1). A total of 618 patients (65 men, 553 women) with androgenetic alopecia were included across two
RCTs, one non-randomized comparative study, one prospective study, two retrospective studies and one single-arm study,
and 414 of them received spironolactone treatment. The complete risk of bias assessment is shown in Figure 2 and

Table 1. Table 2 summarizes the characteristics of 7 included studies, whose outcomes can be found in Table 3.
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Figure | Literature Selecting Flow Chart.
Notes: Flow chart depicting PRISMA search for studies using spironolactone for the treatment of AGA.
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Blinding of participants and personnel (performance bias)
Blinding of outcome assessment (detection bias)

Allocation concealment (selection bias)
Incomplete outcome data (attrition bias)

~)
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. . Selective reporting (reporting bias)

. . Other bias

Abdel 20214

. . Random sequence generation (selection bias)

-~

Liang XL 20223

Figure 2 Risk of bias for RCTs.
Notes: Review authors’ judgments about each risk of bias item for each RCT using Cochrane Collaboration’s Risk of Bias Assessment tool via the software Review Manager 5.4.1.

Gender Difference

All five studies'' ™ of oral spironolactone as one of the interventions included only female patients. Two studies®'’
treated with topical spironolactone gels or solutions included a total of 65 men and 115 women, and there was no
significant difference in gender between the groups reported.

Efficacy of Intervention

Oral Spironolactone

11-15 11-14

Five included studies reported the use of oral spironolactone in 295 female patients. In four of the five records,
with a total of 195 participants, 81% (158/195) of them reported improvement in hair growth by photographic assessment
or diverse scores after receiving spironolactone at doses ranging between 25mg and 200mg daily, with the vast majority
from 80mg to 110 mg, alone or in combination with other therapies. A prospective study'* concluded that spironolactone
200 mg/day was equally effective in either restoring hair count or preventing progressive hair loss compared with

cyproterone acetate at a dose of either 50 mg/day or 100 mg/day for 10 days every menstrual cycle. In a single-arm

Table | Risk of Bias of Non-RCTs Assessed by Newcastle-Ottawa Scale

Selection | Comparability | Exposure/Outcome | NOS Score
Ammar 2022'° | %% * Kk *k Kk 7
Burns 2020 * Kk * Kk *k Kk 7
Famenini 2015'2 | % *k *k Kk 6
Sinclair 2005' *kk *k * %k 8
Sinclair 2018'> * % * *kk 6

Notes: *: The number of which indicates the score of the section, ranging from 0 (minimum) to 3 (maximum).
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Table 2 Characteristics of Included Studies
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Author Study Level of Number of Age Gender (Male/ SPT Treatment Regimen Drug Comparison Therapy
Design Evidence Patients Female) of Patients Administration Duration
(With SPT) With SPT
Abdel 2021* RCT Ib 60 (40) 1845 NA [total:39/21] Topical SPT group: topical SPT gel 1%; MX+SPT group: combination of topical MX group: topical MX gel 12 months
MX gel 5% and topical SPT gel |%; Topical massaging scalps, twice 5%
daily
Ammar 2022'° Non- 2b 120 (80) 20-50 16/64 Topical SPT group: topical SPT solution 5%; MX+SPT group: combination of MX group: topical MX 3 months
randomized topical MX solution 5% and topical SPT solution 5%; At dose of | mL, solution 5%
comparative massaging scalps, twice daily
study
Burns 2020"" Retrospective 3 79 (79) 21-79 0/79 Oral Oral spironolactone at mean dose of 100mg (25-200mg) daily. NONE 6 months: 31 (39%);
study Spironolactone monotherapy:42 (53%); Concomitant therapies | year: 23 (29%);
started with spironolactone, including topical minoxidil, low-level >| year: 22 (28%)
laser light device, and iron supplementation:37 (47%)
Famenini 2015'? Retrospective 3 64 (39) 20-88 0/39 Oral Oral spironolactone at mean dose of |10 mg daily, in combination NONE 7-20 months
study with topical minoxidil or other unspecified agents
Liang XL 2022"3 RCT 2b 115 (37) 1845 0/37 Oral MX + SPT group: oral SPT of 80—100 mg/day and | mL of topical 5% | MX group: | mL of topical 24 weeks
MX once daily 5% MX tincture once
daily; MX + MN group:
MN treatments with the
delivery of 5% MX every 2
weeks and | mL of topical
5% MX once daily
Sinclair 2005'* Prospective 2b 80 (40) 12-79 0/40 Oral Oral SPT 200mg daily Oral cyproterone acetate, Average: 16 months
study 50 mg daily (at least 12 months)
(postmenopausal) or
100 mg for 10 days per
month (premenopausal)
E3
ki Sinclair 2018'® Single-arm 2b 100 (100) 18-80 0/100 Oral Oral SPT 25 mg daily in combination with oral MX 0.25 mg daily NONE 12 months
study
Abbreviations: RCT, randomized controlled trial; NA, not available; SPT, spironolactone; MX, minoxidil; MN, micro-needling.
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Table 3 Outcomes of Included Studies

Author Adverse Effects % (Number of Patients) Outcome Measures Results

Abdel 2021* Contact dermatitis 20% | Photography; 2.Histopathology; | Photographic assessment: clinical improvement were in 90% (18/20) of

patients in MX group, 80% (16/20) in SPT group, 100% (20/20) in MX+SPT
group; 2.Histopathological assessment: anagen hair increased, telogen and
vellus hairs decreased and the terminal hair/vellus hair (T/V) ratio increased

significantly in all three groups.

Ammar 2022'° NA | .Dermoscopy; 2.Quartile grading | .Dermoscopic assessment: Hair shaft diversity and vellus hair decreased
scale for improvement; and upright regrowing hair increased in all three groups and follicular unit
with only one emerging hair decreased in group MX and MX+SPT showed

statistically significant differences;

2.Quartile grading scale increased in 65% (26/40) of patients in MX group,
55% (22/40) in SPT group, 100% (40/40) in MX+SPT group.

Burns 2020"' Dizziness/Light headedness 16.5%(13); Menstrual spotting Sinclair Score All patients maintained or improved initial SS with an average overall
2.5%(2); Rash2.5% (2); Nausea 2.5%(2); Increased change of 0.65. Of the 45 patients using spironolactone for longer than 6
urination 2.5%(2); Breast tenderness 1.3%(1); Self- months, 64% (29/45) had the best recorded SS at | year of use or longer.

resolving hyperkalemia 1.3%(1); Other 8.9%(7)

Famenini 2015'2 NA | .Photography; 2.Physician 74.3% (29/39) of patients reported stabilization or improvement.
assessment;
Liang XL 2022" Facial hypertrichosis 13.5%(5), Trichomadesis |.Dermoscopy; 2.Photography; |.Dermoscopic assessment: MX + SPT group increased 16.75/cm2 in
aggravating 10.8%(4); Scalp pruritus 21.6%(8); 3. Ultrasound bio-microscopy average hair density, 14.99mm in average hair shaft diameter, more than
Increased scurf 16.2%(6); Edema of the limbs 2.7%(1); (UBM); MX group but less than MX+MN group;

Headache 2.7%(1); Palpitation 8.19%(3); Hyperkalemia
2.7%(1); Menstrual disorder 40.5%(15); Urticaria 2.7% 2.Photographic assessment: 86.49% (32/37) of patients in the MX + SPT

) group showed improvement, more than MX group (55%) but less than MX
+MN group (95%);

3.UBM assessment: the dermis thickness of the three groups all significantly
increased both at week 12 and week 24; the epidermal thickness and

average follicle diameter had no significant changes in MX+SPT group.

Sinclair 2005' NA Photography; Photographic assessment: 10% (4/40) of patients response hair count
improvement in hair loss along the scalp vertex, 12.5% (5/40) along the
frontal scalp, and 22.5% (9/40) in both the frontal and vertex scalp. There
was no discernible difference in results between SPT and cyproterone

acetate group.

Sinclair 2018'° Postural hypotension 2%(2); urticaria 2%(2); Facial I. Hair loss severity score; 2.Hair |.Mean decrease in HLSS 0.1 at 3 months, 0.85 at 6 months, |.1 at
hypertrichosis 4%(4) shedding score 9 months, and 1.3 at 12 months; 2.Mean decrease in HSS |.I at 3 months,

2.3 at 6 months, 2.7 at 9 months, and 2.6 at 12 months.

Abbreviations: NA, not available; SS, Sinclair Score; MX, minoxidil; SPT, spironolactone; MN, micro-needling; HLSS, Hair loss severity score; HSS: Hair shedding score.

study,'” 100 female patients utilized a once-daily capsule containing spironolactone 25 mg and minoxidil 0.25 mg and
followed prospectively for 12 months, as a result, the mean value of the scores representing the severity of hair shedding
and hair density decreased gradually at 3, 6, 9, 12 months after the intervention. Most participants received the treatment
for up to one year or more, yet the minimum duration of oral spironolactone use in these included studies was 24 weeks.
Burns'' and Sinclair'®> compared the efficacy of spironolactone duration at 12 and 6 months, and both reported a greater
improvement in the former than the latter.

Topical Spironolactone

Two recent trials™'°

using topical spironolactone as AGA treatment were attractive.

The RCT with 60 patients (Male 39, Female 21)* reported the use of spironolactone gel 1%, and clinical improvement
assessed by scalp photography was shown in 80% (16/20) of patients receiving topical spironolactone gel 1% alone for
12 months, while 90% (18/20) with minoxidil gel 5% alone and 100% (20/20) with combination gel of minoxidil and
spironolactone. The anagen hair increased, telogen and vellus hairs decreased and the terminal hair/vellus hair (T/V) ratio

increased compared with baseline significantly both after 12 months of use of spironolactone gel or mixed gel.
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In one non-randomized comparative study,'® spironolactone solution 5% and a combined solution of minoxidil 5%
and spironolactone 5% played roles for topical intervention to 40 AGA patients respectively compared with minoxidil
solution 5% only. Patients only need to gently massage the scalp after applying 1 mL of the solution twice daily without
other treatment. This study had the shortest treatment period, lasting only 12 weeks. Hair shaft diversity and vellus hair
decreased while upright regrowing hair increased, and follicular unit with only one emerging hair decreased in patients
with mixed solutions, but not in mono-spironolactone users. The quartile grading scale also increased after the
intervention.

Combined Therapy

. - 4,10-13,1
Six studies®!'% 131

reported spironolactone in combination with other therapies including topical or oral minoxidil, low-
level laser light device, iron supplementation and other unspecified agents as AGA treatment for a total of 273 patients.
94.5% (258) of them were deemed effective after undergoing combination therapy. Three studies compared the
combination with minoxidil or spironolactone alone, and as a result, spironolactone-containing combination therapy
showed more hair improvement than monotherapy, manifested in but not limited to increased hair density and shaft

diameter, decreased follicular unit with only one emerging hair, better physician evaluation and patients’ satisfaction.

Adverse Effects

Four studies™!"!3:13

reported the occurrence of adverse effects and were involved in the analysis of safety. The most
frequent side effect in patients using topical spironolactone or minoxidil gel was contact dermatitis, mainly presented as
pruritus, burning and scaling in 20% of the patients, but no one discontinued treatment. However, the separate side
effects are not mentioned specifically, so we cannot be sure whether this adverse effect was caused by minoxidil or
spironolactone. But it stated that patients using only spironolactone gel showed minimal and tolerable side effects. No
history of headache, dizziness, facial hypertrichosis, gynecomastia, breast tenderness and menstrual irregularity. No side
effects on libido and sexual performance have been found. For oral spironolactone, side effects were reported from a total
of 216 patients including dizziness/headache 14 (6.5%), menstrual disorder 17 (7.9%), rash 5 (2.3%), nausea 2 (0.9%),
increased urination 2 (0.9%), breast tenderness 1 (0.5%), hyperkalemia 2 (0.9%), facial hypertrichosis 9 (4.1%),
trichomadesis aggravating 4 (1.9%), scalp pruritus 8 (3.7%), increased scurf 6 (2.7%), edema of the limbs 1 (0.5%),
palpitation 3 (1.4%), postural hypotension 2 (0.9%) and other 7 (3.2%). Of these patients, only 7 (3.2%) discontinued
treatment due to adverse effects. Furthermore, those with a mean dose of 80—110mg orally daily experienced significantly
more side effects than 25mg daily. According to the statistical results, the common side effects in those taking oral
spironolactone averaging around 100mg or more per day were menstrual disorder and headache. While in Sinclair’s
2018'° study, neither was found in 100 women treated with 25 mg of spironolactone daily.

Discussion

Spironolactone is a potassium-sparing diuretic and structural antagonist of aldosterone whose conventional indications
include ascites and peripheral edema associated with portal hypertension and hyperaldosteronism, nephrotic syndrome,
primary hyperaldosteronism and hypertension.'® Its antiandrogenic effects were first discovered in treating congestive
heart failure, due to some endocrinological adverse effects such as gynecomastia in males and menstrual abnormalities in
females after medication.!” Spironolactone can competitively block androgen receptors as well as inhibit ovarian
androgen production. It is also a weak inhibitor of androgen synthesis.'® As AGA is generally thought to be caused
by excessive production of DHT or alteration of androgen receptors, spironolactone is now becoming the most commonly
used, off-label anti-androgen for the treatment of female AGA with 100 to 200 mg as the usual oral daily dose.' In the
seven studies we analyzed, there is no denying that spironolactone was effective in promoting hair regrowth, whether oral
or topical. We just displayed five clinical trials using an oral route and two a topical route in this systematic review, yet
no study directly comparing the effects of topical and oral spironolactone was found after a detailed literature search.
Based on the results of Burns’s'' and Sinclair’s'® research, the efficacy of spironolactone at a 12-month treatment was
significantly better than that of 6 months. At present, we have not found clinical trials that directly compare the efficacy

of different dose gradients of spironolactone in AGA. In the studies included herein, most doses of oral spironolactone
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ranged from 80 to 200 mg, and small doses such as 25mg of spironolactone were used with minoxidil only. Notably,
significant improvement was expected to show after 12 months of oral use at 80mg to 200mg daily. Six included studies
used spironolactone plus minoxidil as one of the interventions, and three of them compared this effect with minoxidil
alone, consistently confirming that this combination can potentiate the effect of minoxidil and increase efficacy.
Additionally, many studies and cases also reported better efficacy of this combined therapy for AGA. A 53-year-old
woman with clinical evidence and histological evidence of AGA was successfully treated with spironolactone 200 mg
daily and 5% minoxidil solution with an additive effect on hair regrowth.?’ In one case report with six adolescent girls
diagnosed with AGA, the combination of oral minoxidil and spironolactone led to objective improvement in 5 of 6
patients.”'

No serious adverse effects have been published in the analyzing literature, the most common side effects of oral
spironolactone reported as menstrual disorder (7.9%), dizziness or headache (6.5%), facial hypertrichosis (4.1%), rash
(2.3%) and hyperkalemia (0.9%), most of them are endurable and self-resolving, few patients (only 3.2%) discontinued
spironolactone because of side effects. Two records of topical spironolactone just reported mild contact dermatitis in
a small number of patients and no participants terminated treatment for it. Actually, men suffer from AGA in population
and performance much higher than women. However, the vast majority of these studies recruited female participants, this
may be related to the fact that side effects such as gynecomastia, decreased libido and relative impotence caused by
hyperestrogenemia are more pronounced after using oral spironolactone in men,** which is not mentioned in studies of
topical spironolactone. Therefore, it is reasonable to believe that topical spironolactone is a therapy propelled by its
minimal side effect profile and ability to be prescribed to almost all patients regardless of age or gender, especially those
who are contraindicated or non-responders for minoxidil and other lines of treatment.

There are also several ongoing trials whose objective is to validate the effects of spironolactone on AGA, but whose
results have not been published yet, not detailed or incomplete. For example, Ramos and his group are recruiting 60
women with AGA to compare the effect of oral minoxidil and spironolactone versus topical minoxidil for female pattern
hair loss in a blind-eye RCT.** Afsanch is planning to conduct a randomized comparative study to compare the effect of
minoxidil and spironolactone with minoxidil and finasteride in 60 women with AGA.>* Moreover, Pimpakarn has
published a protocol of a randomized, double-blind, placebo-controlled RCT to compare the efficacy and safety of
oral spironolactone combined with 3% topical minoxidil for the treatment of AGA in 48 premenopausal women.?
A study assessed the efficacy of topical spironolactone (1%, once daily) in 26 AGA patients (16 male/10 female) by
dermoscopy, significant increases in total terminal, terminal hair, total hair count after treatment with topical 1%
spironolactone were seen, leading to the conclusion that spironolactone is an effective and harmless treatment in both
females and males with AGA.?® The specific results of these trials are expected to further confirm the effect of
spironolactone on AGA in the near future.

It should also be added that we failed to conduct a meta-analysis due to different reported parameters for outcome of
selected studies, which attracted our attention. Thus, we suggest that an objective and practical assessing criteria need to
be established to evaluate the severity of AGA for global clinical dermatologists.

Conclusion

Based on the analysis of the above studies, we support the role of spironolactone in treating AGA, and with better results
in hair regrowth than monotherapy when combined with other treatments such as minoxidil. Topical spironolactone tends
to be a low-risk adjunctive or alternative therapy for both male and female patients. Moreover, it must be stated that
traditional therapies as topical minoxidil and oral finasteride still remain dominant and invaluable, but for those who with
a negative or unsatisfactory response to them, topical and oral spironolactone may serve as an effective choice.
Additionally, more high-quality RCTs and large-scale prospective studies are necessary in order to make comprehensive
analyses and better delineate the efficacy and safety of spironolactone for AGA.
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